
 



 



 

 

 

 

 

 

 

 

 

 

 
Message from Convener and President STERMI 

 

It is my proud privilege and honour to welcome you all to the “International Conference on 

Biomaterials, Regenerative Medicine and Devices 2022 (BIO-Remedi 2022)” that is being 

organized by Society for Tissue Engineering and Regenerative Medicine India (STERMI) in 

association with The Society for Biomaterials and Artificial Organs India (SBAOI), with active 

support from the Department of Biosciences and Bioengineering and the Department of 

Mechanical Engineering at IIT Guwahati between December 14 th -18th, 2022. The aim of 

STERMI is to cultivate an atmosphere nationwide for the growth of fundamental and 

technological research in tissue engineering and regenerative medicine by bringing 

professionals from various organizations together to improve the quality of translational 

research. Aligning with the goal of this society, this five-day international conference 

endeavours to provide a unique forum to more than 450 Indian and International attendees, 

acting as a great platform to bring people together and foster new collaborations. 

 
The conference aims to act as a bridge between researchers working in academia, 

clinicians and industry professionals through session-specific research presentations on 

current technological advances in the field. The interdisciplinary and interactive platform of 

BIO-Remedi 2022 would start with the pre-conference workshops on two timely concepts of 

3D Printing & Bioprinting and Scientific Writing and Communication. The workshop will help 

the researchers to improve their skills in the innovative field of 3D Printing/Bioprinting as well 

as academic writing and communication skills. Both of these will aid in broadening research 

and innovation systems to address global challenges. Further, the conference schedule has 

been designed such that it amasses an extensive range of thematic areas (tissue 

engineering, biomaterials, nanotherapeutics, drug delivery, regenerative medicine, stem 

cells, 3D printing and bioprinting), which would include the Chandra P. Sharma awardee 

lecture alongside several plenary, keynote and invited lectures, allowing the budding 

participating researchers to be granted an opportunity to interact with renowned experts and 

clinicians in the field. The conference encourages participation in various oral (Bajpai-Saha 

and MAHE Young Scientist) and poster presentations along the lines of the conference 

sessions. 

As the Convener of BIO-Remedi 2022 and on behalf of IIT Guwahati, I take this 

opportunity to cordially invite all the enthusiasts to participate with full vigor in this event which 

can give immense exposure and global opportunities to all. 

 

Prof. Biman B. Mandal 

Conference Chair, BIO-Remedi 2022 

Professor and Associate Dean, Academics (UG) 

SwarnaJayanti Fellow and National Bioscience Awardee 

Indian Institute of Technology Guwahati (IITG), India 
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Message from the President Dec 7, 2022 

 
I am deeply honored to welcome you to “International Conference on 

Biomaterials, Regenerative Medicine and Devices (BIORemedi 2022)” 

organized by Indian Institute of Technology Guwahati, Guwahati, Assam 

(India), under the aegis of Society for Biomaterials & Artificial Organs 

India (SBAOI) and Society for Tissue Engineering and Regenerative 

Medicine India (STERMI). This conference is preceded by two pre- 

conference workshops, i.e Advances in 3D Printing and Bioprinting and and 

Publishing, Scientific Writing and Communication. 

 
Our society has presently more than 900 members, including Life Members (Indian and Foreign), Fellows, 

Honorary and Regular members. Several global and national leaders in the field of Biomaterials, Tissue 

Engineering, Additive Manufacturing, Regenerative Engineering will present their pathbreaking research at the 

forthcoming conference and pre-conference workshops. 

 

At SBAOI, we will remain committed to discuss many unanswered issues at the challenging interface of 

Engineering, Biology, and Medicine. In particular, my vision as President of SBAOI is as follows, 
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a) to enhance the global outreach of SBAOI and particularly to nurture biomaterials activities in South Asia 

b) to promote diversity and inclusiveness in SBAOI activities 

c) to make SBAOI a more useful platform to young researchers and biomaterials professionals 

d) to establish stronger linkages with stakeholders, industry professionals, and clinicians. 

I believe that the outcome of the professional activities of SBAOI will intensify the development of the next- 

generation biomaterials and biomedical implants, which will enhance healthcare quality in India and many 

developing nations around the world. As President, I will strive to encourage the members and students to be 

actively involved in SBAOI activities, by providing an enriching intellectual environment and opportunities. 

 

 
I would like to thank all the sponsors including Tata Steel, Henry Royce Institute, UK and American Ceramic 

Society for their financial support towards this conference. At the close, I would like to thank Prof. Biman B 

Mandal and his team at Indian Institute of Technology Guwahati, Guwahati, Assam (India) as well as members of 

the Executive Committee, SBAOI for their painstaking efforts in organizing BIORemedi 2022. 

 
I wish you all have an intellectually stimulating time during December 14-18, 2022 during the conference and pre- 

conference workshops. We are currently living in very challenging times. The pandemic has disrupted everyone's 

lives and heightened concerns about safety and health. I wish you all a very safe year ahead. 

 

 

 

 
Bikramjit Basu C.Eng. FNA FNAE FASc FNASc FAMS FIMMM FBSE FACerS FIAMBE 

President, Society for Biomaterials and Artificial Organs India, SBAOI 

(https://www.biomaterials.org.in/) 

Professor, Indian Institute of Science, Bangalore 

Website: https://bikramjitbasu.in/ 
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Sincerely 

Chandra P. Sharma 
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December 8, 2022 

Prof. Biman Mandal 

Department of Biosciences and Bioengineering 

Indian Institute of Technology Guwahati, 

Guwahati 781039, Assam 

 

Dear Prof. Biman Mandal, 

I am very happy to know that the Indian Institute of Technology Guwahati is organizing the 

International Conference on “Biomaterials, Tissue Engineering and Devices” BIORemedi 

2022, jointly with the 14th annual meeting of the Society for Tissue Engineering and 

Regenerative Medicine India (STERMI) and the 32nd annual meeting of the Society for 

Biomaterials and Artificial Organs India (SBAOI). The conference theme is timely, the 

programme is extremely interesting and stimulating scientifically and very pleasant socially 

with the participation of national and international faculty. 

It is very encouraging that Govt. Of India has initiated Make in India scheme, therefore we 

need to realize and encourage translational research and medical devices development 

following international quality system. In addition, Artificial Intelligence (AI) is certain to 

enhance significantly the system efficiency in the life sciences and healthcare industries. This 

era in healthcare sector had already initiated with the AI achieving high performance in 

diagnosis, predicting prognosis, epidemic prediction, drug and vaccine development. The 

development of affordable medical devices/artificial and regenerated organs is still much 

needed as a priority in India. The interdisciplinary areas like Biomaterials, Medical Devices, 

Diagnostics and Tissue Engineering are growing at a faster pace globally. Since artificial 

intelligence systems can study very large data sets and make more precise decisions, it is 

predicted that AI can make tissue engineering easily acceptable in the medical market with 

reduced risk. This conference will certainly help in integrating, analyzing and strengthening 

all these areas. Further I believe many discussions encouraging collaborative programmes 

related to various aspects of research and technology development including the growth of 

medical devices industry in India with a market of USD 500 billion globally and USD 12 

billion in India. This will be extremely useful in enhancing innovation in healthcare 

technology to deliver efficient and reliable patient care. 

I take this opportunity to thank all the colleagues for their outstanding contribution and the 

organizers and participants for making this conference a great success. 

The initiative of Prof. Biman Mandal and the support of the Indian Institute of Technology, 

Guwahati made this conference a reality. We hope this conference will provide an important 

forum for scientists, engineers, students, medical professionals and industrialists for learning 

and exchange of ideas for improving the quality R&D and provide a way for future 

collaborative programmes. 

My best wishes to the conference and I hope this will be an excellent learning experience and 

wish a pleasant stay to all the delegates in Guwahati. 
 

Founder, Society for Biomaterials & Artificial Organs India 

Founder President, Society for Tissue Engineering and Regenerative Medicine India 
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Dr. Subramani Kanagaraj 

 

Humanity has invented inconceivable disciplines and traversed several specialties, among 

which, the field of medicine and its allied domain has been standing as an unshakable pillar of 

society. Across all ages and civilizations, personal well-being has been a prominent necessity 

during the times of war and peace. From Charaka’s medicine and Sushruta’s surgery, the 

modern healthcare has advanced enormously. Amalgamation between different engineering 

domain and medicine has yielded advancements in medical technologies and the progress is 

accelerating as never seen before. BIO-Remedi 2022 (International conference on 

Biomaterials, Regenerative Medicine and Devices) is a platform to bring together different 

technical experts, young scientists, clinicians, and industry partners from diverse 

interdisciplinary backgrounds interested in biomaterials, tissue engineering, drug delivery, 

biomedical devices, therapeutics, and regenerative medicine. 

It is my great pleasure to be a part of BIO-Remedi 2022 and hope that it provides ample 

opportunity to educate, motivate and nurture young researchers and resulting to fruitful 

collaborations. I take this opportunity to thank everyone who is involved in bringing BIO- 

Remedi 2022 from thought to reality. 

Thank you and looking forward to meeting you all at IIT Guwahati 

 

 

 
(S.Kanagaraj) 

 

 

 

 

 

Professor, Department of Mechanical Engineering, Indian Institute of Technology Guwahati, 

Guwahati - 781 039, India. Associate Faculty at Centre for Intelligent Cyber Physical Systems, Jyoti 

and Bhupat Mehta School of Health Science and Technology & Centre for Sustainable Polymers, IIT 

Guwahati http://www.iitg.ac.in/kanagaraj Email: kanagaraj@iitg.ac.in 
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Namaskar! It is with great pleasure, I welcome you all on behalf of Department of Biosciences 

and Bioengineering to BIO-Remedi 2022, an international conference on Biomaterials, 

Regenerative Medicine, and Devices, scheduled at Indian Institute of Technology Guwahati 

(IITG) from December 14-18, 2022. 

The Department of Biosciences and Bioengineering (BSBE) at IIT Guwahati was 

established in November 2002. It is growing consistently since then and contributing 

exceptionally in the fascinating and emerging areas of biological sciences. The department has 

equipped itself to make an international impact and produce future leaders in the field. The 

department is led by a team of faculty members imparting quality education and providing 

excellent research opportunities. With an extensive research facilities and well-developed 

infrastructure, the department conducts research into diverse areas of biological sciences and 

engineering. The Biomaterials and tissue engineering is one of the key research areas of the 

department. 

BIO-Remedi 2022 is an exclusive platform for academicians, researchers, scientists, 

industrialists, entrepreneures and students to engage in critical issues and challenges with latest 

developments on cutting-edge research and technology in the healthcare sector, a thrust area of 

the Department. It endeavours to provide a unique forum to Indian/International attendees to 

share their ideas, research findings and invite discussions on the conference theme. It will also 

provide opportunities for students, budding researchers and entrepreneurs to interact with 

renowned experts, clinicians, industrial organizations, and exchange experiences and best 

practices on issues related to innovations and improvements in healthcare, affordable 

biomedical devices and promotion of domestic industries while making a global impact. 

We once again welcome you all to International Conference on BIO-Remedi 2022. We are 

confident that your engagement, active participation, scientific contributions and ideas will 

pave a way to provide solutions to challenges in the field of healthcare. The IIT Guwahati, with 

its idyllic setting in a region tremendously rich in flora and fauna, provides the perfect 

background to the engagements and possible solutions that we seek to have through industry- 

academia collaborations. 

Wishing you all a very memorable and best time ahead. 

Rakhi Chaturvedi 

mailto:rakhi_chaturvedi@iitg.ac.in
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Understanding the Regenerative Response Induced by Biomaterials Systems: 
Insight into the Role of Glycosylation 

By 
Prof. Abhay Pandit 
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Abstract 

 
Biomaterials are no longer considered innate structures, and using functionalisation and 

biofabrication strategies to modulate the desired response, whether it is a host or implant, is currently 

an important focus in current research paradigms. Fundamentally, a thorough understanding of the 

host response will enable us to design appropriate strategies. The input from the host response needs 

to be weighed in depending on the underlying pathology at a local and systemic level. Our current 

inputs have been through a thorough understanding of glyco-proteomics-based tools which we are 

developing in our laboratory. In addition, biomaterials themselves provide immense therapeutic 

benefits, which need to be accounted for in the design paradigm. Using functionalisation strategies, 

we have been able to link biomolecules to different structural moieties. The programmed assembly of 

biomolecules into higher-order self-organized systems is central to innumerable biological processes 

and the development of the next generation of scaffolds. Recent design efforts have utilized a 

glycobiology approach toward both understanding and engineering supramolecular protein and sugar 

assemblies. 
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Abstract 
 

Engineered materials that integrate advances in polymer chemistry, nanotechnology, and biological sciences 
have the potential to create powerful medical therapies. Dr. Khademhosseini is interested in developing 
‘personalized’ solutions that utilize micro- and nanoscale technolgoies to enable a range of therapies for organ 
failure, cardiovascular disease and cancer.In enabling this vision he works closely with clinicians (including 
interventional radiologists, cardiologists and surgeons). For example, he has developed numerous techniques in 
controlling the behavior of patient-derived cells to engineer artificial tissues and cell-based therapies. His group 
also aims to engineer tissue regenerative therapeutics using water-containing polymer networks called 
hydrogels that can regulate cell behavior. Specifically, he has developed photo-crosslinkable hybrid hydrogels 
that combine natural biomolecules with nanoparticles to regulate the chemical, biological, mechanical and 
electrical properties of gels. These functional scaffolds induce the differentiation of stem cells to desired cell 
types and direct the formation of vascularized heart or bone tissues. Since tissue function is highly dependent 
on architecture, he has also used microfabrication methods, such as microfluidics, photolithography, bioprinting, 
and molding, to regulate the architecture of these materials. He has employed these strategies to generate 
miniaturized tissues. To create tissue complexity, he has also developed directed assembly techniques to 
compile small tissue modules into larger constructs. It is anticipated that such approaches will lead to the 
development of next-generation regenerative therapeutics and biomedical devices. 

 
PLENO-IDEA: New materials for tissue engineering that can mimic natural tissue structure 

 
Presenters Biography: 
Ali Khademhosseini is currently the CEO and Founding Director at the Terasaki Institute for Biomedical 
Innovation. Previously, he was a Professor of Bioengineering, Chemical Engineering and Radiology at the 
University of California-Los Angeles (UCLA). He joined UCLA as the Levi Knight Chair in November 2017 from 
Harvard University where he was Professor at Harvard Medical School (HMS) and faculty at the Harvard-MIT’s 
Division of Health Sciences and Technology (HST), Brigham and Women’s Hospital (BWH) and as well as associate 
faculty at the Wyss Institute for Biologically Inspired Engineering. At Harvard University, he directed the 
Biomaterials Innovation Research Center (BIRC) a leading initiative in making engineered biomedical materials. 
Dr. Khademhosseini has served as an Associate Editor for ACS Nano from 2013 to 2021. He also served as the 
Research Highlights editor for Lab on a Chip. He is a fellow of the American Institute of Medical and Biological 
Engineering (AIMBE), Biomedical Engineering Society (BMES), Royal Society of Chemistry (RSC), Biomaterials 
Science and Engineering (FBSE), Materials Research Society (MRS), NANOSMAT Society, and American 
Association for the Advancement of Science (AAAS). He is also the recipient of the Mustafa Prize and is a member 
of the International Academy of Medical and Biological Engineering, Royal Society of Canada and Canadian 
Academy of Engineering, and National Academy of Inventors. He is an author on >680 peer-reviewed journal 
articles, editorials and review papers, >70 book chapters/edited books and >50 patents/patent applications. He 
has been cited >98,900 times and has an H-index of 159. He has made seminal contributions to modifying 
hydrogels and developing novel biomaterial solutions for addressing pressing problems in healthcare. He has 
founded 3 companies, Obsidio Medical which was recently acquired by Boston Scientific, Omeat and BioRAE. He 
received his Ph.D. in bioengineering from MIT (2005), and MASc (2001) and BASc (1999) degrees from University 
of Toronto both in chemical engineering. 
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Abstract 

As precision medicine moves forward, new biological and drug products will necessitate new material- 

based devices to deliver them, and these devices will require precision biomaterials capable of 

interacting with the biology of the patient to elicit desired and predictable outcomes. In this context, 

biomaterials have been largely developed to mimic the native structure and composition of ECM and 

provide structural and functional support to the cells especially for re-growing or regenerating 

damaged tissues in clinical settings. 

Scaffold materials play a fundamental role in driving functional tissue outcomes, particularly in the 

cell-free strategies. Natural polymers, for instance proteins and polysaccharides, are intrinsically 

multifunctional, dynamic and environment responsive. These materials offer several advantages such 

as excellent biodegradability and biocompatibility, as well as high flexibility, enabling the possibility of 

changing shape and size to promote the growth of engineered new tissue within the native tissues1. 

Among natural polymers, fibrous proteins are finding broad impact in biomaterial systems for a broad 

range of cell and tissue studies. In these fibers, constituents’ properties are arranged in hierarchical 

assemblies, their supramolecular structure imparting them biological performances, resistance to 

solvents and ageing. The final scaffold properties can be tuned through processing, i.e., dissolution 

and fabrication methods, so producing materials with specific physic-chemical cues, which have been 

demonstrated ability to activate specific pathways inducing tissue regeneration. Moreover, adding or 

conjugating selected biological moieties can specifically improve bioactivity obtaining materials for 

precision medicine. Additionally, three-dimensional1 additive manufacturing, microfabrication, and 

nanoscale lithography have begun to address the complexities required for manufacturing precision 

biomaterial-based devices across many length scales. 

This concept has been extensively studied and applied in the last years to the design sustainable, 

innovative therapeutics strategies considering environmentally friendly processing methods, patient 

diversity, unmeet clinical needs, and future products commercialization2. During the lecture the silk- 

platform design will be used as an elective example. 

 
References: 

1. F. Agostinacchio, et al. (2021). Trends in Biotechnologies, 39(7), 719-30. 
2. A. Bucciarelli and A. Motta. (2022). Biomaterials Advances,139, 212982. 
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Abstract 

 
India has more than 262 species of snakes; among them, 62 species are venomous. Although snakebite 
is a severe problem for tropical countries; however, snake venom toxins exhibit various 
pharmacological effects that can be exploited to develop life-saving drug prototypes against diverse 
diseases. The relatively non-toxic venom proteins and peptides from these families of venomous 
snakes have been extensively characterized for their potential use as drug prototypes for the 
treatment and/or prevention of cardiovascular diseases such as thrombosis. Thrombosis-associated 
cardiovascular diseases (CVDs) are a leading cause of death worldwide. Studies from our laboratory 
have identified several anticoagulant protein toxins, for example, phospholipase A2, Kunitz-type serine 
protease inhibitor, and c-type lectin-like protein (snaclec) from snake venom that possess the ability 
to develop as anticoagulant drug prototypes. However, the purification of snake venom toxins and 
therapeutic application of high molecular mass proteins is challenging; therefore, by computational 
analysis, we designed custom peptides from the anticoagulant regions of snake venom proteins and 
characterized theirs in vitro and in vivo anticoagulant activity. Some peptides showed better 
anticoagulant activity than commercial anticoagulants and were non-toxic under in vitro and in vivo 
conditions. The inhibitory activity of custom peptides against the key coagulation components viz. 
thrombin and FXa was assessed using biochemical and biophysical techniques. Our study advocates 
that developing antithrombotic agents from snake venom anticoagulant proteins with high specificity 
and lower toxicity for the prevention and/or treatment of cardiovascular disorders seems promising. 
Further, selecting an appropriate delivery system will augment such custom peptide drugs' 
antithrombotic potential and bioavailability. 
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Abstract 
 

Bone is a connective tissue composite with a complex structural hierarchy and structural diversity. Because bone 
is the body's natural shield, it is particularly prone to damage which causes bone loss. The bone has a significant 
capacity for self-healing, which is governed by the constant production and resorption of bone matrix by various 
types of cells hosted by bone including osteoblasts, osteoclasts and osteocytes. However, critical sized bone 
defects, infectious bone diseases, bone sarcomas, and osteoporotic fractures are all examples when normal 
bone repair is impeded and intervention is required. The present clinical therapy modalities utilized to enhance 
bone repair while also curing/treating infections and malignancies have a number of limitations and require 
further development. Tissue engineering methodologies have developed as innovative approaches for the 
research and design of personalised biomimetic, biodegradable, and bioactive materials with effective carrier 
capabilities to improve bone fracture repair in recent years. We developed a drug/antibiotic 
nanohydroxyapatite-based bioactive ceramic1, a bio-composite of nanohydroxyapatite and collagen2, a tissue 
designed cell-free membrane for periosteum healing3, and biodegradable magnesium-based implants4 for the 
treatment of osteomyelitis, osteosarcoma, and related fractures and complications. Nanohydroxyapatite-based 
bioactive ceramics and composites have demonstrated tremendous promise as a carrier of bioactive 
compounds, antibiotics, and anticancer medications for the treatment of critical, osteoporotic, and pathological 
bone fractures. Magnesium-based implants were tested in vitro for corrosion resistance and as support for bone 
healing. The combined technique of combining a bone healing filler material and a membrane for guided bone 
regeneration with adequate periosteum healing also yielded significant results. Some of these have resulted in 
clinical translational potential. 

 
References: 
1. Qayoom, I., Teotia, A. K., Panjla, A., Verma, S., & Kumar, A. (2020). Local and sustained delivery of rifampicin 

from a bioactive ceramic carrier treats bone infection in rat tibia. ACS Infectious Diseases, 6(11), 2938-2949. 
2. Qayoom, I., Srivastava, E., & Kumar, A. (2022). Anti-infective composite cryogel scaffold treats osteomyelitis 

and augments bone healing in rat femoral condyle. Biomaterials Advances, 142, 213133. 
3. Gupta, S., Teotia, A. K., Qayoom, I., Shiekh, P. A., Andrabi, S. M., & Kumar, A. (2021). Periosteum-Mimicking 

tissue-engineered composite for treating periosteum damage in critical-sized bone defects. 
Biomacromolecules, 22(8), 3237-3250. 

4. Shaikh, S., Qayoom, I., Sarvesha, R., & Kumar, A. (2022). Bioresorbable magnesium-based alloys containing 
strontium doped nanohydroxyapatite promotes bone healing in critical sized bone defect in rat femur shaft. 
Journal of Magnesium and Alloys. 
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Abstract 
 

Healthcare innovation enjoys the support of many government agencies (including DBT, DST, ICMR, MeitY, 
MOHFW and MOCI) owing to its immense potential for high-value entrepreneurship coupled with social impact. 
Quality healthcare relies on medical devices to screen, diagnose, treat, rehabilitate and monitor patients. Given 
that over 75% of medical devices used in the country are currently imported at exorbitant costs, there is a great 
opportunity for their indigenous development. However, healthcare innovators struggle to bring novel products 
to market, owing to several ‘valleys of death’ in the pathway. A conducive ecosystem can act like a ‘running 
partner’ for them, increasing the number of success stories. In this session, we will explain the key elements of 
such an ecosystem created at Biomedical Engineering & Technology Innovation Centre in IIT Bombay, which has 
been replicated at BETIC cells in 12 other engineering and medical institutes. In the last five years, their teams 
collectively developed over 240 concepts, filed 60 patents, and licensed 30 technologies to startups or local 
industry partners. Ten products reached the market within a short time and benefited several thousand patients. 
The teams use a systematic ‘4D’ process for defining an unmet need, developing a novel solution, delivering a 
validated product and deploying it in practice. A ‘4M’ pipeline enables matching medical problems with 
promising innovators and other stakeholders. It comprises medical device hackathon (MEDHA), medical device 
innovation camp (MEDIC), medical device engineering fellowship (MEDEF) and medical device exhibition 
(MEDEX). The process and pipeline will be illustrated with examples from BETIC network. 

 

 

References : 
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Abstract 
 

Biomaterials science and biomedical engineering have sustained as one among frontier and growing 
areas of research and innovation within the engineering science community in the world; considering 
the number of scientific discoveries and their societal impact. Significant attempts were largely 
directed to re-create functional musculoskeletal systems with considerable potential to treat various 
types of human diseases. At the beginning of my presentation, I will present multiscale measurements 
and analysis to quantitatively understand the process physics of 3D inkjet powder printing. I will 
present some of our recent results to demonstrate the efficacy of the 3D powder printing to fabricate 
Ti6Al4V, while emphasizing our prior collaboration with UKW researchers in printing Sr-substituted 
Mg-phosphate bioceramic scaffolds. A major emphasis will be placed on the binder formulation, post- 
processing treatment, and micro-computed tomography of interconnected porous architecture 
together with the strength reliability. One of the most recent clinical translational attempts to treat 
decompressive craniectomy using 3D powder printed patient-specific cranial prosthesis will be 
presented. Towards the end, the recent results of 3D bioprinting will be presented. It will be shown as 
how the hydrothermally synthesized nanocrystalline needle-shaped HAp particles (<30 nm) were 
incorporated into pre-crosslinked gelatin methacryloyl (GelMA) hydrogel to obtain a better 
combination of compression strength (~ 300 kPa) and elastic modulus (~ 300 kPa) in a designed 
scaffold. This will be followed by the unpublished studies on the development of (lower concentration, 
< 10 %) GelMA- PEGDA based scaffolds with inorganic filler based scaffolds. Here, major emphasis will 
be placed on discussing the printability and buildability of these newly designed bioinks as well as our 
attempts to quantitatively establish composition-structure-property correlation, with significance 
being attached to the swelling and enzymatic degradation properties. We propose that the inorganic- 
organic nanocomposite hydrogel could be efficiently assembled to formulate a potential bioink for 3D 
bioprinting applications towards bone tissue regeneration. 
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Abstract 

 
Silk as a protein-based biomaterial has expanded in impact though insight and understanding of both 

fundamental and translational utility over the past few decades. From a historical base as textiles and 

medical sutures, there are now dozens of silk-based enterprises pursuing everything from medical 

devices and vaccine delivery to food preservation and scale-up production of protein solutions. To 

support further translational impact by exploiting the novel features of this unique protein, new 

insights into silk structure-function are required, to continue to build a longstanding technological 

platform to meet growing needs in a sustainable future. To address this need, a few recent advances 

in silk-related technologies will be discussed, with a focus on the broader impact of these concepts 

in material systems. Silks present an intriguing technological platform for the future with a focus on 

protein-based sustainable materials with impact in medicine, environmental and food related goals. 
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Abstract 
 

Peripheral and central nervous system injuries should not be considered as similar, both in the way 
the injuries occur, the repair mechanisms and the clinical manifestation of the injuries. Repair of 
nerves via a surgical intervention is a complex process with no satisfactory devices available. 
Peripheral nerve repair has shown some success using combinations of tubing (to space maintain) and 
autografts (but with obvious downside of sourcing grafts). For central nervous system injuries, current 
clinical indication is “wait and see” as a small percentage of patients show some spontaneous 
recovery. However, for the rest, the lack of improvement can be devastating. 

 

Much work is being undertaken to try and improve these outcomes via a wide variety of methods, 
ranging from administration of stem cells, to development of hydrogel based systems (including 
growth factors and cells). For the central nervous system, we have approached the problem by 
developing acellular rigid (compared to hydrogels) devices which provide space for cell growth as well 
as prevention of the collapse of the surrounding soft tissue into the defect. The glial scar which also 
forms at either end of the cord stump, as part of the repair process, prevents neurite reconnection. 
Our device also helps to bridge this glial scar. 
The work has now moved to large animal models and is applying for approval for first in man clinical 
trials. 
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Abstract 

 
Additive manufacturing of bioactive polymers and composites opens up new avenues for precisely 
designed and customized biomaterials. Stereolithography is based on the principle of photocuring of 
prepolymers in the pre-designed voxel-areas. Here, stereolithography was applied to produce 
scaffolds for tissue regeneration. Individually designed β-tricalcium phosphate (TCP) filled scaffolds 
based on photocuring poly(trimethylene carbonate) (PTMC) was produced. Filler contents up to 40% 
particle form TCP could be successfully used in stereolithography. Following initial printing tests, 
upscaling was achieved by prototyping and resin optimization [1]. Utilizing CT data, patient-specific 
bone regeneration implants were printed for a large bone defects. Properties of thus created 
biomaterials including results on in vivo experiments [2,3] will be presented. 

 
PTMC degrades via enzymatic surface erosion. The degradation of photocured PTMC is slow with 
maximum mass loss of 3.7% in vivo after 36 weeks. Increase in the degradation rate can be achieved 
by using copolymers with ɛ-caprolactone. Additionally, an increase in degradation rate may be 
achieved by the preparation of PTMC-anhydride networks. Results of in vitro degradation studies with 
such networks will be presented. 

 

Figure 1. Stereolithography of a prototype of PTMC/TCP composite bone regeneration scaffold. 
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Abstract 
 

Inflammation plays an important role in responding to danger signals arising from damage to our body 
and in restoring homeostasis. Controlling the inflammatory response is a major strategy in managing 
diseases such as cancer, autoimmunity, and wound healing. While conventional drug therapies are 
the norm in tackling inflammation, biomaterials are increasingly proposed to join the battle. Through 
drug delivery strategies, biomaterials potentiate the efficacy of anti-inflammatory drugs by improving 
bioavailability and diminishing side-effects. Applied in inhibitory or scavenging strategies, they reduce 
inflammation by removing the pro-inflammatory factors. For instance, the scavenging approach may 
be applied to inflammatory diseases such as rheumatoid arthritis, psoriasis, multiple sclerosis and 
systemic lupus erythematosus, which are increasingly linked to inappropriate and chronic activation 
of inflammatory cells. A central event in the pathogenesis of these diseases appears to be an aberrant 
activation of innate immune sensors, most prominently the Pattern Recognition Receptors (PRRs), by 
nucleic acids that are released from dead and dying cells. In this presentation, I will discuss the 
application of nucleic acid-binding polymers in the configuration of either soluble polycation or 
cationic nanoparticle to scavenge these nucleic acids as a molecular strategy to combat inflammation. 

 

Kam W. Leong is the Samuel Y. Sheng Professor of Biomedical Engineering at Columbia University, 
where he focuses on three major research directions: 1) Nonviral gene editing in vivo; 2) Biomaterials- 
assisted modulation of inflammation; 3) Human-tissue chips for disease modeling and drug screening. 
He has published ~500 manuscripts and holds more than 60 issued patents. He is the recipient of the 
Founder’s Award of the Society for Biomaterials in 2022, Editor-in-Chief of Biomaterials, and a 
member of the USA National Academy of Inventors, the USA National Academy of Engineering, and 
the USA National Academy of Medicine. 
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Abstract 

 
Congenital hearing loss is one of the commonest birth defects in the Indian population. Congenital 

hearing loss is a silent handicap and a double tragedy as it interferes with the development of speech 

and language. Sensori-neural hearing loss occurs due to a problem in the cochlea (inner ear) or in the 

auditory nerve (nerve of hearing). The quest for management of deafness has resulted in better 

understanding of the pathways in the brain that are concerned with hearing. Advances in 

neurosciences and diagnostic tools have provided a window to the brain and enabled scientists to 

have an insight into the malady of deafness. Advances in audiology and electrophysiology as well as 

radiology (CT, MRI scans, PET scans) have helped pinpoint the exact site, extent of hearing loss and 

the study of the auditory pathways in the brain. Progress in biomedical engineering and biocompatible 

materials has resulted in the development of auditory neural prosthesis which have helped individuals 

with profound hearing loss who live in a world of silence to enter the world of sound. The fundamental 

principles of electrical stimulation are the same for all auditory neural prostheses. 

Cochlear implants (CI) have revolutionized the management of deafness and are the most successful 

auditory neural prosthesis to help individuals with severe – profound hearing loss regain hearing by 

electrically stimulating the cochlear nerve. The cochlea has 2 1/2 – 2 3/4 turns resembling a snail’s 

shell. It has been described as an “auditory piano” with tonotopicity - high frequency hearing at the 

basal turn, low frequency hearing at the apical turn of the cochlea; the intermediate hearing 

frequencies are subserved in between on the basilar membrane. The cochlear implant system 

converts sound to electrical impulses which are delivered to the auditory nerve. The external unit 

comprises of a microphone, speech processor and transmitting coil. The internal components consist 

of a receiver stimulator and an electrode array which is inserted into the cochlea. Electrodes for 

Combined Electrical Acoustic Stimulation (EAS) can be used in individuals with significant levels of 

residual hearing. For patients with high-frequency hearing loss with good low frequency hearing, the 

basal cochlear turn can be electrically stimulated while maintaining acoustic sensitivity in the apical, 

low frequency region of the cochlea. The phenomenon of neural plasticity in the brain (use it or lose 

it) has been better understood; hence early implantation in a child less than 6 years has enabled 

hearing restoration similar to normal hearing children. 

In individuals who do not have a cochlea / cochlear nerve, the auditory brainstem implant (ABI) 

bypasses the absent / diseased part and stimulates the next higher station in the auditory pathway, 

viz. the cochlear nucleus in the brainstem. In extremely rare instances, where an ABI cannot be used, 

the next higher station in the auditory pathway can be stimulated by an auditory midbrain implant 

(AMI). 

Further advances in technology will result in totally implantable devices, better signal processing, 

improvement in electrode design, and improved surgical tools; thereby increasing the safety and 

benefit derived from auditory neural prostheses. 
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Abstract 
 

A variety of synthetic calcium phosphates and calcium–phospho-silicate compounds have 

been used as bone grafts over the last three decades. While autogenic bone is the gold standard, 

their limited availability and donor site morbidity lead to the search for alternate sources such as 

allografts and synthetic biomaterials. Synthetic biomaterials, mainly, bioactive ceramics are widely 

tried as bone substitutes owing to their biocompatibility. They elicit very little inflammation and has 

the ability to integrate with the surrounding bone. In clinical point of view the ideal ceramic bone graft 

substitute should be the one that rapidly integrates with the host bone, attains optimum mechanical 

stability very quickly and disappears rapidly after its function has been achieved with minimum toxic 

byproducts, allowing replacement by host bone. Bioactive ceramics, glasses and cements have 

already made their mark in bone graft substitution. The Bioceramics Laboratory at SCTIMST had been 

working on these materials over the last decade dealing from the synthesis to clinical applications. 

Various technologies for manufacturing calcium phosphates based ceramics (dense and porous), 

bioactive ceramic composites (calcium-phosphate-silica systems) and calcium phosphate cements 

have been developed. The efficacy of these bioactive materials is now being explored in various cases 

of skeletal and dental repair, where synthetic bone substitutes are not conventionally used. Such 

tailor-made ceramic implants were realized through the teaming up of material scientists with 

surgeons. 

Bioceramic composites are found to be an ideal candidate material for bone tissue engineering 

applications. However, the success of synthetic materials in repairing large or mega bone defects 

again is limited since they lack the osteogenic and osteoinductive properties of bone autografts. 

Therefore, it has been postulated that greater regeneration could be obtained by supplementing a 

resorbable scaffold with regeneration-competent cells and growth factors to improve clinical 

outcome. This led to the emergence of new area of research, bone tissue engineering. It is understood 

that chemical and physical behaviour of bioceramic scaffold used for growing cells or carrying growth 

factors play an important role in the regeneration of new bone, when it directly interfaces with the 

biologic environment. 
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Abstract 
 

The ancient culture of India has worshipped and observed nature to develop high philosophies 

towards the liberation of humans. The traditional healthcare systems developed then are being 

practiced by the people of India at various levels of the life process. The ancient people used bio 

resources including the medicinal plants for the treatment and management of human wealth. Indian 

Medicinal and aromatics plants have been traditionally used for the management of Human heath 

from the ancient time. It contains chemically diverse phytomolecules, which have several therapeutic 

applications. 

 
The need of the day is to ensure the quality, safety and efficacy of the natural products based through 

the intervention of interdisciplinary, multidisciplinary and trans-disciplinary research for the 

development of scientifically validated products from IMPs. In globalized world, the popularity of 

herbal medicine is increasing day by day, however it lacks proper scientific validation in many cases. 

Bio-prospecting of natural products from existing indigenous remedies includes search for 

pharmacologically unique principles through their chemo profiling through metabolomics approach 

for its quality control and standardization. The pharmacological properties, mechanisms of action, 

drug interactions, safety, and efficacy evaluation of herbal medicines are required for consumers and 

health care providers to maximize the therapeutic benefits and to avoid unwanted effects. 

Translational research on medicinal plants and traditional medicine will contribute to develop of 

standardized, synergistic, safe and effective bio remedies from bio resources with robust scientific 

evidence, which can be served as an effective new generation therapeutics. 
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Abstract 
 

Regenerative medicine is an interdisciplinary field that has significant promise for treating 

compromised tissues and organs. In our laboratory, we use a number of bioengineering tools including 

biomaterials, organoids, quantitative modeling, and animal models to understand how the 

microenvironment regulates cell fate and to identify new therapeutic targets. In this talk, I will show 

several examples from our lab illustrating the use of such platforms to address key problems in tissue 

repair and disease progression. First, I will discuss our efforts in creating synthetic analogs of the 

extracellular matrix to direct stem cell commitment in vitro and in vivo with a focus on bone tissue 

repair and employing such platforms to understand molecular mechanisms underlying cell fate and 

identifying new therapeutic targets (Shih et al., PNAS 111: 990, 2014; 114: 5419 2017; Kang H et al., 

Biomacromolecules 16: 1050, 2015; Shih et al., Sci. Adv. 5: eaax1387, 2019). Next, I will discuss how 

these understandings can be leveraged to develop therapeutic interventions to promote tissue repair 

and mitigate pain (Zeng et al., Adv. Mater. 32, 2020). Finally, I will discuss our efforts in organoids and 

organ-on-chip platforms and their applications in regenerative medicine. 
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Abstract 
 

Biomaterials engineered with specific biochemical functionalities and mechanical properties offer 
unique opportunities for detecting, treating, and modelling pathologies and regenerating damaged 
tissues. The portfolio of available biomaterials is vast, but modern tissue engineering approaches 
require integrating more advanced features to improve their performance in biomedicine. For this 
aim, the collaborative effort and expertise of interdisciplinary and intersectoral scientific fields, 
including material sciences, pharmacology, chemistry, tissue engineering, and nanotechnology, are 
needed to design better biosystems capable of improving the prediction power of drugs, the modelling 
of tissues/organs and their pathologies, the precise delivery of therapeutics, and the healing of 
damaged organs. In this talk, we will describe the current research performed in our Institute in these 
fields, particularly on 3D cancer models. These models are revolutionizing cancer research and disease 
management by providing more realistic microenvironments for a better understanding of the 
mechanisms behind chemo-resistance and metastatic spread and for testing drug efficacy overcoming 
the limitations of traditional 2D cell cultures and animal models. 

Acknowledgements: We thank all the 3 B's Research Group, I3Bs – University of Minho members who 
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research, particularly the EU H2020 – FoReCaST, REMIX, Harvey Engineering Research Award and the 
FCT – 2MATCH and BREAST-IT projects. 
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Abstract 
 

The structurally complex proteinaceous adhesives secreted by marine organisms such as sandcastle 
worms, mussels, and caddisflies provide exquisite inspiration to biomedical researchers to fabricate 
fast-curing adhesives that work underwater or on wet surfaces. Such adhesives hold tremendous 
promise in sealing wet tissues such as those of exposed wounds. A detailed investigation of the 
Chemistry these adhesives led researchers to develop 3,4-dihydroxyphenylalanine (DOPA) based 
synthetic mimics that offer high potential in tissue adhesion applications. However, the oxidative 
instability of DOPA residues as well as the dark coloration acquired by the synthetic adhesives 
containing DOPA residues have implored researchers to explore other chemistries that can overcome 
the aforesaid challenges while achieving comparable performance. We have demonstrated that self- 
curability and enzyme-curability can be imparted to the adhesives by employing novel chemistries 
without utilizing DOPA residues.1 This produces an optically clear adhesive layer exhibiting high- 
strength adhesion of a variety of biological surfaces such as bone and skin both under dry and wet 
conditions. The use of biocompatible and biodegradable polymers is added advantage.2 
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Abstract 
 
 

In Low and Low Middle Income Countries (LMICs) such as India, many laboratories do not have the 

state-of-the-art fabrication facilities needed for doing research on biomaterials, regenerative 

medicine, and devices. Some laboratories, particularly in colleges and universities do not have enough 

funding for procuring imported items. Keeping those challenges in mind our group has been focusing 

on developing tools which are inexpensive and can be made in Do-It-Yourself (DIY) mode. In this talk, 

I will share four such techniques that we have developed in last eight years: 1. Development of a low- 

cost technique for microcontact printing. 2 and 3. Development of microfluidic gradient generation 

device, static and with flow, and 4. Development of a high-throughput spheroid making device. I’ll 

discuss how each of these techniques can be developed in any laboratory and how these devices can 

be used for asking intricate fundamental questions as well as for performing translational biomedical 

research. 
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Abstract 
 

Heterogeneous and complex nature of tumor microenvironment (TME) is a major obstacle in the efficient 
delivery of chemotherapeutic regimes, and responsible for poor efficacy of therapeutics. TME is composed of 
proliferating tumor cells along with stromal cells including cancer associated fibroblasts, extracellular matrix, 
infiltrating immune cells such as macrophages, dendritic cells, lymphocytes, and neutrophils, and blood vessel 
forming cells such as endothelial cells and pericytes. These cells provide a tumor supportive microenvironment 
with enhanced angiogenesis and inflammation to the uncontrolled proliferating cancerous cells, and protect 
them from immune surveillance. We have previously discovered that conjugation of anticancer drugs to 
polyethylene glycol conjugated lithocholic acid allow them to self-assemble into supramolecular aggregates, 
called nanomicelles (NMs), and show slow and sustained release of drug. In this talk, I will present our recent 
results on engineering of chimeric nanomicelles that can target key biological processes like proliferation, 
inflammation, and angiogenesis in parallel. Based on the previous observations, we synthesized an esterase 
sensitive polyethylene glycol derived lithocholic acid-drug conjugates where anti-inflammatory drug like 
dexamethasone and anti-angiogenic drug like combretastatin A4 are conjugated. These different PEGylated 
lithocholic acid-drug conjugates can self-assemble with phospholipid-docetaxel conjugate to form 
supramolecular chimeric nanomicelles, and result in tumor regression by targeting multiple processes in parallel. 
Therefore, my talk will highlight that codelivery of chemotherapeutic agents through single nanocarrier targeting 
different processes could be a promising strategy to target tumor microenvironment. 
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Abstract 
 

The design of biomaterials for tissues engineering and medical devices applications is an 
interdisciplinary and attractive field. To this aim, three-dimensional scaffolds play a fundamental role 
in the development of new tissues by interacting with cells both in-vitro and in-vivo approaches. Even 
if there is evidence that polymeric biomaterials can provide enough mechanical and physical properties 
required for tissue development, in some cases there are inadequate biomimetic property and 
absence of proper stimuli for the promotion of functional tissue formation. In this context, the design 
of smart biomaterials that are able to react to specific stimulations could be the new frontier to 
produce smart biomaterials to be used both for tissue engineering and medical device applications. 
Hydrogels are unique materials that can be specifically designed to interact with biological systems for 
a wide range of biomedical applications. This work aims to explore the use of the hydrogel technology 
in the biomedical field ranging from the production of scaffold for tissue engineering applications to 
the design of smart devices to treat metabolic diseases [1-3]. 
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Abstract 

 
Injectable hydrogels are preferred scaffolding materials for articular cartilage regeneration. Although, hydrogels 
having higher stiffness are desirable clinically for articular cartilage regeneration, however, this increase in 
stiffness downregulates chondrogenesis of the encapsulated cells. An injectable hydrogel system with high 
strength that would act as a substrate and transduce encapsulated cells toward chondrogenic lineage would be 
an ideal scaffolding system. In this regard, the interpenetrating injectable hydrogels consisting of silk, 
carboxymethyl cellulose (CMC) and gelatin (Gel) in varying ratios were fabricated. We observed that 
Silk/CMC/Gel hydrogels were rapidly gellable, attained mechanical strength over time, were highly resilient and 
demonstrated almost complete recovery after compression and relaxation of stress for multiple cycles. In 
addition, silk-containing hydrogel showed significant reduction in its dimensions, suggesting contraction in these 
hydrogels. The resilience was provided by CMC and the dynamic alterations in the hydrogel was endowed by 
the presence of silk. This dynamism in the hydrogel microenvironment is akin to the processes that occur during 
cartilage development and hence was expected to facilitate chondrogenic differentiation. Therefore, the utility 
of Silk/CMC/Gel hydrogels for cartilage repair was evaluated. Interestingly, Silk/CMC/Gel hydrogel despite of its 
improved mechanical properties, exhibited higher expression of chondrocyte-specific markers and deposition 
of cartilage extracellular matrix (ECM) components when compared to CMC/Gel hydrogels in vitro. Moreover, 
the ectopically regenerated cartilage was mature and closely resembled native articular cartilage. Thereafter, to 
unveil the underlying mechanism for enhanced chondrogenesis in silk-containing hydrogels, we first investigated 
morphological changes of the encapsulated cells. We observed that majority of the cells encapsulated in 
Silk/CMC/Gel hydrogels attained round morphology (facilitates chondrogenesis), whereas, cells encapsulated in 
CMC/Gel hydrogels had elongated shape. As observed from NCAD immunostaining, Silk/CMC/Gel hydrogels due 
to their ability to contract promoted cell-cell contacts within encapsulated stem cells. Yes-associated protein 
(YAP) and Rho-GTPases, regarded as a nuclear relay of mechanical signals from ECM, are functionally required 
for differentiation of MSCs induced by cell geometry. Silk/CMC/Gel hydrogels demonstrated reduced Rho-A 
expression and decrease in nuclear localization of YAP compared to CMC/Gel hydrogels, suggesting their key 
role as a mechano-regulator for chondrogenesis in these hydrogels. The results indicated that contraction in 
Silk/CMC/Gel led to condensation of encapsulated cells, leading to more cell-cell contact, downregulation of YAP 
and eventually providing favourable microenvironment for chondrogenesis. The study is an example of 
“engineering mechanobiology” to promote chondrogenesis in mechanically stiff hydrogels. Overall, with our 
approach of developmentally inspired hydrogel-designing we were able to uncouple bulk stiffness of hydrogel 
from cell perceived stiffness. The study is an ideal example of “engineering mechanobiology” and enabling cells 
to differentiate into a desired lineage. 
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Abstract 
 

The conventional management strategies of myocardial infarction (MI) including coronary artery 
bypass graft (CABG) surgery are effective to sustain life; however, myocardial regeneration is still an 
enigma. The persistence of ischemia and inflammation at the infarct zone offer challenge and 
significantly affects the functional performance of the surviving myocardium. Stem cell-based 
therapies are promising in cardiac regeneration; however, lineage specificity and undesired 
differentiation profile are challenging. Our investigations using a translationally worthwhile CABG 
model unveiled sustained ischemia with fatty deposits and aggravated inflammation in the 
myocardium suggesting the possibilities of epicardial fat (EF) in cardiac regeneration. Herein, we 
identified the EF as an ideal source for mesenchymal stem cells (MSCs) owing to the proximity and 
anatomical similarities with the myocardium. Epicardial adipose tissue derived stem cells (EATDS) 
were isolated from hyperlipidemic Yucatan micro swine and were challenged with ischemia and 
reperfusion to harvest the extracellular vesicles (EVs). The EATDS remain understudied regarding their 
phenotype heterogeneity and cardiac regeneration potential. The regenerative secretome unveiled 
versatile healing/protective mediators in the secreted EVs offering a promise in cardiac regeneration. 
The treatment of these vesicles with isolated swine cardiac fibroblasts resulted in the upregulation of 
cardiomyocyte specific transcription factors and regenerative mediators with downregulation of 
fibroblast biomarkers. As EF closely reflects the cardiac pathology during ischemia, we investigated 
the EATDS subpopulations under simulated ischemic and reperfused conditions employing single cell 
RNA sequencing (scRNAseq) which revealed 18 unique sub-populations suggesting the existence of 
heterogeneous phenotypes. Finally, we developed a hydrogel-based template for incorporating the 
EATDS phenotypes destined for cardiac regeneration offering the sustained bioavailability of 
regenerative secretome and a translationally relevant minimally invasive swine-MI model for cardiac 
regeneration. Thus, the multidisciplinary approach of unique regenerative EATDS, regenerative 
vesicles, and cardiac tissue engineering open significant translational avenues for myocardial 
regeneration and cardiac management. 
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Abstract 
 

Mediastinitis develops following cardiac surgery and poses a significant risk to the patient's life due to 
postoperative bleeding and deep sternal wound infection [1]. To address the present difficulties 
following median sternotomy, biomaterial should exhibit hemostatic, antibacterial, and osteogenic 
qualities that aid in controlling bleeding, avoiding infection, and promoting sternal healing. Here, on 
the basis of this we have studied the efficacy of a bioadhesive gel and a cement for the use at the 
sternum. 

We have developed an in situ forming tissue adhesive chitin-fibrin (CH-FB) gel with tigecycline 
loaded gelatin nanoparticles (tGNPs) for controlling bleeding and preventing bacterial infection [2]. 
The prepared gel was found to be tissue adhesive, cytocompatible and has sustained drug release for 
21 days. In vitro antibacterial activity of tGNPs-CH-FB gel was tested against Staphylococcus aureus, 
methicillin-resistant Staphylococcus aureus, Escherichia coli, and their clinical isolates. The in vivo 
hemostatic effects in Sprague Dawley rats showed rapid blood clotting capacity. As a result, the 
developed tGNPsCH-FB gel could be used to adhere at the surgical site to control bleeding and avoid 
bacterial infection after cardiac surgery. 

 
In the later work, we have developed an antibacterial bone adhesive cement using tetracalcium 
phosphate and phosphoserine with antibacterial drugs vancomycin (act against Gram-positive) and 
amikacin (act against Gram-negative) for preventing mediastinitis. The antibiotics were incorporated 
into the bone cement showed the drug release up to 60 and 90 days for vancomycin and amikacin 
respectively. In vitro and ex vivo antibacterial study of the prepared antibacterial bone adhesive 
cement shows excellent antibacterial activity against S. aureus, E. coli and K. pneumoniae and was 
also found to inhibit their biofilm formation. The in vivo antibacterial activity of the prepared bone 
cement in S.D. rat sternotomy model showed a significant inhibitory activity against S. aureus and E. 
coli. This study shows that the developed bone adhesive cement has great potential to be used at the 
sternum to prevent infection and enhancing sternal healing. 

 

Since the risk of obtaining mediastinitis is increasing by 10-40%, the usage of an ideal material with 
antibacterial, osteogenic and hemostatic properties can prevent the infection at sternum and help in 
healing after cardiac surgery. 
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Abstract 
 

Emergence of antimicrobial resistance (AMR) caused by superbugs, has threatened the global public 
health thereby constituting a major share of the annual mortality, worldwide. This worsening scenario 
has drawn research into development of effective preventive measures and therapeutic regimen. 
During this lecture I will talk about some of our recent inventions on polymeric biomaterials to tackle 
AMR and associated challenges with infection. 
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Abstract 
 

The recent emergence of 3D printing offers unique opportunities to prepare tissue scaffolds with the 
best anatomical fit and complex architecture to meet the patient’s individual needs. We have initiated 
several strategies to prepare 3D printed polymer scaffolds in our group. Porous scaffolds of 
biodegradable poly(lactic acid) can be prepared by fused filament fabrication but have poor 
osteogenic activity. We demonstrated that surface modification of the 3D printed scaffolds by 
conjugation of bioceramic nanoparticles such as hydroxyapatite and ceria remarkably enhanced the 
response of stem cells for enhanced osteogenic activity. Digital light processing (DLP)-based 3D 
bioprinting can be used for 3D bioprinting. We have developed photopolymerizable silk fibroin and 
kappa-carrageenan to encapsulate cells in 3D bioprinted scaffolds prepared by DLP. In a more recent 
effort, we are preparing 3D printed polymers that undergo shape change when stimulated to yield 4D 
printed scaffolds. Taken together, this talk will highlight the different polymer-based biomaterials for 
preparing 3D scaffolds for the repair and regeneration of tissues. 
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Abstract 
 

Development of cell scaffold materials is important to achieve tissue regeneration using the 
pluripotent or somatic stem cells. We are developing highly functional cell scaffold materials that 
control gelation and degradation by light. In this study, we developed a photo-responsive hydrogel 
combined with gelatin and a photocleavable monomer, ortho-nitrobenzyl acrylate (o-NBA) (Figure 
1A). o-NBA was synthesized through 5 steps according to the literature [1]. Photo-degradation of o- 
NBA monomer after UV exposure was examined with UV-vis spectroscopy and NMR. Then, o-NBA was 
introduced into amino groups of gelatin with EDC/NHS in H2O/DMF at 50ºC for 20 h. Obtained 
compound was analysed with 1H NMR and substitution degrees of o-NBA into gelatin was calculated 
(gelatin-o-NBA, Figure 1B). Hydrogel of gelatin-NBA was prepared by using a chemical 
initiator/accelerator (ammonium persulfate (APS) and N,N,N’,N’-tetramethylethylenediamine 
(TEMED)). Degradation behaviour of hydrogel of gelation-NBA hydrogels after UV-irradiation were 
observed. In conclusion, hydrogels of gelatin with photocleavable moiety have potential application 
as photo-responsive cell scaffold for spatiotemporal control of 3D fabricated model. 
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Figure 1 (A) Concept of photo-responsive scaffolds, and (B) structure of gelatin-o-NBA 
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Abstract 
 

Structural protein such as silk, collagen, and keratin, is one of the key molecules to realize the unique 
properties and functions of natural tissues and organisms. Spider silks are among the toughest known 
materials and thus provide models for renewable, biodegradable, and sustainable biopolymers. 
However, the entirety of their diversity still remains elusive, and silks that exceed the performance 
limits of industrial fibers are constantly being found. We obtained transcriptome assemblies from 
1098 species of spiders to comprehensively catalog silk gene sequences and measured the 
mechanical, thermal, structural, and hydration properties of the dragline silks of 446 species. The 
combination of these silk protein genotype-phenotype data revealed essential contributions of 
multicomponent structures with major ampullate spidroin 1 to 3 paralogs in high-performance 
dragline silks and numerous amino acid motifs contributing to each of the measured properties. Our 
global sampling, comprehensive testing, integrated analysis, and open data will provide a solid starting 
point for future biomaterial designs. Our research group also reported the new finding in spider silk 
spinning, which is essential to clear the hierarchical structure of spider silk. The scalable and 
sustainable synthesis method along the clarified structure-function relationship of natural proteins 
provides a new insight for structural and functional material design of amino acids-based polymers. 
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Abstract 
 

Titanium and its alloys are widely used in different biomaterial applications due to remarkable 
mechanical properties and bio-inertness. However, titanium-based materials still face some 
challenges, with an emphasis on hemocompatibility. Blood-contacting devices such as stents, heart 
valves, and circulatory devices are prone to thrombus formation, restenosis, and inflammation due to 
inappropriate blood-implant surface interactions. After implantation, when blood encounter these 
implant surfaces, a series of reactions takes place, such as protein adsorption, platelet adhesion and 
activation, and white blood cell complex formation as a defense mechanism. Currently, patients are 
prescribed anticoagulant drugs to prevent blood clotting, but these drugs can weaken their immune 
system and cause profound bleeding during injury. Extensive research has been done to modify the 
surface properties of titanium to enhance its hemocompatibility. Results have shown that 
modification of surface morphology, roughness, and chemistry has been effective in reducing 
thrombus formation. The main goal of our work is to develop, analyze and understand how surface 
modification techniques on titanium-based surfaces enhances hemocompatibility and, consequently, 
recognize the unresolved challenges and propose scopes for future modification of implant surfaces. 
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Abstract 

Pain is considered the most common disabling symptom of osteoarthritis (OA). Commonly employed 

pain interventions to manage osteoarthritis pain include physiotherapy, anti-inflammatory drugs, 

intra-articular corticosteroid injections and visco-supplementation such as hyaluronic acid injection. 

As the prevalence of OA is steadily increasing and current options give less than optimal pain relief, 

there is an urgent need to explore novel therapeutic strategies to manage osteoarthritic pain. The 

overall goal of our studies is to develop non-addictive and minimally invasive approaches to manage 

OA pain. Our studies on combining local anesthetics with anti-inflammatory/analgesic pain 

modulators and periarticular delivery of these molecules in a minimally invasive manner will be 

discussed. 
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Abstract 
 

Nanotechnology beyond any doubt contributes significantly to scientific advancements in many 
sectors like materials and manufacturing, consumer products, energy, medicine, etc. Research, 
development, and utilization are at the heart of technology. Rising demand and economic value owes 
to the novelty and physicochemical properties of the newly developed materials which differ from the 
bulk materials. Advancement of nanotechnology leads to increased manufacture of different types of 
nanoparticles which eventually get released into the air, water, and soil intentionally and 
unintentionally. Sources of nanoparticles are not limited to anthropogenic activities. Natural 
processes like forest fires, volcanic eruptions, etc, also release nanoparticles into the environment. 
Released into the air, these nanoparticles will become a component of particulate matter or PM. 
Because of the small size (less than 100nm) and relatively high surface area, nanoparticles display 
elevated reactivity. Directly or indirectly, they can adversely affect the environment and human 
health. Unfortunately, most toxicological studies focus on the effect of nanoparticles on human health 
or on the antimicrobial potential of nanoparticles. How these nanoparticles modulate the microbiome, 
its virulence, and immunogenicity is not clearly understood and consequences for human health are 
undeniable. 

 
Studies reveal a significant correlation between ambient air pollution and respiratory illnesses and 
mortality. Coronavirus disease (COVID-19) could be taken as a prominent example. Most populated 
cities were badly hit by COVID-19. Major cities in India -like Delhi, Mumbai, and Bengaluru 
experiencing poor air quality reported higher case numbers and mortality rates. Particulate matter 
and aerosol can support a platform for virus transmission. The trend is often followed in bacterial 
infections. Aerosol can act as the carrier of microbes where they will interact with the fine particulate 
matter. The changes in the microbiome caused by these interactions are the least studied. Physico- 
chemical changes in the atmosphere, the presence of new aerosol materials (by vehicular and 
industrial emissions), etc, can significantly affect the environmental microbiome. For example, the 
presence of high concentrations of carbon can lead to specific selection in a heterotrophic organism 
like Pseudomonas as they represent a source of nutrition for the microbe. Our lab-generated data 
suggest that industrially important nanoparticles like Carbon Black nanoparticles (CBNP) affect 
virulence factors and the biofilm formation ability of bacterial pathogens like Pseudomonas 
aeruginosa. Biofilms are aggregates of microorganisms adhered to a surface in which cells are 
frequently embedded in a self-produced matrix of extracellular polymeric substances (EPS) and exhibit 
a set of 'emergent properties' that differ substantially from free-living bacterial cells. They cost millions 
of dollars every year in energy losses, equipment damage, product contamination, and medical 
infections. These observations assert the fact that regulatory measures should be formed for 
nanoparticle synthesis and manufacture by considering not only human health but also the impact 
they have on the microbiome and its pathogenicity and this and many more can be discussed during 
the talk. 
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Abstract 

 
Cell penetrating peptides can act as cellular delivery vehicles for a wide range of cargoes from large 

biomolecules to nanoparticles. Usually positively charged, they are particularly attractive for nucleic 

acid delivery since they can electrostatically interact with negatively charged nucleic acids and form 

nanocomplexes that enter cells primarily through endocytosis. In order to use them for delivery of 

therapeutic molecules to different tissue types, further fine-tuning of the surface characteristics of 

the nanocomplex is often needed. Our laboratory has developed a new amphipathic peptide rich in 

arginines and hydrophobic amino acids called Mgpe9 that can form nanocomplexes and efficiently 

delivery plasmid DNA to a wide range of cell types. We have used these nanocomplexes for topical 

gene delivery to skin and modified them further for delivery to lungs. The compact structure of the 

skin, unique lipid composition and the barrier of stratum corneum make it difficult for nucleic acids to 

enter skin without use of invasive physical or toxic chemical methods. Mgpe9, possibly by exploiting 

lipid fluidization, could efficiently deliver nucleic acids to human skin ex vivo and mouse skin in vivo 

upon topical application without any toxic reaction to the skin. On the other hand, delivery of nucleic 

acids to lungs in diseased conditions often requires overcoming the barrier of the mucus. We have 

been able to successfully coat the Mgpe9 peptide nanocomplexes with mannitol conjugated 

chondroitin sulphate to reduce the surface positive charge and increase the mucolytic property. These 

coated nanocomplexes show strong in vitro and in vivo delivery of nucleic acid cargo to the lungs. The 

talk will highlight different aspects of nucleic acid delivery to skin and lungs using this amphipathic 

peptide. 
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Abstract 

 
The standard of life is upgrading for millions of individuals with the benefit of biomaterials. Over ages 

and centuries, biomaterials have been extensively practiced for medicating unhealthy and injured 

parts of the body. Currently, biomaterials explicate cause of transformation due to the remarkable 

improvements in medical performances that support in understanding the body mechanism followed 

by monitoring the body’s condition. The revolutionary knowledge in science that can be practically 

used, made the researchers to understand the multipurpose of biomaterials. The existing orthopaedic 

implant materials do not have the desired surface properties viz., surface wettability, cell adhesion 

properties, implant-bone interfacial adhesion, biocompatibility etc. Hence, the implant surface needs 

to be modified prior to its application as a functional material. The material selection with effective 

surface treatment could resolve the connected problems and advances the implant feasibility in the 

body. 

 
Over two decades, our research works on biomaterials tutor and enlightens the different aspects to 

be considered in patient-specific implant material. The significance of our research work mainly focus 

on the surface modifications on titanium and its alloys, 316L stainless steel and magnesium alloy. We 

have reported the various surface treatments, which enhanced the biocompatibility and corrosion 

resistance. In addition, we have modified the titanium surface by applying the potential to obtain 

nanostructure materials for orthopaedic applications. The characterisation and applications of these 

nanostructures materials will be discussed. 
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Abstract 

 
Proteins, the machinery behind the sustenance of life, perform myriad functions that can be primarily 

correlated with their structural attributes. However, emergent studies indicate that these intricate 

systems are dynamically endowed over multiple timescales. Importantly, their conformational 

plasticity over such timescales are intricately related to their functional properties. Advanced 

molecular simulations have emerged as a powerful probe for probing the vast spectrum of protein 

associated biomolecular phenomena. In this talk, I will highlight our recent efforts towards unraveling 

molecular complexities within protein systems, particularly those prone to self-assembly and related 

to disease. The dynamical response of these complex systems to exogenous perturbations including 

addition of co-solvent, spatial confinement and imposition of cryogenic conditions will be highlighted. 

Particularly, our results indicate that for amyloid protein assemblies subjected to drastic lowering in 

temperature, the dynamical response of the solvent environment contains signatures of glass-like 

transitions. Ongoing efforts on algorithm development towards efficient estimation of kinetic barriers 

portioning key functional states will be described. Our results are expected to have ramifications in 

understanding the molecular origins of disease and help in drug development efforts. 
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Abstract 
 

Cells within the tissues or organs are organized in a highly structured microenvironment and this 

organization is considered to be a prime reason for functionality of the tissue. The microenvironment 

i.e. the cells and the ECM impose certain boundary conditions (in the form of geometrical or 

mechanical cues) that not only effect the cell organization but also its migration, proliferation and 

differentiation. The understanding of cell organization into a functional tissue has been a long- 

standing problem for tissue engineering (T. E.) and it is believed that cell-cell and cell-ECM interactions 

play a key role in directing the assembly of cells into a specific architecture. 

 
Although, developmental biology has explained the formation of a tissue and an organ, the 

understanding of various cellular processes that results in complete assembly of cells into functional 

tissue in-vitro is lacking. This fundamental understanding of how cells assemble onto a substrate will 

enable development of functional tissues in-vitro and accelerate the field of tissue engineering. 

Typically for T.E., cells are grown either in two-dimensional (2-D) or a three dimensional (3-D) scaffold. 

In 2-D, cells experience a uniform substrate and thus have very little in common with the micro- 

environment characteristics in-vivo, in 3-D culture it does not have the spatial heterogeneity or the 

multi-cell alignment pattern usually seen in functional tissues. 

 
In this talk, our efforts to recapitulate the in-vivo tissue like conditions and study the interplay of cell- 

cell and cell ECM interactions in-vitro for tissue engineering applications. To understand and 

manipulate these processes, we first generated micropatterns in 2D to study how the cells respond to 

the geometrical and biophysical cues provided by these patterns and developed a method to co- 

culture cells of two types within the same pattern. We further extended our studies to explore how 

these geometrical cues affect the differentiation of human mesenchymal stem cells. To better 

recapitulate the in-vivo conditions, we extended our studies to control the differentiation of stem cells 

in a spatial controlled manner in 3D simply by cell ECM interactions. Finally, a patterned wound 

dressing (pyramidal geometry) was developed to show the effect of patterning in wound healing 

applications. 
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Abstract 

 
Regenerative medicine is an emerging field focusing on regeneration of cells, tissues and whole 

organs. Mesenchymal stem cells (MSC) obtained from umbilical cord blood,amniontic fluid and 

placental membranes are multipotent, possess immunomodulatory function and differentiate into cell 

lineages representing all three embryonic germ layers and form ideal cells for use in tissue 

engineering. Collection of these tissue is simple and is not subject to invasive procedures and does not 

involve ethical dilemmas .Successful systemic transplantation of umbilical cord mesenchymal stem 

cells in animals has been reported. The demonstrated healing and therapeutic potential range from 

regeneration of neurological,musculoskeletal,corneal and cardiovascular tissue. Combination 

treatment with erythropoietin has been noted to enhance angiogenesis and neurogenesis.Other 

frontiers of neurorestorative therapy include recovery from stroke in diabetics,imporvement of 

behavioral defects in traumatic brain injury as well as newborns with congenital heart disease 

subjected to reperfusion injury. We review the current therapeutic potential and challenges 

associated with this novel application explored over the last several years. 

 
References: 

Doi:10.3109 /08941939.2012.661519 

Doi : 10.3389/fneu.2019.00357ecollection2019 

Doi : 10.3389/fpharm.2021.770590 



41 

 

 

 

Nanofibrous materials to enhance the quality and shelf-life of stored blood 
By 

Dr. Praveen Kumar Vemula 
 
 

Dr. Praveen Kumar Vemula 
InStem Bangalore 

 
 
 
 

Abstract 

 
Blood transfusion is a lifesaving process. However, during the storage, quality of stored red blood cells 

(RBCs) deteriorates and has limited shelf-life. Thus far, numerous attempts have been made to 

enhance the quality and shelf-life of stored blood with limited success. Therefore, we have developed 

an innovative technology to significantly enhance the quality and shelf-life of stored RBCs. Upon 

storing RBCs, a wide range of damage-associate molecular patterns (DAMPs), such as cell-free DNA, 

nucleosomes, free-hemoglobin, and poly-unsaturated-fatty-acids (PUFAs) are generated. DAMPs can 

further damage RBCs; thus, the quality of stored RBCs declines during the storage and limits their 

shelf-life. Hence, we developed specific designed polymers containing electrospun-nanofibrous- 

sheets (NFS), consisting of anionic, cationic charges and an DNA intercalating group on their surfaces. 

Here, we show that nanofibrous sheets are efficient in scavenging DAMPs from stored human and 

mice RBCs, ex vivo. Furthermore, intermittent scavenging of DAMPs by NFS during the storage 

reduced the loss of RBC membrane integrity. Additionally, RBC-transfusion studies in mice reveal that 

intermittent removal of DAMPs enhanced the quality of stored-old-RBCs equivalent to freshly 

collected RBCs, and increased their shelf-life by ~25%. Based on such prophylactic technology, we are 

developing novel blood bags and medical devices, to impact healthcare by reducing transfusion- 

related adverse effects. 
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Abstract 
 

Brain disorders including neurodegenerative diseases are one of the most prevailing diseases, 
worldwide. It has been estimated that 35% of all disease encumber is attributable to brain disorders. 
Most of these diseases do not have effective treatment, regardless of advanced exploration which 
better understands their etiology. The major limiting factor to the successful treatment of many of 
these neurodegenerative diseases is the presence of polarized layer of endothelial cells comprising 
the blood–brain barrier (BBB) that prevents the brain uptake of almost 98% of all potential 
neurotherapeutics to the central nervous system. The entry of imaging contrast agents, that can 
enable early diagnosis of diseases and monitoring of the drug delivery, is also restricted by BBB. 
Therefore, the design of highly potent therapeutic agents that cross the BBB is a challenging field of 
advanced research which will facilitate better treatment progress for neurodegenerative diseases. 

 
Fluorescent gold nanoclusters are gold nanostructure comprised of few atoms of gold which exhibits 
size based quantum confinement, which results in enhanced optical properties useful for imaging 
applications. These materials could be of further importance as it is understood that the same material 
behaves differently when the molecular arrangement varies. Major research to utilize molecular 
materials for biomedical applications is yet to happen. We have custom designed atomic size gold 
nanoclusters for various applications like optical imaging, photothermal and photodynamic therapy 
and siRNA delivery. Design of the materials have been tuned using different ligands and have chosen 
the reaction conditions carefully to control the molecular structure of the materials to suit the 
intended use. Some of these materials, their properties and their use in the cancer research and for 
the management of neurodegenerative disease like Alzheimer’s disease will be discussed during the 
meeting 
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Abstract 

 
Topographically patterned polymer films have numerous scientific applications globally such as in 

solar cells, light-emitting diodes, optoelectronic devices, microfluidics, etc. Soft lithography has 

emerged as one of the most popular practices for patterning which is now largely being used in the 

field of biomaterials and tissue engineering. However, addressing a hardcore pathological issue such 

as wound healing by a polymeric substrate that could guide cellular behavior with its topographically 

modified surface by virtue of soft lithography is less explored. I thin talk I will highlight a sequential 

set of studies in this area to establish a holistic cutaneous wound healing tool that could guide 

behavioral patterns of fibroblasts and adipose-derived mesenchymal stem cells (ADMSCs). We started 

by exploring nanopatterns by producing parallel-aligned nanostructures with native silk fibroin (SF) 

membranes soft lithography to form two-dimensional nano-patterned substrates[1]. Honey was 

incorporated in the substrates (HSF) which without hampering the biological and mechanical 

properties of the matrices and in synergy with the biophysical cues provided by the nanopatterns 

could provide conducive microambience to the fibroblasts for rapid proliferation. As a sequel to this 

study, we biomimmetically patterned HSF using replica molding where the replicated lotus leaf surface 

micropatterns on the matrices increased the proliferation of normal fibroblasts while concurrently 

inhibiting the growth of fibrotic fibroblasts which possibly could minimize the chances of recurrence 

of precancer post oral tumor resection surgeries[2]. At this juncture, we explored honey embedded 

alginate hydrogel without any patterned surface (HSAG) to study the synergistic effect of the polymer 

and honey only in wound healing kinetics and a 2% honey-incorporated substrate showed traits of 

scarless healing but without not much indicating about the cellular behavior[3]. Now as we established 

a nanopattern and a micropattern as potential fibroblast behavior-modulating features, we 

engineered porous HSF (PHSF) surface with hierarchical patterns inspired by rose petal surface to 

study ADMSCs behavior on them. This was developed as a four-in-one technology where a single PHSF 

was able to improve ADMSCs proliferation, restrain ADMSCs senescence, support mesenchymal to 

epithelial transition, and underpin ADMSCs multilineage trans-differentiation[4]. Owing to this we are 

now developing a hierarchically patterned ampicillin-loaded drug-replenishable porous silk fibroin 

scaffold. With this substrate, we are able to develop functionally distinct fibroblast-matrix crosstalk 
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models and it also shows controlled ampicillin delivery using simple topographical patterning without 

the involvement of any chemical modification and/or functionalization. 
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Abstract 

 
£3.8 million is spent every day by National Health Service in the UK for the treatment of pressure 

ulcers. The problem exists due to the action of shear on the tissue and cells. This is one such problem 

where the understanding of tribology is important to prevent the disease from arising. The talk 

highlights some of the problems in the field of soft and hard tissues and the progress made in the 

Mechanics of Advanced Materials Research Group. 
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Abstract 

 
Bioactive materials are highly popular for its medical benefits and it’s unlimited advantages in the 

form of scaffolds, thin films, foams, hydrogels etc., With the developing advancement in bioactive 

material fabrication strategies and technologies, many individuals are partially or wholly escaping 

from the implantations and also from the regular replacement of fracture plates, screws, and sutures 

etc. Biomaterials whose ability to regenerate bone via the formation of hydroxyapatite is primarily 

depends on processing conditions. Our 70% of the bone weight comprises hydroxyapatite said to be 

a natural bone mineral. If a technology can efficient to develop the bio-material with higher 

compatibility that could mimicking natural bone, then it is worth to mean that biomaterials are leading 

the mankind to the heaven. The biological function of biomaterials especially hydroxyapatite and 

bioactive glass are highly phase dependent. While synthesizing the bioactive materials, not only size 

matters. Various types of morphology, phase formation, facet setting, pH, room temperature, 

precursors etc., everything matters. This greatly influence the biological and mechanical properties of 

the products where some researchers ignore to focus. Combeite (Na2Ca2Si3O9) is one of the high 

temperature commonly occurring phase in the bioactive glass. This is considered to be one of the 

stable phases of bioactive glass where extraction as single phase is highly troublesome via sol-gel 

route. The behavioural nature of this common phase is studied and the importance of phosphate 

species on the crystal system is also investigated. Many hidden chemistry were unravelled. Alike, in 

hydroxyapatite synthesis, Monetite is an additional phase occur with hydroxyapatite phase. The ratio 

of phase and evolution of morphology is highly pH dependent. Various benefits of Monetite phase 

came to light through this study. Also the nature of Equimolar Ca:P phase bioactive materials 

subjected to various sintering temperatures were studied and the its improved bioactivity was 

reported. Parallely, whether monovalent modifier cation is necessary or not in the network of 

bioactive glass is thoroughly inspected and their pros and cons are testified. Also, scaffolds and fibres 

made from bioactive materials blended with polymers were prepared using various strategies and 

their dependency on phase and structure of the bioactive materials will be presented. 
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Abstract 

 
Amyloids are highly ordered cross β-sheet rich protein aggregates. Although these structures are 

primarily associated with human diseases such as Alzheimer’s and Parkinson’s, recent studies have 

suggested that amyloids are involved in normal physiological functions in the host organism. They are 

not always formed due to aberrant misfolding and aggregation of proteins; instead, cells can 

synthesize them in a much more regulated manner for appropriate functions. Moreover, amyloids are 

highly stable and resistant to a wide range of harsh physical and chemical conditions suggesting that 

unless they are associated with cellular toxicity, one can utilize them for making smart biomaterials. 

The discovery of many nontoxic amyloids further supports this possibility. In our Lab, we 

demonstrated that irrespective of sequence and structure, amyloids can serve as a substrate for cell 

adhesion. The hydrogel composed of amyloid fibrils is an excellent material for 3D cell culture, stem 

cell differentiation, in vitro tumor modeling, and drug delivery applications. I will discuss how 

amyloids' beneficial role can be utilized for various nano-(bio) material applications. 
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Abstract 

 
Biomaterials and Tissue Engineering (BMTE) Group has major activities on product conceptualization 

and developing combination of strategies for manufacturing thereof through understanding of tissue 

response to the material. Amongst different biomaterial, BMTE group is working on customized 

implants through top down and bottom up approaches. Powder metallurgy process is used for net 

shape forming of dental crowns and dental implants of ceramics. Titanium and its alloys are used in 

green state dough forming of dense and porous components for load bearing implants with improved 

Osseo integration. Further, different ethically sourced materials are used for dermal, cartilage and 

bone healing applications through tissue engineering approach. As part of the activities, scaffold with 

hierarchical structure is developed and cell biology and biochemical assays are performed in vitro and 

in vivo towards final product development. 
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Abstract 

 
Myocardial infarction, commonly known as heart attack is an extremely dangerous condition that 

happens because of a lack of blood flow to heart muscle. Blood flow to the heart muscle is obstructed 

due to partial or complete blockage of a coronary artery. Lack of oxygen causes irreversible death of 

cardiomyocytes. Although, restoration of oxygen supply is the vital for the treatment of myocardial 

infarction, opening of the blockage is not always provide right therapeutic strategy. We developed a 

novel oxygen releasing anti-oxidant nanofibrous bi-layered cardiac patch (PUAO-CPO-Collagen) 

supplemented with stem cell-derived exosomes to promote heart repair. The patch demonstrated 

sustained release of oxygen and exosomes. Under in-vitro conditions, the novel patch showed 

proliferative, pro-angiogenic and pro-survival effect in cardiomyobast cells. In-vivo data also showed 

that the oxygen releasing patch is biocompatible and safe for further evaluation in the myocardial 

infarction model. We developed a myocardial infarction model in rat by left anterior descending (LAD) 

coronary artery ligation and implanted patches over the site of infarction. The novel patch 

demonstrated enhanced cardiac function, reduced scar formation and improved angiogenesis and 

decreased oxidative stress. This study illustrated an innovative and promising cell free biomaterial 

approach for the development of novel cardiac patch which recover heart tissues after myocardial 

infarction. Further study is required to translate this finding into clinical settings. 

Reference: Shiekh PA, Mohammed SA, Gupta S, Das A, Meghwani H, Maulik SK, Banerjee SK, Kumar 
A. Oxygen releasing and antioxidant breathing cardiac patch delivering exosomes promotes heart 

repair after myocardial infarction. Chemical Engineering Journal, 428, (2022), 132490. 

mailto:ashokkum@iitk.ac.in


50 

 

 

 

Cartilage bioprinting 

By 

Prof. Sourabh Ghosh 

 
Sourabh Ghosh 
1 Department of Textile and Fibre Engineering, IIT Delhi, 
1Email: sourabh.ghosh@textile.iitd.ac.in 

 
 

Abstract 
 

In last 40 years Cartilage tissue engineering has focused on the generation of grafts to repair cartilage 
defects due to traumatic injury and degenerative disease. However engineered cartilage tissues 
invariably fail to show stable phenotype and lacked adequate mechanical property. In my laboratory, 
we are evaluating embryonic chondrogenesis, 3D Bioprinting and possible cell sources for articular 
cartilage generation. We investigated different cellular signaling pathways of cartilage development 
and degeneration by 3D Bioprinting. Beyond a classical tissue engineering paradigm, this newly 
generated knowledge is expected to lead to new cartilage regeneration strategies. 
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Abstract 

 
Stem cells are undifferentiated cells that can proliferate and act as progenitors for cellular 
differentiation. They harness the capability to repair damaged or diseased tissue. A significant 
challenge lies in identifying the potential of stem cells in regenerative medicine and maximizing their 
potential clinical applications. Over the past few decades, researchers have realized the need for 
bioengineered biomaterial niches providing support and directing stem cells to differentiate into 
various lineages. Not just that, researchers are also now proceeding towards opting a cell free 
approach for regeneration, using the conditioned media and extracellular vesicles of these cells due 
to the complications involved in cell based therapy. In our lab, we work towards various associated 
sections in regenerative medicine including stem cells & their derivatives and tissue engineering. We 
opt differential approached to enhance stemness properties by hydrogel niches surrounding the stem 
cells. Since biomaterials play a crucial role in deciding the fate of encapsulated stem cells, we work 
towards fabricating 3D printed, electro-spunned, freeze-dried, self-assembled scaffolds/constructs. 
We also work on these biomaterials' biophysical and chemical properties to induce differentiation in 
the harbored cells. At the Stem Cell Facility, we fabricate various natural biomedical waste-derived 
biomaterials and polymeric biomaterials for mesenchymal stem cell differentiation into different 
lineages. 
I will focus on some basic tissue engineering techniques for stem cell adhesion, proliferation, 
differentiation, and interaction of stem cells with engineered biomaterials. After that, I will discuss my 
work in the field of tissue engineering. We, at Stem Cell Facility we are working with natural 
biomaterials regeneration for corneal epithelial defect (1), bone (2,3) and tracheal implantation (4). 
However, the main emphasis of the talk will be on the current research status at basic and translational 
levels and the prospects for a better understanding of the engineered biomaterial effect to stem cells 
functioning in therapeutics for regenerative medicine. 
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Abstract 

 
Bone is a highly vascularized nanocomposite tissue. Bone tissue has a continuous organic phase and a 
dispersed inorganic phase. To mimic this architecture, we have developed a continuous organic phase 
using an interpenetrating network (IPN) scaffolds from konjac glucomannan (KGM), poly(vinyl alcohol) 
(PVA), and polycaprolactone (PCL) and a dispersed inorganic phase using mesoporous silica 
nanoparticles (MSNs). KGM is a biocompatible polymer that can improve gelation, augment 
mechanical strength, and enhance endothelial affinity. As we were interested in improving 
angiogenesis, the improved endothelial cell affinity in the presence of KGM made this an ideal material 
for our objective. To improve the mechanical properties of the KGM scaffolds, we crosslinked them 
with two different synthetic polymers, PVA and PCL. The IPN scaffolds prepared using KGM, PVA, and 
PCL exhibit the desired physicochemical and biological properties. RT-PCR studies showed that the 
ternary IPN scaffolds greatly enhanced the osteogenesis. The improved angiogenesis and 
arteriogenesis were also confirmed by the in vivo chick chorioallantoic membrane (CAM) assay. MSNs 
were chosen for the dispersed inorganic phase because they can promote osteoblast adhesion while 
inhibiting the attachment of osteoclasts. This would be desirable for faster bone regeneration. Our 
studies established that the MSNs were biocompatible even at concentrations as high as 1 mg/mL. At 
this concentration, the MSNs significantly enhanced osteogenic gene expression and mineralization. 
The MSNs also helped in promoting angiogenesis. Then, we loaded MSNs to IPN scaffolds to construct 
nanocomposite IPN scaffolds. Loading of MSNs to the IPN scaffolds drastically increased the 
mechanical strength of the IPN scaffolds. In vitro cytotoxicity studies performed using fibroblasts and 
osteoblasts confirmed that these nanocomposite scaffolds were biocompatible. In vitro bioactivity 
studies confirm that these nanocomposite scaffolds promote osteogenesis and angiogenesis. Based 
on these in vitro results, we performed in vivo experiments on albino male Wistar rats. Radiological 
investigation and micro-CT analysis confirmed that the rate of bone healing was significantly faster in 
the MSNs-loaded IPN scaffolds. Micro-CT data showed that the new bone volume, percentage of new 
bone volume, and trabecular thickness were significantly higher for the MSNs-loaded IPN scaffolds. 
The immunostaining images confirm angiogenesis near the newly formed bone tissue, indicating that 
these nanocomposite scaffolds promote the formation of vascularized bone tissues. These results 
clearly indicate that the developed nanocomposite scaffolds are ideal materials for engineering 
vascularized bone. 
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Abstract 
 
 

The National Health Mission (NHM), the country's flagship health systems strengthening programme, 
particularly for primary and secondary health care envisages "attainment of universal access to equitable, 
affordable and quality health care, which is accountable and responsive to the needs of people". The earlier 
intervention at SCs were more RCH focused i.e. focusing on selective primary health care interventions, 
enabled improvements in key indicators related to RCH and select communicable diseases without giving 
much consideration to the increasing disease burden and rising costs of care on account of chronic diseases. 
The 71st round of NSSO findings show that 11.5% households in rural areas and about only 4% in urban areas, 
reported seeking any form of OPD care at or below the CHC level (except for childbirth), primary care 
facilities, indicating low utilization of the public health systems for other common ailments. In recent years, 
India has been witnessing an epidemiological and demographic transition, where it is recorded that non- 
communicable diseases such as cardiovascular diseases, diabetes, cancer, respiratory, and other chronic 
diseases, are accounting for over 60% of total mortality. 

 

There is global evidence that Primary Health Care is critical in improving health outcomes. Strengthening primary 
health care plays an important role in the primary and secondary prevention of several disease conditions, 
including non-communicable diseases. The provision of Comprehensive Primary Health Care (CPHC) reduces 
morbidity and mortality at much lower costs and significantly reduces the need for secondary and tertiary 
care. For primary health care to be comprehensive, it needs to span preventive, promotive, curative, 
rehabilitative and palliative aspects. Primary Health Care (PHC), as defined by the World Health Organization 
(WHO) is “Primary Health Care (PHC) is a whole-of-society approach to health that aims at ensuring the highest 
possible level of health and well-being and their equitable distribution by focusing on people’s needs and as early 
as possible along the continuum from health promotion and disease prevention to treatment, rehabilitation and 
palliative care, and as close as feasible to people’s everyday environment”. 

 
 
 

The Report of the Primary Health Care Task Force, Ministry of Health and Family Welfare, Government of India 
while reiterating that primary health care is the only affordable and effective path for India to achieve Universal 
Health Coverage (UHC), also provided insights into structure and processes that are required in health systems 
to enable Comprehensive Primary Health Care (CPHC). Followings are the efforts made by central/state governments 
would be discussed, 

• Introducing Ayushman Bharat and Health & Wellness Centre 

• Assam’s journey towards universalization of health care (UHC) through HWCs 

• Training of the CPHC team members to equip them to deliver comprehensive services 

• Teleconsultation and Ayushman Bharat Health Account (ABHA) card generation 

 
 

With all these concerted efforts being carried out coupled with strong government commitment & 
supports from medical colleges, it is expected that state will achieve UHC soon. 
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Abstract 
 

Three-dimensional Bioprinting (3DBP) is a layer-by-layer manufacturing approach that enables 
fabrication of prototypes of highly complex shapes and extends the tissue engineering methodology 
in de novo creation of tissues. Customized living tissue constructs, using patients own cells, can be 
created a computer-aided design using a specific bioink. Usually a biocompatible hydrogel or 
combination of hydrogels is used as the base component of bioink together with cells and the growth 
supplements. A combination of biomaterial, cells and growth factors are provided to reconstitute lost 
or damaged tissues or regain lost tissue functions. The bioink components, excluding the cell 
compartment, has to be evaluated carefully for the cytotoxicity and cytocompatibility. We have 
developed a new formulation of bioink based on GelMA for extrusion-based 3D Bioprinting which 
shields the functional and viable cells from the harmful effects during photo-crosslinking. When liver 
constructs were 3D bioprinted, the new formulation preserved and improved the cell activity, 
albumin, and urea synthesis over 7 days post printing. Structural organization of bioprinted construct 
is critical in the functional performance. A drop-on-demand bioprinting was developed to generate 
droplets of hepatocyte cell suspension on a hydrophobic substrate. New bioreactors are needed to 
prepare sufficient number of cells to bioprint and to mature the bioprinted constructs in vitro. A novel 
Hanging drop Culture Chamber (HdCC) was designed that can hold the substrates with droplets which 

eventually form LPMTs having size of 200-300 m. Tissue size, cell viability, cellular arrangement and 
polarity, and insulin-mediated glucose uptake by LPMTs were analyzed. The microtissues were viable 
and exhibited an active response to insulin stimulation. Cells within the microtissue reorganized to 
form hepatic plate-like structures and expressed apical (MRP2) and epithelial (ZO-1) markers. When 
LPMTs are sandwiched in GelMA, the liver functions were improved. A road map should be well 
defined for progressing 3DBP from laboratory level research to industrial application in the field of 
technologies for drug discovery, in vitro drug toxicity, predictive human toxicology assays and 
implantable functional engineered tissues. 
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Abstract 
 

Tissue engineering, branch of regenerative medicine that includes use of stem cells and tissue 
engineered products to repair, replace and regenerate damaged cells, tissues and organs. The 
escalating cost of growth factors necessitate the search for alternate sources in tissue engineering 
research. Incorporation of biologically active molecules such as plant secondary metabolites may 
improve the tissue regeneration and remodeling of the damaged tissues. Though scaffolds 
incorporated with drugs, growth factors and cytokines are reported, research focusing on 
phytochemical incorporated tissue engineered scaffolds for tissue regeneration and repair are 
scarce. Plant based biomaterials offer natural, biocompatible and greener alternatives to synthetic 
ones in tissue engineering applications. These are cost effective, easily available, nontoxic and can be 
mass produced. We have selected phytochemicals from medicinal plants that are mentioned in 
Ayurvedic literature with regenerative potential. Phytochemicals used in traditional medicine are 
treasure houses which have a wide range of biochemical and functional activities that are yet to be 
explored and if tagged to innovative technologies can easily enable a new generation of Tissue- 
Engineered Medical Products (TEMP). Here, we are focusing on the different approaches for 
incorporation of phytoconstituents in different biomaterials for skin, bone, tendon and cartilage. 
Electrospinning is a technique that uses electrostatic forces to produce fibrous scaffolds from 
biocompatible polymers such as collagen, polycaprolactone/polylactic acid/chitosan etc. to 
synthesize collagen-based sponges, phytochemical incorporated scaffolds. Electro spinning is 
effective for the production of fibrous scaffolds in nanometer range. Orientation of these fibers in 
scaffolds is able to facilitate cell adhesion, migration and proliferation. Hydrogels and sponge-based 
scaffolds are biomaterials of immense value, because of their ability to tailor their mechanical 
characteristics to mimic those of natural tissues. 

 

Thus, research on phytochemical incorporated tissue engineered scaffolds is the need of the hour 
as they have many advantages over the currently used therapeutic systems. This phyto nano 
incorporated product combining traditional knowledge with cutting edge technology- is a ‘Making 
in India’ concept with ‘Bench to Bedside’ potential. 
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Abstract 
 

In the orthopaedic domain there are several challenges in the repair of bone defects & joint 
reconstructions. Biomaterial research has made commendable progress in addressing this scenario. 
Evolution of biomaterials can be traced through three different iterations, namely first generation 
(bioinert), second generation (bioactive and biodegradable) and third generation (bioengineered). 

Advanced materials to aid in tissue engineering of bone, cartilage, tendon, meniscus & intervertebral 
disc tissue are discussed together with the strategies implemented and challenges specific to this 
niche area. Tissue-engineered scaffolds are three-dimensional porous structures that need to be 
biocompatible, biodegradable, possess appropriate mechanical strength and capable of maintaining 
its structural integrity during the first stages of neo-tissue formation. 

Work in the pioneer phase of Regenerative Medicine using ceramics/hydrogels/decellularised tissue 
as bone/cartilage/IVD/meniscus/tendon substitutes under the umbrella of Skeletal Tissue Engineering 
with adult Stem Cells (Bone marrow & Adipose MSCs) has been carried out in this long journey of two 
decades. Biological evaluation of in-house bioactive ceramics has led to the development of stem cell- 
ceramic ‘combination products’ through validation of in vitro and in vivo models to reach clinical trials. 
A Proof-of-Concept has been demonstrated in paediatric cases. The team effort behind the Clinical 
Translation of regenerative medicine based technologies on a first in India level will pave the way for 
future solutions. This includes 3D/4D bioprinting of artificial organs to meet ADME testing, pre- clinical 
validation or transplant substitution. 

Keywords: Skeletal tissue engineering, bioactive ceramics, hydrogels, scaffolds, biodegradable. 
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Abstract 
 

The triboelectric nanogenerator (TENG) combines contact electrification and electrostatic induction 
to transform a variety of mechanical energies into electrical energy. An important source of energy 
for TENG based self-powered medical devices is the motion of the human body and internal organs. 
Recent advancements in biocompatible and biodegradable materials, device miniaturisation, and 
power consumption have expanded the applications of these devices as a cardiac sensor, pacemaker, 
drug delivery system, cell stimulation device, etc. For millions of people around the world, these 
gadgets improve their quality of life. Nevertheless, the main prerequisite for the operation of medical 
devices is a reliable, uninterruptible power source. Lithium-ion batteries, which have a short lifespan, 
are heavy, and require expensive recycling processes. The problem of recycling, however, might be 
solved in the future thanks to recent developments in the field of biocompatible batteries. Surgery is 
required to replace the battery, causing both financial and physical anguish for the patients. In order 
to create a self-sustaining system, it is crucial to use biomechanical energy to power the gadgets. This 
review work focuses on the recent development in the materials, fabrication process and application 
of biocompatible triboelectric nanogenerators. 
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Abstract 

 

Tracheal tissue engineering is one of the most critical type of tubular tissue engineering. Its structural 
discretization and axial heterogeneity brings architectural and regenerative challenges in its exvivo 
fabrication processes. Growing of pars membrana in support of discrete interval of cartilaginous ring 
makes the tracheal structure unique. Such series arrangement of elastic - rigid biological entities while 
constructing a tubular structure promotes development of localized larger vortices of flowing 
(breathing) air during the turbulence phase of the breathing cycle. Hence, a regenerative tracheal 
segment should possesses such mechanical capabilities with other micro-structural niche. It includes 
respiratory epithe- lium (a mosaic model of cilia arising from the columnar ciliated epithelial cells, 
basal cell, blood vessel within the lamina propria, basement membrane, and Goblet cell), mixed sero- 
mucous glands residing in the lamina propria, perichondrium, and cartilage. A radial arrangement of 
all these micro-niche in systemic pattern can be achieved by pattern driven topological drafting of the 
substrate for cellular proliferation. Polymeric materials including medical graded PVA electrospinned 
from the stock solution were often used for generating the porous sheet of the substrate. Further, a 
co-axial rolling of the electrospinned sheet transform the coplanar geometry into tubular structure. A 
multi-layer concentric cylindrical geometry are driven to assign four distinct layers: respiratory 
epithelium layer, lamina propria layer, perichondrium layer, and Cartilagenous layer. Integrated flow 
of culture media were ensured in all these layers, ensuring the hydration and accessibility of the 
cellular content of the respective layers to culture media. Furthermore, physical crosstalk (bonding) 
between two adjacent layers of cell loaded scaffold were made by sericine (a biomimetic natural glue) 
obtained from the silk fibroin protein. Its slower degradation rate provide the bonding time window 
for scaffold integration. Differential media perfusion through several and distinct layers of scaffolds 
are being facilitated by tracheal specific bioreactor. However, the structural design of the distal end 
of the scaffold was modified for eliminating the probability of dislocation of scaffold from the host 
tissue. Such design evolve with modification of distal singular integrated wall to bi-layer distal walls 
with intermediate grooves for housing the host- tracheal segment proximal end. In such 
circumstances, the inner wall of the outer layer and outer wall of the inner layer of the distal scaffold 
end were proliferated with perichondrium and cartilage, respectively. However, the outreach of the 
media into such distal grooves were critical due to sudden rise of pressure head due to continuous 
unidirectional flow of media. This was overcome by the usage of reciprocating media flow system into 
the grooves with the components of ON time and OFF time of the flow, regulated by positive peak 
pressure to media. A numerical study was conducted prior to the fabrication of the scaffold and 
development of the tracheal bioreactor. The numerical model determines the flow parameter and 
stress mapping in different segment of the composite scaffold. A LabView based control modeling of 
the bioreactor was also made to ensure the conditional power supply to each subunits of the reactor 
with high precision. Proliferated cells were thereafter examined for cell viability assay in different 
configurational state of the bioreactor. 
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Abstract 

 
Cancer cells based on their presence in the body, over expresses certain receptors. we work on 
targeting these over expressing receptors using targeting moiety on the surface of the nanoparticles 
so that it will reach tumor tissue through leaky vasculature of tumor. Once it is in the tumor tissue, it 
will be retained due to poor lymphatic drainage system. The presence of targeting moiety on the 
surface of the nanoparticles for overexpressing receptors will help cancer cells to take up these 
nanoparticles encapsulated with drugs. We have worked on targeting Epidermal growth factor 
receptor (EGFR) over expressed by epithelial carcinoma, Folate receptors over expressed by 
glioblastoma and CD44 over expressed by cancer stem cells with corresponding targeting moieties. 
Tested on different relevant cancer cell lines and also tested targeted EGFR on athymic nude mice 
model. The results of new formulations were analyzed. To improve the efficacy, we used combination 
of drugs in nano-formulations and analyzed how combination of drugs are effective compared to 
single drug with proper cellular level markers. This talk emphasizes on importance of nano- 
formulations with targeting moiety on the surface to improve the efficacy of cancer therapy. 
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Abstract 

 
Cell delivery via hydrogel and scaffolds has earned a significant impact on regenerative medicine 
majorly due to its cellular protection capacity against localized hostile degenerated tissue 
microenvironment and DAMP signals. However, localization of the delivered cells or scaffolds is always 
important and due to a lack of homing signal, it might not reach the target site. Nanostructure-based 
bio-imaging has rendered us a window to monitor scaffolds and cells delivered in long term. Carbon 
nanodots are a group of ultra-small carbonaceous nanostructures which has fluorescence property 
for long-term cellular imaging via fluorescence and multiphoton microscopy. Furthermore, doping 
with different elements can provide different properties which can be explored for other imaging 
modalities like X-Ray, MRI, and SERS. Another interesting aspect of these materials is their self- 
sacrificing antioxidant properties via which they can save the cells from phototoxicity and ROS. In the 
current study, a such array of materials with interesting multimodal imaging properties have been 
explored. 
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Abstract 
 

Oxidative stress governs many stem cell functions like self-renewal and lineage differentiation, and 
the biological conditions involving tissue repair and disease cure where stem cell therapy is often 
needed. Here we demonstrate the unique role of cerium oxide nanomaterials (CeNMs) in rescuing 
stem cell survivability, migration ability, and intracellular components from oxidative stress. In 
particular, we deliver a novel finding that nano-morphologically varied CeNMs show different 
mechanisms in their scavenging reactive oxygen species either intracellularly or extracellularly, and 
this is related with their different cellular internalizations. CeNMs possess oxygen-modulating 
properties which have shown therapeutic utility in various disease models. Here we show 
that CeNMs exhibit pro-angiogenic activity in a mouse hindlimb ischemia model, and further 
investigate the molecular mechanism underlying the pro-angiogenic effect. Further CeNMs study 
shows for the first time that injection of optimal-dosed CONPs alone into contusion-injured spinal cord 
of rats can reduce ROS level, attenuate inflammation and apoptosis, and consequently help locomotor 
functional recovery, adding a promising and complementary strategy to the other treatments of acute 
SCI. 
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Abstract 
 

Decellularization is the process of removing cellular components from tissues. Various 
decellularization techniques are available and the best technique preserves the architecture of the 
extracellular matrix. These matrices can be used for tissue engineering and regenerative medicine 
purposes. The paper presents the protocol for preparing bioengineered extracellular matrix from rat 
and rabbit skin, ascertaining its biomechanical properties and its experimental use for healing 
cutaneous wounds in rats. The study was divided into four phases. Phase I involved the collection and 
isolation of bone marrow-derived mesenchymal stem-like cells of rats and dogs and their 
characterization. Phase II involved the decellularization of rat and rabbit skin. The biomechanical 
properties were also studied. In Phase III, mesenchymal stem-like cells were seeded over the 
decellularized matrices and in Phase IV, these bioengineered extracellular matrices were used for 
treating cutaneous wounds in rats. The results of the study suggested that the protocol followed for 
decellularizing the skin was optimum to remove the cells also it preserved the extracellular matrix, 
and the seeding technique allowed the growth of cells over the matrix. The study concluded that these 
decellularized matrices as well as mesenchymal stem-like cells seeded matrices were biocompatible 
and enhanced the healing process. Due to their better biomechanical properties, these can also be 
used as scaffolds for treating large muscular defects. 
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Abstract 
 

Magnesium (Mg) based biodegradable porous scaffolds are gaining extensive attention as promising 
bone substitutes for treating small bone defects. They offer more suitable interconnection to 
surrounding bone tissues than common solid implants. Assessing the biodegradation, 
biocompatibility, and bone regeneration ability of Mg-based scaffolds is fundamental to validating 
their ability to regenerate bone. For Mg, being electrochemically very active, the fundamental 
importance is to achieve an optimal degradation rate for sufficient mechanical integrity. In this study, 
biodegradable Mg-3Zn based porous scaffolds have been fabricated via spark plasma sintering using 
the salt leaching technique. The hybrid layer coating materials on Mg-3Zn scaffolds were judicially 
chosen to enhance their biodegradable resistance and biocompatibility. Drug containing 
biodegradable polymer was coated on the outer layer of Mg-3Zn scaffolds for antibacterial efficacy. 
Hybrid layer coating on Mg-3Zn scaffolds enhanced compressive strength and toughness by ~65% and 
~110% compared to non-coated Mg-3Zn scaffolds. Additionally, 1.5 wt.% HA added hybrid layer 
coated scaffold showed significant bone regeneration in in-vivo study (Sprague Dawley rat model). 
Radiological examinations of implanted scaffolds to treat bone defects showed excellent bone 
regeneration ability and controlled degradation rate. Histological evaluations of harvested vital organs 
such as the heart, liver and kidney for scaffolds showed no toxicity. The fabricated surface-modified 
scaffolds possess superior biomechanical and biodegradation behaviour (in-vitro and in-vivo), 
rendering them potentially helpful in treating bone defects. 
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Abstract 
 

My laboratory ask how nanometer-sized biomolecules transmit and integrate information across 
much larger length scales of the orders of cells and tissues. We seek to explore how collections of 
macromolecules work together to establish a common functional system like cellular pathways, 
organelles, living cells and further into tissues, organs and entire organisms. Different biomolecules 
establish long-range orders in living systems by self-assembling into much larger structures, such as 
molecular complexes, membranes, and cytoskeletal organelles, intra- and inter-cellular contacts, and 
long range contacts. The main theme of our lab will be understand the assembly principles of biological 
systems and the roles they play in living cells, tissues and full organisms...and further developing 
technologies to modulate the same. 

To address these problems, we adapt multidisciplinary, bottom-up approach using DNA 
nanotechnology. DNA has immense potential to arrange the matter at nanoscale with extreme 
robustness and spatial specificity. The compatibility of DNA to interface with other biomolecules like 
proteins, carbohydrates, lipids, small molecules make DNA a natural choice of material for bottom-up 
self-assembly. Thus, we will merge the complex programmability of DNA nanotechnology with the 
structural and functional diversity of other biomolecules. Our interdisciplinary research, along with 
national and international collaborations with experts, will leverage expertise from chemistry, 
nanotechnology, biophysics, biology, engineering, and medicine. 

The overarching goal of the my team would be to translate laboratory findings into the development 
of new therapeutic strategies. 
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Abstract 
 

Regenerative medicine is an interdisciplinary field of research and clinical applications focused on the 
repair, replacement or regeneration of cells, tissues or organs to restore impaired function resulting 
from any cause, including congenital defects, disease, trauma and ageing. Regenerative medicine uses 
various approaches like use of soluble molecules, gene therapy, cell-based therapy including stem and 
progenitor cell therapy, tissue engineering and the reprogramming of cell and tissue types. 
In the field of Rehabilitation Medicine clinical use of platelet rich plasma (PRP) for various 

musculoskeletal conditions has been extensively investigated with promising results. Consequently, 

increasing clinical use is being reported. 

We are using PRP for the treatment of various conditions like tennis elbow, plantar fasciitis, pressure 

ulcer, osteoarthritis of knee etc. We observed encouraging results in these applications. Consistent 

with the definition of regenerative medicine these applications are targeted at the root cause of the 

problem. However, for symptomatic relief other treatment approaches are needed to be employed. 

Orthotic devices are such approaches in some conditions. Number of orthotic devices are in use for 

different musculoskeletal conditions with varying degree of efficacy. Efforts for development of ideal, 

effective and better orthotic devices for such musculoskeletal conditions are in progress. 

Thus, both in regenerative medicine and orthotic devices has scope for further development 
warranting collaborative research. 
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Abstract 
 

Adaptive cellular reprogramming is an emerging field to study the promotion of a host’s intrinsic 
repairing strategies through changing one somatic cell type into another state or fate. 
Pathophysiological tissue microenvironment is known to enhance such cellular conversions. Here we 
identify a shift of cell state during injury, whereby a subset of dermal fibroblasts displays a novel 
vasculogenic state change with gain in vasculogenic transcripts and endothelial cell-like functions 
without losing core fibroblast characteristics. miR200b plays a critical role in skin injury-induced 
adaptive conversion of cell state. Unlike diabetic conditions, tissue injury to the skin diminishes miR- 
200b in dermal fibroblasts, which emerge FLI1-dependent vasculogenic fibroblasts. Anti-miR-200b 
delivery by tissue nanotransfection1 to injury sites in diabetic mice enhanced vasculogenic fibroblast 
contribution to perfused vessels, tissue perfusion, and wound closure.2 Similarly, we observed in 
obese diabetic patients that the adipose tissue microenvironment, enriched with free fatty acid and 
low oxygen tension, contributed to adipose tissue inflammation by stimulating the increased 
expression of miR-210-3p in the macrophages that provoked inflammation and its polarization 
towards M1 phenotype via SOCS-1/NF-κB pathway.3 Concerning cancer, it is well documented that 
the tumor microenvironment plays an essential role in tumor heterogeneity and cellular plasticity.4 
We report that tumor hypoxia downregulates the expression of C-C motif chemokine 2 (CCL2), by 
inducing the miR210-3p expression. This downregulation has been implicated in skewing M2/TAM 
towards an anti-tumor M1 phenotype besides monocyte infiltration, leading to tumor regression.5 
Also, CD68+ resident macrophages, isolated from tumorigenic 3D spheroids, exhibited profound 
induction of endothelial phenotypic characteristics.6 All such studies conclude that tissue 
microenvironment cues augment a pathophysiologic cellular conversion, an adaptive response 
mechanism that uses patients' cells for repair/regeneration, which opens new avenues in regenerative 
medicine for therapeutic purposes. 
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Abstract 
 

Impaired vision can affect a person’s independence, education, employment, socio- economic status. 
As estimated by the World Health Organization (WHO), ~ 1.3 billion people around the world are living 
with vision impairment. Corneal opacity is a leading cause of sight impairment worldwide, which 
results from scar formation due to infections from bacteria, fungi, viruses and protozoa or chemical 
injury or other accidental injuries. There have been few attempts to develop artificial corneal using 
both cell-based and matrix-based approaches; however, they have their own limitations. Recently, a 
few groups have tried to bioprint the corneal stroma; however, their corneal tissue regeneration 
potential is yet to demonstrate. We bioprinted corneal stroma and epithelium with decellularized 
cornea matrix (DCM) hydrogel that was developed by a novel protocol capable of preserving key ECM 
components while eliminating the maximum cellular contents. We also show the functionality of our 
bioprinted cornea tissue using various in vitro cellular assays and observed high cell viability, cellular 
migration, and maintenance of keratocyte morphology and function. We observe higher-order 
assembly of these cellular constructs with organized spatial patterns and tissue-specific gene 
expression. The most striking feature of the DCM hydrogel is its ability to prevent corneal scar tissue 
formation. The bioprinted cornea with DCM hydrogel has extraordinary translation potential for 
different corneal pathologies including traumatic injuries, subsequent scar formation, and even for 
regenerating entire cornea and thereby may eliminate the current dependency on the corneal donor 
tissue. 
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Abstract 
 

Biomedical engineering has attracted a wide range of materials for their potential application in 
regenerative therapies, drug delivery, tissue engineering and so on. Among those, functional 
polymers, approved from Food and Drug Administration are of specific interest for the design, 
development, and manufacturing of the porous scaffolds, medical glues (bio or tissue adhesives), and 
polymer-based coatings for implants and medical devices because of their optimal biocompatibility 
and nontoxicity. The technological interventions mentioned demonstrated the highest clinical 
importance in the field of biomedical engineering. In this talk, I will cover some of our recent attempts 
in solving few emerging challenges of tissue fixation through design and development of mechanically 
robust functional polymer based bioadhesives. These innovations could be believed to pave the way 
in moving forward the cutting-edge biomaterial technologies from lab to clinic. 
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Abstract 
 

Understanding the collective behavior of cells is important in the context of normal and patho- 
physiological conditions such as embryonic development and wound healing. Recent discoveries have 
clearly shown that a number of physical cues such as substrate stiffness, and cyclic strain can affect 
the physiology of human keratinocytes through cellular mechano-transduction and can be used as a 
regulator of cell fate in-vitro and in-vivo. In this context a study was conducted to delineate the effect 
of flow induced shear stress on the human keratinocytes both at the collective and individual cell level. 
Using microfluidic platform, we showed that low shear stress induce morphological variation and 
cytoskeletal reorganization in keratinocytes resulting in collective changes in keratinocyte colony, 
whereas higher shear stress resulted in colony disruption through cellular damage. We further showed 
that, such collective behavior is typically regulated by the actin network in keratinocyte in conjugation 
with myosin and lipid rafts. Our study revealed that flow induced shear stress enhances the 
characteristics of epithelial phenotypes and lead to cell sheet formation. We believe these findings 
will be useful for the research in basic and applied organogenesis of the epidermis 

 
References : 
1. Banerjee, et al. (2019).Cytoskeleton, 76(2), 209-218. 

mailto:indranil@iitj.ac.in
mailto:indranil@iitj.ac.in


71 

 

 

 

Permanent Prostatic Implant for treating Benign Hyperplasia of Prostate 
(BPH): An Uncharted Territory 

By 
Dr. Joy Narayan Chakraborty 

 
 

Dr. Joy Narayan Chakraborty 
Urologist, Apollo Hospital, Guwahati, INDIA 

 
 

Abstract 
 

Keeping the two prostatic lobes apart to ensure a smooth and adequate urinary flow is the prime 
factor in designing a Prostatic implant. Although for temporary implants, chronic exposure to urine is 
a decisive factor in choosing the suitable implant material, for permanent implants, exposure to 
prostatic tissue fluids is more important. For a long time, self-expanding Nitinol (NiTi) stents have been 
used as a temporary measure to keep open the prostatic urethra in patients who are unfit for surgery. 
Of late, some newer devices (all NiTi based) have started evolving; most of these are in the 
development phase except one, the UroLIFT device (a composite material). Prostatic lobar and 
prostatic urethral geometry with a calculation of the average urethral lumen will dictate the Implant 
expansion performance and design. 

 
Intra-prostatic implants undergo significant deformations due to repetitive stress and strain and are 

subject to substantial dynamic fatigue. Devices’ geometrical features and material properties like 

stiffness, flexibility and fatigue failure are crucial determinants of a successful stent design. The 

inability of many existing implant designs to conform to these deformations likely plays a role in 

implant failure and mechanical damage. 

 

This review will identify challenges in designing a permanent prostatic implant and provide a 
mechanical perspective of permanent implants and current research directions. We promise to give a 
better understanding of Nitinol, specific features of implant design, and improved characterisation of 
the biomechanical environment of the prostate to facilitate the development of better implants. 
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Abstract 

 
Injectable cell carriers offer great prospects in the field of tissue engineering and are well-suited to fill 
in the irregular shape of defects more conveniently than other scaffolds facilitating cell delivery 
without any critical invasive procedure leading to regeneration. Despite the progress in designing 
injectable cell carriers for regenerative medicine, an important shortcoming of current systems is the 
lack of simultaneous control over their micro- and nanoscale structures. To overcome these 
limitations, we have developed different nano-micro-macro biomaterials system as a next-generation 
injectable stem cell carrier and tissue regeneration. These system includes, nanofibrous microsphere, 
nano-encapsulated biomolecules loaded in situ hydrogel, and nano-micro system. These systems 
provide superior cell adhesion, proliferation compared to commercially available stem cells carrier. 
This system further modified with the different stem cells cues to provide suitable biomimetic stem 
cells specific microenvironment for specific tissue regeneration. 

 
Keywords- nanofibrous microsphere, injectable cell carrier, in-situ hydrogel, tissue regeneration, 
biomimicking, biocompatible. 
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Abstract 
 

Controlled release nanomedicines (CRNMs) is now one of the emerging class of nanomedicines which 
is proposed by Kaladhar’s group through following key publications1, 2, 3. Contrary to conventional 
nanomedicines, CRNMs explore engineering at the nanoscale of materials for newer properties as well 
as to control the drug release and targeting along with additional molecular pathways governing 
disease progression for therapy. They explore new pathways to modify, potentiate, synergies, or 
antagonize certain/multiple functions of the biological milieu for beneficial pharmacological effects 
using combination of active agents. These aspects of CRNM will be discussed. 
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Abstract 
 

A novel device design has been proposed to avoid pulmonary complication in patients having undergone 
tracheostomy which is a procedure performed when prolonged ventilation is anticipated in conditions like 
stroke, chronic respiratory failure, airway obstruction or obliteration in trauma victims, cancer or major head 
and neck surgery. Up to 13 of mechanically ventilated patients in ICU may require tracheostomy. While breathing 
normally through nose and mouth the expired air encounters some resistance, leading to development of a 
positive pressure towards the end of expiration termed as positive end expiratory pressure or PEEP 
(physiological). This pressure helps in recruitment of the small functional units of lungs (alveoli) and keep them 
in an open state and maintain adequate lung function and prevent lung problems and complications. In 
tracheostomy a hole is created in the trachea wind pipe bypassing the oral and nasal cavity so that negligible 
resistance is offered to the expired air, leading to collapse of the alveoli (atelectasis) causing problems like 
increased infections, prolong mechanical ventilation and increased duration of ICU stay. Proposed device Would 
provide positive pressure PEEP to tracheostomised patients without the need of mechanical ventilation and thus 
Improve Lung function, decrease respiratory complications, facilitate early liberation from ventilator and reduce 
health care costs. It will also free up ventilator bed and other critical ICU equipment. It will have dedicated 
channels for inspiration and expiration with provision for continuous but adjustable resistance to the expired air 
thus maintaining the physiological PEEP. It will also enable the use of Incentive Spirometry devices in 
tracheostomised patients which along with deep breathing exercises and early mobilization is recommended for 
preventing postoperative pulmonary complications. It will be a cost effective intervention which will help in 
significantly decreasing health care costs in tracheostomised patients. 
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Abstract 
 

Decellularized animal tissues had been proved to be one of the most potential biomaterial for tissue 
engineering (TE) applications. Among various animal tissues, small intestine submucosa (SIS) had been 
focus of many scientists for finding its application in TE, because of its easy availability from the waste 
of slaughter-house and exceptionally good characteristics as biomaterial. Earlier, SIS of porcine, 
bovine, and ovine had been evaluated for TE applications but there has not been any study on caprine 
or goat SIS (G-SIS) in spite of the fact that goat tissue is less susceptible to disease transmission as 
compared to the cadaveric porcine and bovine tissue. In this study, G-SIS was decellularized and 
evaluated for its applicability in TE. For decellularization, several physical, chemical, enzymatic 
protocols have been described in the literature. To find the suitable decellularization protocol (DP) in 
this study, four different DPs had been employed, to optimize the decellularization of goat-SIS. 
Further, effect of the DPs on the obtained decellularized goat-SIS (DG-SISs) were assessed in terms of 
decellularization, physiochemical and biological properties. All the DPs differ in terms of 
decellularization, but three DPs where sodium dodecyl sulphate (SDS) has been used, largely affect 
the native microarchitecture and composition (e.g. glycosaminoglycans (GAGs) and proteoglycans 
content) of the G-SIS as compared to the DP that uses hypertonic solution of KI and TX-100. The 
obtained DG-SISs were found to be fibrous, hemocompatible, biocompatible, hydrophilic, 
biodegradable, and it also exhibits significant antibacterial activity and good mechanical properties. 
Thus, DG-SISs will be a prospective biomaterial for TE applications. 
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Abstract 
 

A biomaterial is any substance that has been engineered to interact with biological systems for a 
medical purpose-either a therapeutic or a diagnostic one. The choice of biomaterial depends on the 
type of procedure being performed, the severity of the patient’s condition, and the surgeon’s 
preference. To be successful, the implant should effectively repair the defect it covers without eliciting 
an adverse tissue reaction while maintaining mechanical and biological integrity for a desired amount 
of time from a few weeks to several years. Prostheses made from naturally-derived biomaterials are 
frequently the decellularized extracellular matrix of an animal (xenograft) or human (allograft). 
Naturally derived biomaterials have been demonstrated to show several advantages compared to 
synthetic biomaterials. These are biocompatibility, biodegradability and remodeling. Decellularized 
biomaterials are created by eliminating all cells from native tissues/organs. Physical, chemical and 
enzymatic approaches are combined to make the effective decellularization protocol. Because of their 
advantages, naturally derived biomaterials are usually applied to replace or restore structure and 
function of damaged tissues/organs. They have ability to adequately support cell adhesion, migration, 
proliferation and differentiation. In particular, when implanted into a defective area, naturally derived 
biomaterials can enhance the attachment and migration of cells from the surrounding environment, 
therefore, induce extracellular matrix formation and promote tissue repair. 

 

We developed protocols for decellularization of different tissues like skin, diaphragm, urinary bladder, 
gall bladder, swim bladder, rumen, reticulum, omasum, abomasum, and small intestine of caprine, 
ovine, bubaline, swine, and fish origin (Table). The developed scaffolds have been used extensively for 
reconstruction of hernia and soft issue defects in clinical cases of small and large animals. We will 
discuss in details the protocols, biocompatibility, laboratory and clinical applications in different 
species of animals during presentation. 

 
Key words: Naturally derived biomaterials, decellularized extracellular matrix, decellularization 
protocol, biocompatibility 

 

Table showing sources of Naturally derived Biomaterials 

Tissues Buffalo Goat Pig Sheep Rabbit Rat Fish 

Pericardium ✓ ✓ ✓ -- -- -- -- 
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Diaphragm ✓ ✓ ✓ -- -- -- -- 

Skin ✓ ✓ ✓ ✓ ✓ ✓ -- 

Urinary bladder ✓ -- ✓ -- -- -- -- 

Aorta ✓ ✓ -- -- -- -- -- 

Gall bladder ✓ ✓ ✓ -- -- -- -- 

Rumen ✓ ✓ -- -- -- -- -- 

Reticulum ✓ ✓ -- -- -- -- -- 

Omasum ✓ ✓ -- -- -- -- -- 

Intestine ✓ -- -- -- -- -- -- 

Swim Bladder -- -- -- -- -- -- ✓ 
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Abstract 
 

Engineering of polymeric nanotherapeutics have attracted significant research interest in recent years 
for therapeutic applications. Polymers as novel drug carriers and their preparation is of particular 
concern for their feasibility to encapsulate a broad range of drug molecules and they need to 
functionalized. In this talk, I will cover the synthesis and development of a novel polymeric 
nanomedicine of particular interest. Using polymeric nanocapsules as biocompatible platform and 
they can be used for encapsulating various toxic drugs, nucleic acids and gene, and useful for the 
targeted therapy with better treatment efficacy. Such as, the nano-formulations while maintaining 
homeostasis of macrophages which carries and facilitate the action of various drug molecules used 
against the various diseases. This nanomedicine also facilitates the prolonged release of the low level 
of immunomodulatory drugs and gas that can be used for the treatment of cancers, inflammations, 
and useful for tissue regeneration. Further, novel polymeric nano therapeutics enhance the metabolic 
activities of pro-inflammatory macrophages which are important for the action of various drugs in 
body fluids. Novel polymeric nanotherapeutic mediated skewing of naïve macrophages toward M1 
phenotype potentially demonstrate its adjuvant action on the innate immune systems. Thus, our 
results potentially suggested that these nanotherapeutics could be used for the effective management 
of various infectious or tumor diseases, where the immune-stimulation is paramount for therapeutic 
applications. 

 
 

Figure: Table of Content of the Talk shows the gas delivery acts as immune modulator for the 

treatment 

Ref. Paik et al. Nanoscale, 2017,9, 14006-14014 
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Abstract 

Targeted T-cell immunotherapy has gained increased attention due to its explicit efficacy in treating 

hematological malignancies. Despite remarkable success and FDA approval of this treatment strategy, 

it has shown limited success in treating solid tumors as they are localized and hidden from circulating 

T-cells. Furthermore, the ex vivo protocols involved make it expensive and difficult to generate large 

number of T-cells. To overcome these limitations, we have illustrated the use of an inert 3D scaffold 

to serve as a platform for programming T-cells in vivo, thereby doing away with ex vivo manipulation 

and the need for removing them from the body. The scaffolds loaded with genetic vectors were found 

to be cytocompatible and hemocompatible both in vitro and in vivo as per the standards for medical 

implant. Further, these genetic vectors (encoding TCR specific to melanoma tumor associated antigen) 

immobilized scaffolds when implanted subcutaneously near the site of melanoma tumor were found 

to efficiently deliver genes to T-cells leading to higher transduction efficiency as compared to the bolus 

delivery of vectors. This correlated with significant reduction in tumor size when compared to that 

where no treatment was given. While the scaffold showed localized anti-tumor response, it also 

elicited significant systemic cytokine levels which are observed in cell-based therapies. Our study 

demonstrates a pre-clinical proof of concept technology that can efficiently deliver genes to host cells 

in vivo leading to a low-cost and broadly applicable gene delivery platform for solid tumor settings. 

Beyond its potential for cancer treatment, this strategy can be improvised to recruit and program 

other host cells by incorporating customizable bioactive factors for application in various pathological 

conditions. 
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Abstract 
 

Reference materials play a vital role in doping control analysis, bioanalysis and pharmaceutical 
products QAQC. Substances prohibited for use in sports such as drugs, hormones can be taken 
intentionally by athletes to increase their performance which is against the ethics and spirit of sports. 
Purest form of herbal reference material is quote costly and rarely available. Therefore, it is very 
important to develop new reference material and methods for the identification and quantification 
purpose of the doping agents and herbal pure molecules. The identification and quantification of the 
prohibited substance and herbal material will be verified using pure reference material. Our team has 
developed 9 reference materials such as para-hydroxy prenylamine, nor-ethylmorphine.HCl, carboxy 
toremifene, octopamine sulfate, norfenefrine sulfate, etilfrine sulfate, curcumin, desmethoxycurcumn 
and bisdemethoxycurcumin. These reference materials have been thoroughly characterized and 
confirmed using 1H-NMR, 13C-NMR, LC-QTOF-ESI-MS, FT-IR(ATR), UV, DSC and TGA. Purity assessment 
of all the reference materials were performed using RP-HPLC-DAD and it was observed more than 99% 
for all the molecules. Loss on drying and loss on ignitions have been performed and finally % chemical 
purity (%potency) was determined for each reference material. Therefore, we recommend that these 
metabolites reference material may be used as reference material to strengthen the WADA- 
accredited lab to maintain a clean sports mission during sports competitions. Similarly herbal 
reference material from turmeric will help to have low-cost high-quality reference material for routine 
QAQC of the turmeric based products and curcuminoids bioanalysis. 
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Abstract 
 

The current management of atlantoaxial (upper most cervical spine) dislocation emphasizes on C1-2 
reduction and fusion. The fusion of C1-2, however, hampers the neck movements significantly and 
adversely affecting the quality of life. The author has designed and developed artificial C1-2 joints that 
can mimic the natural joints to some extent. The concept and nuances of the design are inspired from 
the naturally occurring C1-2 joints. It has a rail and channel that provides axial rotation. The convex- 
on-convex articulating surfaces makes it gyroscopic allowing various degrees of freedom of motion. 
The joints have been fixed in dry cadaveric bones to demonstrate the possible movements. 
Furthermore, the artificial joints are being tested for wear and tear. Such a journey from concept to 
creation is not possible without collaborative studies. 
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Abstract 
 

In general, over- and under-use of therapeutic agents eventually cause the side effects or resistance 
for therapeutic agents in subjects, respectively. These non-optimized therapeutic regimens are 
improvised by introducing diagnostic facilitated dose optimization, disease follow-up and controlled, 
on-demand delivery methods. In recent past, these interventions have gained enough pace and 
upgradations by introducing point-of-care devices and agents for delivery of therapeutics. These 
upgraded systems are composed of uniquely designed systems having potent materials with desired 
structural and functional properties. Among many of the used potent materials like lipids, polymers, 
metals, alloys, carbon materials are developed to have special niche with properties of biological 
benefit. Carbon nanotubes, graphene nanoplatelets, carbon nanoparticles, carbon dots and carbon 
nanosphere are some of such carbon materials which have been used in my current and previous 
laboratories for cellular imaging, preparation of biosensing surfaces, drug delivery, quantification of 
intracellular bioactive, drug-patches, transdermal therapeutic agents, and components of various 
diagnostic and therapeutic systems. 

 

Some of these nano-carbonaceous systems (NCSs) have been produced and used for the development 
of point-of-care diagnostics (POCD) with comparative outcome, and economical expenditure per test. 
These POCDs can help in providing the information, such as state and severity of the disease which 
can help in deciding the suitability of the therapy and doses of the used drugs (Biosensors & 
Bioelectronics, 2018a, b Scientific Reports, 2015; Analytical Chemistry, 2017; ACS Appl. Mater. 
Interfaces, 2017; Analyst, 2018). These NCSs were also used for intracellular synchronized imaging and 
therapy (Small 2015) and enriched cellular uptake (Scientific Reports, 2016). This opened the way to 
understand cellular entry mechanisms and quantification of released drugs inside the cellular 
compartments (Adv. Funct. Mater. 2016) leading to devising better NCSs for introducing anti- 
migratory property against cancer (ACS Appl. Mater. Interfaces, 2017). These learnings were further 
used to create switchable NCSs (J. Am Chem Soc., 2017), imaging at single-particle level for 
intracellular studies (Nanoscale, 2018) and which could further be modified for recognition of 
biological events (ACS Appl. Mater. Interfaces, 2020). It was also established that variation in raw 
materials for preparation of CNPs and surface modifications could introduce range of theranostic 
properties including sustained inhibition of cancer (Small, 2016), personalization of therapy (Nano 
Research, 2017), enantiospecific recognition of DNA Duplex (ACS Appl. Mater. Interfaces, 2018) and 
photoacoustic imaging (ACS Nano, 2019). NCS could also be used in developing 3D printing-based 
devices based on excellent mehanial properties in polymer composite state (Adv. Healthcare Mater., 
2017, 2020; Biomaterials, 2020). NCSs are further being used for making two photon bioimaging 
agents (Spec Acta Part A: Mol Biomol Spec, 2021), supplement for glutathione manipulating cancer 
therapy, detection, and transdermal therapy for melanoma, rescuing agent for mechanically damaged 
muscles and electrochemically controlled delivery of side-effect passivation drugs. In future, these 
properties of NCSs can introduce it to diagnostic and therapeutic Interventions for use in clinics. 
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Abstract 

Current trends in biomaterial science show an increase in the engineering of new bio-composites with 
matrices made of living matter, largely due to their ecological sustainability, biocompatibility, and 
biodegradability. The use of plant materials in bio-composites is favored mainly due to the natural 
hierarchy of the arrangement of cells which are made up of various polymers, and synthetic fillers are 
often used in biological matrices to improve the inherent properties of the bio-composite. We 
moderately adopted this principle by expressing the six-repeat domain of one of the two components 
of dragline silk, major ampullate spidroin 1 (MaSp1) independently in the nucleus and plastids of 
tobacco, to produce spider silk protein as a natural filler in plant cells and tissues. Until now, studies 
on spider silk expression in plants have focused on plants as a host for recombinant spider silk 
production. Here, for the first time, we evaluate its effect on plant mechanical properties and 
physiology. Leaf tensile tests at 85% and 15% leaf moisture revealed the lack of influence of MaSp1 
expression on leaf mechanical properties. However, MaSp1-expressing lines displayed a drought- 
tolerant phenotype, which was confirmed by an increased growth on PEG growth medium with low 
water potentials (Ѱw -1.42 MPa and -0.63 MPa), and higher drought recovery in soil. Transcriptome 
analyses revealed an upregulation of genes related to antioxidant activity, encoding polyphenols and 
peroxidase in the lines. The extent of increase was higher in the plastid-encoded lines, in which 
upregulation of genes involved in DNA modification and repair was also observed. Under normal 
watering conditions, the ABA content in MaSp1-expressing lines was significantly higher than in the 
WT, suggesting a role of ABA priming in the MaSp1-induced drought tolerance and recovery. We 
believe our study marks the outset for future use of agricultural biomass wastes from drought-resilient 
crops for material production. 
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Abstract 

 
Cancer is one of the deadliest diseases in the world. A combination of therapies is used to treat the 

disease effectively. In this context, a near-infrared bioimaging chromophore Indocyanine Green (ICG) 

and an anthracycline drug Doxorubicin (DOX) have been studied for the combined chemotherapy and 

photothermal therapy (Chemo-PTT). The combined Chemo-PTT therapy has shown better results in 

comparison to individual therapies. Here, we study the change in the optical properties of ICG in the 

presence of DOX in free and nanoencapsulated form, which might have affected the improved efficacy 

of the treatment. We observed that DOX induces aggregation in ICG, even at low concentrations. 

These ICG aggregates show the emergence of the new peak at ∼835 nm, which might enhance the 

efficacy of PTT. ICG was encapsulated with DOX within silk fibroin (Bombyx mori) nanoparticles. In 

addition to aggregation, ICG showed enhanced encapsulation efficiency in the presence of DOX within 

the fabricated silk fibroin nanoparticles. The molecular simulation study also supported these findings. 

This study could help the researchers and clinicians to optimize the DOX-ICG concentrations to achieve 

the best outcome of combined chemo-PTT. 
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Abstract 
 

Tissue engineering of vascular tissue that positively matches to the patient tissue, still remains 
intriguing in application of vascular diseases. Use of single type of extracellular matrix components 
such as collagen, laminin and fibronectin etc. to develop vascular tissue cannot counterfeit the milieu 
of a vessel. The goal of this research is to develop an extracellular matrix bioink that could mimic the 
biochemical components present in natural blood vessels. Here, we have used an innovative approach 
to recycle the discarded varicose vein for isolation of endothelial cells and decellularization of the 
same sample to formulate the decellularized extracellular matrix (dECM) bioink. The shift towards 
dECM bioink observed as varicose vein dECM provides the tissue-specific biochemical factors that will 
enhance the regeneration capability. The dECM retained the major components of collagen and other 
biochemical factors and showed reduced cellular content. The dECM bioink not only provides the 
favorable microenvironment for cell attachment and proliferation but also directs the differentiation 
of mesenchymal stem cells (UMSCs). Interestingly, the encapsulated UMSCs expressed the markers of 
smooth muscle cells because of the cues present in the vein dECM. Further, in vitro immunological 
investigation of dECM revealed a predominant M2 polarization which could further aid in tissue 
remodeling. A novel approach was used to fabricate vascular construct using 3D bioprinting without 
secondary support. The outcomes suggest that this could be a potential approach for patient- and 
tissue-specific blood vessel regeneration. 
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Abstract 
 

There has been a tremendous increase in the investigations of trio/three-dimensional (3D) printing 
for pharmaceutical applications with special emphasis on drug delivery research. In particular, ever 
since the US FDA approved the first 3D printed medicine, SPRITAM® (levetiracetam) in 2015. Three- 
dimensional printing also known as additive manufacturing, involves various manufacturing 
techniques like fused-deposition modeling, inkjet printing, stereolithography, direct powder 
extrusion, selective laser sintering, among other 3D printing techniques, which are based on the 
digitally controlled layer-by-layer deposition of materials to form various geometries of printlets. In 
contrast to conventional manufacturing methods, 3D printing technologies provide the unique and 
important opportunity for the fabrication of personalized dosage forms, which is a very important 
aspect in addressing diverse patient medical needs. Four-dimensional (4D) printing is another 
important additive manufacturing technique similar to 3D printing, but adds a 4th dimension defined 
as time, to the printing, and proves to be very useful in the formulation of programmed drug release 
dosage forms. Our ongoing R & D activities opens up a new horizon in terms of pharmaceutical 
applications and principles of operation of various 3D printing technologies in drug delivery research, 
materials used in 3D printing for the delivery of bioactives, and possible opportunities in the field of 
pharmaceutical additive manufacturing. 
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Abstract 

Biomaterials induced host immune responses, and fibrotic overgrowth remains a major barrier to the long- 
term function of medical devices and biomaterial consisting of tissue grafts. Screening new biomaterials to 
identify anti-fibrotic formulations requires in vivo testing, which is challenging to multiplex and remains a 
significant obstacle to progress in this field. Herein, we synthesized a combinatorial chemically modified 
hydrogel library and developed a cellular barcoding method that enables high-throughput multiplexed in 
vivo screening of 20 formulations in a single mouse and 100 formulations in a single non-human primate. 
Our screening method consists of implanting a mixture of biomaterials and each barcoded with human 
umbilical vein endothelial cells (HUVECs) from different individual donors. Single nucleotide polymorphism 
(SNP) genotypes of the cells were utilized as readouts using next-generation sequencing (NGS) to pair the 
material identity with material performance. Screening of the library using a xenogeneic transplantation 
model identified three novel lead hydrogel formulations (Z4-A10, Z1-A3, and Z2-A19) with improved anti- 
fibrotic properties that enable long-term cell viability. Z4-A10 was used to encapsulate human islets and 
validated for long-term glycemic control in an STZ-induced C57BL/6J diabetic mouse model. Our results 
suggest that the developed cellular barcoding method and in vivo multiplexed screening technique can be 
leveraged to identify biomaterials for a wide range of clinical applications. Significantly, our newly 
discovered leads can improve the long-term performance of medical devices and encapsulated cell-based 
therapeutics. 
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Abstract 

 
Photodynamic therapy is a minimally invasive treatment strategy for superficial cancers, including the 
head and neck. The therapy required the presence of a photosensitizer, irradiation of a laser of a 
specific wavelength, and the presence of molecular oxygen. Here, a near-infrared (NIR) light-cleavable 
polymeric micellar drug delivery system has been prepared to deliver a photosensitizer, chlorin e6 to 
oral squamous cell carcinoma. The light-sensitive 2-nitrobenzyl (2NB) moiety has been introduced in 
the polymeric systems, either at the distal end of the poly(ethylene glycol)(mPEG)-poly(lactide (PLA) 
(mPEG-PLA) polymer or as a linker between hydrophilic poly(ethylene glycol) (mPEG) and Ce6. The 
mPEG-PLA-2NB self-assembled to form micelles, which physically entrapped Ce6, whereas mPEG-2NB- 
Ce6 self-assembled to form the hydrophobic Ce6 core. The result indicated that the micelles released 
drugs via polymeric swelling or disassembly upon irradiation using a laser of 660 nm wavelength. 
Thorough physicochemical characterization, in vitro and in vivo study results will be presented. 
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Abstract 

 
Recently, polymeric scaffolds, especially hydrogels with their unique configurations and 

customizable physicochemical properties have been widely used. The major factors governing the 
hydrogel performance are mechanical properties, bioactivity, biocompatibility and surface 
architecture. The use of natural polymers eradicates the toxicity factor which is commonly raised in 
case of synthetic polymers. Hydrogels are the 3D polymeric networks that are developed by physical 
and chemical crosslinking agents which have the ability to absorb a large quantity of water without 
altering their original state. They also possess attractive properties for biological applications, such as 
high biocompatibility, flexibility, bio-adhesion, bioactivity, protein adsorption, softness and high 
diffusion rate of dissolved molecules. Chitosan is 1,4-linkage β-D-glucosamine and N-acetyl-β-D- 
glucosamine units. It is one of the most widely used polymer in the field of biomaterials owing to its 
excellent properties such as antibacterial activity, and biodegradability. It is widely used in biomedical 
applications as it is biodegradable and biocompatible, possessing a highly porous structure and large 
surface area. The properties of the chitosan enhance at the pH <6.5 mainly due to the availability of 
the positively charged amino groups. However, chitosan alone limits its chain flexibility and 
mechanical properties. Calcium phosphate-based ceramics have attained a great interest in the field 
of orthopedic applications. In particular, hydroxyapatite and β- tricalcium phosphate were 
prominently preferred as bone replacements due to their excellent biocompatibility. But their poor 
mechanical property limits its applications. The β-tricalcium phosphate possess excellent solubility 
than the hydroxyapatite which makes as an ideal material for the bone regeneration. Graphene has 
excellent properties in biomedical applications such as bio imaging, drug delivery applications and 
anticancer therapy. 

Graphene has a number of reactive sites for the surface reaction and interactive π electrons 
which provides base for the attachment of different functional groups. Graphene oxide, a highly 
oxidized form which is a single layer of graphene possess a number of epoxide, hydroxyl and carboxylic 
acid groups. The polarity of these groups increases the hydrogen bonding between the molecules. By 
combining these materials, chitosan incorporated β-tricalcium phosphate loaded graphene oxide 
hydrogel by using Beta sodium glycerol phosphate as the crosslinking agent. The role of these 
hydrogels and their multifunctional properties are presented in this lecture. 
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Abstract 
 

Loss of corneal clarity or transparency is a major cause of blindness and visual impairment affecting 
millions worldwide. Corneal opacification is not medically reversible and corneal transplantation is the 
current standard of care for those with severe disease and vision loss. Conventional corneal 
transplantation is prone to failure in severe blinding pathologies like burns, ulcers, and scars. 
Alternative strategies are being pursued globally to find better solutions. Our study evaluated the 
long-term safety and efficacy of one such approach, using a novel minimally invasive technique to 
deliver allogeneic limbus-derived human mesenchymal/stromal stem cells (hLMSCs) to restore 
corneal clarity and improve vision. In this pilot-clinical trial, one-clock hour wide limbal biopsies were 
obtained from human cadaveric corneo-scleral rims. The hLMSCs were isolated using a previously 
standardized ex-vivo cultivation technique. The technique involved delivery of 0.5 million hLMSCs 
using fibrin glue and placing a bandage contact lens on the eye. Patients in the control group received 
fibrin sealant without cells, along with standard therapy, including topical corticosteroids, as 
indicated. Pre-clinical work suggests human corneal stromal stem cells can be isolated from the 
cadaveric tissues, cultivated in conditions suitable for cell-based therapy and used to prevent fibrosis 
in a murine model of corneal stromal scarring. Further, these cells can successfully engraft, 
differentiate, and mediate wound healing in the corneal stroma such that the tissue remains healthy, 
free of fibrotic tissue, and optically transparent. This minimally invasive technique of delivering 
allogeneic cells was effective in enhancing vision, improving corneal clarity, reducing corneal 
opacification and vascularization, thus avoiding the need for corneal transplantation in eyes with 
corneal burns, ulcers, and scars. 
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Abstract 
 

Raman Effect is a change of wavelength exhibited by some of the radiation scattered in a medium. 
Raman Effect can be utilized to rapidly characterize the chemical composition and structure of samples 
as it’s caused by the molecular vibrations, it provides a chemical "fingerprint" of the investigated 
compounds. Since its discovery by C.V. Raman in 1928 it was not used for any practical application for 
many years probably due to the lack of intense light sources that can provide sufficient Raman 
scattered radiation for analysis. Lasers were discovered in the 60s, however, became popular for 
Raman spectroscopy in non-destructive chemical analysis in the 70s and 80s. During the 1990s, 
advances in optics and electronics afforded more stable and powerful lasers and other optics including 
optic fibers made Raman spectroscopy more popular. This was later coupled with confocal 
microscopes fitted with piezo nano stages that reduced the spatial resolution down to even 200 nm. 
With the advent of high computer processing speeds, enhanced displays, and large-volume storage 
technology, Confocal Raman Microscopes are now being employed for routine investigations on 
molecules, cells, and living tissues that were not possible just twenty years ago. Raman chemical 
mapping is now a powerful technique for label‐free, non-invasive investigations of tissues, cells and 
microorganisms. A complete spectrum is acquired at every pixel of the image and then interrogated 
to generate false color images based on similar material composition and structure. The resultant 
chemical maps contain not only spatial information but also structural and chemical information. 
Raman spectroscopy has even landed on Mars on board NASA’s Perseverance rover, in February 2021, 
for the study of Organics and Chemicals. The application of Raman chemical imaging in live cell 
imaging, surface modification, and tissue engineering scaffold characterization, detection of 
malignant lesions, medical device characterization and medical diagnostics will be discussed. 
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Abstract 

 

Direct cytosolic delivery of large biomolecules, that bypass the endocytic pathways, is a promising 
strategy for therapeutic applications. Recent works show that small molecule, nanoparticle and 
polymer-based carriers can be designed for direct cytosolic delivery. It has been shown that specific 
surface chemistry of the carrier, nanoscale assembly between carrier and cargo molecule, good 
colloidal stability and low surface charge of nano-assembly are critical for non-endocytic uptake 
processes. Here we report a guanidinium-terminated polyaspartic acid micelle for direct cytosolic 
delivery of protein and DNA. The polymer delivers protein/DNA directly to the cytosol by forming 
nano-assembly and it is observed that < 200 nm size of colloidal assembly with near zero surface 
charge is critical for the efficient cytosolic delivery. This work shows the importance of size and 
colloidal property of nano-assembly for carrier-based cytosolic delivery of large biomolecules. 

 
Polyaspartic acid has been designed with three different chemical groups with specific functions. 
(Scheme 1) The hydrophobic oleyl group induces micelle formation, the guanidinium group has the 
property of salt bridge formation with phosphate/carboxylate and the ammonium group offers 
cationic charge for electrostatic interaction with protein/DNA. The polymer is synthesized from 
aspartic acid. First, polysuccinimide is synthesized by heating L-aspartic acid suspension at 150 ⁰C in 
presence of phosphoric acid. Separately, para guanidinobenzoic acid is converted to primary amine 
containing benzyl guanidinium (amino-benzyl guanidinium) and chlorocholine chloride is reacted with 
one equivalent of ethylene diamine to make primary amine containing chlorocholine (amino- 
chlorocholine). Next, polysuccinimide was reacted with oleylamine, amino-benzyl guanidinium and 
amino-chlorocholine at three successive steps. The resultant polymer is finally purified and collected 
as white amorphous powder. In each batch about 200 mg of solid polymer can be prepared. The 
polymer is characterized by NMR and IR and molecular weight is determined as 26-28 kDa. 
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Scheme 1. Schemetic representation of the synthesis of polyaspartic acid micelle and formation of 
polymer-protein as well as polmer-gene nano-assembly. 

The polyaspartic acid forms self-assembled micelle structure of 20-30 nm in size above the critical 
micelle concentration of 26 μM (Figure 1a) and the micelle has been directly visualized under SEM 
(Figure 1b). Positive surface charge of the polymer micelle in the range of +15 mV to -2 mV has been 
determined via zeta potential measurement and this positive charge primarily arises due to the 
dominant cationic ammonium and guanidinium groups that are partially neutralized by carboxylate 
anions. 

Energy independent and non-endocytic cell uptake of the polymer micelle has been investigated using 
Rhodamine B dye conjugated polymer. KB cells are exposed with different endocytosis inhibitors or 
lower temperature (4 °C) or mixture of NaN3 (Sodium Azide) and DOG (Deoxy-2-Glucose) (that block 
energy dependent uptake) and then incubated with polymer micelle. Next, cells are used for 
fluorescence imaging-based tracking of polymer inside cell. Results show that polymer has very high 
cell labeling and uptake within 5 min. This labeling/uptake is not inhibited at 4 °C or in presence of 
NaN3 and DOG. In addition, none of the endocytosis inhibitors can block this entry. This result suggests 
that polymer micelle directly enters into cell that involves specific interaction of micelle with cell 
membrane via guanidinium-phosphate salt bridging followed by temporary deformation of 
membrane and micelle (Figure 1c, 1d). 

Next, we have studied if the polymer can bind with protein and form colloidal nano-assembly. We 
have used BSA as a representative protein and results are summarized in (Figure 2a,2b,2c). When the 
polymer and BSA are mixed with varied molar ratio, the interaction and assembly formation is evident 
by the appearance of non-transparent solution and precipitation of protein, as the protein 
concentration is increased. In addition the average hydrodynamic size increases gradually from 20 nm 
to 700 nm as the molar ratio of BSA increased from 0.05 to 0.3. Along with that zeta potential changes 
from cationic to near-zero value, suggesting that polymer micelle binds with anionic BSA and forms 

nano- 
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assembly of near zero charge. The SEM study show that a typical polymer-BSA nano-assembly is 100- 
150 nm in size (Figure 2e). We have also tested the size of nano-assembly in phosphate buffer solution 
of pH 7.4 or in different cell culture media (Figure 2d). It is observed that size of polymer micelle or 
nano-assembly is increased in presence of phosphate but such increase is restricted in culture media. 

Fig. 1 (a) Measurement of Critical Micelle Concentration (CMC) of polymeric micelle using nile red dye. 
(b) Scanning Electron Microscopy images of the polymeric micelle having size 20-30 nm. (c) Evidence 
of Direct Cell Translocation of polymer micelle using rhodamine tagged polymeric micelle. Control 
means cells with no inhibitor. (d) Proposed cellular uptake mechanism of the polymeric micelle where 
it undergoes direct translocation by temporary deformation of cell membrane. 

In order to test the cell delivery performance of polyaspartic acid, KB cell is incubated with the 
polymer-BSA nano-assembly and cellular entry of BSA is followed via Fluorescence microscopy. We 
have used FITC-conjugated BSA for this study for fluorescence imaging-based tracking. Results are 
summarized in (Figure 2f, 2g). We found that BSA label cells within 5 min and enters into cytosol in 

 

next 2 h. However, the entry of BSA into cytosol 

Fig. 2 (a) Digital images of Protein:Polymer nano-assemblies with varied molar ratios. (b),(c) 
hydrodynamic sizes and zeta potentials of the protein:polymer nano-assemblies with varied molar 
ratios. (d) Changes in hydrodynamic sizes of the polymeric micelle upon formation the nano-assembly. 
(e) Scanning electron microscopic images of the protein:polymer nano-assemblies. (f) Fluorescence 
merged images of the KB cells labelled with FITC tagged BSA protein:polymer nano-assemblies with 
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varied molar ratios. (g) Proposed cellular uptake mechanism of the nano-assemblies via lipid raft 
mediated direct uptake pathway. 

 
 

is strictly dependent upon size and colloidal property of nano-assembly. While BSA can label cell 
membrane within 5 min for all the four molar ratios of protein to polymer (0.25, 0.16, 0.125, 0.1), the 
cytosolic entry is possible only for the molar ratios of 0.16, 0.125, 0.1. In contrast for 0.25, the BSA is 
observed to stay at cell membrane without any entry inside. We have further investigated the reason 
for such molar ratio-dependent cytosolic entry behavior by investigating the size and colloidal stability 
of different nano-assembly. We found that 

 

Fig. 3 (a) Different cells are transfected with Polymer-Gene nano-assembly as well as Lipofectamine- 
Gene. (b) Immunoblot Assay for quantitative estimation of Green Fluorescent Protein (GFP) either by 
Lipofectamine or Polymer-Gene nano-assembly at different times. The data represents the mean of 
N=3 experiments (*p<0.05) via Welch’s One-way ANOVA with Brown-Forsythe test. (c) Proposed 
cellular uptake mechanism of polymer-gene nano-assembly. This is similar to protein uptake 
mechanism, additional part is the expression of gene inside the cell. 

average size of nano-assembly increases from 150 nm to 700 nm, as molar ratio increased from 0.125 
to 0.3 and for other samples they are colloidally unstable and precipitate from solution. This result 
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suggests that smaller size and colloidal stability induce direct cytosolic delivery. In particular, no 
cytosolic delivery of nano-assembly corresponding to 0.25 molar ratio, is due to the larger size of 
assembly and non-dispersive property of the assembly. 

Direct cytosolic delivery of BSA by polymer has been investigated in KB cells under different conditions. 
Results show that high cell labeling and uptake is only partially blocked at 4 °C, in presence of NaN3 

and DOG, and by sucrose/amiloride. In contrast uptake is significantly blocked by MβCD. This result 
suggests that BSA enters into cell via cholesterol-dependent lipid raft uptake. We propose a delivery 
mechanism that involves temporary deformation of cell membrane by polymer micelle-protein nano- 
assembly, followed by entry of nano-assembly and then it’s dissociation to individual components. 
Larger size and poorly dispersed nano-assembly has limited entry as they can precipitate outside cell 
due to the lower colloidal stability and any cell-attached assembly cannot enter due to smaller size of 

 

Cell name Cell origin and type Efficiency of transfection 

by Lipofectamine by Polymer carrier 

KB Human cancer cell line Moderate 
< 40% 

excellent 
> 97% 

CHO Chinese hamster ovary cell line moderate 
< 40% 

excellent 
> 95% 

Hela Human cancer cell line moderate 
< 50% 

excellent 
> 90% 

N2A Mouse neural crest-derived 
cell line 

moderate 
< 60% 

excellent 
> 90% 

HT-22 Mouse hippocampal neuronal 
cell line 

Moderate 
< 60% 

excellent 
> 90% 

SH-SY5Y Human neuroblastoma cell line moderate 
< 70% 

excellent 
> 95% 

Astrocyte Human fetal primary 
progenitors derived astrocyte 

very poor 
< 15% 

excellent 
> 97% 

Progenitors Human neural stem cells very poor 
< 15% 

excellent 
> 97% 

THP-1 Human monocyte very poor 
< 5% 

Poor 
< 25% 

lipid raft entry points. 
 
 

Table 1 Transfection efficiency comparison between Lipofectamine 2000/3000 and polymer micelle 
in several cell lines. 

Finally, we have used polyaspartic acid as a gene transfection agent and compared the performance 
with conventionally used lipofectamine. We have used GFP plasmid DNA (pDNA) that would express 
green fluorescent protein (GFP) after the transfection. We have used various cell lines for transfection 
study, in order to check the diversity of the method. Typically, cells are incubated with polymer-pDNA 
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nano-assembly or lipofectamine-pDNA for 2-12h. We have maintained low molar ratio of pDNA to 
polymer (about 0.125) in order to ensure small size and good colloidal stability of the assembly. Next, 
expression of GFP is observed under fluorescence microscope after 12 h or 24 h incubation. We found 
distinct green emission in cytosol that indicates successful cytosolic delivery of pDNA and biochemical 
function. As compared to lipofectamine, the higher green emission is observed for polymer, at similar 
incubation time. In addition cytotoxicity issue of lipofectamine limits its at higher concentration, but 
polymer is less toxic and can be used at higher concentration. This result indicates better performance 
of polyaspartic acid as compared to lipofectamine (Figure 4a, 4b). We observed that difficult to 
transfect cells, such as neural progenitor cells, primary human fetal astrocytes and neurons were also 
efficiently transfected (Table 1). The cytosolic delivery of pDNA by polymer micelle is similar to protein 
delivery, except that the binding with polymer is expected to be stronger due to predominant 
guanidinium-phosphate salt bridge interactions (Figure 4c). 

In conclusion we have designed a polymer micelle-based nanocarrier for direct cytosolic delivery of 
protein and DNA. The direct cytosolic delivery of protein/DNA occurs via colloidal assembly with 
nanocarrier of < 200 nm size and the colloidal stability is critical for the efficient cytosolic delivery. The 
presence of guanidinium groups at the micelle surface and smaller size of nano-assembly are critical 
for non-covalent interaction with protein/DNA and non-endocytic delivery. We have demonstrated 
that this carrier can be used for DNA delivery to wide variety of cells without appreciable cytotoxicity. 
Developed polymer micelle can be used as alternative of conventionally used lipofectamine for the 
cytosolic delivery of large biomolecules. 
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Abstract 

 
Bone regeneration is a very complex, but well-orchestrated continuous remodelling process of bone 
formation. The entire adult life witnesses, bone as a tissue which possesses a tremendous inherent 
capacity for regeneration through the coordinated activity of osteoclasts (OCs) and osteoblasts (OBs). 
However, in case of large defects, where the injury goes beyond a critical limit, the bone will not be 
able to self-heal without surgical and therapeutic intervention. For example, in the case of metastatic 
osteosarcoma, the tumor site is often surgically removed after a combination of chemo and 
radiotherapy, which creates a large gap in the bone. In case of a major bone fracture, a part of the 
bone is completely or partially broken causing pain and loss of functionality. Therefore, a variety of 
currently available bone grafts are being used to replace the missing bone. Our study aim is to 
contribute to developing one such implant material which will augment bone regeneration at the 
particular site of implantation. With the increasing focus on cell-free therapy, the role of exosomes in 
maintaining bone homeostasis has been extensively explored. In our study, we have shown that 
exosomes isolated from mineralizing osteoblasts have the potential to elevate the osteogenesis of 
MC3T3-E1 cells in vitro. However, for localized therapeutics in bone, native exosomes are not suitable 
as implant materials. Therefore, we have developed cross-linked polymeric scaffolds synthesized out 
of chitosan and observed that they provide strength and a well-formed matrix for holding and 
releasing an appropriate dose of exosomes at the target site. To validate our hypothesis in vivo, we 
created rat models with critical-sized calvarial defects and implanted our scaffold construct at the 
target site. The results revealed that exosomes laden polymeric scaffold stimulated bone regeneration 
in rats after 8 weeks of implantation. Our experiment provides insight into the therapeutic use of 
exosome-based scaffold construct for future tissue and organ repair. 

Critical size bone defects have been traditionally treated with autografts, allografts and xenografts. 
But due to some severe limitations of these grafts, advanced strategies have been developed through 
tissue engineering and regenerative medicine approaches. With the use of different bone tissue 
scaffolds like hydrogels, nanofibers, and porous 3D scaffolds, the delivery of important bioactive 
molecules is done successfully. Mesenchymal stem cell (MSCs) based bone tissue engineering is a 
promising strategy in this field. Studies have demonstrated that the transplanted MSCs could 
efficiently restore the critical size bone defects as well as accelerate bone regeneration. However, due 
to the notable limitations involved with the direct use of MSCs, the recent study has shifted its gear 
towards the use of cell-free therapy in bone regeneration. Studies also indicate that the therapeutic 
effects of MSCs are controlled by the paracrine factors secreted from these that stimulate the activity 
of the recipient cells, instead of the direct cell replacement. The nanovesicle exosomes (50- 150 nm) 
are one such important paracrine factors that have been reported to show similar therapeutic effects 
as that of the parent cell of origin. Therefore, in recent times the use of exosomes as cell-free therapy 
has been of primary focus in bone tissue engineering. Also, studies indicate that exosomes released 
from OBs and OCs regulate the bone homeostasis by continuously transferring vital cargos like 
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proteins, miRNAs, mRNAs etc. Therefore, our study hypothesised that osteoblast precursor cell- 
derived exosomes might have bone mineralization potential. 

Mouse pre-osteoblasts (MC3T3-E1) were treated with osteogenic media and exosomes were isolated 
from the culture supernatants by using ultracentrifugation. Their size, surface charge, morphology, 
distribution and marker proteins were checked with the help of DLS, zeta, electron microscopy and 
western blotting. From the data we found that the isolated vesicles were measuring about 150-200 
nm in diameter (Fig. 1A), having a negative surface charge (Fig. 1B) and uniform distribution (Fig. 1C, 
D). The presence of some EV marker proteins such as CD81 and Tsg-101 (Fig. 1E) further confirmed 
that the vesicles are exosomes. With the help of confocal microscopy, the uptake of fluorescence- 
labelled exosomes by host cells was visualised in a time-dependent manner (Fig. 1F). 

 

Fig. 1 (A) Average size of isolated exosomes (180nm) as depicted from DLS. (B) Negative surface charge 
(-20mV) detected by zeta sizer. (C) Morphology of exosomes observed by TEM. (D) Magnified TEM 
image of a single exosome particle. (E) Western blot analysis to show exosome markers CD81 and TSG- 
101. (Unpublished data) 

From cell proliferation assay and trans-well migration assay we found out that with a higher amount 
and increased time of exosome incubation, the host cells tend to proliferate more as well as migrate 
more (Fig. 2A, B). Then to investigate their in vitro mineralization ability, the appropriate 
concentration of exosomes was incubated with MC3T3-E1 cells for 72h and we found a significant 
elevation in the gene expression level of some of the important osteogenic markers like ALP, Collagen 
and RUNX-2 (Fig. 2C). 
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Fig. 2 (A) Effect of exosomes on cell proliferation with increased time and concentration. (B) Trans- 
well migration assay showing cell migration towards exosomes. (C) Relative expression of osteogenic 
genes ALP, Col-1, RUNX-2 and MGP. (Unpublished data) 

However, these naturally occurring exosomes are not suitable for in vivo applications due to some 
limitations like passive targeting, rapid clearance from the blood, lysosomal degradation etc. 
Therefore, to address these issues we synthesized a cross-linked polymeric scaffold by using 
polysaccharides i.e., chitosan and collagen protein. These were UV crosslinked and freeze-dried to get 
a 3D structure of chitosan scaffold (CS-scaffold). Their biocompatibility, osteoconductivity, mechanical 
strength, biodegradability and exosome release profile were checked. SEM revealed the porous 
scaffold morphology (Fig. 3A), and rheological analysis showed the elastic behaviour of CS-scaffolds 
(Fig. 3B) which will make them suitable for implantation at different bone defect sites. Swelling and 
degradation properties indicated that these 3D scaffolds have fast solvent retention capacity and 
faster biodegradability (Fig. 3C, D). Exosome integration and release profile were checked with the 
help of fluorescence microscopy and flow cytometry (Fig. 3E, F). The data suggested that CS-scaffolds 
can retain exosomes and undergo sustained release at the target site. From this, we could validate the 
suitability of the synthesized CS-scaffolds for in vivo bone regeneration study. 

 

 
Fig. 3 Characterization of CS-scaffolds (A) SEM image showing porous structure. (B) Rheological 
property of scaffold. (C) Swelling property of scaffold. (D) Rate of scaffold degradation. (E) 
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Fluorescence image of PKH67 tagged exosomes integrated on the scaffold. (F) Release profile of 
exosomes from scaffolds. (Unpublished data) 
Therefore, for in vivo assessment of bone regeneration, rat model of critical size calvarial defect (9 
mm diameter) was created with the help of a trephine bur. The CS-scaffolds alone and in combination 
with exosomes were implanted at the defect site. After 8 weeks of implantation, the amount of new 
bone formation was compared to the control (with no implantation) and was evaluated by x-ray 
imaging, micro-CT scanning and histological staining. From micro-CT analysis, we could observe that 
as compared to the control the exosome-laden and exosome-treated cell-seeded scaffolds showed a 
significantly higher amount of new bone formation (Fig. 4). 

 

 

Fig. 4 Micro-CT analysis of bone regeneration. (A) 3D reconstructed images of calvarial bone indicating 
new bone formation. Quantitative analysis of bone regeneration by (B) New bone volume, (C) 
Trabecular thickness, (D) Trabecular spacing, and (E) Trabecular number. (Unpublished data) 

After 4 weeks of decalcification, the skull bones were sectioned and stained with H&E, and Masson’s 
trichrome. HE staining indicated the formation of fibrous connective tissues in the control group, while 
in the scaffold-exosome implanted group solid bone tissues were observed (Fig. 5A). Masson’s staining 
showed more mature collagen formation in the scaffold-exosome group as compared to the control 
(Fig. 5B). 

 

Fig. 5 Histological analysis of bone formation (A) HE staining, (B) Masson’s trichrome staining. 
(Unpublished data) 

In the present study, we have shown that mineralizing osteoblast-derived exosomes integrated with 
synthesized polymeric CS-scaffolds, possess bone regeneration potential. The CS-scaffolds showed 
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well integration and sustained release of exosomes at the target site of critical size rat calvarial defects. 
8 weeks after implantation at the defect site, significant amount of new bone formation was observed. 
Overall, our experiments indicate the remarkable potential of exosomes isolated from mineralizing 
osteoblasts in bone regeneration. This strategy presents great potential in future organ and tissue 
repair. 
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ABSTRACT 

 

Skin is a comprehensive layered and segregated organ which provides protection from external injury, 
has an intensive vascularized tissue and has a range of important physiological functions. 
Consequently, small scale injuries or surface layer wounds heal quite fast without requiring external 
assistance. But critical sized defects require surgical interventions and grafting. Due to the lack of 
availability of accurately mismatched grafts, the onus falls upon artificially prepared biomaterial 
scaffolds, which can support angiogenic growth and eventual vascularization. However, the current 
commercially available generation of scaffolds have been able to promote cell growth and 
proliferation only to a surface level. Full scale development of wound healing, angiogenic 
development and subsequent potential for vascularization has not yet been observed without usage 
of artificial channels or endothelial cells. Various natural biomaterials such as chitosan, collagen, 
fibrinogen have been considered and used for preparation of different tissue constructs. They provide 
biocompatible support to the growing nascent tissue. Most biocompatible scaffolds also have to be 
prepared using various chemical crosslinkers which cause cell toxicity and can obfuscate important 
functional groups required for cell adhesion. Therefore considering all the above, a novel blended 
uncrosslinked composite scaffold consisting of chitosan, collagen and fibrinogen has been prepared 
via lyophilization for this study. Chitosan is a biocompatible polymer which can provide the elasticity 
and robustness required for mechanical strength. Collagen and fibrinogen interacts with it by 
intermolecular bonding and forms a stable combination. It provides the requisite physicochemical 
properties required to form a stable ECM mimicking skin tissue construct and can be used for co- 
culture studies with dextran beads for dermal fibroblasts and stem cells to help in skin tissue 
regeneration. 

 
The composite chitosan-collagen-fibrinogen(hereby known as CCF) scaffold was prepared by 
homogenization for 24 hours to blend and subsequent lyophilization at -50 degrees for 24 hours. For 
comparison, a standard chitosan-collagen scaffold(CC) and Chitosan(C) was prepared as well. SEM 
images were taken of all three scaffolds and the porous microstructure was observed. The elasticity 
of the scaffolds as observed in Figure 1(d) show with addition of components like collagen and 
fibrinogen, the CCF scaffold has a reduced elastic modulus as compared to that of CC and C. The 
increase in elasticity mimics the nature of dermis closely. FTIR spectra of C, CC and CCF scaffolds are 
analyzed in three different regions- R1, R2 and R3 for polysaccharide and protein functional groups 
(Figure 1e). In R1 region, peak at 3433 cm-1 represents the O-H stretching. At 3287 cm-1, strong peak 
intensity is observed in CCF compared to C and CC for C-O stretching and amide groups. Peak at 2534 
cm-1 in CC and CCF is indicative of the presence of collagen protein components. In R2, amide specific 
peak is observed in CCF at 1655 cm-1 due to interactions for amide I. Peaks for collagen and fibrinogen 
are observed at 1632–1655 cm-1 due to amide I, for C=O stretching, 1558–1541 cm-1 referring to 
amide II, for NH bonding, and in the R3 region, 1333–1312 cm-1, and 1240 cm-1 due to amide III, for 
NH bonding, and CN bonding. Peaks at 1590 cm-1 indicates strong prevalence of NH2 groups, which 
are present in all scaffolds. A sharp peak at 1076 cm-1 related to CO, COC and CC stretching is also 
observed in CC, which shifted slightly in CCF with increased intensity. Peak intensity for amide I and II 

mailto:shalinidg0601@gmail.com
mailto:ananya.pariksha@gmail.com


108 

 

 

 

is significantly higher in CCF compared to CC scaffold. Further degradation and swelling data indicate 
that CCF has the highest swelling over 24 hours, and also the highest degradation due to presence of 
hydrophilic components. 

 

 

Figure 1: (a-c) SEM images of scaffolds. (d) Elastic modulus of all three scaffolds. * represents 
statistically significant data(p<0.05). (e)FTIR data of all three sacffolds. (f)Degradation study of all three 
scaffolds over 14 days and (g) Swelling study of all three scaffolds in 36 hours. 

In Figure 2, DAPI staining on 3 day cultured scaffolds indicated that CCF had the most proliferative 
growth followed by CC and C, which was estimated by quantitative analysis of cell attachment plot. 
Live Dead assay conducted on all three sacffolds indicated that CCF had more live cells and thus 
promoted more cell viability than the rest. Furthermore, MTT assay indicated that cell viability for 3 
days and 7 days was comparatively higher in CCF, followed by CC and C. 
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Figure 2:. Bar indicates 50µm. Representation of DAPI staining the nuclei of 5 day cultured HADF cells 
on (a) C, (b) CC, (c) CCF scaffolds in 10x magnification and Live/Dead in 40x magnification(d-e). (g) Cell 
attachment plot on scaffolds determined from DAPI stained images. (h) MTT assay showing the 
proliferation of HADF cell seeded on C, CC, CCF scaffolds at 3 and 7 days of culture. *p<0.05. 

Figure 3 represents the scratch assay conducted on confluent HADF cells and treated with C, CC and 
CCF scaffolds. Results show faster closure of wound bed in CCF treated group (p<0.05) compared to 
CC and C scaffolds. Quantification of cell migration is shown in Figure 3g, which indicates 37% of cell 
migration for wound closure under C whereas, CC and CCF showed 48% and 62% cell migration. 
Presence of heparin and integrin binding domains of fibrinogen γ chain as well as the RGD binding 
sites in collagen improves the cell migration and attachment in CCF. Figure 3h shows the visual 
representation of blood clotting in presence of C, CC, and CCF scaffolds of wound bed. Blood clotting 
duration for CCF was lowest compared to the rest represented in Figure 3i. Compared to C, both CC 
(p<0.05) and CCF (p<0.01) exhibited decrease in coagulation time. 
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Figure 3: (a-f) In vitro scratch assay shows the wound bed 0 h and 24 h of treatment with C (a, b), CC 
(c, d), CCF (e, f) scaffolds. (g) Cell migration assay graph (h) Blood coagulation assay performed using 
goat blood with scaffolds. (i) Blood coagulation time in presence of scaffolds. The lowest coagulation 
time observed in CCF-treated group. * p<0.05 for and # p<0.01. 

Angiogenic molecules like VEGF-A, TGF-β, PDGF etc. promote cell attachment and angiogenic 
development. VEGF-A is one of such important marker, playing a major role in post injury 
angiogenesis. In present study, two important angiogenic markers VEGF-A and VEGF-R1 are studied 
and their expressions are represented in Figure 4 (a-l) after 3 and 7 days of scaffold treatment. At day 
3, CCF scaffold showed higher expression of VEGF-A. At day 7, VEGF-A expression increased 
significantly in all study groups Figure 4 (b,f,j) and the expression trend is similar to that of day 3. 
Higher expression of VEGF-A on CC and CCF scaffolds (Figure 4m) indicate the higher angiogenic 
potential and activation of the VEGF pathway. VEGF-R1 is an antagonistic receptor, which binds and 
inactivates VEGF-A, plays a major role in inhibiting angiogenesis in order to support vascular 
remodelling. During wound healing, first 7-10 days shows increased cellular growth and tissue-like 
formation after which cell growth gradually decreases and is followed by vascular remodelling. CCF- 
treated cells showed an initial higher expression of VEGF-R1 compared to CC and C during day 3, 
whereas remarkable decrease is observed on day 7 (Figure 4n). Above observations indicate that CCF 
scaffolds maintain a subtle balance between expression of VEGF-A and VEGF-R1 which reflect their 
angiogenic potential without tumorigenic growth. 



111 

 

 

 

 
 
 

Figure 4: (a-l) Immunocytochemistry staining for VEGF-A and VEGF-R1 expressed in HADF cells seeded 
on C, CC and CCF scaffolds for day 3 and 7. (m) and (n) shows fluorescence intensity graphs of VEGF-A 
and VEGF-R1. p<0.05. 

Co-culture study had been performed to improve the angiogenic potential of CCF scaffold by 
incorporating the DPSC-embedded dextran beads on HADF-seeded CCF. DIC images of scaffolds co- 
cultured with HADF and DPSC seeded beads are shown in Figure 5 (a-d). Number of cells in CCF is 
visibly higher than CC scaffolds. Densely populated cells on CCF scaffolds are also seen to make cellular 
elongated structures and arranged in parallel fashion, connecting one bead to another.On day 1(Figure 
5 a, c) and 7 (Figure 5 b, d), it is observed that the DPSC cells started to surround and grow all over 
the dextran beads on the respective CC and CCF scaffolds. By the day 7, DPSC cells started to aggregate 
and showed preliminary sprouting behavior. In Figure 4d, the inset image of CCF scaffold bead co- 
culture on day 7 shows formation of elongated tubules surrounding the bead and sprouting from 
aggregated regions. Cell-seeded scaffolds and embedded beads in the co-culture studies are observed 
with DAPI staining to see the attached cells (Figure 4 e and f). In MTT assay, DPSC coated beads with 
CCF show a marked increase in their viability in comparison to their only scaffold counterparts. DAPI 
results correlated the above with higher clustered growth and segregated proliferation. 

In the elongated tubular formation graph as calculated in 5(k) indicate CCF promote cell elongation 
more in comparison to CC. A four day VEGF-A and DAPI staining in Figure 5 (d,h) indicates high levels 
of VEGF-A expression along with increasing cell proliferation on the beads. In regions where the DPSC 
cells have started to aggregate and extend from one bead to another, high intensity of VEGF-A 
expression is observed. Higher levels of VEGF-A intensity in CCF as demonstrated by Figure 5(l) also 
indicate a tendency towards increased vascularization. 
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Figure 5: Co-culture study on scaffolds with HADF and DPSC cells. HADF-DPSC co-culture on bead + 
scaffold seen through DIC microscopy at 20x on day 1 and day 7 in (a)C (b) for CC, (c)-(d) for CCF 
scaffolds. Fluorescent images of DAPI and VEGF-A/DAPI staining- (c)-(g) for CC and (f)- (h) CCF (i) Cell 
attachment plot for seeded DAPI stained samples (j) MTT assay for CC and CCF scaffolds with beads 
for 3 and 7 days of coculture. (k) Tubular formation graph in CC and CCF in day 7 and (l) fluorescence 
intensity graph of VEGF-A. 

CCF is shown to be a superior biocompatible scaffold in comparison to CC and C. It has higher elasticity 
as well as increased swelling and biodegradability. It promotes higher cell proliferation, migration and 
increased angiogenesis. CCF also improved blood coagulation time required due to adherence of 
chitosan with negatively charged platelets and erythrocytes while the RGD and GXOGER motifs of 
collagen promotes cell adhesion and growth, whereas the fibrinogen γ chain activates clotting 
mechanism and interacts with VEGF. The patterns formed by DPSC aggregation by beads and 
fibroblast cell elongation on CCF as well as increase in VEGF-A expression are all indicative of 
angiogenic growth and potential vascularization. Overall, the CCF scaffold bead coculture model could 
be used as a potential graft for vascularised regeneration in the future. 
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Abstract 

 
Production of customizable patient-specific tissue engineering constructs with required 
biomechanical properties and restoring function in damaged tissue is the need of the hour. In this 
study, we report the optimization of composite, bioactive and biocompatible tripolymeric hydrogel 
bioink, suitable for both direct and indirect printing of customizable scaffolds for meniscal tissue 
engineering applications. A customized hierarchical meniscal scaffold was designed using solid works 
software and printed as negative mould using polylactic acid (PLA) filament through direct 3D printing 
process. A composite tripolymeric bioink made of gelatin, carboxymethyl cellulose (CMC) and alginate 
was optimized and characterized for its printability, structural, bio-mechanical and bio-functional 
properties. The optimized composite hydrogel bioink was extruded into the negative mould with and 
without live cells, crosslinked and the replica of meniscus structure was retrieved aseptically. The 
cellular proliferation, apatite formation, and extracellular matrix secretion from negative printed 
meniscal scaffold were determined using MTT, live/dead and collagen estimation assays. A significant 
increase in collagen secretion, cellular proliferation and changes in biomechanical properties was 
observed in the 3D scaffolds with MG63-osteosarcoma cells indicating its suitability for cartilage tissue 
engineering. 

 
The optimized bioink was prepared using the following protocol. Gelatin solution (Solution A) was 
prepared by dissolving 35% (w/v) of gelatin in distilled water and stirred with a magnetic stirrer at 70 
◦ C and 250 rpm till complete dissolution. Simultaneously, a CMC solution (Solution B) was prepared 
by dissolving 2% (w/v) CMC in distilled water with stirring at 1000 rpm using a magnetic stirrer. 
Sequential polymerization was induced through electrostatic interaction by adding solution B to 
solution A dropwise under magnetic stirring for 10 min at 70 ◦C and 200 rpm to obtain a homogenized 
hydrogel. To this hydrogel, 4% (w/v) alginate powder was added and mixed to form a GCA bioink. The 
obtained GCA bioink in hydrogel form was autoclaved at 121 ◦C for 20 min and stored in a sterile 
syringe at 4 ◦C till further use (Fig. 1A-C). The 3D 
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Fig. 1. (A) Gelatin- CMC hydrogel solution; (B) Mixing of alginate to gelatin- CMC hydrogel solution; (C) 
preparation of GCA bioink; (D) 3D model of human meniscus with customized parameters; (E) 3D 
printing of human meniscal model; (F) PLA based negative mould obtained after 3D printing; (G) GCA 
Bioink extrusion into the negative mould; (H) 3D-GCA scaffold retrieved from negative mould without 
cells; (I) 3D-Bio-GCA scaffold retrieved from negative mould with MG63 osteosarcoma cells (7th day); 
(J) Optimization process with varying polymer concentration for GCA bioink preparation, (K) 3D-GCA 
scaffolds derived through IRPT and direct 3D printing process respectively. 

 
model for negative meniscus mould was developed with a specified dimension of 32.6 × 35.0 × 6.6 
mm3 in solid works software (version 64, 2012) and then 3D printed using PLA filaments in a 3D printer 
(Ultimaker 2+, Utrecht, Netherlands). The 3D printed negative mould with 1 mL holding capacity was 
cleaned, polished and autoclaved at 121 ◦C for 20 min before using for the scaffold preparation (Fig. 
1D-F). The mould was soaked in sterile 6% (w/v) CaCl2 solution before extrusion of bioink into the 
negative section of the 3D mould. The sterile GCA bioink stored at 4 ◦C was retrieved and thawed at 
50 ◦C before use. The bioink extrusion was carried out using a sterile 5 mL dispovan syringe followed 
by cross-linking with 6% (w/v) CaCl2 solution in the negative mould (Fig. 1G). The 3D-GCA scaffold 
formed inside the negative mould detached automatically from the 3D moulds after 5 min of cross- 
linking. The preparation of 3D-GCA scaffolds and the illustration of 3D model, 3D negative mould, 3D- 
GCA scaffold and 3D-Bio- GCA scaffold are depicted in Fig. 1D-K respectively. 
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Fig. 2. (A) FTIR spectra of gelatin, CMC, alginate and GCA bioink, (B) Mechanism of tripolymers 
interaction. 

An optimized bioink is expected to have excellent printability, provide mechanical stability, 
biocompatibility and support cellular proliferation before and after printing the scaffold1. Fig. 1J 
depicts the optimization of polymer concentration and composition used for bioink preparation and 
its suitability for indirect rapid prototyping technique (IRPT) and direct 3D printing. Considering the 
ease of application of IRPT for customized, complex meniscal scaffold preparation with and without 
cells and to avoid smudging in the human meniscal model (Fig. 1K), only the IRPT process was 
considered for further studies. The scaffold made of 35% gelatin, 2% CMC along 4% alginate provided 
excellent printability and mechanical stability when compared to the other concentrations employed 
(Fig 1J). Hence the above-mentioned concentration was used throughout the study. Fig. 2A illustrates 
the FTIR spectra of prepared gelatin, CMC, alginate and GCA bioink. In GCA bioink, all the characteristic 
peaks of tripolymers were observed with a bathochromic shift in the case of gelatin (1639 to 1645 cm- 
1), alginate (1400 to 1425 cm-1) and hypsochromic shift in the case of CMC (1597 to 1535 cm-1). At a 
pH range of 6–7, CMC has a negative charge and gelatin has a positive charge thereby inducing an 
electrostatic attraction2. In the case of alginate, the dominance of the carboxyl group (1598 cm-1) 
indicates the negative charge of the polymer showing the possible interaction with the positively 
charged gelatin and the mechanism behind the tripolymers interaction was illustrated in Fig. 2B 
respectively. 

The 3D-GCA scaffold's in vitro swelling and degradation rate are presented in Fig. 3.1A and 1B 
respectively. The swelling ratio of the 3D-GCA scaffold varied concerning the medium. The swelling 
ratio was much higher for PBS when compared to SBF (8.5, and 6.5 respectively on 27th h) and this 
may due to the ionical interaction of Ca2+ ions in SBF with carboxyl groups of glucuronic acid residues 
present in CMC (as observed in FTIR results) and guluronic acid in alginate. However, in the case of 
degradation studies, the 3D-GCA scaffold soaked in SBF degraded gradually compared to PBS with less 
deformity till the 25th day. This may be due to the gradual deformation of the triple helix in gelatin by 
Ca2+ divalent ions present in SBF used in the scaffold3. The production of apatite is a crucial step in 
determining the scaffold's biological activity since it aids in the regeneration of subchondral bone and 
cartilage tissue repair. The 3D-GCA scaffold was 
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Fig. 3.1. (A) Swelling ratio of 3D-GCA scaffold in PBS and SBF, 3.1. (B) degradation of 3D-GCA scaffold 
in PBS and SBF, 3.2. (A) SEM image representing the apatite formation on the outer surface of 3D-GCA 
scaffold after 7days of immersion in SBF (arrows represent the apatite patches), 3.2. (B) elemental 
mapping results of apatite formation on 3D-GCA scaffold, 3.2. (C) XRD spectra of apatite formed, 3.3. 
SEM images of 3D-GCA scaffold - (A) 3D-GCA scaffold- top view, (B) Cross section image showing 
porous nature of 3D-GCA Scaffold, (C) Surface of 3D-GCA Scaffold. 

observed to promote apatite formation through nucleation and crystallization on the surface of the 
scaffold as patches (Fig. 3.2A) and the distribution was determined using elemental mapping studies 
(Fig. 3.2B). The apatite formation was also confirmed (2ϴ = 32o) using XRD analysis and was in line 
with the ICDD XRD pattern (Ref. code - 01-080-3243) (Fig. 3.2C). The formation of apatite was induced 
by the SBF solution containing calcium phosphate in a metastable state through sequential chemical 
reactions such as spontaneous precipitation, nucleation, and growth of calcium phosphate4. 

The morphology of the prepared 3D customized GCA scaffold using IRPT was analyzed using SEM (Fig. 
3.3). The inner surface showed an interlinked heterogeneous microporous structure suitable for 
cellular growth and proliferation inside the 3D-GCA scaffold (Fig. 3.3B). The outer surface was 
observed to be with irregular structures as seen in the actual human meniscus (Fig. 3.3C). Compression 
analysis was done to determine the ultimate compressive strength (UCS) and modulus of the 3D-GCA 
scaffold, scaffolds submerged in various media (for 7 days) and 3D-Bio-GCA scaffold (Fig. 4A, 4B). The 
UCS and compressive modulus of 3D-GCA scaffold, scaffolds submerged in PBS and SBF (after 7 days) 
were 0.018, 0.008, and 0.012 MPa and 0.087, 0.100 and 0.120 MPa respectively. The UCS and 
compressive modulus of the 3D-GCA scaffold was higher in immersion with SBF compared to PBS. 
After 7 days of immersion in various media, no change in the flexibility of the 3D-GCA scaffold was 
observed. The 3D-Bio-GCA scaffold had a UCS of 0.165 MPa, and a compressive modulus of 2.929 MPa 
when incubated in MEM medium after 7 days. The increase in the compressive strength in the 3D-Bio- 
GCA scaffold compared to the 3D-GCA scaffold was mostly due to osteoblast cell proliferation and in 
situ cellular expansion (Fig. 4A, 4B). 
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Fig. 4. (A) Stress/Strain curves of 3D-GCA scaffold (control), 3D-GCA scaffold immersed in PBS and SBF 
and 3D-Bio-GCA scaffold, (B) Compressive modulus and ultimate compressive strength of 3D-GCA 
scaffold (control), 3D-GCA scaffold immersed in PBS and SBF and 3D-Bio-GCA scaffold, (C) Cellular 
proliferation in 3D-Bio-GCA scaffold and (D) Collagen secretion in 3D-Bio-GCA scaffold; *represents 
statistical significance P < 0.05, **represents statistical significance P < 0.01, ***represents statistical 
significance P < 0.005. 

The successful replacement of damaged meniscus with prepared 3D scaffold largely depends upon 
the scaffold architecture and properties, cellular proliferation into the scaffolds and the ability to 
proliferate cells to replace the degrading polymer using secreted extracellular matrix5. The cellular 
proliferation inside the scaffold and the collagen secretion from the scaffold increased with an 
increase in incubation time from day 1 to day 7 (Fig. 4C and 4D) indicating that the 3D-Bio-GCA has an 
excellent cellular compatibility and bio-functional properties. The results of viable and non-viable cells 
indicate that the 3D-Bio-GCA scaffold showed excellent cellular compatibility and proliferation rate 
with an increase in incubation period from day 1 to 7 (Fig. 5A-D). The cellular proliferation of cells 
inside and on the surface of the 3D-Bio-GCA scaffold was also monitored using SEM (Fig. 5E-G). The 
abundance of osteosarcoma cells was found to be more inside the scaffold (Fig. 5G) when compared 
to the outside surface (Fig. 5F) due to the complete mixing of cells with the prepared bioink and the 
porous nature of the scaffold. These results indicate that the GCA bioink prepared and used in IRPT 
derived customized 3D meniscal scaffold is suitable for cartilage tissue engineering. However, the 3D- 
Bio-GCA scaffold needs to be validated in animal models to determine its performance in vivo. 
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Fig. 5. (A) AO stained 3D-Bio-GCA scaffold on Day 1 and (B) Day 7; (C) EB stained 3D-Bio-GCA scaffold 
on Day 1 and (D) Day 7; (E) Top view of 3D-Bio-GCA scaffold after cellular proliferation assay, (F) 
Surface and (G) Cross section images of 3D-Bio-GCA scaffold (7th Day) with cells (arrow indicating 
cellular proliferation inside scaffold). 
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Abstract 
 

3D bioprinting is an additive manufacturing technique for successfully printing scaffolds and bioinks. 
It has shown great promise in the fabrication of cell-encapsulated scaffolds for the repair and 
regeneration of injured nerves. Peripheral nerve injury (PNI) can occur due to accidents or trauma 
resulting in minor injury or a fully severed nerve. PNI induces the release of pro-inflammatory 
cytokines and chemokines at the site of injury and at dorsal root ganglia which leads to neuropathic 
pain leading to anxiety and stress. This increased stress leads to increased expression of reactive 
oxygen species (ROS) in mitochondria causing cellular cell damage and apoptotic cell death. This 
condition is called oxidative stress. Oxidative stress is a condition in which there is an imbalance in the 
production and degradation of free radical species. In the normal functioning of cells, ROS generated 
from mitochondrial functioning gets neutralized by the presence of endogenous antioxidants. The 
number of endogenous antioxidants is highly cell type-dependent. Due to the variability in the number 
of endogenous antioxidants in different cell types, there has been a drive to explore exogenous 
antioxidants to supplement the supply and mitigate generating ROS. 

 
Antioxidants are biomaterials that are used to reduce the concentration of free radicals and decrease 
oxidative stress. They are of two types: natural and synthetic. Natural antioxidants are classified as 
enzymatic and non-enzymatic. Enzymatic antioxidants are catalase, glutathione peroxidase, and 
glutathione reductase. Non-enzymatic based antioxidants are ascorbic acid, lipoic acid, and 
carotenoids. Synthetic antioxidants are curcumin, Nanoceria, carbon nanotube, chitosan, and tannic 
acid. In this study, we are exploring the antioxidant property of Nanoceria (NC). 

 

Nanoceria or cerium oxide nanoparticles are critical rare earth metal oxides with a unique property to 
exist both in the trivalent and tetravalent states. It has a crystalline lattice structure which makes its 
surface highly reactive for free radical neutralization. Due to its nanometre size oxygen vacancies are 
formed in its lattice creating oxygen defects for free radical scavenging. It is also known to have 
antibacterial activity against both gram-positive and gram-negative bacteria. It gets absorbed into the 
bacterial cell wall and damages it creating ROS. These intracellular ROS generated damage DNA, RNA, 
and protein leading to cell death. ROS plays an important role in peripheral nerve injury. The 
overproduction of ROS causes mitochondrial dysfunction, lipid peroxidation, and cell apoptosis. 
Excessive ROS production causes dysfunction in DNA synthesis, protein expression, and mitochondrial 
structure of Schwann cells. It is therefore necessary to inhibit ROS production to maintain Schwann 
cell functions and the interaction between Schwann cells and other types of cells after peripheral 
nerve injury. The development of bioprinted scaffolds or conduits via 3D bioprinting provides wide 
range of options in depositing drugs, biomolecules or cells. Hence, in the present study polyvinyl 
alcohol (PVA) and nanoceria hydrogel scaffolds was formulated and bioink was developed and 
bioprinted together effectively to reduce oxidative stress in the nerve injury repair process. 

mailto:nasera.rizwana@learner.manipal.edu
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Figure 2: Graphical Abstract 
 

In this study, nanoceria was obtained and characterized for their morphology and chemical structure 
by various techniques like FESEM, and UV-vis spectroscopy. Further, hydrogels were prepared with 
nanoceria of four different concentrations (0.5 %, 0.75 %, 1 %, and 2 %) in PVA with the dual 
crosslinking method. The scaffolds were printed and characterizations were performed. FESEM image 
of nanoceria as seen in Figure 2(a) shows spherical particles which are agglomerated. FESEM analysis 
of the scaffolds in Figure 2(b-e) depicts the increased presence of nanoceria with the increase in 
concentration. The Zeta potential of the nanoparticles was found to be +27.36 mV which is high 
suggesting that the particles will resist agglomeration in solution and also depicting that the particles 
are stable. Further XRD and FTIR analysis were performed. Figure 2(f) XRD spectra for nanoceria are 
in accordance with JCPDS card number 34-0394. The XRD peaks are seen with indices (200), (222), 
(400), which correspond to face centred cubic (FCC) structure. XRD analysis of all the scaffolds 
indicated peaks with indices (222), (220), and (400) as seen in Figure 2(f). The FTIR spectra in Figure 
2(g) indicate bands corresponding to O-H groups are present between 3500 cm-1 to 3000 cm-1. Bands 
between 1500 cm-1 to 1300 cm-1 indicated the presence of O-C-O groups and bands near 750 cm-1 and 
500 cm-1 correspond to O-Ce-O stretching vibration. FTIR peaks of all the scaffolds were obtained at 
3266, 2903, 1589, 1324, and 1092 cm-1 indicating O-H stretching vibration and C=O carbonyl stretch, 
and the peak at 595 cm-1 corresponds to O-Ce-O stretching vibration which is in accordance with the 
published literature. 
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Figure 3: FESEM images of a) nanoceria powder, b) 0.5 % NC/PVA printed scaffold, c) 0.75 % NC/PVA 
printed scaffold, d) 1 % NC/PVA printed scaffold, e) 2 % NC/PVA printed scaffold. f) XRD analysis g) 
FTIR analysis. 

 

Figure 3: a) DPPH Assay to determine antioxidant activity of the printed scaffolds b) DCFDA analysis to 
determine ROS scavenging activity of the printed scaffolds where P0- Dual crosslinked PVA hydrogel, 
P1- 0.5 % NC-PVA hydrogel, P2- 0.75 % NC-PVA hydrogel, P3- 1 % NC/PVA hydrogel, P4- 2 % NC/PVA 
hydrogel. 

To analyze the antioxidant property of the printed scaffolds, a DPPH assay was carried out. As seen in 
Figure 3(a), there is a significant increase in antioxidant activity of all the printed scaffolds when 
compared with scaffolds without nanoceria. It can also be observed that there is presence of 
antioxidant activity in PVA scaffolds. This is due to the presence of citric acid which was used for cross- 
linking. Further DCFDA assay was done on Day 7 of the release of nanoceria, it was observed that 
printed scaffolds with 2 % and 1 % nanoceria showed significant antioxidant activity when compared 
to 0. 5 % nanoceria/PVA scaffolds as depicted in Figure 3(b). The two antioxidant assays confirmed 
that the antioxidant activity was more in the case of 2 % NC/PVA printed scaffold. Therefore, rheology, 
printing, and cell viability were carried out with the hydrogel containing 2 % NC/PVA. 

The hydrogel showed shear thinning behaviour in the measured shear rate range (Figure 4a). The 
hydrogel behaved like a cross-linked gel and exhibited greater storage modulus than loss modulus 
(Figure 4b, c) which indicated that the gel will retain its shape and form which is ideally necessary for 
fabrication of printed scaffolds. 
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Figure 4: Rheological behaviour of 2 % NC/PVA hydrogel. 

The bioink was prepared using Rat Schwann cells (RSC 96). The hydrogel was taken in a syringe and 
cells from passage 16 were mixed into and fro manner and was loaded on the printing cartridge. 
Printing was carried out at 19 kPa and cell viability test was performed. To determine the viability, a 
live/dead assay was done which showed an increased presence of live cells (green) than dead cells 
(red) indicating that the bioink was cytocompatible. 

 

 

Figure 5: Live Dead analysis of bioprinted scaffolds using Rat Schwann cells bioink where a) live b) dead 
and c) composite. MTT analysis of the printed scaffolds where P0- Dual crosslinked PVA hydrogel, P1- 
0.5 % NC-PVA hydrogel, P2- 0.75 % NC-PVA hydrogel, P3- 1 % NC/PVA hydrogel, P4- 2 % NC/PVA 
hydrogel. 

It was concluded that NC/PVA bioprinted scaffolds demonstrated effective antioxidant properties by 
the reduction in ROS levels. NC/PVA bioprinted scaffolds also demonstrated good biocompatibility and 
printability. With suitable printing, antioxidant and biocompatible properties, the bioprinted scaffolds 
show a great potential in reduction of ROS levels during peripheral nerve injury and also helps in 
peripheral nerve regeneration. 

Keywords: Peripheral nerve regeneration, 3D bioprinting, bioink, nanoceria, polyvinyl alcohol, 

Schwann cells 
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Abstract 

 

Currently, cancer is the most serious health issue and the second largest cause of death in the world. 
Notably among female cancer patients, breast cancer is one of the most prevalent causes of mortality. 
Despite having inherent disadvantages like inadequate therapeutic outcomes and significant toxicity, 
chemotherapy has been recognised as one of the most prominent cancer treatment strategies. In order to 
improve the anti-cancer efficacy of chemotherapy and reduce its off-target side effects, research on cancer 
chemotherapy has recently concentrated on nano-sized drug delivery systems. Thus, use of 
nanotechnology in conjunction with chemotherapy may increase drug absorption and allow for the 
sustained local release of chemotherapeutic agent directly at the malignant site. Paclitaxel (PTX), a member 
of taxane family, is a semi-synthetic alkaloid which inhibits cell division by stabilising microtubules and 
ultimately leads to apoptosis. However, it’s not ideal for therapeutic use because of its poor water 
solubility, limited bioavailability, non-specificity, undesirable side effects, and various biological barriers. 
Therefore, it is necessary to search for novel therapy regimens that may boost the effectiveness of current 
treatment options. 

 
Copper oxide, particular type of metal oxide nanoparticle, has made great advances in recent years in 
improving the efficacy of drug delivery in cancer therapy due to its low production cost, high redox 
potential, minimal toxicity, and wide availability. The principal mechanism of toxicity of CuO NPs is reactive 
oxygen species generation which damage lipids, proteins, and DNA, resulting in apoptosis. It has great 
properties, but its biological uses are limited by its high surface areas (which permit aggregation and 
agglomeration) and toxicity concerns. To counter this effect, coating of a natural biopolymer such as poly 
(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) could be advantageous because it is safe, have good 
absorption capacity, biodegradable, biocompatible, and inexpensive to manufacture. Unlike other 
polymers, it does not break down into acidic breakdown products as certain other polymers do, which may 
be harmful to human tissue. It is important to highlight that the encapsulation of CuO-PTX NPs in the PHBV 
shell and addition of biocompatible hydrophilic PEG coating with functional group (amine) to the 
nanoparticle surface will increase their colloidal stability, protect them from degradation in biological 
systems, minimize their toxicity, and slow down their clearance through reticuloendothelial systems and 
improves the long-term blood flow. Moreover, introduction of folic acid as an active targeting ligand, is a 
stable vitamin B, cheap, and non-immunogenic chemical, can decrease the system's hazardous side effects 
and increase the drug's cellular uptake through nanocarrier in malignant cells. Folate functionalized 
nanoparticles enter cells by receptor-mediated endocytosis and then release anticancer drug, leading to 
more effective cancer cell death with less damage to healthy cells. 

In this work, we developed a multifaceted nanosystem by conjugating PTX with CuO nanoparticles to boost 
its cytotoxicity. Next, we encased the CuO-PTX nanoparticle in PHBV polymer to reduce the toxicity of CuO 
NPs. Finally, we coated the CuO-PTX@PHBV NPs with hydrophilic PEG bisamine to increase their 
hydrophilicity and further functionalized with folate to create targeted CuO-PTX@PHBV-PEG-FA NPs and 
evaluated its ability to reduce human breast cancer development invitro, as shown in Fig. 1. Here, copper 
oxide (CuO) nanoparticles were synthesized through precipitation reaction using a precursor (copper (II) 
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acetate monohydrate), hydrolysing agent (NaOH) and a reducing agent (glacial acetic acid). The formed 
CuO NPs were then loaded with paclitaxel drug through surface adsorption method. After CuO-PTX NPs 
formation, it is loaded into PHBV nanospheres which were prepared through double emulsion (W1/O/W2) 
solvent evaporation technique. Then, functionalized CuO-PTX@PHBV NPs, with PEG bisamine (NH2-PEG- 
NH2) by dissolving it in water. Lastly, covalent binding of folic acid onto the surface of CuO-PTX@PHBV-PEG 
NPs was done to yield CuO-PTX@PHBV-PEG-FA NPs. Different characterization techniques, including XRD, 
FESEM, TEM, FTIR, UV-visible spectroscopy etc., were used to evaluate the constructed nanosystem. 

 

 

 
Fig. 1 Schematic representation of stepwise formation of CuO-PTX@PHBV-PEG-FA nanosystem for cancer 
therapy. 

Finding revealed the monoclinic crystal structure of CuO NPs, shown by the XRD spectra in Fig. 2A, with all 
diffraction planes matching the standard file (JCPDS:80-1268). The morphological feature was 
characterized through FESEM (Fig. 2B) depicting the rod-shaped structure of CuO NPs and Fig. 2C, shows 
the CuO-PTX nanoparticles encasing PHBV nanospheres. The attachment of PHBV polymer, PEG-bisamine, 
and folic acid (FA) to the surface of copper oxide NPs, as well as the conjugation of PTX drug, are further 
confirmed by EDAX spectra, as shown in Fig. 2D. The internal microstructure of CuO NPs were revealed 
through TEM analysis in Fig. 2E depicting the uniform rod like structure while Fig. 2F shows the presence 
of CuO-PTX NPs wrapped in PHBV polymer matrix confirming the coating of biodegradable PHBV polymer. 
Fig. 2G illustrates the UV–vis spectroscopy data, confirming the formation of CuO by demonstrating a peak 
at 220 nm. Moreover, peak shifting from 220 to 229 nm confirms the formation of CuO-PTX NPs. The 
absorption peak around 280 nm and 360 nm area attributable to FA in the final formulation, CuO- 
PTX@PHBV-PEG-FA, indicates easy integration of FA into CuO-PTX@PHBV-PEG-FA nanosystem. In Fig. 2H, 
we see the zeta potential that is a crucial indication of the stability of nanoparticles in suspension owing to 
electrostatic repulsion between nanoparticles. Zeta potential was measured to be -25.67 mV for bare CuO 
NPs and -12.5 mV when PTX was placed onto the surface. The improved dispersion stability of the CuO- 
PTX@PHBV-PEG-FA NPs may be attributed to their substantially lower absolute zeta potential of -20.3 mV 
in comparison to that of CuO-PTX@PHBV-PEG NPs (-8.21 mV). This could be due to presence of carboxylic 
acid in the structure of folic acid. Further investigation into the stepwise immobilisation of various chemical 
functional groups within the CuO NPs is indicated in Fig. 2H by FTIR spectroscopy, affirming the successful 
formation the CuO-PTX@PHBV-PEG-FA nanosystem. 
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Fig. 2 (A) XRD analysis of CuO NPs (B-C) FESEM images of copper oxide nanoparticles and CuO-PTX@PHBV- 
PEG-FA NPs. (D) EDAX spectra of CuO-PTX@PHBV-PEG-FA nanosystem. (E-F) TEM image of bare CuO NPs 
and the constructed CuO-PTX@PHBV-PEG-FA nanosystem. (G) UV-visible absorption spectra of CuO, CuO- 
PTX, and CuO-PTX@PHBV-PEG-FA NPs. (H) Zeta potential analysis of different samples. (I) FTIR spectra of 
(a) CuO-PTX (b) PHBV (c) CuO-PTX@PHBV (d) CuO-PTX@PHBV-PEG and (e) CuO-PTX@PHBV-PEG-FA NPs. 

Invitro release of PTX drug from CuO-PTX@PHBV-PEG-FA NPs was studied in acidic (pH 5.0) and 
physiological environment (pH 7.4). As can be seen in Fig.3A, drug release occurs more rapidly at pH 5.0 
compared to pH 7.4. In this study, we show that PTX was released from folate-modified CuO-PTX@PHBV- 
PEG NPs in a pH-dependent and controlled manner, with the amount of drug release, progressively rising 
as pH value of the release medium declined. CuO-PTX@PHBV-PEG-FA NPs released 72.5% of their drug 
load after 96 hours when the pH was 5.0, but only 35.4% when the pH was 7.4. Because of this, we can 
confidently say that the release of PTX from CuO-PTX@PHBV-PEG-FA NPs is slow and controlled. Following 
these test, hemolytic potential of nanosystem was also evaluated when administered intravenously. 
Although hemolysis level increased dose-dependently, as shown in Fig. 3B, the highest value was 4.2%, 
which is less than 5%, considered safe for superior blood biocompatibility. The cytotoxicity of nanosystems 
is crucial in evaluating their potential for usage in anticancer applications. Thus, invitro biocompatibility of 
blank nanoparticle (drug free) was evaluated as shown in Fig. 3C and over 80% of MCF-7 cells survived upon 
treatment with a concentration range of (10–500 µg/mL) for 48 hours demonstrating that nanoparticles 
are non-toxic and biocompatible in nature. Moreover, cell viability of MCF-7 cells was found to be 
approximately 87%, 82%, 61%, 49.5%, and 42% after 48 h of exposure to CuO-PTX@PHBV-PEG-FA NPs at 
concentrations range 10, 20, 50, 100, and 150 µg/mL, respectively, demonstrating that the developed 
nanosystem is more efficacious than free PTX in killing breast cancer cells. 



128 

 

 

 

 
 

Fig. 3 (A) In vitro paclitaxel release from CuO-PTX@PHBV-PEG-FA NPs in PBS (pH 7.4) and (pH 5.0). (B) 
Hemolysis profile of CuO-PTX@PHBV-PEG-FA NPs at different concentrations. (C) Biocompatibility analysis 
of drug free CuO@PHBV-PEG-FA nanosystem for 48 h. (D) MTT analysis of the constructed CuO- 
PTX@PHBV-PEG-FA nanosystem and free PTX for 48 h. 

Live-dead (AO/EB) staining assays on MCF-7 cells provided additional confirmation of CuO-PTX@PHBV- 
PEG-FA efficacy in comparison to free PTX. In a series of experiments, cells were treated with IC50 and then 
incubated for 24, and later 48, hours. Analysis of apoptosis induced by CuO-PTX@PHBV-PEG-FA showed 
that MCF-7 cells were unaffected in the control, but that after 48 hours of treatment, most of cancer cells 
were moved to early/late apoptotic phase to necrotic phase and then ablated (Fig. 4A). So, it seems that 
CuO-PTX@PHBV-PEG-FA NPs are more therapeutically efficacious than free PTX, as early AO/EB staining 
data correlates well with cell viability studies. Furthermore, damage to DNA, proteins, and lipids, among 
other biological macromolecules, may result from oxidative stress, which is caused by the production of 
reactive oxygen species (ROS). A rise in ROS generation, as seen by the DCFDA test in Fig. 4B, substantiates 
the hypothesis that CuO-PTX@PHBV-PEG-FA might cause oxidative stress when exposed for longer time. 
Cell viability was also seen to be lower in CuO-PTX@PHBV-PEG-FA exposure for 48 hours compared to 
controls. Thus, the CuO-PTX@PHBV-PEG-FA nanosystem was identified to cause cell death by releasing 
reactive oxygen species. 
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Fig. 4 (A) Live/Dead analysis of MCF-7 cells upon treatment with free PTX and CuO-PTX@PHBV-PEG-FA NPs 
for 24 and 48 h. (B) ROS formation by free PTX and developed CuO-PTX@PHBV-PEG-FA nanosystem for 
two different hours (24 and 48). 

Overall, the pH-triggered controlled chemotherapeutic delivery of PTX from CuO-PTX@PHBV-PEG-FA 
nanosystem for the treatment of breast cancer was confirmed to be effective. Its dispersibility, 
biocompatibility, stability, and safety were all top-notch. The designed nanosystem was studied using UV- 
vis spectroscopy, FTIR, Zeta potential, XRD, FESEM, and TEM. Significant blood compatibility was also 
shown by a hemolysis test. The efficacy of CuO-PTX@PHBV-PEG-FA NPs were revealed through invitro MTT, 
apoptosis and ROS determination assays. Using MTT assay, which measures cytotoxicity in cells, we found 
that the CuO-PTX@PHBV-PEG-FA nanosystem inhibited the growth of MCF-7 cancer cells. This was due to 
the nanosystems ability to generate reactive oxygen species (ROS), which induced oxidative stress in the 
cancer cells and led to their eventual death. Our multifunctional therapeutic nanoplatform has the 
potential to be a competitive agent for targeted cancer therapy and a valuable resource for the 
development of synergistic cancer therapies. 
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Abstract 

The leading cause of bacterial diarrhea and the second leading cause of diarrheal deaths is Shigella, 
responsible for >0.2 million deaths in 2016. It causes shigellosis, symptoms of which are abdominal 
cramps, tenesmus, diarrhea (bloody), fever, vomiting and nausea. Associated complications range 
from severe dehydration, toxic megacolon, hemolytic uremic syndrome, rectal prolapse, seizures 
(especially in children) to sepsis and death in neonates and malnourished children with long-term 
repercussions like stunted physical growth and reactive arthritis. The effects are more damaging in 
developing parts of the world with lack of access to clean drinking water, hygiene, nutrition and 
healthcare. 
Even when multiple strains of Shigella have developed drug resistance and recent major outbreaks are 
caused by resistant Shigella, unfortunately, a commercial vaccine is yet to be available. Hence, the 
requirement for a Shigella vaccine is paramount. Since, Shigella has four species with >50 serotypes 
and subserotypes, development of a vaccine protecting against all Shigella is a challenging task. 
Therefore, despite considerable efforts towards development of a translatable vaccine, several 
challenges including low immunogenicity and/or serotype-specific narrow-range protection impede 
progress. In this context, conserved antigens common to all Shigella are of particular interest for 
providing cross-protection. 

All Shigella infect host cells using a needle-like structure referred to as the Type III secretion system 
(T3SS). A few proteins of this system known as invasion plasmid antigens (Ipa) such as IpaB, IpaC and 
IpaD (available at the tip of T3SS during host cell infection) have shown cross-protective ability against 
heterologous Shigella in their recombinant forms. Recombinant proteins are of significance because 
they do not involve pathogenic Shigella in the purification process which reduces cost and exposure 
to pathogenic hazard. A complex of Ipa proteins IpaB and IpaC along with lipopolysaccharide (LPS) 
(Invaplex) has been previously shown to have significant protective ability and is currently under 
clinical trials. However, instability of recombinant Ipa proteins and requirement of continuous cold- 
chain transportation and storage raises major hurdles for facile and rapid development of a 
translatable vaccine. This prompted us to stabilize recombinant IpaC (S. dysenteriae 1-most unstable 
IpaC) which provided cross-protection against heterologous Shigella challenge without an adjuvant. 
Further, as polymeric particulate vaccine systems are an attractive strategy which involve 
encapsulation of immunogens in a particle matrix that protect the encapsulants from pre-mature 
degradation and are associated with slow and sustained controllable release, it not only minimizes 
dosage but also leads to long-lasting immune activation. Hence, we encapsulated the minimum 
protective dose of stabilized IpaC into polymeric nanoparticles to develop a single dose nanovaccine. 
Since, the polymer used for the system can significantly affect antigen release kinetics and in turn, 
immune activation, we chose the most widely explored safe (FDA approved for a few drug delivery 
applications) polymer for drug/antigen delivery systems with known adjuvanticity which surprisingly 
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had never been explored for shigellosis, the biodegradable poly (lactide-co-glycolide) or PLGA. In order 
to further improve the efficacy of the nanovaccine, we explored encapsulation of stabilized 
recombinant IpaC and immunodominant region of recombinant IpaB (IpaB44-310) as antigens and LPS 
as an immunostimulant into PLGA systems which were amenable to lyophilization enabling room 
temperature stability/transportation. 
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Figure 1. Characterization of nanoparticles (NPs) and released encapsulants. a Scanning electron 
micrographs (scale bar- 200 nm). b Hydrodynamic size (polydispersity index) and (c) Zeta potential of– 
Control NPs (Blank), LPS encapsulated NPs, IpaB44-310 encapsulated NPs and IpaC encapsulated NPs 
respectively. The NPs were dissolved and the released encapsulants were analyzed. d Silver staining 
of released LPS. (e & f) SDS PAGE of released IpaB44-310 and IpaC respectively (arrow heads pointing to 
bands). g Release of model antigen IpaB44-310 as a function of time. 

Strategic surface modification of the particles (expected to result in greater vaccine efficacy) were 
performed by mimicking biological aspects of pathogenesis. Immunostimulants like CpG DNA 
(synthetic oligodeoxynucleotides containing CpG motif frequently present in bacterial genome) 
considered as pathogen-associated molecular patterns (PAMPs), are widely used in biomimetics for 
their ability to generate robust antibody titers and increased Th1 response when added to protein 
vaccines. As surface modification/biomimicking using CpG DNA increases vaccine efficacy of 
nanoparticles (NPs), we conjugated CpG DNA on the surface of PLGA NPs. Further, as increasing 
cellular uptake can reduce vaccine dosage, Shigella Ipa proteins such as IpaC which play a vital role for 
pathogen entry by polymerizing actin, was explored as a biomimetic strategy to facilitate the process 
of cellular uptake and consequential efficiency of the nanovaccines (NVs). 
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Figure 2. Characterization of surface-modified nanovaccine. a Gel electrophoresis of - 1% CpG DNA 
(lane 1), unconjugated CpG DNA in the supernatant (lane 2), washings of consequent steps (lanes 3 
and 4). b Quantification of DNA band intensities in (a) using ImageJ to obtain probable conjugation. c 
Quantification of probable conjugation using Nanodrop. (d to g) ATR-FTIR analysis depicting 
characteristic/sample-specific peaks for – (d) PLGA NP, (e) PLGA NP in IpaC solution, (f) CpG DNA 
conjugated PLGA NP and (g) CpG DNA conjugated PLGA NP in IpaC solution. (h) Scanning electron 
micrographs (scale bar- 500 nm), (i) average hydrodynamic size, and (j) average zeta potential of NV1, 
NV2 and NV3 respectively (n=6). *p<0.05, **p< 0.01 and ****p<0.0001, indicate statistically 
significant difference between the respective groups; ns- non-significant. (k-l) Pictorial representation 
of NVs and their components. 
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Figure 3. Cytocompatibility of nanovaccines. Quantification of LDH release-based cytotoxicity of the 
nanovaccines and control NP when compared to lysis buffer (unpaired t-test, ***p=0.0007 with 
respect to lysis buffer, n.d.- non-detectable). 
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Figure 4. Cellular uptake of nanoparticles in presence of IpaC. a FESEM images of fluorescent NPs - 
control and CpG DNA modified (scale bar – 500 nm). b Confocal microscopy images of Caco2 cells 
incubated with nanoparticles [row 1- unmodified control NPs, row 2- unmodified NPs in presence of 
IpaC (NP + IpaC), row 3- CpG DNA modified NPs in presence of IpaC (NP-CpG DNA + IpaC)]. Blue color 
depicts DAPI staining of the nuclei and red colour depicts NPs encapsulating TRITC-conjugated IpaB44- 
310 (scale bar- 8 µm). c Quantification of nanoparticle uptake using Fiji software (One-way ANOVA, ns 
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is non-significant; *p< 0.05 and ***p=0.0002 indicate statistically significant difference of the IpaC 
treated groups with respect to control). 

 

Another desirable factor for translatable vaccines is non-invasiveness of vaccine administration as it 
results in higher patient compliance with potential for mass immunization especially when the target 
population is children. Non-invasive intranasal route of immunization provides higher protection from 
pre-mature degradation unlike the oral route due to the lack of an acidic environment. It is also 
associated with lesser accumulation in vital organs like liver and faster absorption owing to a large 
absorption surface. It can result in distant site-specific immunity (including the intestinal site, relevant 
for shigellosis) along with enhanced mucosal as well as systemic immunity due to the common 
mucosal immune system. 

Therefore, we describe PLGA nanoparticle-based intranasal vaccines encapsulating Shigella antigens 
and immunostimulant with increasing level of complexity [NV1, NV2 and NV3] to arrive at an 
appropriate vaccine. The encapsulants were conserved recombinant Shigella antigens IpaB44-310 or 
IpaC or the immunostimulant LPS of S. dysenteriae 1 (Sd1) origin. These antigen/immunostimulant 
loaded nanoparticles were surface modified with CpG DNA and/or IpaC using facile chemistries to 
obtain biomimetic nanovaccines. The immunized mice were intraperitoneally challenged with a high 
dose of heterologous S. flexneri 2a (Sf2a, most common Shigella globally) and observed for visible 
diarrhea and weight loss. Additionally, the possibility of passive protection was also explored. 
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Figure 5. Protective efficacy of nanovaccines. a Schedule of immunization. b Immunoblot against S. 
dysenteriae 1 (Sd1) and S. flexneri 2a (Sf2a) using 28th day sera of nanovaccine immunized mice. c 
Serum IgG and (d) IgA antibody titer assessed by ELISA (n=3, mean ± S.D.) (two-way ANOVA, Tukey’s 
multiple comparisons test, ****p<0.0001 indicate statistically significant difference with respect to 
control, x-axis represents days of blood collection). e Level of IL-6, IL-10 and IFN-γ cytokines in sera of 
immunized mice at 35th day of primary immunization quantified using cytokine ELISA (normalized with 
control) (one-way ANOVA, Tukey’s Multiple comparisons test; for IL-6 ***p<0.001 and ****p<0.0001 
indicate statistically significant difference between the respective groups; for IL-10, **p<0.01 and 
***p=0.0004 indicate statistically significant difference between the respective groups; for IFN-ɣ, 
*p<0.05, **p<0.01 and ***p=0.0001 indicate statistically significant difference between the 
respective groups; ns indicates non-significance). f Visible diarrhea was observed in control/blank NP 
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group (left image) and solid fecal pellet was observed in all immunized groups (right, representative 
image), 4 h post intraperitoneal challenge with heterologous Shigella. g Percentage loss of weight in 
the treated groups 12 h post challenge (Kruskal-Wallis test, Dunn’s multiple comparisons posttest, 
****p<0.0001 indicates statistically significant difference of the treated groups with respect to 
control). h Percentage survival of the treated groups against intraperitoneal challenge with 
heterologous S. flexneri 2a, 1 X 109 CFU (Log Rank test ***p=0.0001 indicates statistically significant 
difference with respect to control) (n=14). (i to j) Passive immunity analysis- mice immunized with NV1 
were bred to produce progeny after 3rd dose of immunization (28 days) and the obtained 5 day old 
neonates were orally challenged with S. flexneri 2a, 5 X 108 CFU (Log Rank test **p=0.0075 indicates 
statistically significant difference with respect to control) (n=8). 

The antibodies in sera of NV-immunized mice could recognize heterologous Shigella and resulted in 
high antibody and cytokine response. Immunized groups were protected from diarrhea and weight 
loss with ~70-80% survival upon heterologous Shigella challenge. The simplest NV showed ~88% 
survival in neonates. 

 

Overall, we describe a facile platform technology for the rapid development of non-invasive and 
cross-protective biomimetic nanovaccines for shigellosis. 
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Abstract 
 

4D printing of shape memory polymers (SMPs) and composites has been realized for a multitude of 
applications spanning across healthcare, soft robotics, environment, space, etc. However, 
demonstrating such materials for in vivo applications has not been possible to a large extent due to 
unavailability of suitable materials with recovery temperatures around physiological levels. Also, 
direct heating to trigger shape recovery in SMPs is not a very practical and elegant approach in many 
cases. In this study, polylactide-co-trimethylene carbonate (PLMC), a SMP, has been endowed with 
magnetic iron oxide (Fe3O4) nanoparticles to realize remote heating under alternating magnetic field 

and at 40°C. The PLMC- Fe3O4 composites were 3D printed into a variety of shapes including scaffolds, 
fixed into pre-programmed temporary shapes to be deployed minimally invasively, and then 
recovered into original shapes under magnetic actuation. The shape recovery was excellent (>99%) 
and rapid (<30 s). Additionally, these magnetic composites could potentially be guided to the site of 
deployment through permanent magnets. Both PLMC and its composites were printed in distinct 
regions of a single structure, deformed, and then recovered by selective and sequential stimuli of 
magnetic field and heat respectively. The materials (both PLMC and its composites) exhibited 
favorable in vitro and in vivo biocompatibility, thus highlighting their usefulness for being used as 
deployable medical devices and tissue scaffolds among other applications. 
Keywords: shape memory polymers; magnetic field; minimally invasive surgery; deployable; 
nanocomposites 

Polylactide-co-trimethylene carbonate (PLMC), a biodegradable polymer, has been explored as a 
versatile shape memory polymer in some studies for biomedical applications. The distinct advantage 
is its glass transition temperature (Tg) that lies close to the physiological temperature, rendering it a 
promising candidate for in vivo applications. However, triggering shape recovery through direct 
heating is not feasible in many cases, particularly for in vivo applications requiring intraoperative 
stimulation. Owing to poor thermal conductivity of polymers, the entire surrounding region must be 
heated up, which could take long time. Thus, athermal heating, which is possible by careful selection 
of the nanofillers incorporated in the polymer matrix is a potential viable means of exploiting the 
shape memory materials for remote actuation. Magnetic field is one of the potential ways of remote 
actuation of these materials via indirect heating. The most used nanofiller in this regard is iron oxide 
(Fe3O4) nanoparticles which have excellent inductive heating ability. Fe3O4 nanoparticles have far 
reaching applications in biomedicine, including hyperthermia for cancer treatment, magnetic 
resonance imaging contrast agents, etc. These nanoparticles also have the ability to transfer energy 
from the radio-frequency field to surrounding media via heat dissipation. However, utilizing Fe3O4 

nanoparticles to activate recovery of SMPs is barely explored. So far, one study has reported 
incorporation of Fe3O4 in PLA and crosslinked PLA matrices to yield composites and demonstrated the 
shape recovery of the composites inside alternate magnetic field. However, the drawback of this 
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material is its high recovery temperatures (70°C), complex chemical modifications to crosslink PLA, 
difficult processability involving solvents, high filler concentrations, etc. The other few studies based 
on PLA and Fe3O4 composites are also not devoid of the mentioned drawbacks which limit their 
applications in vivo as deployable scaffolds. 

In this work, PLMC as a SMP has been endowed with Fe3O4 nanoparticles to realize remote actuation 
through magnetic field. PLMC- 5% Fe3O4 composites were 3D printed via extrusion-based technology 
into simple two-dimensional (2D) shapes and 3D shapes, including tissue scaffolds (as shown in Fig 1). 

 

Fig. 1 Schematic representation of the 3D printing of PLMC and composites, shape recovery by direct 
heating and under alternating magnetic field, and biocompatibility 

PLMC typically exhibits glass transition in the broad range of 20°C to 45°C, depending on its molecular 
weight, monomer (lactide(L):trimethylene carbonate(TMC)) ratio, etc. The ratio of L:TMC was 70:30 
in the copolymer used in this study. PLMC- Fe3O4 composites containing 5 wt % Fe3O4 nanoparticles 

(50-100 nm diameter) were prepared by solvent casting. As seen from Fig 2a, DSC (differential 

scanning calorimetry) thermograms reveal the Tg of PLMC to be 33°C, whereas that of the PLMC- 

Fe3O4 (5%) composite is marginally lower (by 3°) at  30°C. This change is attributed to the plasticizing 
effect of the nanoparticles, which reduces the thermal energy required for the segmental motions of 
the polymer chains. 

Fig 2b reveals the tan δ values of PLMC and its composite, as recorded from temperature sweeps 
performed by DMA (dynamic mechanical analysis). Tg calculated from the peak of tan δ of PLMC is 
53°C whereas it is 51°C for the composite. It is to be noted that DSC captures the thermal transitions 
in a polymer alone, without accounting for mechanical forces which might influence the Tg values. In 
contrast, DMA is a more sensitive technique which captures the mechanical vibrations inside the 
polymer chains along with the thermal transitions, thereby resulting in different and higher Tg values 
than from DSC29. Also, the polymer specimen remains stretched in DMA whereas DSC measures the 
Tg of unstretched samples30. 

The TGA (thermogravimetric analysis) results indicate that thermal degradation of PLMC starts at  

240°C whereas the composite starts to degrade at  285°C, as observed from Fig 2c. These data aid in 
determining the optimal printing temperatures and times, to mininimze thermal degradation of the 
materials during melt extrusion-based 3D printing. TGA also confirmed the nanofiller content in the 

polymer matrix to be 5%. As observed from Fig 2d, the DTG (derivative thermogravimetric analysis) 
curves show the temperature of maximum decomposition rate for PLMC to be 300°C and composite 
to be 310°C. 
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Fig 2: Thermal Characterization of PLMC and composites a) DSC thermograms, b) tan δ (damping 
factor) as function of temperature, c) TGA curves, and d) DTG curves versus temperature. 

Magnetic composites offer a potential benefit allowing for a contactless recovery through inductive 
heating, which is highly localized and does not require heating of the adjacent tissues to minimize 
damage. 3D printed composite porous scaffolds (printed using 30% rectilinear infill pattern) 
demonstrate immense potential for potential application in tissue engineering, which in its original 
disc confirmation cannot be delivered through a narrow tube in a minimally invasive manner. The 
scaffold could be easily deformed and fixed into compact form to enable delivered through a tube. 
The scaffolds showed excellent shape recovery (>99%) within 15 s on stimulation with a magnetic 
field, as shown in Fig 3a. Fig 3b shows constricted shape recovery of a deformed shape inside glass 
tube. 

Next, neat PLMC (white) and the magnetic PLMC composite (black) were 3D printed into defined 
regions of single structures of several designs, as compiled in Fig 4. The structures were deformed and 
fixed into pre-programmed shapes below the Tg. Subsequently, these dual material parts could be 
recovered to their original shape in two steps. The portions prepared from the composite alone 
recovered with the application of an alternating magnetic field, as neat PLMC is not magnetically 
responsive. The partially recovered structures are stable, unless direct heating stimulus is provided, 
when PLMC regions also began to recover to yield completely recovered structures. This offers 
sequential and selective stimulation of parts in a structure Such concepts could find use in soft 
robotics, grippers, etc. wherein distinct regions of a macro-structure need to be actuated at one time. 
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Fig 3: a) Shape recovery of 3D printed PLMC-Fe3O4 composite as a deployable tissue scaffold under 
alternating magnetic field; i) As-printed disc-shaped porous scaffold, ii) Scaffold is unable to pass 
through a tube in its original conformation, iii) Deformed and fixed scaffold (<Tg) iv) Fixed scaffold can 
be deployed through tube (>Tg), v) Recovered scaffold (Scale bar = 5 mm); b) Restrictive shape 
recovery of pre-programmed shape to original shape ; b) As-printed PLMC-5% Fe3O4 composite, ii) 
Deformed and fixed shape, iii) Magnetically guided and recovery of pre-programmed structure into 
original shape under alternating magnetic field. (Scale bar = 10 mm. 
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Fig 4: Shape recovery of 3D printed PLMC and PLMC-Fe3O4 composite dual structures sequentially and 
selectively actuated under alternating magnetic field and then direct heat; a1) Dual-printed star, a2) 
Deformed star, a3) Partially recovered star by indirect heating, a4) Fully recovered star by direct 
heating, b1) Dual-printed cross, b2) Deformed cross, b3) Partially recovered cross by indirect heating, 
b4) Fully recovered cross by direct heating, c1) Dual-printed butterfly, c2) Deformed butterfly, c3) 
Partially recovered butterfly by indirect heating, c4) Fully recovered butterfly by direct heating, d1) 
Dual-printed petal, d2) Deformed petal, d3) Partially recovered petal by indirect heating, d4) Fully 
recovered petal by direct heating (Scale bar = 10 mm) 

 

 
 

Fig 5: In vitro and in vivo biological characterization of PLMC and composites. a) Live-dead assay, 
Cytoskeletal staining and Alamar blue assay; b) Histological staining of skin, liver, and kidney sections 
in SHAM, PLMC and composite groups at day 14 of subcutaneous implantation in Wistar rats 
The biocompatibility of PLMC is reported but that of the composite is not established and is essential 
for applications in vivo. The in vitro cytocompatibility of the materials was assessed using NIH 3T3 cells 
and in vivo studies were performed in Wistar rat models. The favorable biocompatibility results 
combined with remote deployability offered by the magnetic composites offer huge promise in next 
generation medical devices. 
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Abstract 

 
Aloe vera (AV) gel has fascinating and numerous medicinal properties and has been immensely used 
for centuries. However poor mechanical strength constraints its use in biomedical applications. In the 
current study, a hybrid hydrogel of bovine serum albumin (BSA) based amyloid with AV gel was 
synthesized with tuneable mechanical properties. Our hybrid AV+BSA hydrogel showed excellent 
porous morphology, self-fluorescence, non-toxicity, and controlled rheological properties. In vitro 
study synthesized AV+BSA hydrogel was tested for its wound healing property with 3T3 fibroblast cell 
wound healing. Furthermore, in vivo experiment, AV+BSA hydrogel was demonstrated on a diabetic 
mouse skin model for promising chronic wound healing via collagen crosslinking. In addition, we 
demonstrated 3-D printing of hydrogel which can be further adapted for the treatment of various 
wound types. The 3-D geometry shows excellent shape fidelity and mechanical properties which can 
be utilized for personalized treatment of rapid chronic wound healing. Taken together, our novel 
hydrogel might have great potential as a bio-ink in tissue engineering as a dermal substitute for 
customizable skin regeneration. 

 

 
The rheological properties of hydrogels play vital role for 3D extrusion to fabricate required structure. 
For 3D printing, hydrogels must possess shear thinning behaviour. This behaviour is characterised by 
change in viscosity as the shear rate increased fig 2. From fig 2C, smooth curves revealed that 
hydrogels show excellent shear thinning nature which indicates that hydrogels are uniformly cross- 
linked. Under shear, superstructures have been broken down into their aggregates and hence 
formerly immobilized hydrogel network results in free to move with increasing shear rate. 
Interestingly all hydrogels show similar shear thinning behaviour when shear rate decreased from 100 
s-1to 1 s-1. 
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Fig 2 Rheological characterization of hydrogels. (A) Amplitude swep (B) frequency sweep at a fixed 
frequency of 10 rad⋅s-1, (C) viscosity sweep at a fixed shear strain of 0.1%, and (D) temperature stress- 
sweep. 

The viscoelastic properties are further evaluated by performing amplitude sweep (Fig 2A) and 
frequency sweep (Fig 2B). Amplitude sweep performed to determine yield stress and deformation 
behaviour or linear viscoelastic range (LVR) in non-destructive deformation range at constant 
frequency. In LVR, storage modulus G’ and loss modulus G’’ are independent of applied shear strain 
and hence the curve of G’ is used to determine limiting value or linearity limit of LVR in terms of strain 
as a percentage. The limiting value was determined at the point where the G’ suddenly decreased. As 
can be seen from fig for all gels throughout G’ > G’’ indicating predominant elastic nature and long- 
term storage stability due to stable network of forces. Additionally, both G’ and G” are constant and 
independent across entire frequency range 0.1 rad/s to 10 rad/s. Further temperature ramp also 
performed to determined gelation point and phase change. To evaluate this, G’ and G” were plotted 
as function of temperature at constant frequency 10 rad/s and strain 1%. Initially at low temperature, 
loss modulus was dominant due to low viscosity after that at particular temperature there is sharp 
increase in storage modulus due temperature at that particular hydrogel.From fig 2D it is clearly seen 
that the gelation temperature increased with AV concentration, indicating late-onset gelation, which 
is further supported by the vial inversion test. 

UV-vis spectroscopy has been studied to further investigate of the gelation process (Fig 3A). It is well 
reported that typical UV absorption observed in Phyto-extract arise due to existence of conjugated 
double bonds presented in phenolic compounds of Phyto-origin. Interestingly hybrid hydrogel of BSA 
+ AV, particularly A8B8 and A6B8 shown broad absorption over the entire range indicating possibility 
of generation of multiples new fluorescent moieties on the surface during the gelation process. The 
photoluminescence (PL) of composite hydrogels was studied and compared with pure AV hydrogel 
and controlled BSA hydrogel. Fig 3B shows the fluorescence spectra with excitation wavelength 360 
nm. As expected, all the hydrogels exhibited blue auto fluorescence at the wavelength 432 nm. In 
composite hydrogels, self-quenching fluorescence observed at higher concentrations aloe vera. The 
exact mechanism of this phenomenon is still debate, however processes such as electron transfer, 
energy transfer and formation of new complex compounds might be responsible for self-quenching 
fluorescence. 

A B 

C D 
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Fig 3 Optical characterization of hydrogels. (A) UV-Vis absorption spectra (B) PL spectra and (C) FTIR 

spectra 

Fourier transform infra-red (FTIR) spectroscopy has been performed to identify chemical bonding and 
functional groups present in hydrogels of different compositions. Full scan FTIR spectra (4000 cm-1 to 
500 cm-1) has been recorded for all samples as described in figure Fig 3C. All the samples (BSA, AV 
and compositions) show the broad and intense peak at 3500 cm-1 due to -OH stretching groups and 
absorbed water. Also, there might be possibility of formation of ionic bonds between positively 
charged molecules of AV and BSA resulting in formation of polyanionic-polycationic complex. But FTIR 
spectra not able to determine the formation of new complex between AV and BSA due to their similar 
functional groups. 

TGA was performed to determine thermal degradation behaviour and presence of components in 
hydrogels. Fig shows TGA thermograms for all samples. The pure AV gel and hybrid hydrogels shows 
degradation and weight loss at different temperatures indicating some chemical modification carried 
out in hybrid hydrogels after heating. On the other hand, composite samples and pure BSA hydrogel 
shows similar behaviour with significant shifting in second weight loss arises due to protein 
degradation towards high temperature suggesting that hydrophilic properties improved with better 
thermal stability. These results confirmed that weight loss of composite hydrogels in overall 
temperature range increased with AV content. 

Surface morphology and porosity of hydrogels was provided by SEM images of lyophilised samples as 
depicted in fig 4. Clearly all composite hydrogels exhibit highly porous structure with micron sized 
voids.In addition, we determine true gelation temperature of composite hydrogels by rheometer 
temperature sweep. It would be noted that SEM images were in consensus with rheological 
characterizations. 

The swelling of the lyophilized hydrogel was examined to investigate the capability of hydrogel 
dehydration for transportation/storage and prior-to-use rehydration as a wound dressing. We 
hypothesize that high swelling ratio of composite hydrogels is due to uniform and interconnected 
voids which provide adequate free volume to accumulate the water entering in the hydrogels. Thus, 
this pattern of swelling ratio is good agreement with SEM images and rheological observations. 

A B 

C 
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Fig 4 The microstructure of the composite hydrogels. 

Biocompatibility was studied by culturing fibroblast cell line (NIH3T3) for 24, 48 and 72 h. The cell 
viability of the hydrogels was assessed by the MTT assay. Compared to control, hydrogels show slight 
difference in fibroblast cell viability after 24 hr, 48 hr and 72 hr. The good cytocompatibility of 
composite hydrogels provided assurance for future skin wound treatment applications. 

 

Fig 5. % viability of A2, A3, A4, A5 on NIH-3T3 cell line after 24 hr, 48 hr and 72 hr 

 
As shown in Fig 7, medium with hydrogel promoted the healing in an in-vitro cells model. Moreover, 
the figures shows that the exposure to hydrogel has reduced the scratch area of the wound (Fig 7) 
after 24 hours as compared to control. Similarly, we can observe that after 24 hours the scratch width 
was also reduced in the presence of the hydrogel. The standard deviation of the scratch width, which 
is likely an indicative of the heterogeneity of the scratch width at each time point and it suggests 
differences into how the cells migrate. As it was expected, deviation of the width appears not a 
function of the evaluated times or used medium. Finally, we can observe in Fig 1 that, after 24 hours, 
the rate of cell migration of cells exposed to hydrogel increases and approaches an average value of 
4.21 μm /hour as compared to control until the end of the experiment. 
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Fig 6. Hemolytic activity of hydrogels 
 

Control A8B0 A0B8 A8B8 
 

 
 

Fig 7 Time lapse (0 and 24 hours) images of wound healing closure in NIH-3T3 cells exposed to 

hydrogels. 

Composite hydrogel scaffolds were printed in this study using an extrusion-based benchtop 3D printer. 
Figure 8 shows photographs of freshly printed and lyophilised hydrogel scaffolds. 

 
 
 
 
 
 

 
A B 
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Fig 8. 3d printed hydrogel scaffold. (A) Freshly printed sample (B) Freeze dried sample. 

The 3d printed hydrogel scaffold’s wound healing activity was evaluated in diabetic mouse models in 
vivo (Fig 9). The results showed that the recovery rate of wounds treated with composite hydrogel 
(A6B8) was the fastest of all treatments, indicating that coposite hydrogel had the best wound healing 
effect. AV has the ability to penetrate skin tissue and act as a whole in the wound healing process, 
increasing the activity of biological factors involved in the repair process. Meanwhile, AV can reduce 
leukocyte adhesion and thus inhibit inflammation. AV has previously been thought to have the 
characteristics and beneficial effects of curing skin inflammation. 

 
 

Fig 9 Effects of 3d printed hydrogels on infected chronic wound healing in vivo. 

Herein, a novel and hybrid hydrogel has been developed by integrating AV in BSA amyloid fibrils at 
various compositions. As far as we are aware, we are the first to develop printable hydrogel based on 
AV and amyloid fibrils. The proposed hydrogel was thoroughly characterized to determine physical 
and chemical properties which revealed a highly porous structure, excellent UV absorption, bright 
fluorescence, and tuneable rheological properties. We confirmed the rapid chronic wound healing 

Control A8B0 A8B8 
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performance of prepared hydrogel in vitro and in vivo. Moreover, we developed stable 3D printed 
geometries with high shape fidelity for customized wound dressing. 
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Abstract 
 

The evolution of 3D printing has made a quantum leap in manufacturing biomedical devices, 
presurgical models, constructs, and implants. The ability to fabricate personalized bone implants for 
each patient through 3D printing is an incredible advancement in the field of implantology. Titanium- 
based biomaterials have epitomized the use of metallic alloys in the realm of bone tissue engineering. 
Despite being biocompatible, bioinert, and corrosion-resistant, FDA-approved dense Ti6Al4V implants 
fail to match the elastic modulus of bone (human bone: 1.5–30 GPa; Ti6Al4V: 110 GPa) and thereby 
promote the formation of fibrous tissue or lead to failure of the implant. Porous implants are a 
promising alternative to dense Ti6Al4V implants as their mechanical properties can be tailored to 
match the elastic modulus of the bone while avoiding the stress shielding effect. In addition, porous 
implants facilitate the bone growth and attachment of bone cells from within the pores while 
mimicking bone micro-architecture, providing a better anchorage than their bulk counterparts. 
Consequently, porosity reduces the elastic modulus and facilitates the improved distribution of 
mechanical stresses, a prerequisite for bone growth. 

 
The overall objective of this work is to fabricate Ti6Al4V porous bone implant using 3D printing, which 
will accelerate bone regeneration and possess the following attributes, a) elastic modulus and porous 
architecture to mimic the natural bone, b) micro/nano features to enhance cell adhesion and 
interaction via one-step hydrothermal treatment c) osteogenic microenvironment by incorporating 
collagen and using stem cells therapy. We hypothesize that a 3D printed porous Ti6Al4V implant with 
nano-topography synergizes with collagen and stem cells to augment bone regeneration in bone 
defects (as shown in Figure. 1). 
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Additive manufacturing has opened avenues for enabling the fabrication of patient-specific implants 
with complex geometries and a 3D spatial microenvironment for the proliferation and adhesion of 
cells. The design of an implant, including pore shape, size, and internal architecture, affects the fluid 
flow (blood, nutrients & oxygen) and biological response of the cells (adhesion, proliferation, 

 
 
 
 
 
 
 
 
 
 
 

 

Figure.1 Schematic representing overall objective 

 

differentiation, and cell-cell signaling). Therefore, apart from porosity, the scaffold should also mimic 
the architecture and curvature of the native bone. Triply periodic minimal surfaces (TPMS) have a 
mean curvature value of zero, whereas human trabecular bone has a mean curvature value close to 
zero. Among the several TPMSs shown in Figure. 2a, Schoen's gyroid surface is selected for this study 
based on the following rationale: the gyroid architecture corresponds closely to the human trabecular 
bone's topology and hosts a channel to facilitate fluid circulation like in natural bones. Therefore, the 
Gyroid structure represents a class of biomorphic scaffolds due to their similarity with native bone. 
The gyroid structures with different pore sizes of 250 µm, 300 µm, 350 µm, and 400µm were first 
generated using the Grasshopper plugin in Rhino Software. Then, the developed models were 
fabricated using a Selective laser melting facility at Taltach, Estonia. The absence of nodal points in 
gyroid structures (as shown in the SEM images Figure 2b) results in good fatigue behavior of the gyroid 
scaffold compared with other porous structures. This is because the presence of nodal points in 
different porous structures such as hexagonal, octagonal, cubic, etc. provides points for stress 

 

igure 2. a) schematic showing various Different Triply periodic minimal surfaces b) SEM of Ti6Al4V gyroids with 

fferent pore sizes of 250 µm, 300 µm, 350 µm and 400µm; c) The stress strain curve of Ti-6Al-4V bulk and gyroid 

ith varied pore sizes showing decrease in compressive strength d) Cytotoxicity showing no changes in cell viability 

ith various pore sizes at day1 and 3 . 

 

 

 

 

 

 

 

 

 

 

 
accumulation resulting in crack initiation. 
The compression strength of bulk Ti6Al4V was approximately 1450 MPa. However, the compressive 

strength (Figure 2. c) of the Gyroid structures with different pore sizes was almost 5 to 10 times less 

than bulk Titanium. Among these, the pore size of 250 μm showed a maximum compressive strength 
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of 205.7 MPa. The Ti6Al4V alloy is highly biocompatible, and our results show that irrespective of 

Gyroid structure and pore sizes, all Gyroid structures show more than 80% cell viability (Figure 2.d). 

Based on the above-discussed parameter Gyroid with 250µm size was chosen for further studies based 

on mechanical strength. 

In addition to the design parameters, the surface properties of the implant also play a critical role in 

the implant's integration with the surrounding bone. The cascade of biological activities at the implant 

site depends on surface characteristics such as topography, wettability, charge, and chemistry. 

Furthermore, nano topological features of implants are known to affect the cellular fate and functions. 

Thus, we modified the surface of 250µm gyroid structures at the nano-level using a facile one-step 

method called the hydrothermal treatment. First, the samples were etched with Kroll's reagent 

(HNO3/ HF), followed by washing and hydrothermal treatment in an alkali medium at 225 °C for 5 h. 

The treatment resulted in nanoneedle structures with a diameter < 50nm on the surface of the gyroids 

as visualized by SEM (Figure 3). 
 
 

 

Figure.3 Schematic showing a) autoclave bomb used for hydrothermal treatment b) SEM of surface 

of hydrothermally treated gyroid c) High resolution image of nanoneedle formed on the surface 
 
 

To further enhance the biological activity of hydrothermally treated implant, Collagen type 1 matrix 

was impregnated post hydrothermal treatment in the porous Gyroid implants. Collagen is a naturally 

occurring protein-based polymer touted for its excellent biocompatibility, beneficial interaction with 

cells, and superior biodegradation properties. In addition, it has a vital role in maintaining the 

structural integrity of ECM architecture. The outstanding ability of collagen to mimic and restore the 

structural integrity of ECM is why collagen-based matrices are receiving much attention in tissue 

regeneration. Collagen type 1 (extracted from rat tail) was impregnated inside hydrothermally treated 

gyroids using lyophilization. 

To regenerate the bone tissue faster, we opted for stem cell-based therapy. Mesenchymal stem cells 

(MSCs) can regenerate and differentiate into various lineages, and their reparative effect has been 

evaluated in more than 2500 clinical trials in treating immunological and non-immunological diseases, 

particularly  musculoskeletal  conditions.  Our  approach  was  to  empower  hybrid  implants 
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(hydrothermally treated porous Ti-Al-4V gyroid implants impregnated with collagen matrix) with bone 
 

marrow MSCs to enhance bone integration. Evaluation of quantitative cell viability was done using 

MTS assay on days 1,4,7 and 14. Compared to G and HT, collagen-impregnated samples GC and HTC 

showed a significant increase in cell viability on days 7 and 14, showing the beneficial effect of collagen 

as depicted in Figure 4a. Interestingly, on day 14, HT showed a significant decrease in the viability of 

cells than G. 

The in vitro biocompatibility of gyroid implants was assessed using MSCs isolated from transgenic 

osteoblast reporter mice (IBSP-Topaz/Dmp1-mCherry). BSP-Topaz/DMP1-mCherry mouse is a multi- 

fluorescent protein reporter mouse line. IBSP is an early marker of osteoblast differentiation, and 

DMP1 is a noncollagenous matrix protein in dentin and bone. The Ibsp is an early-stage marker 

indicated by green fluorescence, and DMP1 is a late-stage marker for osteogenic differentiation 

indicated by red fluorescence. MSCs from BSP-Topaz/DMP1-mCherry were seeded on the four 

implants Gyroid (G), Gyroid + collagen (GC), Hydrothermally treated Gyroid (HT), and Hydrothermally 

treated Gyroid with Collagen (HTC), and cultured in osteogenic media. Confocal Imaging of the samples 

revealed that BSP exhibited a faint expression from day 3, which became more evident over time. 

a) ) MTS result after 1,4,7 and 14 days incubation of implants. B) Confocal image of IBSP & DMP1 

expression of MSC isolated from transgenic Ibsp-Topaz/Dmp1-mCherry mice seeded on different 

after 14 days (white bar represents 200µm) 
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While DMP appeared on day 14, as shown in Figure 4b) in red fluorescence representing successful 

osteogenic differentiation. Overall, we observed the osteogenic differentiation ability of cells on the 

implants and their viability. 

Understanding the contribution of transplanted donor cells in overall regeneration is paramount to 

the success of cell-based tissue engineering strategies. Transgenic animals offer a unique aspect of 

providing an in-depth understanding of bone regeneration at the cellular level by expressing donor 

and host participation. Therefore the fabricated 3D-printed hybrid implants were seeded with 

transgenic donor stem cells isolated from Col 3.6 GFP (Green fluorescent protein) mice, and cell- 

seeded implants were then implanted in the calvaria of Host Col 2.3CFP (cyan fluorescent protein) as 

shown in Figure 5 a. After 6 weeks post-implantation, the implants were harvested and imaged using 

ImageXpress Micro Confocal High-Content Imaging System for viewing cellular participation in bone 

formation by following osteoblast reporters shown in Figure 5 b. The invivo investigation 

demonstrated the ability of donor cells to infiltrate and participate in bone generation (green 

fluorescence in Figure 5b). At the same time, the presence of host cells is also detected (blue) in the 

regeneration of bone tissue. The fluorescence associated with donor and host stem cells indicates they 

are both maturing into osteoblast and supporting host integration into the implant. Ongoing studies 

focus on quantitatively determining the host and donor contribution in each of the four different 

implant types. 
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Abstract 
 

The liver is the largest organ of the body and is involved in the metabolism of drugs and xenobiotics, 
detoxification, bile formation and energy synthesis functions. According to a recent study, liver 
diseases account for about 2 million deaths per year worldwide among which drug-induced liver injury 
(DILI) plays a major role. One in 10,000 FDA approved drugs are reported to cause DILI. Patients with 
drug-induced liver injury often progress towards jaundice and liver failure and liver transplantation 
remains the only option for patients with end-stage liver failure. 

 
Hepatotoxic drug screening is majorly done in animal models or in the in vitro systems using primary 
hepatocytes or hepatic cell lines. Mice models are more relevant and closer models to humans in case 
of drug metabolism (due to resemblance of the P450 gene homolog). Drug toxicity of APAP over dose 
is well characterized and studied in the mice models, but with bottlenecks such as high metabolism 
rate of drugs varying within species and sex in mice. Immortalized hepatic cell lines are also not apt 
for drug screening purposes, because they lack the major genes involved in drug metabolism. HepaRG 
cell line, has a closer resemblance to primary hepatocytes and is most widely used in recent times. 
Yet, Primary hepatocytes are the gold standard to determine the drug toxicity in vitro, however they 
are usually difficult to culture in vitro and also dedifferentiate into mesenchymal cell types within a 
few days of culture in vitro, To facilitate long-term growth and cultures of primary hepatocytes in vitro, 
alternative strategies have been tested in the past years. For example, commercially available 
polymeric hydrogels like matrigel and other synthetic scaffolds have been used to provide an 
extracellular matrix (ECM) to maintain the hepatocytes Tissue engineering techniques such as 

electrospinning, freeze drying, particulate leaching and solvent casting have been used for past many years to 
fabricate scaffolds for cells including hepatocytes. Electrospinning is the most used technique to fabricate nano- 
scaffolds, because Nanofibers produced as a result of electrospinning closely mimic the dense collagen network 
of the tissue ECM. Cells cultured on these nanofiber scaffolds serve as a promising mimic to that of the natural 
tissue microenvironment thereby it is highly suitable these fabricated scaffolds as drug screening platforms. 
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Figure1- Overall study design 
With this background knowledge, we hypothesize that nanofiber scaffolds fabricated with the liver 
extracellular matrix can prolong the lifespan of the cultured primary hepatocytes and improvise its 
functions too thereby serving as an ideal platform for drug screening purposes. In the current study, 
we have developed novel nanofiber scaffolds with the help of electrospinning technique using a 
synthetic polymer (PLA) along with native decellularized liver extracellular matrix (LEM). The 
fabricated scaffolds supported functional primary hepatocytes for up to 10 days and also proved to 
be a suitable model for hepatotoxic drug screening. 
Hybrid Nano-fiber scaffolds have been fabricated with the natural component liver matrix and the 
synthetic polymer PLA, pore size determined from the SEM observation of the electrospun scaffolds 
show that they are similar to the pore size of liver tissue (Figure 2). FTIR analysis shows the presence 
of the matrix proteins glycosaminoglycans and collagen in the group containing the LEM. We have also 
observed a decrease in the hydrophobicity of the scaffold after the incorporation of the LEM, it has 
been verified with contact angle measurement (data not shown) 
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Figure 2- Characterization of the electrospun nanofiber scaffolds; A-E shows the SEM micrographs of 
the electrospun nanofibers, F - shows the fiber diameter of the various group and Statistical analysis 
was performed with graph pad prism one way Anova (***P<0.005 PLA5 vs PLA10; **P<0.001 PLA10 
vs PLA10LEM5; *P<0.001 PLA10 vs PLA10LEM10; ****P<0.001 PLA10 vs PLA10LEM20). G -shows the 
pore size determined from the SEM images of the different PLA and PLA LEM groups. All analysis was 
performed with Image J software and an average of 100 fibers was used for estimation. Statistical 
analysis was performed with graph pad prism two way Anova (*P<0.005 PLA5 vs PLA10; **P<0.001 
PLA10 vs PLA10LEM5; ***P<0.001 PLA10 vs PLA10LEM10; ****P<0.001 PLA10 vs PLA10LEM20). H- 
FTIR analysis of the PLA10 and PLA10LEM10 to confirm the presence of LEM in the hybrid scaffold. A 
detailed analysis of the 400-2000 cm-1 region to show the medium intensity peaks at 1636 cm-1 and 
1128 cm-1 (encircled in black) denoting the presence of collagen and proteoglycan. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 -A-F The viabile hepatocytes cultured on the PLA and PLA-LEM scaffolds stained positive for 
calcein (green) at day1, 4 and 10. G- Quantification of the observed flurosence with IMAGEJ software 
n=5. Statistical analysis performed with one way anova with Tukey multiple comparison post test 
(*p<0.5 day1 PLA10 vs PLA10LEM10; **p<0.5 day4 PLA10 vs PLA10LEM10; ***p<0.5 day10 PLA10 vs 
PLA10LEM10 
Isolated primary hepatocytes were cultured on the fabricated scaffolds and were assessed for viability 
with calcein staining. 3-fold increase in the no of viable cells were observed in the group containing 
the LEM. 

 

Figure 4- Albumin secreted by the cultured primary hepatocytes on the fabricated scaffolds up to 10 
days quantified with ELISA kit specific for rat albumin. Statistical analysis performed with two-way 

A B C 
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Anova (*p<0.5 Day 1 RTC vs day 1 PLA10 LEM10, **P >0.5 Day 4 RTC vs day 4 PLA10 LEM10; 
***p<0.001 Day 10 RTC vs day 10 PLA10 LEM10) 
For functional assessment of the cultured primary hepatocytes, secreted albumin levels in the cell 
conditioned media was checked and albumin secreting cells were present more in the LEM containing 
group up to 10 days in culture. 

 

 

 
FIGURE 5- Hepatotoxicity assessment in terms of cell viability. A- Screening of drug toxicity with 
acetaminophen on primary hepatocytes cultured on collagen coated plates, PLA and PLA10-LEM10 
scaffold. B- Screening of drug toxicity with rifampicin on primary hepatocytes cultured on collagen 
coated plates, PLA10 and PLA10-LEM10 scaffold. n=3 for each group, quantified with ImageJ and 
Statistical analysis performed with Two-way ANOVA. Log Luminescence Units indicating cell viability 
are given relative to DMSO at each drug concentration (*p<0.05 vs RTC). 

 
After treatment with the drugs, acetaminophen and rifampicin, the primary hepatocytes 

cultured on scaffolds containing the LEM showed markedly increased cell death as compared to those 
cultured on collagen plates at all drug concentrations (Figure 7A & B). Overall, upon treatment with 
the highest concentration of acetaminophen (10mM) and rifampicin (100uM). The fabricated hybrid 
nanofiber scaffolds serve as a apt platform for drug screening since hepatocytes on the conventional 
Collagen coated plates did not show much toxicity upon drug treatment 
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Abstract 
 

Degenerative CNS disorders and traumatic brain injuries are common nowadays. Neurotrauma, 
stroke, and neurodegenerative disorders can induce neuronal cell loss and delicate connections 
essential for optimal CNS function, resulting in long-term brain function disorders. Extreme mental 
and physical damage affects these sufferers' lives. Due to inhibitory factors and a lack of directed 
guidance, central nervous system tissue can't regenerate, hampering the development of treatments. 
Combinatorial techniques that incorporate information from many fields may help. Tissue engineering 
and regenerative medicine TERM) may be used to treat CNS diseases. Developing cell and tissue 
instructive materials may bring up new treatment possibilities. In this research, chitosan-graphene 
nanoplatelets (GNPs) nanocomposite films were produced to rejuvenate brain cells. This study 
examined the effects of GNP concentration (0.5, 1 and 2 wt%) and their alignment on mechanical, 
electrical, surface, protein adsorption, and biological characteristics. Incorporating and aligning GNPs 
into chitosan matrix increased physical and biological properties. On reinforced scaffolds, HT22 cell 
morphology mimics pyramidal brain cells, which are responsible for the brain's massively branching 
neural network. The reinforced scaffolds supported mMSC growth and were biocompatible in vivo. 
The alignment of GNPs in the chitosan matrix offered the appropriate chemical, physical, and 
biological properties to promote HT22 neuronal cell adhesion, proliferation, and shape 
morphogenesis. This study delineates the enormous potential offered by the chitosan-GNP scaffolds 
for regeneration of central nervous system, especially the brain. 
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Figure 1. [A] Digital macroscopic images of chitosan, random chitosan- fGNP (Random GNPs) and 
aligned chitosan- fGNP (Aligned GNPs) scaffolds. [B] SEM micrograph of fracture surfaces of chitosan- 
fGNP scaffolds (0.5, 1.0, and 2.0 wt. %). Upper panel represents the random and lower panel 
represents the aligned scaffolds. Red arrows showing edges of planar GNPs. (Scale bar: 3µm). 

This study for the first-time deals with the synthesis of very cost effective and easy to tailor chitosan 
scaffold reinforced with carboxy functionalized GNPs (fGNP), specifically aimed to instruct the 
neuronal cells to grow in a way so that they can mimic the morphology of the pyramidal cells 
(multipolar) of the brain. A facile method was followed to synthesize Chitosan- fGNP composite 
scaffolds. The macroscopic digital images of synthesized scaffolds provide a rough idea about the 
dispersion of fGNP within the chitosan matrix (Figure 1A). Alignment of nanofillers inside the polymer 
matrix is important as it induces the mechanical strength as well as electrical and thermal conductivity 
of the scaffold. The present study employed electric field induced alignment of the different 
concentration of fGNPs (0.5, 1 and 2 wt. %) within chitosan matrix unidirectionally and horizontally. 
The nomenclature of these scaffolds are as follows: 

RG0.5- Chitosan polymer+0.5 wt% GNP+ Random 

AG0.5- Chitosan polymer+0.5 wt% GNP+ Aligned 

RG1- Chitosan polymer+1 wt% GNP+ Random 

AG1- Chitosan polymer+1 wt% GNP+ Aligned 

RG2- Chitosan polymer+2 wt% GNP+ Random 

AG2- Chitosan polymer+2 wt% GNP+ Aligned 

Figure 1B presents the FE-SEM images of the fracture surfaces for all aligned, as well as, random GNP- 
chitosan scaffolds, giving a rough idea of the nano-filler alignment in the fabricated scaffolds. The 
GNPs aligned themselves in the direction of the applied electric field within the chitosan matrix, when 
a 220V electric field was applied. 

Structural integrity of the scaffold is one of the crucial features that determines the acceptability of 
the scaffolds for the application of nerve tissue engineering. Mechanical properties of all the scaffolds 
were tested through uniaxial tensile test. The results for the stress vs. strain curve of the scaffolds are 
represented in Figure 2A. Highest tensile strength was observed in AG2 scaffolds. Increasing 
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concentration of GNPs in the scaffolds resulted in gradual increase in mechanical strength of the 
scaffolds, especially in aligned ones. This is due to the presence of interfacial interaction between 
polymer and GNPs that restricts the polymer chain movement. Additionally, good dispersion of GNPs 
in the polymer matrix could lead to an effective way of stress transfer in reinforced scaffolds. Along 
with mechanical property, an ideal neural scaffold must have electrical conductivity. GNPs have 
excellent electrical conductivity. GNPs offer conductivity of 6000 S/cm, which makes them extremely 
beneficial in synthesizing electrically conductive Chitosan based scaffolds. The conductivity was 
observed to be increased with increase in GNP concentration in the scaffolds (Figure 2B). Highest 
conductivity was observed in case of AG2 scaffolds (0.000077± 0.000004 S/m). 

 

 
Figure 2. Figure 3. Results of Stress-Strain plots from uniaxial tensile tests for [A] chitosan and GNP- 
reinforced scaffolds. [B] Electrical conductivity values of Chitosan and Chitosan-GNP composite 
scaffolds. *, @, $ denote p < 0.05 (*vs chitosan; @vs AG0.5; $vs AG1). 

In neural tissue engineering also, protein adsorption on scaffold surface induces attachment of neural 
cells. Qualitative measurements of protein adsorption are represented in figure 3A. After incubation, 
fluorescently labelled BSA protein showed increased adsorption with increasing GNP concentration in 
each timepoint within matrix. Maximum fluorescence intensity was observed in RG2 and AG2 after 3 
h. Scaffold’s surface properties such as roughness, wettability plays a crucial role in adsorption of 
protein on scaffold surface. Gradual increase in GNP content increases the surface roughness, which 
in turn increases the surface area of the scaffold and that positively corelates with protein adsorption. 

Biocompatibility of the synthesized scaffolds is one of the most important parameters in the area of 
tissue engineering. Biocompatibility of scaffolds simply means the ability of the scaffolds surface to 
support the survival and growth of cultured cells. The attachment of the cells to the surface is critical, 
as cellular attachment precedes the spreading, migration and differentiation of the cells. 
Biocompatibility and further biological characterizations have been performed only for the aligned 
scaffolds (AG0.5, 1 & 2), as their physical properties were observed to be better, with respect to their 
random (RG0.5, 1 & 2) counterparts. In the present study, the HT22 cell viability on the scaffold 
surfaces was examined through MTT assay for 24 and 120 h [Figure 3B]. Cells cultured on tissue culture 
plate was considered as control. No toxicity was observed in any experimental group at any time point. 
After 24 h , no significant increase in cell proliferation was observed in any experimental group, when 
compared control. However, significant change in cell proliferation was observed in the all the GNP 
reinforced aligned (AG0.5, 1 & 2) scaffolds after 120 h [Figure 3B]. The gradual increase in cell 
proliferation with the increase in GNP content can be directly correlated to the surface roughness. It 
was reported that more the roughness of surface, the more the cellular attachment and proliferation. 
Live dead assay was performed to validate the biocompatibility claims of the scaffolds [Figure 3C]. A 
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brief idea about cellular morphology and presence of live and dead cells could be generated from this 
assay. Cells were found live in all the experimental groups. 

 

Figure 3. [A] Fluorescence microscopy images of all the scaffolds incubated with fluorescent labeled 
BSA. (Scale bar: 400µm). [B] MTT assay with HT22 cells for 24 and 120 h to check the biocompatibility 
of the synthesized scaffolds. [C] Live-Dead assay of HT22 cell cultured on different scaffolds as well as 
in tissue culture plate (control) (120hrs) [Scale bar: 30µm]. * Denote p < 0.05 (*vs control). 

The behavior of neural cells on the synthesized scaffolds is a critical factor for their practical 
application. In this study, the synthesized scaffolds were meant for regeneration of the central nervous 
system, especially the brain. The brain is a complex structure made up of highly branched network of 
neuronal cells. An ideal brain regenerating scaffold should allow branching of neurites in pyramidal 
neurons rather than bidirectional outgrowth from the cell body. Pyramidal neurons are the main 
circuit builder in brains. In this study, AO stain was used to stain the cells cultured on different scaffolds 
to study their morphological behavior after culturing for 8 days. It could be seen that on the GNP 
reinforced scaffolds, cells spread radially in all direction in concentration dependent manner that were 
distinctly visible from the images [Figure 4]. Maximum intercellular connection was observed in the 
cells grown on AG2 scaffolds. 
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Figure 4. Inter cellular network formation in between the HT22 cells cultured on the GNP reinforced 
scaffolds. (Scale bar: 100µm). 

 

 

 
Figure 5. Immunofluorescence images of cells stained with [C] ChAT (Scale bar: 100µm) and [D] NF 
cultured on different scaffolds (Scale bar: 30µm). 

It is very important for a tissue engineering scaffold that cells grown on them are functionally active. 
Proper expression of these neurotransmitters indicates proper functioning of the cells. To assess the 
cellular functionality of the HT22 hippocampal cells cultured on the synthesized scaffolds, 
immunfurescence analysis against choline acetyl transferase (ChAT) and neurofilament heavy chain 
(NF) was performed. Figure 5 A & B represents the immunofluorescence images of cells cultured on 
the scaffolds expressing ChAT and NF respectively. Cells cultured on all the scaffolds showed the 
expression of ChAT which indicated that cells grown on each scaffold were functionally active [Figure 
5A]. But, on GNP reinforced scaffolds the fluorescence signals were observed to be increased and 
maximum fluorescence intensity was achieved on AG2 scaffolds. This increased expression of proteins 
may have happened due to the alignment of GNP within the scaffolds. The alignment of GNPs creates 
a way for direct electrical current transfer, which causes rearrangement of charges on the plasma 
membrane of the cells. This, in turn, activates several downstream signaling pathways within the cells. 
This procedure leads to the formation of neurites from the cells followed by neural network formation. 
These neurites then establish connections among themselves and start signal propagating. More 
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cellular connection leads to more signal transduction which in turn requires neurotransmitters. As it 
was observed earlier that the presence of more aligned GNP would result in more neurite formation 
and extension from the cells, therefore, it was evident that cells grown on scaffolds with more 
concentration of GNP would result in more synthesis of neurotransmitters. 

In summary, this study delineated synthesis of nano-featured chitosan thin films reinforced with 
different concentration of GNPs for the growth and regeneration of brain cells. This alignment of GNPs 
within the films improved the mechanical properties, electrical conductivity and biological properties 
of the films depending on the concentration of the GNPs. Overall, it can be concluded after analyzing 
the biological data that all the GNP reinforced aligned chitosan films especially AG2 scaffolds may have 
tremendous potential in regenerating the cells in the brain. 
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Abstract 
 

Drug delivery systems are generally the drug carriers which has the potential to carry a large-number 
of drugs and therapeutic agents to deliver it in a sustained or controlled manner. The major problem 
is the delivery of the drugs without altering their biological properties with minimum side effects. 
There are a number of materials that can be used for the delivery of drugs which includes natural and 
synthetic polymers, carbon-based materials such as carbon nano tubes (CNT), graphene oxide (GO), 
reduced graphene oxide (r-GO) etc. Polysaccharide-based polymers like chitosan-the most abundant 
polymers in nature in which has been significantly used owing to its excellent biocompatibility, 
biodegradability, antibacterial activity etc. Graphene oxide, a relative material which is the oxidized 
form of graphene possess better dispersing ability in water, improved mechanical property and 
biocompatibility. Graphene based hydrogels has shown great potentials in bone tissue engineering 
recently, but it is relatively weak in the practical use. The use of organic/inorganic CS/GO based 
scaffold results are inadequate, where the healing defect has to be immediately filled or its position is 
difficult to reach and it is limited by the need of invasive surgical implantation and their related high 
costs. This work mainly describes the effect of the concentration of the graphene oxide in the chitosan 
hydrogel and to evaluate its apatite layer formation, drug loading and release properties. 

 
Hydrogels are compounds of 3-D network which possess properties such as swelling, adequate 
porosity and excellent biocompatibility makes the hydrogels unique in the field of biomedical and drug 
delivery applications. But there are some limitations such as poor mechanical properties, and the 
destability of the hydrogel in the swollen state. Chitosan is mainly extracted from chitin which is mainly 
found in the invertebrates-crustaceans family. One of the advantages of the chitosan is that it can be 
converted into many forms such as hydrogels, thin films, nanoparticles etc. Chitosan degrades into 
chitooligosaccharides, which promotes cell proliferation, tissue regeneration. The major advantage of 
the chitosan as it degrades into chitooligosaccharides, when it is hydrolyzed or makes in contact with 
the enzyme which results in the burst release of drugs. The drug delivery needs not only to increase 
the efficacy, but also to deliver with the minimal side effect. A number of carriers have been utilized 
to deliver the drugs, nature polymers are gaining importance due to the adequate porosity. 

In this study, three different concentrations of graphene oxide have been incorporated with the 
chitosan to develop an hydrogel. This hydrogel has been studied in detail about its drug delivery ability 
and apatite layer formation in simulated body fluid (SBF). 

 
The preparation of graphene oxide (GO) has been carried out by using the procedure reported in 
Balasubramani et al. About 0.85 g of chitosan was dissolved in 50 mL of 0.05% v/v acetic acid. Then, 
the solution was stirred in a magnetic stirrer for about 36 h. The powdered GO with three 
concentrations (20, 25 and 35 mg) was dispersed and sonicated for two hours and transferred into the 
chitosan solution. Finally, 250 mg of β-sodium glycerol phosphate, was added into the solution. The 
gel was transferred into a 48 well plates, freezed at -80°C for 36 hours and lyophilized at -80°C at 1 Pa 
pressure for 36 hours. 
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Fig. 1 (a) 2D-images, (b) Contact angle images, (c) FTIR spectra, (d) XRD spectrum, (e) 

TGA curves of the prepared hydrogels (i) CS/GO-1, (ii) CS/GO-2, (iii) CS/GO-3 
respectively. 

Contact angle studies were performed to evaluate the wettability property of the prepared hydrogels 
as shown in fig 1(b). An increase in the hydrophilic functional groups, increases contact angle of the 
prepared hydrogels. The FTIR-ATR spectra of the prepared hydrogel are shown in fig 1(c). The 
characteristic absorption bands at 889 indicates the vibrations of the saccharide structure present in 
the chitosan, 1023,1058 and 1148 corresponds to the symmetric and asymmetric vibrations of C-O in 
the C-O-C linkage. The peaks at 1309,1382 and 1411 indicates the C-H bending vibrations of the 
pyranose ring, -CH3 and -CH2 present the in the chitosan, while 1557 and 1647 represents the C=O 
amide I and N-H stretching along with the amide II. The peak at 2851 indicates the C-H stretching 
vibrations of the CH2, -CH3, 2930 CH2 stretching and a very broad peak observed at the 3270 due to 
the overlap of OH stretching vibrations. Fig 1(d) The wide angle XRD patterns displays a sharp peak at 
the 2θ = 8.4, 19.8 corresponding to the semi-crystalline nature of the chitosan. These peaks are arised 
due to the amine and the hydroxyl groups present in the chitosan molecule which has the ability to 
form strong hydrogen bonding. The peak at 10.4° indexed to (001) plane indicates the presence of 
layered graphene oxide with the interlayer distance of 8.69 Å calculated by using the bragg equation. 

 

 

Fig. 2 the schematic representation of the preparation of hydrogel. 

The thermal behavior of the prepared hydrogels has shown in the figure 1(e). A weight loss of 
16.8 % has been observed at the temperature range of 80 to 110°C which directly corresponds to the 
removal of residual solvent and weak hydrogen bonds from the hydrogel. The next degradation starts 
from 160 to 290°C nearly 38% of the mass loss occurs which is mainly due to the depolymerization 

(ii) 
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and deamination of the chitosan along with the loss of -COOH, -OH and epoxy groups present in the 
graphene oxide. With the increase in the concentration of the graphene oxide from 25 mg to 35 mg, 
there is significant decrease in the weight loss from 22% to 12%. This indicates the thermal resistivity 
of the graphene oxide occurred mainly due to the increase in the OH moiety as analyzed FTIR and also 
interaction between the hydroxyl and epoxide groups. 
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Fig. 3 (a) the FESEM images with the EDS spectrum of (i) & (iv) of CS/GO-1, (ii)&(v) of CS/GO-2, (iii) 
of CS/GO-3 respectively, (b) porosity, (c) change in pH in Tris HCl medium, swelling in (d) water and 
(e) PBS medium of the prepared hydrogels. 

 
Fig 3 (a) represents the FESEM images of the prepared hydrogels in which the porosity of the hydrogels 
increases with the increase in the concentration of the GO. fig.3 (b) indicates that there is an increase 
in the porosity from 68 to 82 %. The EDS Fig.3 (a) (iv) to (vi) patterns indicates there is an increase in 
the carbon and oxygen content which directly implies the incorporation of GO into the hydrogels. Fig. 
3 (b) shows the FESEM images of the prepared hydrogels. The swelling behavior has been evaluated 
in water and PBS for 2 days. The swelling occurs as soon as the hydrogel has been placed into the 
medium. Initially the swelling has reached its peak in water medium, after 24 hours, the equilibrium 
has been attained and there is no significant change in the swelling of the hydrogels. We can visualize 
from the graphs that the increase in the concentration of the graphene oxide has a direct effect of the 
swelling %. Where as in the case of PBS, initially the swelling has occurred in a controlled state, the 
swelling has increased to its peak. The change in pH has been carried out in tris-HCl buffer medium in 
which their change in pH has been regularly monitored for 7 days. There is a regular decrease in pH 
for the samples and it is decreased upto pH 7.21 for the CS/GO-3 composite as there is more 
interaction between the CS and GO. The hydrogels possess good degradation behavior in the tris HCl 
medium which makes way for the new calcium phosphate deposition. 
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Fig. 4 (a) the drug loading graphs of (i) CS/GO-1, (ii) CS/GO-2, (iii) CS/GO-3 hydrogels, (b) calibration 
graph, (c) drug loading (%) and (d) cumulative drug release (%) of the prepared hydrogels. 
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Fig 5(a) the FESEM and EDS images of the prepared hydrogels (i), and (ii) CS/GO-1, (iii), and (iv) 
CS/GO-2, and (v) and (vi) CS/GO-3 immersed in SBF medium for a period of 21 days respectively. Fig 
5 (b) the antibacterial activity of the hydrogels (i), (ii) & (iii) E. Coli and (iv), (v) and (vi) S. Aureus 
respectively. 

The calibration graph at fig 4 (a) has been drawn for the different concentrations of the drug 
solutions such as 4, 8, 12, 16, 20 µg/mL and we have obtained an r square value of 0.9995. For drug 
loading, about 3 mL of the sample was taken for absorbance at different time intervals 0, 6, 12 and 24 
h. The sample is freeze-dried for about 24 h and placed in 60 mL of phosphate buffered saline (PBS) 
at different time intervals 0, 2, 4, 6, 8, 10, 12, 24, 48, 72, 96 and 120 h rotated in an orbital shaker at 
72 rpm. The drug loading capacity of the scaffolds increases with the increase in the graphene oxide 
from 44 to 54 % for the composites CS/GO-1 to CS/GO-3 respectively. Initially, the drug has been 
released about 50% till 12 h, for the CS/GO-1, whereas only 30% of the drug has been released for 
CS/GO-2 hydrogel. this might be due to the peculiar swelling property which releases the drug into 
the solution accordingly. The CS/GO-3 hydrogel releases nearly 67% of the loaded drug at 12 h due to 
the excessive swelling of the hydrogel which results in the burst release of the drug into the solution. 

(i) (iiI) (ii) 

(vi) 
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Fig 5 (a) shows good calcium phosphate deposition over the surface of the hydrogels due to 
the strong interaction between the functional groups of the chitosan-graphene oxide and the ions 
present in the simulated body fluid. These results were prominently supported by the EDS spectrum 
of the respective hydrogels in which there is a clear increase in the calcium and phosphorus content 
with the increase int eh concentration of graphene oxide. Fig 5 (b) indicates that the hydrogels show 
excellent resistivity to gram negative bacteria when compared to the gram-positive bacteria. 

 

Overall, the incorporation of the graphene oxide into the chitosan polymer has gained a significant 
increase in the swelling property, increased drug loading capacity. These hydrogels has also shown 
good resistant to the gram negative bacteria when compared to gram positive bacteria. The composite 
CS/GO-2 has shown a minimum burst release and also superior properties when compared to the 
other two composites. After the complete biocompatibility studies, these hydrogels will be a 
prominent material for implantation. 
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Abstract 
 

A major risk factor for cancer development is age. Although 
advances have been made to elucidate the molecular pathways 
controlling the aging process, the molecular and cellular basis 
driving the relationship between age and cancer development 
remains undefined. BubR1, a serine/threonine kinase, is an 
essential component of the spindle assembly checkpoint (SAC) 
to ensure faithful segregation of genetic material during each 
cell division. BubR1 functions to delay the onset of anaphase 
until all chromosomes are correctly aligned at the metaphase 
plate and attached to bipolar spindles. BubR1 levels naturally 
decline with age in mammals, and loss of BubR1 results in 
aneuploidy and thus is linked to cancer development. In support 
of this, hypomorphic mice engineered to express low levels of 
BubR1 from conception dramatically increase aneuploidy, 
cellular senescence, early onset of age-related diseases, and a 
shortened lifespan. Previous studies have indicated that the 
loss of BubR1 with age is regulated, in part, by the ubiquitin- 
mediated proteasomal system. However, the molecular basis of 
this regulatory control has remained elusive. 

 
Previously, we identified an acetylation-dependent mechanism 

regulating BubR1 protein stability. The acetyltransferase CREB- 

binding protein (CBP) acetylates BubR1 on lysine-668, 

promoting its ubiquitination and subsequent degradation. This 

process is reversed by the NAD+-dependent deacetylase SIRT2 

(Fig.1). Accordingly, SIRT2 overexpression extended the lifespan 

of the BubR1 premature aging mouse model, and BubR1 protein 

levels in aged animals were restored to youthful levels by 

stimulating SIRT2 enzymatic activity through induction of NAD+ levels by nicotinamide 

mononucleotide. Although there is copious data recognizing the role of posttranslational 

modifications in BubR1's age-related decline, little is known about its ubiquitination and the E3 

ubiquitin ligases involved in suppressing BubR1 protein levels with age. 

Recently, we screened Skp1-Cullin-F-box (SCF) E3 ubiquitin ligases that interact and get enriched with 

BubR1. We identified the beta-transducin repeat-containing proteins 1 and 2 (b-TRCP1 and b-TRCP2) 

as binding partners of BubR1 and, thus, potential regulators of its stability. In support of this, BubR1 
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Fig. 2: Screen for E3 ubiquitin ligase 

mechanisms regulating BubR1 degradation. 

(A) Schematic of control of BubR1 degradation in 

an acetylation-dependent manner. (B) Interaction 

of BubR1 with Cullin components of SCF E3 

ubiquitin ligase complexes. (C) Protein chip- 

based screening identified potential F-Box 

proteins involved in BubR1 degradation. (D) 

Confirmation of -TRCP interaction with BubR1. 

(E) Schematic of the putative -TRCP1 degron 

motif in BubR1 and similarity of the motif with 

 

contains a putative -TRCP1 phosphodegron, characterized by two serine residues (DSGxxxS) that 

yield a recognizable target when phosphorylated. Furthermore, it has been shown that while b-TRCP1 

is over-expressed in various cancers, its expression is significantly lowered in most long-lived species. 

Therefore, understanding the pathway by which b-TRCP1 promotes BubR1 ubiquitination and 

degradation is essential for understanding how BubR1 decline drives the aging process. However, 

further studies are required to define BubR1 as a novel substrate of b-TRCP1. Therefore, based on 

these observations, we hypothesize that b-TRCP1 is a key regulator of BubR1 protein stability, and its 

loss with age mediated by the b-TRCP1/BubR1 pathway leads to senescence. 

Two multi-subunit E3 ubiquitin ligase enzymes, the Anaphase Promoting Complex (APC) and the 

Skp1-Cullin1-F-box complex (SCF), play critical roles in cell cycle regulation where APC predominates 

during mitosis and SCF complexes functioning during interphase. We found that while BubR1 protein 

abundance is dramatically reduced by SIRT2 depletion in G1 phase cells, cells in mitosis are more 

resistant to BubR1 degradation, suggesting that an SCF-based mechanism may be responsible for the 

degradation of BubR1 in an acetylation-dependent 

manner, as SCF E3 ubiquitin ligases are more active during 

the G1 phase of the cell cycle. To determine if RING-Cullin- 

based E3 ligases control BubR1 stability (Fig. 2A), we 

assessed the interaction of BubR1 with each of the 6 

canonical Cullin proteins, in which we found that BubR1 

interacted specifically with Cullin1 (Fig. 2B). SCF 

complexes are composed of the invariable Skp1, Cullin1, 

and Rbx1 proteins and a variable F-Box protein, which 

serves as the substrate recognition subunit to recruit 

proteins destined for ubiquitination into the E3 ubiquitin 

ligase complex. Using a protein chip-based approach, we 

carried out a screen to determine which of the 69 F-box 

proteins interacts with BubR1. We identified ~10 F-box 

proteins that were enriched in interaction with BubR1, 

with two being the closely related proteins -TRCP1 and 

-TRCP2 (Fig. 2C). Interestingly, -TRCP1 was shown to be 

increased with age, suggesting that an age-related 

increase in -TRCP1 may mediate the loss of BubR1 with 

age. We confirmed the interaction of -TRCP1 with BubR1 

and observed that the interaction was enhanced 

following proteasome inhibition by MG132 (Fig. 2D), 

suggesting that -TRCP1 interacts with BubR1 for 

ubiquitination and degradation. Like many F-box proteins, 

-TRCP1 recognizes substrates through a short 6-7 amino 

acid sequences termed a degron motif, which in the case 

of -TRCP1 has a consensus of DSGxxxS, where 

phosphorylation of the two serine residues is required for 

full recognition by -TRCP1. We identified a putative -TRCP1 degron motif in BubR1 located at 

amino acids 682-688 (Fig. 2E). Removal of this degron motif in BubR1 prevented interaction 

(BubR1DDeg) of BubR1 with -TRCP1 (Fig. 2F), indicating that -TRCP1 binds to BubR1 through a 
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putative -TRCP1 Degron motif. 

We further examined if the interaction 

of BubR1 with -TRCP1 controls protein 

BubR1 protein stability. To determine if 

-TRCP1 controls endogenous BubR1 

protein levels, we transduced U2OS 

and HeLa cells with lentiviral vectors 

expressing a control shGFP and three 

independent shRNAs targeting - 

TRCP1. We observed an increase in 

steady-state levels of BubR1 when - 

TRCP1 was depleted (Fig. 3A). 

Furthermore, ectopic expression of - 

TRCP1 results in decreased steady- 

state levels of BubR1 (Fig. 3B), which is 

due to a reduced half-life as observed 

following  a  cycloheximide  (CHX) 

treatment which blocks new protein synthesis and therefore allows for the observation of rate of 

protein loss over the time course of harvest (Fig. 3C). To determine if -TRCP1 controls BubR1 stability, 

through binding the degron motif, we expressed BubR1WT and BubR1DDeg constructs in 293 cells, 

followed by measuring rate of protein degradation following CHX treatment. 

 

 
We found BubR1WT had reduced stability compared to BubR1DDeg (Fig. 3D). To demonstrate that this 

destabilization of BubR1 was due to an increase in ubiquitination-mediated degradation through the 

26S proteasome, we 

performed ubiquitination 

assays under denaturing 

conditions and observed 

that BubR1WT poly- 

ubiquitination was 

increased when co- 

expressed with -TRCP. In 

contrast, -TRCP co- 

expression had less effect 

on BubR1DDeg (Fig. 3E). 

These results indicate that 

-TRCP may serve as a key 

E3 ubiquitin ligase for 

BuBR1. We recently 

identified acetylation as a 

regulatory mechanism 

governing BubR1 stability. 

BubR1 protein levels, but 

not mRNA levels, deceased 

following  treatment  with 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: -TRCP1 regulates BubR1 degradation. (A) Depletion of - 

TRCP1 in U2OS and HeLa cells results in the stabilization of BubR1. (B) 

Ectopic expression of -TRCP1 suppresses BubR1 protein levels. (C) 

Ectopic expression of -TRCP1 leads to a shortened half-life of BubR1. (D) 

BubR1 lacking the -TRCP1 degron motif has a prolonged half-life 

compared to wild-type BubR1. (E) Ubiquitination of BubR1 is enhanced by 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4: Acetylation-dependent BubR1 degraded by the UPS. (A) BubR1 protein levels 

following treatment with sirtuin inhibitors nicotinamide (Nic) and sirtinol. (B) BubR1 mRNA 

levels from cells in (A). (C) BubR1 protein levels in MEFs overexpressing SIRT2. (D) 

BubR1 protein levels in HeLa cells following SIRT2 depletion. (E) Acetylation levels of 

endogenous BubR1 following CBP expression. (F) Deacetylation of BubR1 by SIRT2. (G) 

Ubiquitination of BubR1 following CBP overexpression with and without SIRT2 expression. 

(H) Ubiquitination of wild-type, K668Q, and K668R BubR1. (I) Wild-type, K668Q, and 

K668R BubR1 stability following cycloheximide treatment. (J) Quantification of 
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Fig. 5: Regulation of BubR1 by -TRCP during aging and a K668 

acetylation-dependent manner. (A) Schematic of BubR1 with the 

location of the degron motif (black box) and model for degron motif 

occlusion by unacetylated BubR1, which upon acetylation, allows for 

BubR1 to be phosphorylated and recognized by -TRCP. (B) - 

TRCP protein levels increase in aged mice, which leads to a 

decrease in the -TRCP-dependent substrate VEGFR2. (C) Deletion 

 

sirtuin deacetylase inhibitors (Fig. 4A-B). Overexpression of SIRT2 led to an increase in BubR1, while 

knockdown of SIRT2 led to a decrease in BubR1, mimicking inhibitor treatment (Fig. 4C-D). Similarly, 

overexpression of the CBP acetyltransferase led to an increase in acetylation of BubR1 (Fig. 4E). We 

identified that of the seven sirtuins, only SIRT2 controls the acetylation levels of Lysine-668 in BubR1 

(Fig. 4F). Given that acetylation mechanisms appear to control BubR1 protein abundance, we then 

went on to show that BubR1 ubiquitination was affected by expression of CBP and SIRT2 (Fig. 4G). In 

addition, Lysine-668, when converted to an unacetylatable arginine or acetylation-mimetic glutamine, 

affected the targeting of BubR1 for ubiquitination (Fig. 4H). Finally, these Lysine-668 mutants either 

stabilized (K668R) or destabilized (K668Q) BubR1 (Fig. 4I-J). These results together indicate that the 

UPS degrades BubR1 in an acetylation-dependent manner controlled by the CBP and SIRT2 acetylation 

signaling circuit (Fig. 4K) 

BubR1 has previously been demonstrated to 

be targeted for degradation through the 

ubiquitin-proteasome pathways, which are 

negatively and positively regulated by the 

acetylation of BubR1 on K250 and K668, 

respectively. Our previous results 

demonstrated that the lifespan of BubR1H/H 

mice could be extended by maintaining 

BubR1 in a deacetylated state at K668 

through SIRT2 overexpression. 

Furthermore, we have identified that - 

TRCP1 interacts with and targets BubR1 for 

ubiquitination-mediated degradation (Fig. 2-3), potentially through a degron motif that sits in close 

proximity to K668, suggesting a potential interplay between these two modifications (Fig. 5A). 

Interestingly, our data also indicate that -TRCP1 protein abundance and activity is increased in an 

age-dependent manner (Fig. 5B, C). 

Overall these works have delineated at the molecular and cellular level the role of b-TRCP1 in 

controlling BubR1 stability. BubR1 is a key regulator of genome stability and aging. Thus, identifying 

the signaling pathways of age-related BubR1 decline will shed further light on the link between aging 

and cancer development. 
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Abstract 
 

Bone injuries, specifically, critical bone injuries do not heal on their own. Current treatment 
strategies predominantly use load-bearing implants to fix or replace injured bones and restore 
function. Next generation treatment strategies are expected to regenerate the lost or damaged bone 
tissues. Towards this goal, various bone tissue engineering (BTE) strategies are being investigated. The 
scaffolds used in tissue engineering are provisional matrices that support cell growth and govern tissue 
regeneration. They are essentially artificial mimics of the tissue extracellular matrix (ECM). Studies 
have established that mimicking the properties of ECM in scaffolds would improve the efficiency of 
the tissue engineering approach. Bone ECM, at the molecular level, is comprised of a mineralized 
fibrous collagen matrix. Mimicking the fibrous morphology and the physio-chemical properties of the 
bone mineral in BTE scaffolds have proven to be an effective approach to improve the efficiency of 
bone tissue engineering. Especially, fibrous scaffolds fabricated using electrospinning has been 
studied in detail for BTE. Additional to the fibrous morphology of the electrospun scaffolds, 
hydroxyapatite (HAp) or HAp-mimics have been incorporated using various methods and studied for 
BTE. Although, electrospinning has been effectively demonstrated to fabricate bone ECM-mimetic 
membranes, this technique, in general, fails to generate complex three-dimensional (3D) scaffolds 
required for BTE. With appropriate biomaterial choice and novel fabrication techniques, however, the 
limitations of electrospinning in generating 3D bone tissue engineering scaffolds can be overcome. 
Electrospun scaffolds with higher order structures have been fabricated and used as vascular grafts, 
nerve conduits, etc. Similarly, in the current study, we aimed to demonstrate the fabrication of pro- 
osteogenic 3D fibrous constructs by incorporating modifications to the electrospinning process. 

 
The biomaterial of our choice was polyhydroxybutyrate (PHB). PHB is soluble in various organic 
solvents and therefore, is easily processable. Herein, PHB and various PHB-based composites were 
electrospun to obtain smooth fibers. Subsequently, the fibers were subjected to in situ 
biomineralization in simulated body fluid (SBF) to incorporate HAp-mimics on their surface. The fibers 
were screened based on their ability to mineralize in SBF and their ability to support adhesion and 
growth of mouse bone marrow derived mesenchymal stem cells (BMSCs) (Data not shown). Finally, 
composite composed of PHB/Gelatin (7:1) was chosen for further studies. Figure 1 shows the physico- 
chemical characterization of PHB/Gelatin fibers before (PG) and after (mPG) in situ mineralization. 
mPG fibers were positive for von kossa staining while PG fibers were not, indicating the presence of 
calcium phosphate crystals on mPG fibers. Scanning electron micrographs of PG fibers revealed that 
they had smooth fibrous morphology typical for electrospun fibers, whereas, the micrographs of mPG 
fibers showed rough morphology with homogeneous crystal growth on their surface. Energy 
dispersive X-ray spectroscopy based elemental analysis of the fiber surface showed that calcium and 
phosphorous was present in mPG fibers but absent in PG fibers. Further, FTIR spectrum of the mPG 
fibers also revealed the presence of vibrational modes theoretically present for phosphate ions which 
were absent in PG fibers. Collectively this data confirmed that in situ mineralization incorporated 
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calcium phosphate-based minerals on the surface of PHB/Gelatin fibers (Figure 1A, B). 
 

Figure 1. Characterization of PHB/Gelatin fibers before (PG) and after (mPG) in vitro mineralization. (A 
(i, ii) Micrographs of PG and mPG fibers stained with von kossa; (iii, iv) Scanning electron micrograph 
of PG and mPG; (v, vi) Energy-dispersive X-ray spectrum pf PG and mPG [Scale bars- (i, ii) 2mm; (iii, iv 
10 µm]. (B) Fourier transform infrared spectrum of PG and mPG. Black arrows point to the changes in 
mPG FTIR spectra caused by the presence for phosphate ions. (C) Images of water droplet placed on 
PG and mPG used for water contact angle measurement. (D) Surface roughness analysis of PG and 
mPG using optical profilometry. 

Surface properties of materials like wettability, roughness and stiffness are demonstrated to be pro- 
osteogenic. Surface water contact angle study showed that PG fibers were hydrophobic whereas in 
case of mPG, the water droplet spread completely showing that mPG surface is highly hydrophilic and 
possessed high surface energy (Figure 1C). Optical profilometric analysis showed that mPG fibers had 
significantly rougher surface compared to the PG fibers. Higher roughness improves the surface 
energy and also, provides higher surface area for the proteins and cells to adhere. CaP surfaces with 
high roughness and wettability can influence range of events like protein adsorption, cell adhesion 
and spreading, intracellular cytoskeletal organization and mechano-sensation which contribute to the 
osteoinductive nature of HAp and HAp-mimics. 

 
To study the biocompatibility of PG and mPG fibers, BMSCs were cultured on the substrates for 7 days 
and stained with FDA/PI. Majority of the cells in PG and mPG were viable as shown by the intense 
green FDA stain. The negligible red PI stain indicated that less number of cells were dead on the surface 
of the fibers (Figure 2A). Moreover, higher amount of green stain on mPG fibers than on PG fibers 
suggested that more cells were present on mPG than on PG fibers. To further understand cell viability 
and proliferation on the surface of the fibers, metabolic activity of cells cultured on fibers were studied 
for a period of 14 days. It was observed that, on both PG and mPG substrates, BMSCs actively 
proliferated with time (Figure 2B). Moreover, at all the timepoints the metabolic activity of BMSCs on 
mPG was significantly higher than that on PG fibers indicating that higher number of cells were present 
on mPG. This suggested that cells were proliferating at a higher rate on mPG than on PG fibers. Overall, 
both PG and mPG substrates were biocompatible and supported the proliferation of BMSCs, however, 
mineralization of fibers increased the proliferation rate of BMSCs. 
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Figure 2. In vitro characterization of mouse BMSC behavior on PG and mPG fibers. Characterizatio 
of BMSC viability on PG and mPG. (A) Fluorescent micrographs of BMSCs stained wit 
FDA(Live)/PI(Dead) after 7 days of culture on PG and mPG. (B) Graph showing the metabolic activit 
of BMSCs cultured of PG and mPG for different timepoints. * indicates statistically significan 
difference in mPG w.r.t. PG group for a particular timepoint. ᶲ indicates statistically significan 
difference in PG or mPG w.r.t. the same group from the previous timepoint. Characterization o 
osteoconductive property of PG and mPG fibers. (C) Micrographs of BMSCs cultured on PG and mP 
and stained for ALP. (i, ii) are BMSCs cultured on PG in expansion media (e-PG), (iii, iv) are BMSC 
cultured on PG in osteogenic media (o-PG) and (v, vi) are BMSCs cultured on mPG in osteogenic medi 
(o-mPG) for 7 days and 14 days respectively. (D & E) Graphs showing the mRNA expression levels o 
osteogenic markers in the same groups cultured for 7 days and 14 days respectively. *, ᶲ indicat 
statistically significant difference w.r.t. e-PG and o-PG groups respectively. Characterization o 
osteoinductive property of PG and mPG fibers. (F) Micrographs of BMSCs cultured on PG and mP 
and stained for ALP. (i, ii) are 

 
BMSCs cultured on PG in expansion media (e-PG) and (iii, iv) are BMSCs respectively. Characterizatio 
of osteoinductive property of PG and mPG fibers. cultured on mPG in expansion media (e-mPG) fo 
7 days and 14 days respectively. (G & H) Graphs showing the mRNA expression levels of osteogeni 
markers in the same groups cultured for 7 days and 14 days respectively. * indicates statisticall 
significant difference w.r.t. e-PG group. Color of symbols used for statistics indicate p-values: blac 
(p < 0.05), green (p < 0.01), red (p < 0.001), blue (p < 0.0001). Scale bars: (A) 250 µm; (C & F) 200 µm 

 
 

Subsequently, we studied if mPG is osteoconductive, that is, if mPG is conducive to osteogenic 
differentiation of BMSC on their surface. When BMSCs were cultured on PG substrates 
supplemented with expansion media (e-PG), there was no osteogenesis observed at day 14 as 
evident from the absence of ALP staining, however, when supplemented with osteogenic 
differentiation media (o-PG), the samples stained for ALP on day 14. Interestingly, BMSCs cultured 
on mPG and supplemented with osteogenic media (o-mPG) stained for ALP on day 7 and then more 
intensely on day 14 (Figure 2C). This suggested the mPG fibers hastened the osteogenesis on their 
surface. To confirm this, we performed gene expression analysis which showed that expression of 
osteogenic markers like RUNX2, OSX, COL-I and BSP-1 were higher in o-mPG group on day 14 when 
compared to e-PG and o-PG groups (Figure 2D, E). We further studied if mPG is osteoinductive, that 
is, if it can independently induce the differentiation of BMSCs. ALP staining and gene expression 
analysis showed that BMSCs cultured on mPG supplemented with expansion media (e-mPG) 
underwent osteogenic differentiation in absence of any external patterning factors (Figure 2F-H). 
This strongly indicated that mPG fibers are osteoinductive in nature. 

 
Next, higher order osteoinductive mPG substrates were fabricated by making modifications to the 
electrospinning process. First, mPG fibers with different fiber orientation were fabricated by 
collecting PG fibers on rotating drum with different rotation speed (low speed for random fibers, 
high speed for aligned fibers) and then subjecting the fibers to in situ mineralization. SEM showed 
that the fibers retained their fiber orientation after mineralization and could govern elongation of 
BMSCs growing on them (Figure 3A). Fiber anisotropy independently promote osteogenic 
differentiation. Therefore, fiber orientation combined with mineralized surface can further improve 
the osteoinductive potential of mPG fibers. Electrospinning can be used to fabricate tubular 
constructs that are used as vascular grafts. However, mineralized tubular constructs may 
dimensionally mimic long bones of different diameters, therefore, may find application in BTE and 
procedures like induced membrane technique. Tubular constructs of different diameters were 
fabricated by collecting PG fibers on drums with different diameter and retrieving the fibers as tubes 
(Figure 3B-i). The tubular constructs underwent uniform mineralization along its length as shown by 
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alizarin red staining (Figure 3B-ii). Finally, we also fabricated tubular constructs with multiple layers 
using a step-by-step deposition method. Different PHB-based composites with unique properties 
can be used to fabricate different layers. Such multilayer constructs may have layer-specific 
interactions with biological systems. For demonstration, we fabricated a bilayer tubular construct 
with outer-layer composed of PHB/Gelatin and inner-layer composed of PHB/Polypyrrole (Figure 
3C). After in situ mineralization, it was observed that, only the outer PG layer was mineralized while 
the inner layer remained un mineralized (Figure 3-ii). Such peripherally mineralized 3D tubular 
construct may hold potential to enhance guidance stabilization in spinal cord injury regeneration. 
Overall, the study demonstrated, for the first time, advanced fabrication of novel mineralized fiber- 
based higher-order osteoinductive structures for bone tissue engineering by incorporating 
modifications to the electrospinning process. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Fabrication and characterization of PHB 
electrospun fiber-based higher order structures. 
(A) Scanning electron micrographs of (i) mPG 
fibers with random fiber orientation (r-mPG), (ii) 
mPG fibers with aligned fiber orientation (a-mPG), 

(iii) BMSCs growing on r-mPG fibers, (iv) BMSCs 
growing on r-mPG fibers. Scale bars: 10 µm. (B) 
Images of (i) PG-based 3D tubular constructs with 
different fiber orientation, (ii) PG and mPG 3D 
tubular constructs after alizarin red staining. Scale 
bars: (i) 1 cm; (ii) 2 mm. (C) (i) Image of PHB- 
based 3D tubular constructs with multiple layers. 
Outer layer (white) was composed of PHB/Gelatin 
and the inner layer is composed of 
PHB/Polypyrrole. (ii) Scanning electron 
micrograph of PHB-based 3D tubular constructs 
with multiple layers showing the mineralized outer 
layer and unmineralized inner layer. (iii, iv) EDX 
analysis of inner and outer layers. Scale bars: (i) 
2mm; (ii) 100 µm. 
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Abstract 

 

Orthopedic implants might be the only restoration option for those who suffer from bone 
diseases/infection, joint inflammation, osteoporosis, etc. Deep infection of prosthesis is one of the 
most frequent complications after joint replacement. One approach to overcome this issue is the local 
release of antibiotics in the local site of the surgery. The concentration of majority of antibiotics is very 
low in the bone tissue. A high local dose can be obtained from the cefadroxil-loaded TiO2dopedn- 
HAp/GO Composite.Biomaterials used in implant applications must have various properties such as 
biocompatibility, high mechanical compatibility with bone, good binding with the surrounding tissues 
and support for new bone cell formation. Biomaterial composites made of Titania (TiO2), n- 
Hydroxyapatite(n-HAp) powder, graphene oxide (GO) are among the most important biomedical 
materials due to their good mechanical properties and biocompatibility.Nano-Hydroxyapatite (n-HAp) 
is bioactive plays a vital role in the field of medicine specifically in bone repair and tissue regeneration 
and chemically similar to a bone mineral. Therefore, n-HAp can induce the formation of bone-like 
apatite on its surface and ability to initiate osteogenesis, but its poor mechanical properties make 
researchers improve its mechanical performance by reinforcing with other biocompatible materials. 
To overcome this problem combined bio-inert ceramic TiO2 with n-HAp. TiO2 decrease the dissolution 
rate of n-HAp in simulated body fluid (SBF) and improve their bioactive potential. To further improve 
mechanical and bioactive properties of TiO2dopedn-HAp incorporate with graphene oxide(GO). GO 
has gained extraordinary properties such as electrical and optical properties, large surface-to-volume 
ratioand biocompatibility. so, has been used in numerous biomedical fields. The novelty of this 
research is to synthesize TiO2dopedn-HAp/GO composite for enhanced drug delivery 
applications.Thus, this work aims to prepare and characterize TiO2dopedn-HAp/GO composite and as 
a carrier for cefadroxil drug delivery system.The physicochemical properties of the n-HAp, GO, 
TiO2dopedn-HAp/GO composites were characterized. Bioactivity assessment indicated the formation 
of the apatite particle on the surface of composite material. The cytotoxicity evaluation and 
osteogenic differentiation revealed the enhanced cell viability and proliferation of MG 63 cells in the 
TiO2dopedn-HAp/GO composite. Based on this survey, we can strongly emphasize the potential for 
bone bioactivityand biocompatibility feature of these newly developed composite. They were loaded 
with cefadroxil using optimized drug loading and release parameters. The results showed a high drug- 
loading capacity, as well as sustained drug release in a phosphate buffered saline (PBS) at a pH of 7.40. 
Overall, results show that TiO2dopedn-HAp/GO composite provided great potential in bone 
regeneration and local delivery of drugs. 

 
Figure 1 shows the existence of stretching vibrations between 651 and 535cm-1which signifies the 
presence of Ti–O–Ti bond of TiO2. The GO shows the prominent peaks at 1731, 1632, 1425 and 
1033cm-1 which is attributed to C=O, C=C, epoxy(C-O) and alkoxy(C-O) stretching. The bending 
modes(P-O) are specified by the peak value of 601 and 563cm-1. The existence of P-O stretching 
vibration is detected at 963, 1028 and 1098cm-1.The spectrum of TiO2dopedHAp/GO composite shows 
that characteristic phosphate peak vibration at 563, 601, 963, 1028, and 1098 cm−1 proved the feasible 
incorporation of n-HAp in the TiO2dopedn-HAp/GO composites. The typical vibrations of TiO2 were 

mailto:rmabirami1921@gmail.com
mailto:tmsridhar23@gmail.com


180 

 

 

 

perceived at 651 and 535 cm-1 revealing that TiO2 was successfully doped on n-HApand also specify 
the existence of TiO2in the prepared composite. the (C=O) stretching at 1731 cm-1 peak of GO shifted 
to lower peak value indicating that the reaction between GO and TiO2dopedn-HAp/GO which implies 
the GO is successfully blended into the composite.Figure1B(a) shows the pH analysis of TiO2dopedn- 
HAp/GO composite in SBF. The pH value of composites was increased for first 2weeks and further a 
decreasing trend after 15days was observed. During in situ biomineralization process generally, an 
alkaline atmosphere was the initial condition for nucleation and apatite growth. So, it was favourable 
to accelerate bone-like apatite formation. On a zeroth Day, the pH of SBF medium was maintained at 
7.40 for the composite and it increased to 7.72after 10 days., which showed an increasing trend till 
day10, and a subsequent decrease to 7.18 after21days. These pH values are desirable for bone cell 
growth. In the above cases the changes in the pH value are very close to the normal physiological 
condition which is 7.40 and within the cytotoxicity limit.Remarkably, the mass gain in TiO2doped n- 
HAp/GO composite showed an increasing trend within 7days of immersion and continues even after 
21days obtainedas 13% of weight gain for TiO2dopedn-HAp/GO composite(Figure1B(b)), there is a 
slight decrease in the mass gain were observed in-between the biomineralization-process. the weight 
gain indicates the formation of apatite deposits on the TiO2dopedn-HAp/GO surface. 

 

 
Figure1A FTIR Spectrum of TiO2, GO, n-HAp, 0.6%TiO2dopedn-HAp/GO composites, B:(a) variation in 
pH and (b) percentage weight gain measurement of TiO2dopedn-HAp/GO composite after immersion 
in SBF for 21Days 

 

The SEM and optical image of TiO2dopedHAp/GO composite after immersion shows in figure2A(b) and 
B(a). it can be seen that the huge area of the composite surface was covered by the apatite layer 
within a 21days of immersion. After 21days of immersion, the disc surface was fully covered by the 
apatite layer due to the dissolution of the apatite phase. The apatite growth was dependent on the 
immersion time and ionic concentration of the SBF. Moreover, n-HAp and GO can promote the apatite 
in the SBF which implies that the GO surface offers plenty of oxygenated functional groups. Similarly, 
the presence of TiO2 with a large number of surface hydroxyl groups can also accelerate the apatite 
formation, therefore the rate of apatite growth is favored for TiO2dopedn-HAp/GO composite. The 
EDS images of TiO2dopedn-HAp/GO composite after immersion shows in figure2B(b), that the pres- 
ence of C, O, Ca, P, Ti peaks implies the presence of n-HAp, GO, TiO2 material are present in the 
composite. The Ca/P ratio of apatite formed TiO2dopedn-HAp/GO composite surface is 1.61 which is 
close to the expected value (1.67). 
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Figure2A: optical microscopic image of (a and b) TiO2dopedHAp/GO composite and after immersion 
composite in SBF for 21days, B:(a) SEM and (b) EDS of after immersion TiO2dopedHAp/GO composite 

 
The surface topography of GO, n-HAp, TiO2dopedn-HAp/GO composite and composite after 
immersion in SBF were characterized by AFM (Figure3A(a-d)). The rough surface changes were 
remarkably observed before and after immersion composite surface. AFM topographical image can 
be seen that flake-like GO structure was seen inFigure3A(a). The average roughness (Ra) value of 
composite and after immersed composite is about 20.85 nm and 61.38nm, respectively, implying that 
the surface roughness of after immersed composite is greater than before immersed composite. The 
apatite deposit on the composite surface makes the composite surface become rough. This implies 
that the surface roughness increased with the addition of TiO2 stimulating the surface roughness of 
the composite surface and also due to the existence of GO and n-HAp in the TiO2dopedn-HAp/GO 
composite.The wettability of the TiO2dopedn-HAp/GO composite was determined using contact angle 
measurement Figure3B(a-d)). The desired scaffold property for cell interaction is a hydrophilic surface. 
Our results revealed that the water contact angle of TiO2dopedn-HAp/GO composite (32.1°) drastically 
reduced to 15.7° (for an after-immersed TiO2dopedn-HAp/GO composite in SBF). whereas a decrease 
in contact angle results in composite with superior cell attachment. This is due to the higher surface 
area of the TiO2 which provides more reacting sites for hydrogen bonding. Similarly, the hydrophilic 
nature of GO with a greater number of functional groups present makes the composite surfaces more 
hydrophilic. Moreover n-HAp also facilitates the hydrophilic nature of the sample surface which in 
turn improves cell-substrate interaction. Hence, the lower contact angle values indicate a more 
hydrophilic surface which is highly favorable for cell attachment and proliferation. The apatite 
deposition on the composite surface also rendered the composite into a more hydrophilic one. 

 

Figure3A and B: AFM and contact angle image of (a, b, c and d) GO, n-HAp, TiO2dopedn-HAp/GO 
composite and composite after immersion in SBF for 21days. 
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MTT assay was carried out to evaluate the nature of cell proliferation ofTiO2 doped n-HAp/GO 
compositeshown in figure4(a).Cell adhesion and proliferation are essential for scaffold so as to prove 
its biocompatibility and potential for bone tissue engineering. The composite showed adhesion at 0,24 
and 48h. The compositefavour adhesion and proliferation of cells.This indicates the composite show 
high cell proliferation which designates the suitability in TE applications.Figure5(b) showed 
morphologies of MG-63(P10)cells on TiO2dopedn-HAp/GO composite surface, which was applied to 
further examine the effectof samples on cell adhesion, morphology and proliferation.Cells were 
cultured on scaffolds in plain growth media and after two days of seeding growth media was replaced 
with osteogenic differentiation media. The media was changed every alternate day and induction was 
carried out for 21days. It can be seen in figure5(b), cells were homogenously dispersed on composite 
surface and exhibited a polygonal or spindle-shaped morphology, which flattened proliferate and 
anchor on the composite surfaces. It is clearly seen that cells uniformly cover the surface of the 
composites as a confluent layer, which indicated good interaction with the composite and typical 
examples of the cell migration.The above in vitro cell assay results indicated that composites exhibited 
good in vitro cytocompatibility and can promote the adhesion and proliferation of MG-63(P10)cells. 

 
Figure4(a) MTT assays for the proliferation of MG-63(P10) cells on blank control and TiO2dopedn- 
HAp/GO composite, which was cultured for 0, 24, 48h at the same culture condition and (b) SEM 
images of MG-63 (P10) cells after 21days cultured on composite. 

 
Cefadroxil loading and release was estimated using UV-Visible and also the loading can be evaluated 
by zeta potential measurement shown in Figures5(a-c). TiO2 can enhance the loading and 
encapsulation of hydrophilic drugs through hydrogen bond formation due to the existence of a huge 
number of surface -OH groups of TiO2render good drug adsorption through electrostatic interactions. 
Similarly, n-HAp and GO are responsible for this loading. Loading of cefadroxil in TiO2 doped n-HAp/GO 
composite could be attributed to three-fold interactions of cefadroxil with GO, n-HAp and TiO2 

matrix.To determine the drug concentration, the standard calibration curve of cefadroxil were used. 
Calculating cefadroxil-loading efficiency of 0.6% TiO2dopedn-HAp/GO composite was 86% for 48h. 
Thus, TiO2dopedn-HAp/GO composite could be used as a good biomaterial for the rapid absorption of 
drugs. 

 
The zeta potential values of TiO2, n-HAp, GO, TiO2dopedn-HAp/GO composite, cefadroxil and 
cefadroxil loaded TiO2dopedn-HAp/GO compositein the aqueous medium shown in the Figure5(b). 
The zeta potential of GO was -34.1±3mV. These negative charge phenomena can be attributed to the 
ionization of -COOH groups of GO. The zeta potentials of TiO2, n-HAp and cefadroxil drug were - 
53.3±1.5, -17.3±3.6 and -42.1±0.8mV respectively. The free cefadroxil revealed the negative surface 
charge, which is due to its carboxyl (-COOH) groups. The obtained TiO2dopedn-HAp/GO composite 
zeta (-34.5±3.2mV) value is signifying the good stability of the composite and the reason because of 
high negative surface charges probably providing such excellent water-dispersibility of the composite. 
The zeta potential of cefadroxil loaded-TiO2dopedn-HAp/GO composite was -21.5±1.4mV. This 
decrease of the negative charge of cefadroxil-loaded composite is signifying the suitable loading of 
cefadroxil through electric charge interaction between the surface of the composite and the drug. 
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Therefore, the above results confirm the successful incorporation of cefadroxil in the composite 
during drug loading phenomena. 
The cumulative release behavior of cefadroxil from the TiO2dopedn-HAp/GO composite (Figure5(c)). 
It reveals that 30% of cefadroxil is released from the composites within the first 2 h of the drug release 
process. Even though the faster release was detected in PBS at all points of time due to burst release 
of the drug in the premature hours, this observation could be due to the release of adsorbed drug 
molecules on the surface of the composite followed by the release of cefadroxil attached by the inter- 
molecular bonding which takes a long time to release the drug molecules from the composite. After 
6, 12 hrs the release rate has reached about 50%, a common behavior in drug delivery systems with 
the controlled release. the maximum drug release was attained 86.51% for 48h, the electrostatic 
repulsive force interaction produced due to the protonation of amine and hydroxyl groups present on 
the cefadroxil molecules plays a role in determining the mechanism of sustained and boosted drug 
release through its interaction with Ca2+ molecules present in n-HAp and TiO2 and also GO present in 
the composite is responsible for these sustained-release phenomena of drug from the TiO2dopedn- 
HAp/GO composite. 

Figure5(a)percentage drug loading, (b) Zeta potential measure of GO, n-HAp, TiO2, TiO2dopedn- 
HAp/GO composite, cefadroxil and Cefadroxil loaded TiO2dopedn-HAp/GO composite and (c) 
percentage drug release. 

In conclusion, TiO2dopedn-HAp/GO composites were successfully prepared. The results of 
biomineralization showed that composites were efficient in stimulating the mineralization behaviour, 
which demonstrated the osseointegration ability of composites.In vitro cytocompatibilityindicated 
that the proliferation of MG63(P10) cells on composites wasgood, and they canas a good template for 
the cell growth and adhesion. Therefore, TiO2 doped n-HAp/GO compositescould be applied in 
biomedical fields such as bone replacement or repair materials. 
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Abstract 
 

To develop a functional biomaterial for tissue restoration using diverse biological components and 
manufacturing technologies have created paramount importance towards producing clinically 
relevant 3D biomaterials. Basically, animal derived protein has been envisaged as a predominant 
material to develop a biomaterial for tissue regeneration. However, it lacks to address batch-to-batch 
variation and pathogenicity. To this regard, the recombinant proteins facilitate an amicable situation 
to reproduce proteins and peptides under a controlled laboratory circumstances and free off 
pathogenicity. Furthermore, recombinant protein readily communicate under intra and extra-cellular 
components meanwhile it could able to superior functionalized with growth factor, antibiotics and 
bioactive molecules. The recombinant bioengineered collagen, namely collagen-like protein (CLP), can 
be enabled to overcome the limits of natural animal-based collagens by introducing cell-specific 
binding sites to promote cell adhesion, proliferation, differentiation, survival, migration, cell 
morphology and functionalizing collagen to promote self-assembly to form matrix is similar to the 
natural extracellular matrix. To this, the CLP (without hydroxyproline, CLPpro) and its variants 
encoding functional unnatural amino acids such as hydroxyproline (CLPhyp) and 3,4- 
dihydroxyphenylalanine (CLPdopa) were generated through recombinant technology for 3D hydrogel 
development. The structural heterogeneity of unhydroxylated GXY repeats containing CLP protein was 
investigated through introduced the post-translational amino acid hydroxyproline in CLP (CLPhyp) and 
vascular endothelial growth factor mimicking unnatural amino acid (3,4-dihydroxyphenylalanine 
(DOPA)) in CLP (CLPdopa) to mimic native animal collagen meanwhile which enhances structural- 
oriented assembly, and fabrication with enhanced mechanical stability showed effective cell-material 
interaction. This work aimed to develop 3D hydrogel material utilizing genetically engineered proteins 
such as CLPs, CLPpro (CLP with proline), CLPhyp (CLP with proline and hydroxyproline), and CLPdopa 
(CLP with proline and dopa) for tissue engineering applications. 

 

Figure1: Genetic incorporation of hydroxyproline and 3,4-dihydroxyphenylalanine amino acids to 
prepare CLP hydrogels and its tissue engineering application. 
E. coli tyrosine auxotroph or proline auxotroph containing pQE+CLPpro host strains were used and the 
expression of recombinant collagen-like proteins CLPs (CLPpro and congener CLPhyp, CLPdopa) 
confirmed by SDS-PAGE analysis. The target proteins were purified using nickel resign packed onto 
XK26/20 columns. The incorporation of hyp or L-dopa into CLP sequences were done in laboratory 
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scale at CLRI fermentation facility previously and the incorporation was confirmed and quantified by 
various techniques like SDS-PAGE, Mass spectrometry analysis, amino acid quantification and 
calorimetric assays. Followed by large scale production were carried out using a 14 L (10 L working) 
fermenter and purified using FPLC (XK 26/20 column). 

 

 
Figure2:Large-scale production and purification of CLPs for hydrogel preparations. 

For hydrogel preparation, lyophilized CLPpro, CLPhyp, and CLPdopa (suspended in 1X PBS-pH 7.4) 
were used and genipin (a biologically compatible natural crosslinker) was used to intercross lysine 
residues. It was observed that all CLPs hydrogel with optimized concentrations are stable for two days 
at room temperature and two months under refrigerated (4°C) condition. Although there was a slight 
difference in the minimum concentration of CLPs and genipin required to form hydrogelation, 10 
mg/ml and 1 mM of CLPs and genipin were selected, respectively, to compare the functional and 
structural properties uniformly. The effect of crosslinking between CLPs by genipin and thereby 
gelation on the secondary structure of CLPs was studied using vibrational circular dichroism (VCD). A 
positive couplet with a positive band at ~1645 cm-1 followed by a strong negative band at 1665 cm-1 
represents the α-helical conformation, while a single weak negative band at ~1635 cm-1 indicates the 
β-sheet conformation of proteins left-handed polyproline II / triple-helical conformation generates a 
characteristic VCD negative couplet with a negative band at ~1645 cm-1 followed by a positive band at 
1665 cm-1 while an absence of VCD response from disordered or unordered structures. This result is 
crucial for the application of newly developed CLP-based biomaterials as the activity of the protein 
depends on the secondary structure of the proteins. The FTIR results also suggest that incorporation 
of hyp and dopa does not influence the secondary design of CLPpro. 
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Figure3: Optimization of CLPpro, CLPhyp, CLPdopa hydrogel formations, A) Optimization of genipin 

concentrations with 10mg/ml of CLPpro proteins i) 2mM, ii) 1mM, iii) 0.5mM, iv) 0.25mM. B) 

Optimization of CLPpro protein concentration with 0.5mM of genipin i) 10mg/ml, ii) 5mg/ml, iii) 

2.5mg/ml of CLPpro. C) Optimization of CLPhyp protein concentration with 2mM of genipin i) 10, ii) 

0.5, iii) 2.5mg/ml of CLPhyp, D) Optimization of genipin concentration with 10mg/ml of CLPhyp protein 

i) 2mM, ii) 1mM, iii) 0.5mM of genipin. E) optimization of CLPdopa protein concentrations with 2mM 

of genipin i) 10, 5, 2.5 mg/ml, F) Optimization genipin concentration with 10mg/ml of CLPdopa i) 2mM, 

1mM, 0.5mM, 0.25mM of genipin. 

Therefore, the viscoelastic property of the prepared hydrogels of CLPs were analyzed by rheological 

experiments to correlate the viscoelastic nature of the gels with their biological activities such as cell 

proliferation and tissue regenerations. In rheological studies, the gel nature has been confirmed by 

following the storage (G’) and loss (G”) modulus of the system as a function of angular frequency LVR 

of CLPhyp appears to be around 10% strain, while the same was approximately 50% strain for CLPpro 

and CLPdopa. This reduced LVR suggests that CLPhyp hydrogels could be weaker hydrogel as they can 

be converted to liquid-like material under low strain than CLPpro and CLPdopa. LVR measurements 

also provide information on the safe percentage of strain which can be used for other rheological 

measurements where the viscoelastic nature of the hydrogel was maintained. A similar result was 

observed for CLPhyp and CLPdopa which suggests that incorporating hydroxyproline and DOPA did 

not influence the viscoelastic property with respect to the angular frequency range used in the study. 

However, it should be noted that a slight increase in the magnitude of G’ was seen for CLPpro and 

CLPdopa at higher frequencies, which indicates that the elastic nature of CLPpro and CLPdopa can be 

modulated at higher frequencies the CLPpro hydrogel appears to be scaffold-like morphology with 

smaller pores with variable sizes. 
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Figure4: Viscoelastic property of RCLPs hydrogel measured by rheological experiments. A, B & C 

represents strain sweep measurement of CLPpro, CLPhyp and CLPdopa hydrogels, respectively, at a 

constant angular frequency (1 rad/s). D, E & F represents frequency sweep measurements of CLPpro, 

CLPhyp and CLPdopa hydrogels, respectively, at a constant strain (0.5%). 

Such morphology could be because of the limited ability of CLPpro to undergo self-assembly and 

fibrillation due to the lack of hydroxyl proline. Although CLPdopa exhibited a similar scaffold-like 

morphology, the pore size was larger with a reduced number of pores compared to CLPpro. It should 

be noted that the number of pores were decreased in the order of CLPpro>CLPdopa>CLPhyp while the 

pore size were increased in the reverse order, such as CLPhyp>CLPdopa>CLPpro. The recombinant 

collagen-like proteins CLPpro, CLPhyp, CLPdopa hydrogels swelling were compared by immersing the 

scaffold in the 1X PBS (7.4) for 2,4,6,8,12 h. In that, CLPhyp hydrogel showed a higher gel swelling ratio 

compared to other CLPpro and CLPdopa scaffolds. The introduction of more hydroxyproline in the 

collagenous sequence enhances the scaffold's hydrophilicity, resulting in more water uptake and gel 

swelling. The gel swelling ratio is also dependent on the degree of crosslinking. Followed by, the 

crosslinking efficiency can be measured by estimating the unreacted amino group present in the 

hydrogel after crosslinking with genipin. In all CLPpro, CLPhyp, CLPdopa protein hydrogels, more than 

80 % of the collagens amines were crosslinked with genipin. In that, CLPpro protein hydrogel showed 

higher crosslinking efficiency than the CLPhyp and CLPdopa protein hydrogels. 

Wound healing is multistep process includes re-epithelialization, epidermal differentiation, cell 

migration, proliferation will happen in a controlled manner. Effective wound healing leads to 

restoration of tissue integrity and occurs through a highly organized multistage process involving 

various cell. The biocompatibility of the CLPpro, CLPhyp and CLPdopa hydrogels were analyzed by MTT 

assay using 3T3/NIH mouse fibroblast and EA.hy926 human endothelial cells where all the hydrogel 

extracts has biocompatibility. However, among the CLPs, CLPhyp hydrogel enhances biocompatibility 

compared to the CLPpro and CLPdopa hydrogel extracts which could be correlated with earlier report 

where the soluble CLPhyp protein enhance the cell proliferation and attachment. The cellular 

morphology of the hydrogel extracts treated cells was analyzed by staining with acridine orange, which 

shows that the hydrogel has higher biocompatibility and maintains the defined cellular morphology 

of 3T3/ NIH mouse fibroblast cells. Similarly, the biocompatibility of the CLPpro, CLPhyp and CLPdopa 

hydrogels were analyzed using EAhy926 human endothelial cells. After seeding the endothelial cells 

into the 96 well plates, the cells were treated with CLPpro, CLPhyp and CLPdopa hydrogel extracts 

separately. These results inferred that introducing the L-DOPA and hydroxyproline into the 

collagenous sequence significantly increase the cell viability of 3T3/NIH mouse fibroblast cells and 

EAhy926 human endothelial cells. 

Cell migration plays a crucial role in the formation and functioning of multicellular organisms. It is 

essential for wound healing, immune responses, embryonic developments etc. The chemical and 

mechanical signaling to the cells promotes the cell migrations towards specific directions. The 

biomaterials that induce cell proliferation and migration are essential for tissue remodeling and the 

wound healing processThe CLPpro, CLPhyp and CLPdopa protein hydrogel-induced cell migration rate 

was analyzed in EA.hy926 human endothelial cells by wound scratch assay. Then the cell migration 

ability was studied by adding CLPpro, CLPhyp and CLPdopa protein hydrogel extracts. The migration 

of cells was monitored for every hour using a live-cell Juli Stage real-time cell history recorder. Analysis 

of these results was done by Juli Scratch STAT cell analysis software. The speed of wound closure rate 

per hour was higher for CLPdopa, and CLPhyp hydrogel treated cells than CLPpro. The cell migration 

was shown at 0th, 5, 10 and 15 h. For CLPpro, CLPhyp and CLPdopa hydrogel extract-treated cells, the 

wound area remaining percentage is 16 %, 3 % and 8 % due to cell migrations after 15 h incubation. 
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The percentage wound confluence was calculated as 83 %, 96 % and 91 % for CLPpro, CLPhyp and 

CLPdopa respectively. It confirms that the cell migration and wound confluence were higher for the 

CLPhyp, and CLPdopa hydrogel treated cells which show that functionalizing the collagenous proteins 

with hydroxyproline and L-DOPA enhances biocompatibility, cell proliferation and migrations. We 

conclude that functionalizing the collagen sequences with unnatural amino acids such as 

hydroxyproline and L-DOPA by expanding the genetic code technology-enhanced collagen-based 

biomaterial’s structural biological functions. The present study paves the way to develop new 

hydrogels to create customized next-generation biomaterials for target-specific tissue regeneration 

applications. The future study aims to optimize and develop a bioink constituted with engineered 

Collagen like proteins followed by the development of layer by layer deposited synthetic 3D skin model 

for tissue restoration. 
C 

 
 

 

 
 
 
 
 

Figure5: CLPpro, CLPhyp, CLPdopa hydrogel biocompatibility analysis. A) Fluorescence image analysis 

of CLPpro, CLPhyp, CLPdopa gel treated A, B, C) 3T3/NIH mouse fibroblast and D, E, F) EAhy926 

endothelial cells. B) MTT cell proliferation analysis of hydrogel treated with 3T3/NIH mouse fibroblast. 

C) CLPpro, CLPhyp, CLPdopa proteins hydrogel treated EA-hy926 cells migration recorded by Julistage 

live cell imaging system. 
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Abstract 
 

Purpose: Engineering a monolayer of corneal endothelium (CE) for transplantation requires a suitable 
scaffold that is comparable to Descemet’s membrane in its structural, optical, topographical and 
functional aspects. This study aimed at determining the use of silk fibroin membrane as for 
engineering the CE. 
Methods: Silk films derived from fibroin protein of Philosamia ricini(PR), Antheraea assamensis(AA) 
and Bombyx mori(BM) were prepared. Adhesion of CE on silk films was quantified using MTT assay. 
Expression and localization of CE markers (collagen-VIII, ZO-1, N-Cadherin, Na/K-ATPase) was 
determined using PCR and immunostaining. Cell to matrix dynamics between CE and silk was assessed 
by studying the secreted extracellular matrix (ECM) proteins (Collagen-IV, Collagen-VIII, Laminin and 
fibronectin) and integrin expression and localisation (α2,α3,α5,αv,α6, β1,β3,β5) both at gene and 
protein levels.The function of cells on the films was assessed in-vitro by measuring permeability to 
FITC-dextran (10kDa) and ex-vivo by assessing the reduction in corneal edema and regain of 
transparency post-perfusion. 

Result:MTT assay showed the cell adhesion infollowing order- fibronectin-collagen1 coated 
dish>AA≥PR>BM (p≤0.01). CE cells formed a monolayer expressing all the specific 
markers.Integrins(α2,α3,α5,α6,β1 andβ5) and ECM proteins(Collagen-IV,Collagen-VIIIand Laminin) 
expressed by cells on AA and PR were comparable to the native tissue. Cells were able to establish 
barrier integrity in-vitro and a significant reduction of 100-200µm in corneal thickness was observed 
post-perfusion ex-vivo. 

Conclusion: Our data suggests that AA and PR closely mimic the Descemet’s membrane and might 
offer a suitable alternative for engineering CE for transplantation. 

mailto:swatilekhahazra1992@gmail.com
mailto:swatilekhahazra@lvpei.org


191 

 

 

 

Silk Based Autologous Growth Factor Enriched 3D Printed Constructs for 
Patient Specific Partial and Full Thickness Meniscus Defects 

 
Ashutosh Bandyopadhyay1, Baishali Ghibhela1, Sayanti Shome1 and Biman B. 

Mandal1,2,3* 

 
1 Department of Biosciences and Bioengineering; Indian Institute of Technology Guwahati, Guwahati- 

781039, Assam 
2 Centre for Nanotechnology, Indian Institute of Technology Guwahati, Guwahati 781039, Assam, 

India. 
3 Jyoti and Bhupat Mehta School of Health Sciences and Technology, Indian Institute of Technology 

Guwahati, Guwahati 781039, Assam, India 
1 Email: ashutoshasb@gmail.com; * Email: biman.mandal@iitg.ac.in 

 
Abstract 

 
Meniscus injuries are causatives of knee osteoarthritis as well as lifestyle hindrances in the young, 
adult and aged alike. Non-healing tears in the avascular regions of the menisci lead to severe pain and 
suffering while attracting partial or full meniscectomy. Countering such consequences requires 
meniscal implants that would possess apt bioactivity and autologous growth factors, culminated into 
3D constructs that would be patient specific in size and shape. These would also require the 
mechanical and physicochemical resilience to bear the various stresses within the knee joint. Platelet 
rich plasma has been touted as an autologous growth factor enriched treatment modality for various 
musculoskeletal and other diseases and disorders. With the aid of 3D bioprinting, photo-crosslinking 
silk and gelatin biopolymer ink, here we demonstrated a bioink that would be enriched with human 
platelet rich plasma lysate (PRP) that is a potential treatment approach for large and small meniscal 
tears. The 3D bioprinted constructs using the PRP/silk photo-polymerizing bioink demonstrated the 
necessary mechanical, degradability and swelling properties while releasing the growth factors 
bestowed by the presence of PRP. Moreover, the bioactivity of these constructs, evaluated using 
human Wharton’s jelly mesenchymal stromal cells showed fibrochondrogenic differentiation both in 
the gene expression as well as the extra-cellular matrix deposition profiles. This in addition to the 
demonstration of in vitro immuno-compatibility (in murine and human macrophage cells) and in vivo 
immuno-compatibility (in rabbit model) of the bioink confirmed the ability of the abovementioned 
constructs to act as potential treatment modality for meniscal tears. 
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In this study we 3D printed autologous growth factor loaded photo-crosslinking blend of silkMA, 
gelMA and PEGDMA into constructs for potential application in meniscus tissue engineering and 
treatment of meniscus tears and resection (figure 1). The blending of shear thinning viscoelastic gelMA 
and PEGDMA with silkMA enabled high resolution 3D printing of grid constructs at 18-20°C 
temperature, 5-8 mm/s speed and at extrusion pressure of <180kPa. Further, these printed structures 

 

were crosslinked using visible LED light source (405 nm) within a span of 60s to yield mechanically 
resilient 3D constructs that underwent various physicochemical, mechanical and biological 
evaluations to ascertain their suitability for meniscus specific characteristics. 
Figure 1: Schematic representation of the 3D printed meniscal tissues using the silk based bioinks and 
the evaluation of the same using hwJMSCs for potential implantation. (made using BioRender) 

 
We chose silkMA, gelMA and PEGMDA as our base blend of polymers to achieve facile crosslinking 
using light source, biocompatibility, mechanical strength as well as instant applicability which are 
essential for tissue engineering applications including that of the menisci. The initial screening was 
conducted using various amounts of PRP encapsulations to ensure the viability of the biological 
functionality of the encapsulated growth factors within the fabricated constructs while being 
mechanically and physico-chemically apt for meniscal tissue engineering. The infrared spectroscopic 
analysis projected the signature amide I, II and III peaks of proteins/protein blends silkMA [1], 
gelMA[2], PRP0 and PRP50 bioinks. Additionally, the methacrylation peaks in silkMA[1], gelMA[2], 
PEGDMA[2] and the PRP0 and PRP50 bioinks were seen that are legacy of the methacrylate groups 
being present in various substitutions within the respective components (figure 2A). Initial rheological 
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assessment of the bioink blends showed shear thinning (figure 2B) which is a requisite for apt 
printability using micro-extrusion method[3] and hence the bioinks were printed into grid constructs. 

 
Figure 2: (A) Infrared spectra of various bioink components and bioink compositions. (B) Amplitude 
sweep of various bioink compositions. (C) Swelling ratio of different bioink compositions until they 
reach equilibrium. (D) Porosity of 3D printed constructs using various bioink compositions. 
Compressive (E) stress-strain curve, (F) compressive moduli and (G) Cyclic compressive stress- 
relaxation test graphs of various bioink compositions. 

 

The constructs were found to uptake >3 times their dehydrated weight in saline within 30 minutes 
and reach equilibrium state of ≥3.5 times uptake after being incubated for >16h (figure 2C). This is an 
indicator of efficient media adsorption by the constructs and will further add to the ability of rapid 
exchange of nutrients and metabolites for the constructs[4-6]. Furthermore, the porosity of the struts 
was found to be >47% (figure 2D) which add to the abovementioned phenomena. Furthermore, the 
printed grid constructs were subjected to mechanical strength evaluation, necessary for survival of 
meniscal tissue engineering scaffolds within the knee joint [4, 7]. The constructs were exposed to 
confined compressive loading of 60% (figure 2E-F) as well as hyper-physiological 20% cyclic confined 
compressive strain [4, 8] of 50 cycles for all the PRP loaded compositions (figure 2G). All the constructs 
printed using various bioink compositions showed a compressive modulus comparable to or greater 
than the equilibrium modulus of native menisci both porcine[9] and human menisci[10] (figure 2F). 
Moreover, all the constructs demonstrated minimal deviation, in their 50th cycle as compared to their 
1st cycle, both in the stress-cycle count (figure 2G). 

 
All the experimental groups (3D constructs printed using PRP0, PRP1, PRP10, PRP25 and PRP50 

bioinks) were evaluated for their protein leaching behaviour in saline and it was hence found out that 
the major component being released from the construct groups was PRP as the PRP0 and PRP1 groups 
reflected minimal release of proteins over the period of 10 days (figure 3A). This is indicative of the 
minimal degradability the constructs would experience in the in vitro culture conditions (devoid of 
enzymes). Thereafter, cellular viability of hWJMSCs seeded over the experimental groups was checked 
after day 1 and day 3 and no reduction but a proliferation in the higher PRP containing groups was 
observed reflecting the suitability of PRP addition to the bioink composition as compared to the no 
PRP (PRP0) group (figure 3B). Hence, all the experimental groups were further evaluated for the 
cellular proliferation and sGAG secretion after seeding with hWJMSCs (figure 3C-D). All the 
experimental groups showed cellular proliferation and sGAG secretion by the seeded hWJMSCs. 
Notably, PRP25 and PRP50 groups showed highest DNA content as well as sGAG content after 21 days 
of culture and there was no significant differences between them, hence PRP25 was chosen as the 
optimal group for further in vitro validations. 

 
Extensive rheological evaluation of the PRP25 bioink yielded concomitant results (figure 3E-H) to the 
previously observed amplitude sweep (figure 2B). The amplitude sweep here depicted a better 
stability and wider LVER (figure 3E) due to the reduction in temperature of testing to match the lowest 
used printing temperature of 18°C. This is anticipated due to the better thermo-reversible nature 
induced gelation achieved by the gelMA and PEGDMA [11]. Furthermore, a reduction in viscosity with 
the rise in frequency of strain indicates the thinning of bioink due to sudden forces (figure 3F). While 
the thixotropy shows ideal shear thinning and gel strength recovery as aptly anticipated from a bioink 
[12] (figure 3G), a concomitant gel strength reduction is seen with the rise in temperature as has been 
observed previously in bioinks with thermo-reversible polymers such as gelMA and PEGDMA [1, 11] 
(figure 3H). 
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Figure 3: (A) Cumulative protein leached from various bioink compositions. (B) Cellular viability after 
1 and 3 days of cell seeding on 3D printed constructs for various bioink compositions. Estimation of 
(C) DNA content and (D) sGAG content secreted by cells seeded on 3D printed constructs for various 
bioink compositions. Rheological characterization of PRP25 bioink depicting (E) amplitude sweep (F) 
frequency sweep (G) 3 interval thixotropy test and (H) temperature sweep PRP25 bioink composition. 
Long term (I) cumulative release of PRP and (J) degradation profile under saline and proteolytic 
enzyme for PRP25 3D printed constructs. (K) Electron micrographs showing the surface morphology 
of PRP25 3D printed constructs. (L) Cyclic compressive stress-relaxation test graphs of PRP25 3D 
printed constructs after 1, 5, 7, 14 and 21 days of printing. 

 
PRP25 constructs were evaluated for their sustained release of PRP proteins encapsulated within them 
over 40 days and the release profile was found to be sustained for the whole duration (figure 3I). This 
favours our hypothesis of a sustained release of encapsulated PRP growth factors from the reservoir, 
i.e., the bioprinted constructs. Accompanying this a subsequent reduction of <30% weight was seen 
under enzymatic conditions and a swollen condition was maintained by the constructs in saline with 
no degradation for 6 weeks (figure 3J). This slow degradation of meniscus tissue engineering 
constructs is desirable due to the slow healing of observed in the avascular regions [13, 14]. A 
microstructure analysis of the freezedried PRP25 constructs showed presence of globular PRP proteins 
protruding out of the printed struts (figure 3K). Additionally, these PRP25 constructs displayed a 
sustained mechanical strength when subjected to 10000 cycles of hyper-physiological compression [4, 
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8] (figure 3L) over the period of 21 days with a marked reduction in strength from day 5 onwards but 
a stable strength after that till the end of the experimental duration. Live dead staining of hWJMSCs 
seeded on PRP25 printed constructs showed uniform distribution of cells on day 1 and proliferation 
of till day 21 as could be seen in the micrographs (figure 4A-D). This was accompanied by the 
fibrochondrogenic differentiation of the cells denoted by the upregulation of the hallmark genes, i.e., 
aggrecan, sox-9, collagen I and collagen II [15, 16] (figure 5A-D). Furthermore, the osteogenic markers 
runx-2 (early osteogenesis [17]) and osteocalcin (late osteogenic[18]) were found to be severely 
downregulated which show the absence of any ectopic bone formation potential due to the cocktail 
of growth factors in PRP (figure 5E-F). Further, the deposition of marked amounts of sGAG observed 
in biochemical estimation could be correlated with the enhanced aggrecan expression in figure 5A. 
The immunofluorescence-based co-staining of constructs demonstrated deposition of aggrecan, 
collagen I and collagen II around the nuclei (figure 5G-H) in tandem with the gene expression profile. 
This implicates the fibrochondrogenic differentiation of the hWJMSCs seeded on PRP25 constructs 
[19-22]. 

 

Figure 4: Representative live-dead micrographs at higher and lower magnifications after (A) day 1, (B) 
day 7, (C) day 14 and (D) day 21 of seeding and culture on PRP25 3D printed constructs. 
Immuno-compatibility of 3D printed constructs is a vital criterion for its application in vivo and 
subsequent prevention of graft rejection which may be accompanied by acute inflammation and non- 
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integration with the host tissue [23, 24]. In vitro evaluation of our 3D printed constructs as well as 
their leachate yielded minimal inflammatory cytokine (TNFα and IL-1β) release (figure 5I-L) both by 
murine macrophages and human monocyte derived macrophages. The release of TNFα and IL-1β by 
both the macrophages were comparable to the unstimulated control and several folds lower than the 
LPS stimulated controls. This response is in accordance with our previously reported instances of silk 
and gelatin based bioinks/biomaterial inks [4, 6, 11, 12] both under in vitro as well as in vivo. 

 

Figure 5: Gene expression profiles of (A) aggrecan (acan), (B) collagen I (col I), (C) sox-9, (D) collagen 
II (col II), (E) runx2 and (F) osteocalcin (OCN) genes after 7, 14 and 21 days of culture on PRP25 3D 
printed constructs normalized to day 1 expression and βactin housekeeping gene. 
Immunoflourescence images of (G) aggrecan (ACAN) and collagen I (COL I) costaining and (H) collagen 
II (COL II) and collagen I (COL I) costaining after 21 days of cells cultured on PRP25 3D printed 
constructs. Amount of TNF-α released by (I) murine and (K) human macrophages and amount of IL-1β 
released by (J) murine and (L) human macrophages after 24 hrs of incubation with constructs or their 
leachates as compared to the treatment of lipopolysaccharide (LPS) and tissue culture dish (TCP). 

 
Upon the extensive in vitro evaluation of 3D printed constructs using PRP25 bioink, it was found that 
they hold the potential of being applied as personalized patient-specific treatment modality for larger 
meniscal tears involving partial/complete resection. Additionally, they could provide an enhanced 
regenerative capacity due to the presence of PRP while being mechanically resilient, sustainably 
degradable and highly immune-compatible. These constructs need to be further evaluated for their 
efficacy in vivo by the virtue of major defect creation in small and large animal models and determined 
for their aptness in future treatment of meniscal resection in humans. 

 
References : 
1. A. Bandyopadhyay, B.B. Mandal, N. Bhardwaj, 3D bioprinting of photo‐crosslinkable silk 

methacrylate (SilMA)‐polyethylene glycol diacrylate (PEGDA) bioink for cartilage tissue 
engineering, Journal of Biomedical Materials Research Part A (2021). 

2. K.R. Mamaghani, S.M. Naghib, A. Zahedi, M. Mozafari, Synthesis and microstructural 
characterization of GelMa/PEGDA hybrid hydrogel containing graphene oxide for biomedical 
purposes, Materials Today: Proceedings 5(7) (2018) 15635-15644. 

3. S. Mehrotra, J.C. Moses, A. Bandyopadhyay, B.B. Mandal, 3D printing/bioprinting based tailoring 
of in vitro tissue models: Recent advances and challenges, ACS Applied Bio Materials 2(4) (2019) 
1385-1405. 

4. A. Bandyopadhyay, B.B. Mandal, A three-dimensional printed silk-based biomimetic tri-layered 
meniscus for potential patient-specific implantation, Biofabrication 12(1) (2019) 015003. 

5. Y.P. Singh, J.C. Moses, A. Bandyopadhyay, B.B. Mandal, 3D Bioprinted Silk‐Based In Vitro 
Osteochondral Model for Osteoarthritis Therapeutics, Advanced Healthcare Materials 2200209. 

6. Y.P. Singh, A. Bandyopadhyay, B.B. Mandal, 3D bioprinting using cross-linker-free silk–gelatin 
bioink for cartilage tissue engineering, ACS applied materials & interfaces 11(37) (2019) 33684- 
33696. 

7. B.B. Mandal, S.H. Park, E.S. Gil, D.L. Kaplan, Multilayered silk scaffolds for meniscus tissue 
engineering, Biomaterials 32(2) (2011) 639-651. 

8. M. Lutolf, J. Hubbell, Synthetic biomaterials as instructive extracellular microenvironments for 
morphogenesis in tissue engineering, Nature biotechnology 23(1) (2005) 47-55. 

9. A. Abdelgaied, M. Stanley, M. Galfe, H. Berry, E. Ingham, J. Fisher, Comparison of the biomechanical 
tensile and compressive properties of decellularised and natural porcine meniscus, Journal of 
biomechanics 48(8) (2015) 1389-1396. 

10.A. Morejon, C.D. Norberg, M. De Rosa, T.M. Best, A.R. Jackson, F. Travascio, Compressive properties 
and hydraulic permeability of human meniscus: relationships with tissue structure and 
composition, Frontiers in bioengineering and biotechnology 8 (2021) 622552. 



197 

 

 

 

11.S. Mehrotra, R.D. Singh, A. Bandyopadhyay, G. Janani, S. Dey, B.B. Mandal, Engineering 
microsphere-loaded non-mulberry silk-based 3D bioprinted vascularized cardiac patches with 
oxygen-releasing and immunomodulatory potential, ACS Applied Materials & Interfaces 13(43) 
(2021) 50744-50759. 

12.J.C. Moses, T. Saha, B.B. Mandal, Chondroprotective and osteogenic effects of silk-based bioinks in 
developing 3D bioprinted osteochondral interface, Bioprinting 17 (2020) e00067. 

13.U.G. Longo, S. Campi, G. Romeo, F. Spiezia, N. Maffulli, V. Denaro, Biological strategies to enhance 
healing of the avascular area of the meniscus, Stem cells international 2012 (2012). 

14.J. Twomey-Kozak, C.T. Jayasuriya, Meniscus repair and regeneration: a systematic review from a 
basic and translational science perspective, Clinics in sports medicine 39(1) (2020) 125-163. 

15.M. Bousnaki, A. Bakopoulou, D. Papadogianni, N.-M. Barkoula, K. Alpantaki, A. Kritis, M. 
Chatzinikolaidou, P. Koidis, Fibro/chondrogenic differentiation of dental stem cells into 
chitosan/alginate scaffolds towards temporomandibular joint disc regeneration, Journal of 
Materials Science: Materials in Medicine 29(7) (2018) 1-17. 

16.S. Qin, W. Wang, Z. Liu, X. Hua, S. Fu, F. Dong, A. Li, Z. Liu, P. Wang, L. Dai, Fibrochondrogenic 
differentiation potential of tendon-derived stem/progenitor cells from human patellar tendon, 
Journal of Orthopaedic Translation 22 (2020) 101-108. 

17.L. Zou, F.K. Kidwai, R.A. Kopher, J. Motl, C.A. Kellum, J.J. Westendorf, D.S. Kaufman, Use of RUNX2 
expression to identify osteogenic progenitor cells derived from human embryonic stem cells, Stem 
cell reports 4(2) (2015) 190-198. 

18.G.D. Kusuma, D. Menicanin, S. Gronthos, U. Manuelpillai, M.H. Abumaree, M.D. Pertile, S.P. 
Brennecke, B. Kalionis, Ectopic bone formation by mesenchymal stem cells derived from human 
term placenta and the decidua, PLoS One 10(10) (2015) e0141246. 

19.G. Zhong, J. Yao, X. Huang, Y. Luo, M. Wang, J. Han, F. Chen, Y. Yu, Injectable ECM hydrogel for 
delivery of BMSCs enabled full-thickness meniscus repair in an orthotopic rat model, Bioactive 
materials 5(4) (2020) 871-879. 

20.Y.-H. An, J.-A. Kim, H.-G. Yim, W.-J. Han, Y.-B. Park, H. Jin Park, M. Young Kim, J. Jang, R.H. Koh, S.- 
H. Kim, Meniscus regeneration with injectable Pluronic/PMMA-reinforced fibrin hydrogels in a 
rabbit segmental meniscectomy model, Journal of Tissue Engineering 12 (2021) 
20417314211050141. 

21.J. Wu, J. Xu, Y. Huang, L. Tang, Y. Hong, Regional-specific meniscal extracellular matrix hydrogels 
and their effects on cell–matrix interactions of fibrochondrocytes, Biomedical Materials 17(1) 
(2021) 014105. 

22.J. Wu, Q. Ding, A. Dutta, Y. Wang, Y.-h. Huang, H. Weng, L. Tang, Y. Hong, An injectable extracellular 
matrix derived hydrogel for meniscus repair and regeneration, Acta biomaterialia 16 (2015) 49-59. 

23.S. Almawash, S.K. Osman, G. Mustafa, M.A. El Hamd, Current and Future Prospective of Injectable 
Hydrogels—Design Challenges and Limitations, Pharmaceuticals 15(3) (2022) 371. 

24.B. Řıh́ ová, Immunocompatibility and biocompatibility of cell delivery systems, Advanced drug 
delivery reviews 42(1-2) (2000) 65-80. 



198 

 

 

 

A hybrid coating on titania nanotubes for orthopaedic application 
 

V Sudhisha1 and n Rajendran* 
 

department of chemistry, anna university, chennai -600025, tamil nadu 
1 email: sudhishasudhi92@gmail.com * email: rajendranarasi@gmail.com 

 

Abstract 
 

The current research work is intensively focused on fabrication of zinc phosphate doped poly(3,4- 
ethylenedioxythiophene pedot electropolymerized on titania nanotube arrays (tnta) fabricated on cp- 
titanum by anodic oxidation process for orthopaedic application. The preliminary characterization 
studies were conducted to determine the morphology, elemental composition, phase transformation 
and functional group of the znp-pedot/tnta. Moreover, the wettability of the material was tested using 
water contact angle. The corrosion behaviour of developed titanium implant material was analysed 
through electrochemical impedance studies and potentiodynamic polarization. The corresponding 
bioactivity and in vitro biocompatibility was determined by biominieralization studies were the 
material was immersed in Hanks’ solution and examined for 21 days. Similarly, MTT assay with MG63 
cells was done to understand the cell viability and proliferation of the material with the presence of 
zinc phosphate along with PEDOT. The contribution against antibacterial performance of zinc 
phosphate and PEDOT on TNTA implant material was tested using gram-positive and gram-negative 
bacteria. Overall the obtained outcomes exhibited outstanding biocompatibility, excellent 
anticorrosion and and antibacterial properties as expected. Hence ZnP-PEDOT/TNTA together makes 
a promising potential for bone performance in orthopaedic field of research. 

 
Nanosized surface is having great potential in enriching the cellular activity as they can confidently 
interact with nanosized bone components namely collagen fibrils, cell receptors, basement 
membranes, protein folding, filopodia and DNA. There are two basic methods followed to fabricate 
titanium nanotubes for biomedical applications, such as template methods and direct synthesis 
methods including solgel method, hydrothermal method, microwave method and anodization 
method. Amoung them electrochemical anodization is highly attracted method with its simple 
operation and low cost. From past few decades, the experimental parameters can be tuned to adjust 
the length, diameter and inter tubular spacing of nanotubes through the fabrication process. 

 
Conducting polymers are highly attracted in medical and other biological fields of applications as the 
tissues are quick to reponse to the stimuli of electrical conductivity. Conducting polymers produces 
conductivity from conjugated double bonds having carbon atoms bonded alternately with single 
bonds. The single bonds have localized sigma (σ) bonds and double bonds have localized pi (π). 
Conducting polymer coatings have the capability to rise the corrosion resistance of the implant 
material. They are also attracted with reversible redox, adjustable conductivity and facile processing. 
PEDOT is one of the derivative of polythiophene having good chemical and electrical stability along 
with thermal stability on comparing with other conducting polymers. In many research works, PEDOT 
was used to improve the cell attachment and proliferation which stays as the essential part of 
biocompatibity. As the mislinkage and structural defects is very low and aqueous stability is very high, 
the PEDOT is suitable for bone repair. 
Presence of zinc plays an important role in progressing bone growth with betterment of osteoblast 
differentiation and deterioration of osteoclast differentiation. Our body requires ~ 27 gram of zinc per 
day. When the control over intake of Zn exceeds, it leads to the toxicity to human biological system. 
Therefore controlled release of Zn2+ has to be focused to minimize the toxicity of implant material. To 
make this possible, Zinc phosphate (ZnP) was utilized which further promotes the bone formation 
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ability along with controlled degradation rate. ZnP is a significant material known for cell viability, 
adhesion, differentiation of pre-osteoblast cells and immune regulation. 

 

 

Fig. 1 SEM and EDX of TNTA and ZnP-PEDOT/TNTA 
 

The HR-SEM image of TNTA obtained after anodization process of Cp-titanium is displayed in Fig. 1 (a- 
c). The image represents the high degree of aligned tubes clearly visible. The 3D image of TNTA 
engendered from the same specimen at higher magnification show the well-developed nanotube arrays 
aligned well between the intertubular gaps. The EDX profile given in Fig. 1(d) gives confirmation on 
growth of titanium nanotube layer by mapping the presence of titanium and oxygen. Fig. 1 (e-g). The 
surface of TNTA was covered with ZnP –PEDOT coating. From figure, the better electropolymerized 
TNTA was obtained in ZnP-2-PEDOT which provides cell adhesion and the apatite growth with its 
moderate deposition respectively. The preliminary confirmation of ZnP-PEDOT/TNTA was done from 
EDX profile presented in Fig. 1 (d) showing the existence of titanium, oxygen, carbon, sulphur, zinc and 
phosphate. 

 

Fig. 2 (a) cyclic voltagram of ZnP-PEDOT/TNTA electropolymerized on TNTA. 2.(b) Contact angle 
measurements. 

The multicyclic voltammogram of ZnP doped EDOT polymerized on anodized TNTA surface was 
experimentally performed with scan rate 0.03 mV s-1 and shown in Fig. 2 (a). Five independent anodic 
and cathodic curves from -0.5 to +2.0 V vs SCE were drawn, which explains the gradual and steady 
deposition of ZnP-PEDOT. The dense peak obtained around 1.5 V vs SCE indicates the polymerization 
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and deposition of PEDOT on TNTA surface. The contact angle of ZnP-PEDOT/TNTA from Fig. 2 (b) shows 
moderate hydrophilicity with the value 63.3º due to the presence of PEDOT and ZnP. This provides the 
stable upregulation of minerals and calcium phosphorous for the betterment of osseointegration and 
osteoblast cell proliferation 

 

Fig. 3 (a, b, c) Electrochemical impedance spectroscopic analysis (d) and potentiodynamic 
polarization of substrate, TNTA and ZnP-PEDOT/TNTA. 

 
S.No Sample ECorr (V) ICorr (µA/cm2) (10-6) 

1. Substrate -0.401 1.49 

2. TNTA -0.345 2.10 

3. ZnP-PEDOT/TNTA -0.159 5.02 

 
Table 1: Potentiodynamic polarization parameters of substrate, TNTA and ZnP-PEDOT/TNTA. 

 

The Nyquist plots from Fig. 3 (a) are representing the semicircular arcs of all samples. From graphical 
representation, it is clearly noticed that the semicircular arc of ZnP-PEDOT/TNTA is having much higher 
diameter than that of substrate and TNTA respectively. From bode phase angle, the overall results 
show the better resistance in ZnP-PEDOT/TNTA. The Bode impedance spectra from Fig. 3 (b, c), we 
confirm once again the enhanced corrosion resistive performance of ZnP-PEDOT/TNTA on comparing 
to substrate and TNTA. From polarization plots shown in Fig. 3 (d), the Ecorr values of substrate, TNTA 
and ZnP-PEDOT/TNTA are -0.401, -0.345 and -0.159 V. It is observed that the Ecorr value of ZnP- 
PEDOT/TNTA disclosed noteworthy shift headed towards the nobler path compared to substrate and 
TNTA. The stability of ZnP-PEDOT/TNTA is also understood with respect to the obtained lower 
passivation current on comparision with substate and TNTA. The icorr values of substrate, TNTA and 
ZnP-PEDOT/TNTA are 1.49, 2.10 and 5.02 µA/cm2. The lower value is obtained for ZnP-PEDOT/TNTA 
on comparing to substrate and TNTA. As a result of compact coating with perfect pores in ZnP- 
PEDOT/TNTA represented as a perfect passive layer that dropped the corrosion current and bring 
variation in icorr value by manipulating the migration of ions. 

 
From SEM images, the partial coverage of the white globular structure has been found increased with 
increasing immersion duration. Finally the SEM image of 21 days immersed sample seen covered 
completely with newly developed HAp on the surface with clumsy and aggregated white globular 
crystal structure by consuming high concentration of Ca2+ from Hanks’ solution. From XRD and FTIR, it 
is absorbed that zinc phosphate uphold the bone regeneration with fast biomineration for 1st day with 
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PO 3- formation. The osteogenic properties are seen increased with increase in immersion time with 
intensities in the graph obtained for 7th, 14th and 21st day of immersion respectively. 

 

Fig. 4 SEM images (a), XRD spectra (b) ATR-FTIR spectra (c) of ZnP-PEDOT/TNTA after 1 day, 7 days, 14 
days and 21 days of immersion in Hanks’ solution. 

 

Fig. 5 (a) Proliferation of MG63 cells on the substrate, TNTA, PEDOT/TNTA and ZnP-PEDOT/TNTA with 
respect to control and (b) fluorescent images. (c) Antimicrobial studies of the substrate, TNTA, 
PEDOT/TNTA and ZnP-PEDOT/TNTA with E.coli and S.aureus 

From MTT assay, with respect to cell control at 100% concentration, the percentage of cells were 
visibly shirnked to 85% in substrate. The TNTA with its nanostructure show improved cell metabolic 
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activity and viability with 140% promotion than cell control. The higher quantity of PEDOT and ZnP in 
the surface of the material adversely increases the cell viability and proliferation. From the result 
obtained, ZnP-PEDOT/TNTA sample is having higher proliferation with 195% respectively. 

The fluorescent microscopic analysis were done to monitor the growth of living cells and represented 
in figure with green colour. The fluorescent images shows that the newly grown cells are spindle in 
shape with flat and elongated surfaces. The well-ordered nanostructure maintain the interaction that 
qualify the increased surface area with increased penetration and distribution of physiological 
solution. Thus the count of cells are seen increased in TNTA sample. With π conjugation of PEDOT and 
ZnP with PO4

3- together in ZnP-PEDOT/TNTA improves the signalling process and chemical exchanges. 
Cell viability will icrease upto 50% and more with the presence of ZnP. The overall fluorescent images 
explains well the enriched growth of cell proliferation in ZnP-PEDOT/TNTA which is undoubtly 
appropriate for orthopaedics application. 

The coated layer with zinc compound and PEDOT against E. coli and S. aureus hold responsible for 
steady and sustainable release of Zn2+ ions. The antibacterial mechanism of intense breakage of 
bacterial cell membrane caused the release of cytoplasmic material leads to death of the bacteria. The 
penetration of Zn2+ into bacteria cell was little difficult in case of gram positive bacteria with thicker 
peptidoglycan layer. In case of gram negative bacteria the penetration is highly possible with thinner 
cell wall of the bacteria. Overall It is visible from figure, ZnP-PEDOT/TNTA is well proven antibacterial 
implant material with good performance than substrate and TNTA sample. 

Therefore, the current research is inferred with the satisfied stability of ZnP-PEDOT/TNTA for 
facilitating long term performance of the implant in physiological fluids. 
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Abstract 
 

Biomimetic matrices offer a great advantage to understand several biological processes including 
regeneration. The study involves the development of a hybrid biomimetic scaffold and the uniqueness 
lies in the use of Mucin, as a constituent protein. Mucins are large glycoproteins that are present on 

the surfaces of many cell types and thus participate in important physiological roles1. The increasing 
understanding of the structure and function of mucin molecules and their multifunctionalities have 
developed interest in investigating the use of mucins as building blocks for functional biomaterials. 
Some of the established properties that support the investigation of mucin from which mucin-based 
biomaterials are excellent barrier properties, hydration, and lubrication properties, unique chemical 

diversity, and bioactivity2. Through this study, the role of the protein in bone regeneration is 
deciphered through its development as a 3D model as well as an injectable system. As a first step 
towards understanding the protein, its structure of Mucin was modelled using in-silico approaches. 
Thereafter the interaction of mucin and collagen are determined by in silico studies considering that 
collagen is the most abundant protein in the bone microenvironment. Both proteins are reported to 
be involved in bone biology though the exact role of mucin is a topic of investigation. In order to 
understand the molecular and residual interactions between the two involved proteins, namely, 
collagen and mucin, in silico modelling and docking studies were performed as the protein structures 
are not yet determined experimentally. After the analysis of the docked complexes both the proteins 
showed a significant affinity with each other in the in silico docking environment. The residue level 
interactions showed a proper intermolecular hydrogen bonded contact between charged residues of 
arginine, glutamates of mucin and prolines, and hydroxy prolines of collagen. Apart from them, a 
plenty of 𝜋–𝜋 and van der Waals interactions between the hydrophobic residues like tyrosine and 
phenylalanine of mucin and glycine and hydroxy prolines (Fig 1(i)). These interactions are suggesting 
a possible strong affinity between the collagen and mucin in both in vitro and in vivo environments. 
The in silico studies of collagen–mucin suggest to have a proper affinity toward each other, forming a 
strong basis for 3D scaffold development. The developed 3D scaffold is a double network system 
comprising of mucin and collagen and vinyl end functionalized polyethylene glycol. 

mailto:Mamoni.dash@ils.res.in
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Fig. 1 a) Bioinformatics analysis. Represents the interaction of mucin gene with the genes involved in 
bone mineralization, Modeling and molecular docking of collagen and mucin. b) Modelled structure of 
Mucin with sugar moieties, c) RMSD analysis of the Mucin and deglycosylated mucin, in this MD after 
100 ns. The trajectory seems too stabilized in both the proteins but, indicating the slight deviations in 
the trajectory in case of mucin deglycosylated protein. d) RMSF analysis indicating the slight 
fluctuations observed in many residues after the mucin protein sugar moieties are removed. e) Radius 
of gyration (Rg) analysis of Mucin and Deglycosylated Mucin: Rg analysis of the entire trajectory 
indicates the decrease in distance between the distal ends of deglycosylated mucin proteins 
suggesting a better affinity which can be observed by the overall decrease in Rg 
(f) Characterization of mucin protein. SDS page gel run image showing control mucin 3 bands and 
deglycosylated mucin protein showing structural changed marked with red arrow loaded in lane 3 
along with ladder and mucin as experimental control in lanes 1 and 2 respectively to compare both 
the proteins. (g) Circular dichroism spectrum of mucin showing the far-UV at around 200 nm 
wavelength, maximum with random coil secondary structure and shift and change in secondary 
structure after enzymatically removing sugar from mucin . 
(h) CD spectra analysis using BESTEL software, depicting reduction in helical structure which makes 
protein unstable and change in structure which can be seen in case of antiparallel structure increase. 
i) surface representation of collagen–mucin complex using HADDOCK. This complex representation is 
prepared using Pymol. Mucin was represented with transparent yellow surface and collagen was 
represented with green, cyan, and magenta colored transparent surface protein. 

 
 

Like many other protein scaffolds, mucin scaffolds were mechanically weak even at a very high 
concentration of mucin. Thus, a double network system was developed using PEGDMA. The 3D network 
had both the proteins collagen and mucin incorporated in the crosslinked PEGDMA network (Fig 2a). 
PEGs offer the advantage of being biocompatible and biodegradable. In our study, UV induced 
crosslinking is preferred since it uses no other chemicals to generate free radicals needed for the 
crosslinking (Fig 2b). The swelling of the scaffolds maintained equilibrium after 24 h and was observed 
till 72 h (Fig 2c). The PEGDMA scaffolds on the other hand were porous in nature with desirable 
mechanical property (Fig 2d). The biological evaluation of these scaffolds indicated good adherence, 
viability, and differentiation of the preosteoblasts (MC3T3 E1) cells towards the osteogenic lineage (Fig 
2 f,g). 
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Fig. 2 a) Schematic diagram representing the two step crosslinking to prepare double networked 
scaffolds. The two crosslinking steps include EDC-NHS and UV crosslinking. b) Gel fraction ratio% of 
scaffold prepared by double crosslinking technique, c) Equilibrium swelling ratio % of scaffold 
prepared by double crosslinking technique, d) Porosity determination using ethanol displacement 
technique, represented as %. e) In vitro biodegradation by collagenase activity. Cell viability and 
proliferation on protein based scaffolds. f) Fluorescence microscopy (CaAM/PI staining) of MC3T3E1 
cells cultured on the scaffolds in osteogenic medium 14, 21, 28 days post seeding; arrows indicated 
the adherence of cells in the pores of the scaffolds with scale bar 400 µm. 
d) The amount of calcium content was calculated by the Alizarin red assay at 523 nm OD on protein 
based scaffolds seeded with MC3T3E1 cells and cultured for 14, 21, and 28 days in osteogenic medium 
with DMA5 as blank scaffolds. Significant at **P < 0.01, *P < 0.05. 

From our previously reported studies3,4,5 on in situ deposition of calcium phosphate-based minerals 
on polymeric scaffolds, ALP is a very good source of depositing minerals onto the scaffold leading to 
biomimetic scaffolds. In this study too, ALP mediated mineral deposition was investigated on PEGDMA 
scaffolds. The availability of pores in the PEGDMA scaffolds aids in providing the sites for nucleation 
of mineral crystals. The deposition of minerals is confirmed by SEM and Raman spectroscopy which 
clearly showed the presence of crystal deposition and a strong phosphate peak in the scaffolds treated 
with ALP (Fig 3 a-c)). The scaffolds are prepared by varying the different ratios of collagen and mucin 
with the rationale of finding if any particular ratio of the two proteins has an outstanding performance. 
From biological experiments (Fig 3 e,f,i,j), we observed that one particular ratio, identified as 
M1C2DM5A showed good results in case of ALP-treated samples. For most of the analysis, a clear 
trend for any one particular ratio is not observed but the combination scaffolds with the presence of 
both proteins (M1C1, M1C2, M2C1DM5A) gives better results as compared to control protein scaffolds 
(CDM5A, MDM5A) or the only PEGDMA (DM5A) scaffold which lacks any protein. The major 
observation from the study so far was that the the scaffolds not subjected to enzymatic mineralization 
via ALP treatment are also able to show osteogenic capability. Thus, it can be inferred that mucin has 
the potential to be processed as an efficient biomaterial and in this context with positive osteogenic 
potential. 



211 

 

 

 

 
 

Fig. 3 (a) SEM image showing minerals deposition after ALP treatment depicted by red star mark. The 
insets are the individual control showing comparison between ALP-treated scaffolds after 7 days of 
treatment, insets are showing scaffolds treated with only calcium glycerol phosphate without ALP. b) 
EDAX showing Ca and P weight 
% deposited on the pores of the scaffold, c) Ca/P ratio of different formulation of the scaffold depicting 
the Ca/P ratio to be in between 1.8-2.1, d) Indirect weight increase of after ALP treatment compared 
to the control samples, e) Cell viability and proliferation on control and protein-based scaffolds with 
ALP treatment. Fluorescence microscopy (CaAM/PI staining) of MC3T3 cells cultured on the scaffolds 
in osteogenic medium at 7, 14, and 21 days post-seeding and the inset depicts the live and dead assay 
of scaffolds without ALP treatment (for comparison) with scale bar 400 µm, f) The amount of calcium 
content was calculated and compared by Alizarin assay at 523 nm OD of the scaffolds seeded with 
MC3T3-E1 cells and cultured for 28 days in osteogenic medium DMA5 as blank scaffolds on with and 
without ALP treatment. g) Rheological measurements showing comparison of +ALP scaffolds showing 

the relation between G′ versus angular frequency of different samples angular frequency (rad s−1). h) 
Raman spectra of ALP-treated protein scaffolds, showing the peak at 960 cm−1 within the inset which 
is the phosphate peak after 28 days post cell seeding on scaffold, i) Alizarin staining of the scaffold + 
cell construct of (–)ALP and (+)ALP sample M1C2DM5A and M2C1DM5A, which have more mineral 
deposition as compared to the M1C1DM5A after 28 days. j) Image J analysis of above figure 

 

Furthermore, the ability of the Mucin hydrogels to induce blood vessel formation and nerve formation 
was studied. A co-culture of MC3T3E1, bend 5 and F11 was optimized on the hydrogels. Different 
strategies were investigated to construct these hydrogels and co-cultured. It was observed that 
collagen is favored by MC3T3-E1 cell line indicating the bone cells like collagen as compared to mucin, 
however in case of bEND5 and F11 cells, the nodule and tube formation is there in case of mucin as 
compared to collagen, as is the case for neurons or the nerve formation. 
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Fig. 4 a) Fluorescent images of MC3T3-E1, bEND5, F11 cells stained by Rhodamine Phalloidin and DAPI 
showing the morphology of cell nuclei and the proliferation of cells cultured in 7 days depicting the 
fate of cells for particular type of hydrogels. 

The in-vivo validation of the prepared hydrogels were done on a calvarial bone defect in rats. The 
hydrogels were further loaded with optimized amounts of growth factors. The critical sized bone 
defects were injected with the hydrogels and the defect was observed after 8 weeks. There is 
deposition of new bone after hydrogel treatment on defect as well as tube formation resulting in 
angiogenesis and nerve formation. 

 

 
 

Fig. 5 a) Operating procedure optimization with hydrogel placed in defect. All figures indicating growth 
of bone formation after 2 months in case of growth factor along with hydrogel as compared to sham 
control b) Representative 3D micro-CT photographs of rat calvarial bone defects c) quantitative 
analysis of the new bone 
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volume d) ratios of the bone volume/total volume (BV/TV ratio) e) Immunohistochemical staining 
of calvarial defect sections for OCN-bone marker, CD-31- Angiogenesis marker, NFH- Innervation 
marker. 

Overall, the study reports mucins to be a potential candidate for promoting bone regeneration even 
without external interventions for mineral deposition. The scaffolds indicated osteogenic activity 
with notable ALP activity, calcium deposition, blood vessel and nerve formation. 
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Abstract 
 

The uterus is a muscular organ of the female reproductive system and has three layers (endometrium, 
myometrium, and perimetrium) that modify at each stage of fetal development to provide 
appropriate conditions for the growing fetus. Myometrium, in particular, supports implantation and 
most of the pathological conditions of the uterus affect the involuntary muscles of the myometrium. 
Several cases reported worldwide depict the myometrium subjected to injury and damage due to 
conditions like fibroids, adenomyosis, cysts or cesarean section scarring at the time of childbirth. These 
tissue damages can further lead to an improper uterine function called Absolute Uterine Factor 
Infertility (AUFI). This defect is usually treated with the help of transplantation. Due to the severe 
shortages in donor organs and long-term immunosuppression, uterine tissue engineering has 
emerged as a potential solution. To assist AUFI patients, involuntary muscle layer regeneration is 
vital. In this regard, we explore the design of a novel polymer biomaterial substrate that can be used 
as a scaffold to grow uterine cells. We use Polycaprolactone (PCL), a synthetic polymer that is both 
elastic and mechanically robust. In this work, polycaprolactone is fabricated into the nanofibrous 
scaffold by making use of the electrospinning technique. In order to facilitate cell growth, the 
hydrophobic character of the PCL electrospun scaffolds needs to be further altered into a hydrophilic 
nature. So, a two-step wet chemistry method modification is done on the surface. The first step is the 
addition of an amino group by aminolysis method, and the second step is the addition of galactose 
using lactose where anomeric carbon of the glucose will covalently attach to the surface and galactose 
is decorated on the surface and for biological cues present on native tissue extracellular matrix 
scaffolds are further coated with acellular matrix derived from autologous cells of the myometrium 
tissue. The hydrophilicity, antioxidant properties, adhesion, and environmental cues that cells need 
are all provided by the cell-derived matrix and the scaffolds are then repopulated with uterine cells. 
The nanofiber-matrix developed has been then explored for its potential for developing a 
transplantable patch for uterine tissue engineering. 

 
Firstly, Polycaprolactone (PCL) was fabricated into nanofibers by electrospinning. This was done by 
optimizing various solution and process parameters. Using an image analysis tool, the diameter of the 
PCL nanofiber of n=3 samples was calculated and found to be in the range of 200–950 nm, with a 
mean diameter of 650 ± 200 nm. After fabricating the nanofibers surface modification is done using 
hexane diamine for aminolysis step (APCL) and lactose was added to obtain galactose on the surface 
(GPCL). The surface-modified scaffold is characterized further to confirm the modification and the 
changes caused by modification on scaffolds. To confirm the first step modification i.e presence of 
amine group, ninhydrin biochemical assay was done and quantified the amount of amine group 
present on the surface. When ninhydrin reagent was added to scaffolds it turned the scaffolds into 
purple colour by forming Ruhlmann’s complex. Quantification of amino groups on PCL nanofibrous 
surface showed that on a square 1cm2 disc the average amount of amine groups quantified on random 
fibers is 42.62 ± 4 µg/ml and aligned fibers are 31.5 ± 6 µg/ml. Furthermore, amino quantification 
results were much lower after galactose grafting as compared to Aminolysed, implying that the free 
amino groups on the surface are reduced because the sites are taken by galactose sugars. Further to 
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check the hydrophobicity of scaffolds after surface modification contact angle analysis was done. The 
contact angle of galactose conjugated PCL showed a reduction in the contact angle. It is clearly seen 
that GPCL is more hydrophilic than APCL and unmodified PCL showing that the modification had 
changed the surface wettability of the scaffolds to a greater extent. Further, the galactose presence is 
confirmed by the FTIR method. To analyze galactose moiety attachment specifically on the surface of 
the scaffolds, ELLA (enzyme-linked lectin assay) was performed which was quantified 
spectrophotometrically and detects the specific galactose units since galactose is added in the form 
of lactose. Both aligned and random fibers showed a significantly good amount of carbohydrates 
present on the surface. Using lectin standard curve concentration is calculated. And also, qualitatively 
FITC conjugated Lectin was used to observe the presence of galactose on surface of the fibers. 

 
 

Fig 1: A) SEM images of random and aligned PCL nanofibers B) Ninhydrin assay C) Ninhydrin assay 
quantification D) FTIR E) ELLA- HRP conjugated assay F) ELLA-FITC conjugated assay 

 
Then acellular matrix is coated on the scaffolds and compared with unmodified scaffolds. The acellular 
matrix was prepared from Human uterine fibroblast cells by using ammonium hydroxide. This method 
removes to remove cells and retain the ECM constituents. As it contains many growth factors, it is 
used as a biological scaffold to grow cells like hematopoietic cells, progenitor cells, astrocytes, etc. To 
make an in vitro monolayer system, the cells were lysed using an ammonium hydroxide solution and 
then washed off to let the fragile matrix dry in the air. The matrix formed is just the glycoproteins and 
collagen of the ECM and it is completely devoid of the nucleus and cytoplasm of the cells. Acellular 
matrix protein isolated from cell culture quality and concentration was assessed by cytochemical 
staining and bradford assay. The concentration of protein from confluent flask is found to be in the 
range of 2-8 mg/ml. and by DNA quantification assay the presence of DNA in ACM pellets was 
determined. The typical concentration of DNA in ACM is 1-4 ng/ml. This demonstrates that ACM 
contains extremely little DNA, which may be further decreased by utilising DNase enzyme when 
extracting the ACM. Then the derived ACM is coated on nanofibrous scaffold using spin coating 
technique and dried overnight for further characterization. The scaffolds were checked with 
cytochemical staining to see the spreading of matrices. Cytochemical staining of acellular matrices 
showed positive for various ECM proteins of human uterine fibroblasts like collagen, 
glycosaminoglycans, proteoglycans. Staining using Alcian blue, Picrosirius Red, Masson’s Trichrome, 
and Safranin O dyes were performed which showed a significant difference in the intensity of the color 
on the surface of the scaffolds treated with HUF-ACM compared to PBS coated scaffolds indicating the 
presence of intact ECM contents on the scaffolds. 
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On the ACM-treated samples uterine cells were seeded and checked the cytocompatibility using MTT, 

 

 
 

Fig 2- A) Cytochemical staining of cells (a-d) compared with cytochemical staining of ACM (e-h), B) 
Cytochemical staining of PCL scaffolds coated with PBS (1-4) compared with cytochemical staining of 
ACM coated on PCL scaffolds (5-8) 

 

Live/dead assay and Immunofluorescence staining. In the MTT Assay graph, there is an increase in cell 
proliferation from day 1 to day 5, implying that there is a steady rise in cell viability demonstrating the 
scaffolds' cytocompatibility compared with the control - TCPS. Furthermore, a significant rise was seen 
in the treated scaffolds, particularly in the aligned group, however in random treated scaffolds 
significantly showed better proliferation along with ACM on all the day points which demonstrates 
the favorable effect of the Human uterine fibroblast ACM on improving cell proliferation. 

 

Fig 3: MTT assay using Human uterine fibroblasts on TCPS, PCL random (PCL-R), PCL aligned (PCL-A), 
Galatose grafted PCL random (Gal-PCL-R), Galactose grafted PCL aligned (Gal-PCL-A) and ACM coated 
PCL Random (PCL-ACM-R), ACM-coated PCL Aligned (PCL-ACM-A), ACM coated Galactose grafted PCL 
random (GAL-PCL-ACM-R) and ACM coated Galactose grafted PCL aligned ( GAL-PCL-ACM-A). 

 
The live dead test was performed on two day points, day 01 and day 03. All of the scaffolds had very 
few dead cells and the difference in morphology on each scaffold could be visualized. Aligned fibers 
treated and untreated showed elongated morphology when compared to random, which, and ACM 
coated scaffolds had a high number of cells that were not stressed or dead. 



217 

 

 

 

 
Fig 4: Live/dead assay with Human uterine fibroblasts cells seeded on Day 01 Control- TCPS 1) PCL-R 
2) PCL-A 3) Gal-PCL-R 4) Gal-PCL-A 5) PCL-ACM-R 6) PCL-ACM-A 7) GAL-PCL-ACM-R 8) Gal-PCL-ACM-A. 
Day 03 Control- TCPS 9) PCL-R 10) PCL-A 11) Gal-PCL-R 12) Gal-PCL-A 13) PCL-ACM-R 14) PCL-ACM-A 
15) Gal-PCL-ACM-R 16) Gal-PCL-ACM-A 

 

 
Fig 5: Immunofluorescence assay using A) Versican (green) and B) Fibroblast TE-07 (green) with 
Human uterine fibroblasts cells seeded on scaffolds along with rhodamine-phalloidin (red) and DAPI 
(blue). Versican antibody a) Control-TCPS b) PCL-R c) PCL-A d) Gal-PCL-R e) Gal-PCL-A f) PCL- ACM-R 
g) PCL-ACM-A h) GAL-PCL-ACM-R i) Gal-PCL-ACM-A 

 
Immunofluorescence assay using versican and TE-7 was done. Versican is one of the major 
proteoglycans expressed by cultured fibroblasts and present in the extracellular matrix of smooth 
muscle tissue. The major role of Versican is that it helps in cell adhesion and modulation of 
extracellular matrix. To visualize the distribution of Versican in human uterine cells, since it plays a 
major role in cell phenotype and cell migration, this study was performed. It was observed that the 
morphology and expression of the versican were predominantly seen on scaffolds when compared to 
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the TCPS. Surface-modified and ACM-coated scaffolds improved the expression of versican by 
providing amino terminal groups. TE-7 is a uterine fibroblast-specific marker. This marker was used to 
understand the appropriate attachment and proliferation of fibroblasts on surface-modified and ACM- 
coated scaffolds, as well as to assess the proper spindle shape morphology of fibroblasts. Cells were 
shown to be elongated and adhered to scaffolds; however, as compared to ACM-coated random PCL, 
uncoated PCL revealed a lower number of cells and cells with a wider morphology on coated scaffolds. 

 

In this work, we have chosen a novel approach to generate a scaffold that is compatible with 
supporting the growth and proliferation of human uterine fibroblasts. Our strategy was to use a 
polymer that has elasticity similar to the human uterine wall and has a strong affinity to binding human 
uterine cells. PCL fibers exhibit these properties when their surface was modified by the two-step 
method it didn’t affect the basic properties of PCL. From cell culture results, it is evident that 
modification has improved the cell proliferation significantly than the TCPS control and pristine PCL 
scaffolds. Modified also exhibited better cytoskeletal morphology and expression marker versican 
when compared to the unmodified PCL scaffolds and similar to the TCPS. These experiments will assist 
a deeper understanding of how human myometrial cells grow and proliferate on synthetic scaffolds 
and in the future construct a patch for the uterus which can substitute the uterus transplantation 
procedure, which nonetheless is in its initial stages of development. Our experiments provide a deeper 
understanding of how human myometrial cells grow and proliferate on synthetic scaffolds. While still 
in its initial developmental stages, our study lays the groundwork to construct a uterine patch that can 
be used as a substitute for the uterus transplantation procedure 
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Abstract 

 
In this study, we have developed a bilayered polymer based wound dressing with good antibacterial 
property and to enhance wound healing mechanism for chronic and acute wounds. Using solvent 
casting and electrospinning techniques, multifunctional bilayered dermal patches with antibacterial, 
antioxidant, and anti-inflammatory characteristics were developed in the present study and their 
efficacy was compared. The polymers used for the development of wound dressing are FDA approved 
and are commonly used for class II medical device development. These selected biomaterials are 
proven to be biocompatible, non-irritating, non-sensitizing and sterilizable. The polymer and wound 
healing agents combination are selected wisely to meet the desired requirements. The multifunctional 
dermal patch developed here can provide a suitable extracellular matrix with physical properties to 
provide a balance between absorption of wound exudate and loss of humidity. Further, the 
antibacterial, anti-oxidant and anti-inflammatory capabilities allow timely wound healing across a vast 
surface area (Figure 1). 

Fig 1. Features of the bilayered multifunctional dermal patch 
 

 
The largest organ, the skin serves as a barrier from the external environment. Any damage that results 
in an injury requires wound healing, a complex process that involves four stages of healing such 
as; hemostasis, inflammation, proliferation, and re-modeling. Wound healing strategy involves, 
preventing infection, reducing inflammation, and choosing the right wound dressing.1 The ability to 
absorb excess wound exudate, microbiological barrier, non-toxicity and improved wound healing are 
all desirable qualities of wound dressings. There are currently more than 3000 different types of 
wound dressings on the market, but wounds like venous ulcers, pressure ulcers, burn wounds, and 
diabetic wounds frequently do not heal completely due to a number of factors, including poor 
antioxidant and anti-inflammatory properties that cause the wounded area to dry up and require 
frequent change of dressing.2 Healing of such wounds requires an artificial support for tissue 
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regeneration. Autograft is considered the best treatment option for full thickness wounds. However, 
limited donor site availability and critical condition of patients restricts its widespread use. The current 
skin regeneration substitutes are either highly expensive or disadvantages include inadequate 
regeneration of skin due to inflammation and transmission of pathogens. Scientific research on stem 
cells, growth factors or synthetic drugs incorporated polymeric scaffolds have exhibited promising 
results. However, these bioactive substances are expensive, short-lived, could induce antibiotic 
resistance and difficult to store. We have developed an alternate and affordable treatment solution 
using natural and synthetic biomaterials for patients suffering from extensive burn wounds and 
recurring chronic wounds in India. 

A multifunctional bi-layered dermal patch that is made up of polymers impregnated with natural 
bioactive factors to impart antibacterial, antioxidant and anti-inflammatory properties for rapid 
healing of wounds. With the same polymer combination, we have developed two distinct systems: 
bilayered electrospun nanofibers and a film-based wound healing approach. Top layer is designed to 
be less porous and hydrophobic to prevent bacterial invasion and moisture loss from skin while 
bottom layer releases wound healing factors and absorbs wound exudates across large surface area 
thereby providing adequate moisture required for healing (Figure 2). 

 

 

Fig 2. Schematic representation of dermal patch incorporating wound healing agents developed via 
solvent casting and electrospinning methods. 

 
Curcumin nanoparticles were prepared using sonication-assisted solvent precipitation technique. Bulk 
curcumin powder forms an insoluble suspension while its nanoparticles are soluble in water. The 
morphology of these nanoparticles was found to be spherical, as seen in TEM images. The particle size 
was determined to be 40 ± 23.9 nm as measured using TEM images and 103.3 ± 36.6 nm using DLS . 
This discrepancy may be attributed to the differences in the two techniques utilising electrons or 
visible light scattering for particle size characterization. The other wound healing agent, soluble 
eggshell membrane protein (SESM), was prepared by dissolving ESM in a combination of acids. 
Characteristic peaks of the unprocessed raw eggshell membrane (ESM) were found to be similar to 
those of SESM, as observed in the FTIR spectra. 

The inflammatory phase is critical in wound healing because it inhibits microbial invasion through 
cytokine secretion and innate immunity activation. Reactive oxygen species (ROS), which normally 
serve as cell signalling molecules for normal biological processes, when found in low levels (as 
superoxide dismutase and hydrogen peroxide) can even act as secondary messengers for the initiation 
of blood vessel formation and migration of fibroblasts to the wound site, thereby assisting in wound 
healing. However, an imbalance of ROS during the process of inflammation may cause damage to 
cellular organelles and processes, leading to disruption of normal physiology.3 Hence, we performed 
studies involving these cells to test the efficacy of curcumin nanoparticles as an antioxidant and anti- 
inflammatory agent. When intracellular ROS levels were measured in T lymphocytes derived from 
mouse spleens, it was found that curcumin nanoparticles led to a significant decrease in the 
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production of ROS, as measured by fluorescence due to DCFDA dye (Figure 3a). This was observed for 
both the concentrations (100 and 200 g/mL) of curcumin nanoparticles, indicating that they decreased 
basal levels of ROS inside the cells, thereby acting as an antioxidant. 

Curcumin nanoparticles has been found to exhibit anti-inflammatory action through various 
mechanisms. Specifically, it mitigates the expression of M1 macrophages by blocking toll-like receptor 
4 (TLR4) and downregulating the secretion of tumour necrosis factor alpha (TNF) by macrophages. It 
is also known to suppress proinflammatory markers such as interleukin-2 (IL-2) , IL-4, IL-6, and 
interferon gamma (IFN-).4 However, when pre-treated with varying doses (50, 100, and 200 g/mL) of 
curcumin nanoparticles, it was found that secretion of these cytokines by lymphocytes was 
downregulated in a dose-independent manner, with complete inhibition seen at the lowest 
concentration of these nanoparticles (Figure 3b-e). In our study, we looked at the effect of curcumin 
nanoparticles on THP-1 monocytic cell line-derived M1 macrophages and discovered a decrease in 
TNF- gene expression (Figure 3f). 

 
 
 

 

Fig. 3 Effect of curcumin nanoparticles on murine T lymphocytes. (A) Intracellular ROS measurement 
using H2DCF-DA assay; cytokine secretion (B) IL-2, (C) IL-4, (D) IL-6 and (E) IFN-γ in presence of varying 
concentrations of curcumin nanoparticles; gene expression of (F) inflammatory cytokine TNF-α. (CA: 
Concavalin A; CCNP: curcumin nanoparticles; D: dichlorodihy- drofluorescein diacetate (H2DCF-DA)). 
n = 3; values are represented as mean ± standard deviation and P ≤ 0.05 is considered as statistically 
significant. 

An in vitro scratch assay was performed to see the effect of wound healing agents, namely, SESM and 
curcumin nanoparticles, on cell migration speed and wound closure. While SESM improved wound 
closure at 12 h at a concentration of 200 ug/mL, curcumin nanoparticles seemed to have a positive 
effect irrespective of their concentration. Further, the speed of migration of dermal fibroblasts 
seemed to be largely due to the effect of SESM rather than curcumin nanoparticles, likely due to its 
functional equivalence to the extracellular matrix of human tissue. The wound healing agents used in 
this study did not seem to reflect a synergistic effect on wound closure or speed of cell migration. The 
antibacterial effect of any wound healing product prevents the wounded area from becoming 
infected, leading to inflammation. In our study, we found the patches to exhibit antibacterial 
properties against both Gram positive and Gram negative bacteria. 
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Fig 4. Digital photographs of wound healing taken at 0, 7 and 14 days for various conditions. 

Skin sensitization test was performed by removing hair on the dorsal side of Sprague-Dawley rats and 
keeping the patches in contact with the skin for 7 days. No visual symptoms involving irritation or 
sensitization in terms of redness and swelling were observed until 7 days This supports the selection 
of FDA-approved polymers and biocompatible wound healing agents used in our study. To further 
evaluate any signs of toxicity from dermal patches, a complete blood count was done and the 
percentages of various immune cells were found to be well within the acceptable range. Skin 
regeneration in Sprague-Dawley rats was studied by placing the dermal patches in full-thickness 
excision wounds on their dorsal side and retrieving the regenerated skin tissue at days 7 and 14. 
Photographic images showed that wounds had closed by day 7 itself, and complete healing was 
observed by day 14. A scab tissue or dried skin crust was observed at the end of day 7, which was not 
there on day 14 for all experimental groups (Figure 4). Histological analysis of regenerated skin tissue 
was performed by staining with hematoxylin and eosin. Figure 5a shows the regenerated skin tissue 
for various dermal patches including positive, negative and healthy skin controls at two time points, 
namely day 7 and day 14. 

 

 

Fig. 5. Histological analysis of regenerated skin collected from rats after day 7 and day 14. (A) 
Microscopic images of H & E stained samples for various patches, positive and negative controls. (B) 
Quantification of epidermal thickness from H&E stained images (WHA: wound healing agents; EGT: 
early granulation tissue; MGT: mature granulation tissue, ME: migration of epidermal cells; ES: 
epidermal scab tissue, HS: healthy sample, F: film patch without WHA; NF: nanofibrous patch without 
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WHA, PC: positive control; NC: negative control). n = 6; representative image for each group has been 
illustrated; values are represented as mean ± standard deviation and P ≤ 0.05 is considered statistically 
significant. 

 
A well-defined dermal-epidermal junction with inter-woven arrangement of collagen matrix was 
observed in all conditions with closure of wounds by the end of day 7. Re-epithelialization of skin was 
confirmed through epidermis formation at day 7 although the thickness of epidermis varied in 
different conditions due to migration of keratinocytes at the wound site (Figure 5b). For film-based 
dermal patches without wound healing agents, complete wound closure was not observed. This 
suggests that nanofibrous dermal patches performed better than their film-based counterparts. 
Further, at day 7, it was found that the presence of SESM in dermal patches showed reduced 
epidermal thickness and more hair follicles even as compared to positive control. At the end of day 7, 
collagen deposition showed significant differences between various conditions. Depending upon the 
arrangement of collagen fibrils, collagen deposition is classified as early granulation tissue (EGT) with 
loosely arranged matrix or mature granulation tissue (MGT) with closely packed matrix. In 
experimental groups with patches without curcumin nanoparticles or in the positive (Tegaderm) and 
negative controls (open wounds), EGT with very less hair follicles was observed. However, in dermal 
patches with wound healing agents, MGT with basket weave pattern of collagen matrix deposition 
was observed at the end of day 7. This suggests that the presence of an antibacterial, antioxidant and 
anti-inflammatory component (such as curcumin) in wound dressing also helps with improved skin 
regeneration which happens at a later phase in the process of wound healing. 

 
In this work, a unique combination of polymers and wound healing agents was explored to examine 
its impact on wound healing and evaluate its potential to overcome drawbacks of conventional wound 
dressings and dermal patches. The developed dermal patches have demonstrated remarkable 
mechanical, antioxidant, anti-inflammatory, antibacterial, and hemocompatibility capabilities as well 
as the ability to absorb wound exudates. When compared to the commercial control, in vivo 
experiments using a rat full-thickness excision skin model demonstrated better wound healing driven 
by the developed dermal patches. Thus, the multifunctional features of wound healing agents like 
curcumin and eggshell membrane included in the dermal patches aid in enhanced wound healing. 
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Abstract 
 

Tight junctions (TJs) have been a critical for the functioning of epithelial or endothelial linings present 
in skin, intestine, alveoli, cornea and others. The selective transport across these barrier tissues is 
attributed to the presence of TJs. However, due to congenital disorders or infectious diseases, these 
barrier functions get compromised, leading to various complicated health issues. Hence, it is essential 
to study these barrier tissues in a normal and patho-physiological state to design, develop and test 
therapeutic drug molecules. Currently, animal models are considered as gold standard to perform 
such studies. In addition, cell culture models are too explored for these studies. However, the animal 
models do not adhere to 3R guidelines of a pharma industry while the cell culture models on the 
traditional devices do not provide relevant physiological environment to use them as reliable drug 
testing platforms. Therefore, in the current work, we have designed and developed a nanofibrous cell 
culture insert device (NCCI). This device is developed by integrating the nanofibrous membrane 
generated by electrospinning with a designer insert fabricated by a fused deposition modelling (FDM) 
3D printer. The stiffness and strain energy of the nanofibrous membrane in NCCI were studied and 
compared with commercial cell culture insert device and TCPS plate through finite element modelling 
(FEM) analysis. The developed NCCI were well characterised through scanning electron microscopy 
(SEM) and atomic force microscopy (AFM). These devices were later used to culture keratinocytes 
(HaCaT cells) to develop a monolayer of epithelial skin tissue. Our SEM, confocal microscopy and AFM 
imaging suggested the 3D morphology of the grown cells. Later, biomechanical studies indicated an 
increased stiffness at the site of cell-to-cell junction due to the expression of TJ proteins. The 
expression of TJ proteins was confirmed through biochemical analysis which corroborated with the 
biomechanical studies. The formation of TJs in skin monolayer in our NCCI might be attributed to the 
increased cell-to cell contact by virtue of 3D morphology. Such increased TJs are observed indirectly 
when caco-2 cells were grown on NCCI and invested through transepithilial electrical resistance (TEER) 
experiments. Thus, the developed NCCI is capable of developing different types of barrier tissue and 
would be of great use to the bioengineering community. 

 
Cell culture inserts have been a routinely used device in biological sciences for investigating skin, 
cornea, cancer and intestinal cells. They are also considered as one of important tools for carrying out 
co-culture studies or for recapitulating tissue barriers. However, the currently available cell culture 
insert devices have microporous, flat polycarbonate membrane. These flat, stiff membranes do not 
provide any morphological/biochemical/mechanical cues to the growing cells except acting as a 
physical barrier in the inserts. Therefore, it is imperative to design and develop membranes in insert 
devices that can provide morphological/biochemical cues to the cultured cells. One of the membranes 
routinely used in a bioengineering research is electrospun nanofibrous membranes/substrates. These 
membranes/substrates have nanotopology and exposed functional group on their surface to regulate 
the cellular behaviour [1]. So, there is need to generate free standing nanofibrous membrane on a 
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substrate that is compatible with cell culture studies and test it for barrier properties like drug 
permeation. For this, we have used FEM simulations to understand the electric field distribution on 
the disk-shaped 3D printed PLA substrate having holes, under a condition of with and without 
electrolyte (Figure 1A-1D). It was observed that electric field strength on polylactic acid (PLA) substrate 
was non-uniform without an electrolyte layer due to discontinuous islands of conducting and non- 
conducting area (Figure 1E) and this leads to different speed/orientation of the deposited fibers on 
the PLA disc (Figure 1F). The simulation experiments suggested the use of electrolyte (0.1M KCl) layer 
to have uniform deposition of nanofibers on any non-conducting substrate during electrospinning. 
Here, the electrolyte acts as a transient electrode while electrospinning on a non-conducting 
substrate. 

 

 
Fig. 1 CAD model of electrospinning to simulate the electric field between the needle and the designed 
grounded substrate and A) without electrolyte layer and B) with electrolyte layer. A heat map showing 
the distribution of electric potential between needle and grounded substrate while the red arrow 
indicates the direction and magnitude of electric field for case C) without electrolyte layer and D) with 
electrolyte layer. Graph showing the variation the magnitude of E) electric field and F) velocity of fiber 
deposition. 

Based on the simulations, we have designed a setup shown in the figure 2A to fabricate the 
nanofibrous cell culture insert devices. Figure 2B shows the designer insert devices in a 6-well format. 
To experimentally validate the findings of the FEM simulation about the uniform deposition of the 
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nanofibrous materials on PLA substrate, we took SEM images (Figure 2C &2D). It clearly represents 
the random, uniform deposition of the nanofibers on, transient electrolyte electrode placed, on PLA 
substrate. Later, we thoroughly characterised the nanofibers deposited through SEM and AFM for 
diameter distribution (Figure 2D), pore-size distribution and porosity (Figure 2E), 3D topology (Figure 
2F & 2G) and roughness (Figure 2H). These features were different from the control TCPS plate or 
commercial cell culture inserts. 

 

 

Fig. 2 Schematic showing A) fabrication setup for the developments of the components of nanofibrous 
cell culture inserts (NCCI); SEM of B) an eye C) zoom image of the nanofibers in the eye region of an 
NCCI. Graph presenting the frequency distribution of D) diameter and E) pore-size of the nanofibrous 
membrane in NCCI. 3D, AFM images of the surface of F) TCPS plate and G) nanofibrous membrane. 
Graph showing H) the roughness comparison of the TCPS with NCCI device. 

The presence of stresses in a free standing membrane was simulated through FEM analysis in COMSOL 
5.2. The comparison of the Von-Mises stresses is shown in the figure 3A, 3B, 3C for the TCPS, 
polycarbonate and PCL-Gel nanofibrous membrane, respectively. We have also estimated the 
displacement (sagging) of the membrane material at the overhang position (Figure 3E, 3F, 3G) in an 
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insert device. The presence of the pre-stress and the displacement will affect the morphological 
behaviour of the cells and the interaction between them during the tissue barrier formation [2] 

 

 

 

Fig. 3 Von-Mises stress distribution on the free-hanging substrates A) polystyrene film B) microporous 
Polycarbone membrane and C) PCL-gel nanofibrous membrane under their own weight. The total 
displacement of the free-standing E) polystyrene film F) microporous Polycarbonate membrane and 
G) PCL-Gel nanofibrous membrane under their own weight 

When the HaCaT cells were cultured on these NCCI devices and TCPS plates, it showed substantial 
changes in the cellular morphology which is evident from the SEM imaging and fluoresence dye based 
microscopy (Figure 4A, 4B, 4D, 4E). Similar changes in the morphological behavior of the Caco-2 cells 
were also observed (Figure 4C and 4F) when cultured on the NCCI devices. Further, the transepithelial 
electrical resistance (TEER) of the tissue developed from Caco-2 cell lines were estimated and 
compared with that of a native intestinal tissue, the TEER value for the native intestinal tissue was in 
the similar range to the TEER obtained on the tissue developed on the NCCI device. AlthoughTEER 
experiments were conducted once, but the result is quite promissing [3]. 
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Fig. 4 (A, B) SEM images of (A) HaCaT cells grown on nanofibers of the NCCI and (B) cross-section of the 
insert showing a monolayer of confluent HaCaT cells. C) SEM image of Caco-2 cells. Fluorescence 
micrograph of (D) HaCaT cells on TCPS, (E) HaCaT cells on NCCI, F) Caco-2 cells on NCCI showing nucleus 
(blue) stained with DAPI (4′,6-diamidino-2-phenylindole) & Alexa Fluor 546 phalloidin Actin staining 
(green). G) TEER comparison between native intestine and caco-2 cells cultured over NCCI 

Further, the biomechanical analysis of the formed TJs in the developed tissue through HaCaT cell culture 
on NCCI and TCPS were carried out. The figure 5A represents the force-displacement curve during 
BioAFM studies. This curve was modelled with existing contact mechanical model of soft substrate and 
the parameters like young’s modulus, membrane stiffness and adhesion energy were calculated [4]. It 
was observed that cells grown on the NCCI were having soft cytoplasm and nucleus and stiff cell-cell 
junctions as compared to cell grown on TCPS plate (Figure 5B, 5C, & 5D). This is primarily due to 
expression of TJ proteins at cell-cell junction when grown on NCCI. The soft nature of the cells on NCCI 
indicates the proliferative and metabolically active behaviour [5]. These biomechanical observations 
were substantiated by biochemical studies where the expression of several TJ proteins were confirmed 
and quantitatively analysed through immunostaining as shown in the Figure 5E and 5F. 
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Fig. 5 (A) Graph showing the force-displacement curve during nanoindentation test by bio-AFM; 
Graphs showing the variation of (B) Young’s modulus of cytoplasm, nucleus and cell-to-cell junctions 
in HaCaT cells grown on NCCI and TCPS, (C) membrane stiffness of HaCaT cells of cytoplasm, nucleus 
and cell-to-cell junctions grown on NCCI and TCPS, (D) adhesion energy released when the 
nanoindenter interacts with cells and junction of HaCaT cells grown on NCCI and TCPS; (E) The 
expression and localization of TJ proteins on HaCaT cells grown on TCPS and NCCI (scale bar = 50 µm); 
(F) Graph showing the quantification of each protein in individual cells on TCPS and NCCI (n = 30 cells 
for each protein); 

In the current work, we have demonstrated a fabrication process wherein electrospinning can be 
integrated with FDM 3D printing to generate devices having multiscale features, i.e designer cell 
culture insert called NCCI. The design and fabrication of NCCI was thoroughly studied through by FEM 
analysis to arrive at the optimised design and fabrication set-up. The NCCI was well characterized 
through SEM and AFM. Further cell culture studies on the NCCI suggested it to be better devices as 
compared to TCPS for developing barrier tissues like skin and intestine. The biomechanical, 
biochemical and TEER experiments confirmed the better expression of TJs, responsible for barrier 
properties, in HaCaT and Caco-2 cells. Thus, NCCI device can be used to recapitulate barrier tissue 
invitro for different bioengineering studies. 
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Abstract 

 
Neonatal sepsis (NS) occurring just after the birth of the child and till 28 days is the third leading cause 
of morbidity and mortality in neonates worldwide. The facts of WHO states that globally each year 
approximately 1.6 million neonates die due to NS. The epidemiological studies indicate that low-and 
middle-income countries (LMICs) have the higher burden of NS with ~ 40 % mortality rate which can 
rise to 70 %. Contrarily the mortality rate in high-income countries (HICs) ranges from 5 to 20 % and 
despite the initiation of conventional treatment; about 40 % of these neonates suffer from major 
disabilities. As per various cohort studies from India, Malaysia, Bangladesh and Pakistan, the leading 
pathogens responsible for NS include E. coli, Acinetobacter baumannii, Klebsiella and Group B 
Streptococcus (GBS). These sepsis causing pathogens are currently diagnosed using gold standard – 
Culture method that consumes lot of time and provides results within 2 – 3 days. Apart from this, the 
molecular methods (such as PCR) and non-culture serum biomarker approaches (CRP, PCT) are costly 
and have compromised sensitivity. In absence of a rapid and accurate diagnostic test, neonatologists 
start treating neonates by providing empirical treatment that results in drug abuse, antibiotic 
resistance and this may lead to high mortality in neonates. Thus, development of a rapid, accurate, 
sensitive, specific test for detection of NS causing pathogens is of prime importance. 
In view of all these limitations, the present idea is to develop an aptamer based electrochemical assay 
that can detect the sepsis causing pathogens at an early stage. Aptamers are biomimetic synthetic 
receptors that are increasingly exploited for the development of electrochemical apta-sensors. The 
Aptamer technology is outcompeting antibodies with promising scope in development of rapid and 
sensitive diagnostic assays. Aptamers are selected in vitro by the SELEX (Systematic Evolution of 
Ligands by Exponential Enrichment) procedure. Thus, here we have synthesized aptamers using SELEX 
(Fig. 1) against lipopolysaccharide (LPS) of E. coli and Whole cell of Acinetobacter baumannii. 

For a highly effective and precise aptamer selection, two strategies (i) a microtiter plate (MTP) based 
SELEX strategy for E. coli LPS and (ii) Microcentrifuge tube (MCT) based whole-cell SELEX strategy for 
Acinetobacter baumannii was followed. 
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Fig. 1: SELEX strategy representation 
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For MTP SELEX, we first optimized the buffer in which the LPS could be coated. Fig. 2 suggests that 
PBS showed maximum OD in comparison to other two buffers. Thus, PBS was selected as a coating 
buffer for future experiments. To enhance the OD, the coating conditions were further optimized 
using PBS. Fig. 2 suggests that the OD value increased further from 0.3 (Fig. 2(a)) to 0.6 (Fig. 2 (b)) 
upon further improving the optimization conditions. 
Further SELEX was performed. Briefly, in SELEX the LPS was mixed with PBS and incubated for 2 h at 

37 C in a 96 well plate and aptamer libraries or Random DNA library (RDL) were first incubated in the 
empty well to remove plate binding sequences (negative selection). The unbound DNA molecules 
were collected and incubated with target coated well for 1 h (positive selection). Wells were washed 
with selection buffer (SB, 10mM Tris-HCl, pH 7.4, 10mM MgCl2, 25mM NaCl and 50mM KCl) 
supplemented with tween-20 to remove loosely/unbound DNA followed by removal of target-bound 
aptamer sequences by heating (elution) and these eluted amplicons were amplified through PCR (Fig. 
2 (c)). Then enriched and amplified DNA molecules were made single-stranded and used for the next 
rounds of SELEX. This strategy was repeated 12 times with an intensification in stringency after every 
round. The last two rounds (11th and 12th round) population was cloned and sent for DNA sequencing. 
After twelve rounds of SELEX, biotinylation of the aptamer pool was done using incorporating 5’ 
forward biotin primer and 3’ reverse rA primer for round 2, 4, 6 and 8 populations. The 5’ biotinylated 
strand of the amplified pool was separated on a Urea- PAGE (Fig. 2 (d)) followed by elution of the band 
and to monitor the enrichment of aptamers over successive rounds of SELEX the eluted biotin 
aptamers were used to assess the binding to LPS in an Aptamer Linked Immobilized Sorbent Assay 
(ALISA, Fig. 2 (e)). 
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Fig. 2: (a) and (b)-Optimization of coating buffers and conditions, (c)-Representative 
electrophoretogram of an analytical PCR of a SELEX round; where M: 50 bp DNA ladder; lanes (1-5): 
different cycles of PCR; lane C: negative control, Red arrow: amplified product (~80 nucleotides); *: 
non-specific bands amplified during PCR. (d)- Representative electrophoretogram of a 10% Urea- 
denaturing PAGE of a SELEX round. Representative image for of the prepared 5’-FAM-labeled ~80nt 
ssDNA. (e)- Schematic representation of Aptamer Linked Immobilized Sorbent Assay (ALISA). 

 

It is highly evident from the results that the binding of the aptamer pool displayed good enrichment 
from round 6 onwards (Fig. 3). Although at round 8 we obtained enriched aptamers (highest OD in Fig. 
3 is at R8); we further performed selection in order to increase the stringency of aptamer selection in 
serum. Based on this data, last two round’s population were cloned in vector pTZ57R/T. Clones were 
picked randomly followed by amplification of clones by PCR and the amplified clones were sent for 
sanger’s sequencing. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3: Comparing the relative binding of SELEX derived round population: 5’ biotinylated single 
stranded (ss) DNA pool from round 6, 8, 10 and 12 were evaluated for enrichment and binding 
abilities with the E. coli LPS by ALISA. Bars represent mean ± SD. 

 
For MCT based SELEX against Whole cell of Acinetobacter baumannii (AB), the ATCC strain was taken, 
and selection was performed. As seen in Fig. 4, the ALISA results confirm that the aptamer was highly 
selective to Acinetobacter baumannii (OD 2.2) and did not show any binding to Klebsiella ATCC (OD 
0.06). Further the controls were also clean; Ap.C (aptamer control: no aptamer), HRP C (HRP control: 
no HRP) and AC (antigen control: no AB). These results were really promising and we further aim to 
enrich the aptamer more and perform selection with more stringency in subsequent rounds. 

Fig. 4: Comparing the relative binding of SELEX derived round 4 population aptamers: 5’ biotinylated 
single stranded (ss) DNA pool from round 4 binding abilities with Acinetobacter baumannii ATCC 
and Klebsiella ATCC by ALISA (a) in bar graph format (b) in microtiter wells 
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Further confocal microscopy was also performed to confirm the results obtained from ALISA. The DAPI 
stained bacteria (with no aptamer) was used as a negative control in confocal imaging observation. 
There was almost no or a little autofluorescence with only bacteria were observed under the 
microscope. Consequently, the confocal imaging further confirmed the specificity of aptamer as the 
bacteria cells incubated with aptamer showed high florescence. Also, the fluorescence intensity 
enhanced from R2 to R4 of aptamer selection. Moreover, it was observed that FAM-labeled Aptamer 
distributed both on the cell surface and in the cytoplasm of target cells, implying that Aptamer could 
specifically recognize the target cells and may be a potential vehicle molecule in the delivery of drugs 
to the cells. 

 

 
Fig. 5: The binding position of aptamer against Acinetobacter baumannii displayed by confocal 
imaging. Cell nuclei were stained by DAPI (blue) and Aptamer was labelled with FAM (green). It was 
shown that Aptamer was distributed both on the cell surface and in the cytoplasm of target cells. 

 
The LPS specific aptamers are further given for sanger sequencing. The aptamers against 
Acinetobacter baumannii would be enriched further and finally for both these aptamers a rapid 
electrochemical portable assay would be developed. 
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Abstract 
 

A biomaterial used for wound closure should be biologically compatible, bio-fluid resistant, accelerate 
cell migration and proliferation and also trigger angiogenic growth factors. Moreover, a material 
embedded with an on/off mechanism for controlled release of drug to prevent infection along with 
the capacity of quenching elevated levels of reactive oxygen species (ROS) will accelerate the process 
of wound healing and is of highest priority. Though there are various polymer based biomaterials, 
protein based biomaterials with expanded chemistry enable successful immobilization or conjugation 
of the principal chemical moiety and fastens the process of wound healing via cell signalling cascade. 
In this context, we have combined the process of genetic code expansion on the green fluorescent 
protein (GFP) from Aequorea Victoria and the property of its ROS scavenging for the preparation of 
biomaterial. 

 
We have specially generated fluorescent protein (GFPDOPA) through mis-aminoacylation approach 

where E. coli tyrosine auxotrophic cells were transformed with a plasmid pQE80-GFP and grown in 

minimal media containing 20 amino acids (40 mg/ml) and subsequently with limited concentration of 

L-tyrosine to incorporate DOPA. As a result, eight tyrosine (Y) residues in the GFP including the 

chromophore residue (Y66) were replaced with DOPA and purified by affinity chromatography from 

the same expression host. The mass spectrometric analysis showed the substitution of tyrosine by 

DOPA. The electron paramagnetic resonance (EPR) of GFPDOPA and GFP showed that both proteins 

have free radical scavenging activity (Fig 1A). To prepare a biocompatible scaffold, GFP and GFPDOPA 

were dissolved in water and polyvinyl alcohol (PVA) at a varying ratio. Uniform protein nanofibrous 

mat was successfully obtained at a ratio of 8:2 (PVA:protein). The microscopic fluorescence analysis 

of the nanofibrous structure indicated that the proteins were evenly distributed across the fiber 

without any changes in the fluorescence property (Fig 1B). The FTIR peak shift at 3294 cm-1 in 

PVA/GFPDOPA clearly indicates the addition of protein to PVA (Fig 1C). The nanofiber thus formed is 

attributed to the strong interaction of protein with PVA through the network of hydrogen bonding. 

mailto:akilaibt2004@gmail.com
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Fig 1. A) EPR spectroscopic analysis of GFP and GFPDOPA (20 µm), superoxide (O2 •−) radical was 

generated  by  the  hypoxanthine/xanthine  oxidase 

system in 50 mm phosphate buffer at pH 7.4, 0.5 mm DTPA and 50 mm, DEPMPO. B) Fluorescence 

microscopic and SEM  images  of protein nanofiber 

reinforced with PVA,GFPDOPA nanofibers(8:2)C) ATR–FTIR spectra of PVA, GFP, and GFPDOPA (1000– 

4000 cm−1 ). 

With the superoxide radical quenching potential of GFP and GFPDOPA observed through EPR spin- 

trap measurement, the antioxidant effect of the nanofibers was examined by a free radical assay 

through DPPH.From Fig 2A, it is evident that the GFPDOPA nanofibrous mat scavenged 50% of DPPH 

whereas GFP and PVA could scavenge only about 12.5% and 5% respectively. Moreover, the ROS assay 

supports that GFPDOPA exhibited 25% of intracellular ROS scavenging activity when compared to GFP 

and PVA nanofibrous mat (Fig 2B). 

In order to understand the critical process of cell growth, a time-dependent imaging of 3T3-fibroblast 

and EA.hy926 cells on the nabofibrous mat was monitored. At 48hr time point, the cells growing on 

the hydroxylated nanofibrous mat showed enhanced adhesion, proliferation, and network formation 

comparing to PVA and GFP (Fig 2C). To enhance the evidence, SEM image (Fig 2D) proved that the 

fibroblasts showed extensive growth, better attachment and retained the morphology in GFPDOPA 

nanofibrous mat. 
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Fig 2. A) DPPH scavenging efficiency of PVA, GFP, and GFPDOPA nanofibrous mat. B) Relative 

intracellular ROS fluorescence intensity, which was calculated from three independent experiments 

(n = 3). All data are represented as mean ± SD. Statistically significant compared to control, PVA and 

GFPDOPA (n = 3, *p < 0.05; **p < 0.01; ***p < 0.001). Fluorescent microscopic image for cell 

proliferation at 48 h on PVA, GFP, and GFPDOPA nanofibrous mat. The proliferation of C) EA.hy926 

and D) SEM images of fibroblast cells (NIH-3T3) at 48 h grown on PVA, GFP, GFPDOPA nanofibrous 

mat. 

To investigate whether the nanofibrous protein mat acts as angiogenic stimuli to form new blood 

vessels (capillary-like structure), the tube formation assay was performed with endothelial cells 

(EA.hy926). Newly formed blood vessels layered with endothelial cells supply oxygen and nutrients to 

tissues and reduces wound exudates as the wound progresses toward healing. The protein nanomat 

possessed the angiogenic potential and was resistant to wound exudates due to hydroxylation. We 

observed the morphological changes and cell to cell contact, which initiates tube formation in 

hydroxylated ty rosine reinforced nanofibrous mat after 24 and 48 h (Figure 3A). At similar intervals, 

remaining materials did not trigger the cells to form a network-like structure. At the end of 72 h, cells 

reorganized themselves to form tubule like structure. The tube formation (the number of tubes, 

nodes, and junctions) was significantly increased by catechol encoded nanofiber at 72 h when 

compared to the time intervals of 24 and 48 h (Figure 3B). Angiogenic potency of the scaffold was 

further assessed through mounting rat aortic ring on the electrospun mat, including gelatin and 

vascular endothelial growth factor (VEGF) as a positive control (Figure 3C). The hydroxylated 

nanofibrous scaffold actively promoted the sprouting of cells in and around the aortic ring. This may 

be due to the high affinity of DOPA with VEGFR. Such interactions are essential to enhance blood 

vessel formation.[66] Therefore, the expression of VEGFR1, VEGFR2, and cadherin was also quantified 

through RT-PCR. Interestingly, catecholic DOPA reinforced scaffold significantly upregulated the 

VEGFR1 (fivefold), VEGFR2, and cadherin in comparison with other mats (Figure 3D). 
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Fig 3. A) Angiogenic tube formation of EA.hy926 endothelial cell lines at different periods. EA.hy926 

endothelial cell lines treated with PVA, GFP, and GFPDOPA nanofibrous mat. B) Quantitative image for 

nodes, tubes, and junctions for GFPDOPA tube formation. C) Angiogenic sprouting of cells 

from Wistar rat aortic ring treated with PVA and GFP and GFPDOPA nanofibrous mat on day 9 (5× 

image). Negative control: DMEM alone (1), positive control: VEGF (2) and gelatin (3), test: PVA (4), GFP 

(5), GFPDOPA (6), nanofibrous mat. D) Relative angiogenic gene expression profile of endothelial 

cell line (EA.hy926) treated with PVA, GFP, GFPDOPA nanofibrous mat. All data are represented as 

mean ± SD, Statistically significant compared to control, PVA, and GFPDOPA (n = 3, *p< 0.05; **p< 

0.01; ***p< 0.001). 

It has been reported that the acidic pH at a wound’s surface plays a significant role in wound healing 

as it prevents bacterial infection as well as enhances the oxygen release, angiogenesis, and protease 

activity. In addition to that, wounds with a high alkaline pH inclined to have a lesser healing rate in 

both acute and chronic wounds when compared to the wounds with a neutral pH. Hence, it is 

important to maintain the wound environment at an acidic state(pH<6) for clearing pathogenic 

microbes in the infected wound beds. Based on this, we aimed to conjugate boric acid (H3BO3) with 

GFPDOPA at neutral and alkaline pH. In the oxidation state, DOPA forms bidentate complexation with 

boric acid (BA) and prevents the spontaneous autoxidation in an alkaline pH. The pH sensitivity of 

catechol moiety acted as a molecular switch to control the release and conjugation of boric acid. The 

number of boric acid conjugated to the GFPDOPA was detected through MALDI-TOF analysis, in which 

GFPDOPA-boric acid (GFPDPBA) showed a molecular weight increase of 28 518 Da in comparison with 

GFPDOPA (28 394 Da). The increase in mass corroborated the fact that ≈5 DOPA residues in GFP would 

have conjugated with boric acid at neutral pH. From this result, we assumed that DOPAboric acid 

complexation had taken place on the surface exposed DOPA residues at Y92, Y151, Y182, Y200, and 

Y273 in GFP. The pH-dependent reversible conjugation between GFPDOPA and BA was further 

characterized by using NMR spectroscopy and was compared with a pure BA. 

The catechol moiety facilitated wet adhesion of GFPDOPA and GFPDPBA nanofibers along with 

antimicrobial inhibition exhibiting the highest wound reduction rate. Both the nanofibers adhered well 

showed resistance to exudates and eliminated microbial infection on the wound surface. After 15 days 

of treatment, the wound closure was around 87% and 90% for the GFPDOPA, and GFPDPBA, 

respectively whereas the control, PVA, GFP nanofibers showed 59%, 71%, and 74% of wound closure, 
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respectively. On day 20, complete wound closure, which is attributed to wound contraction was 

observed in GF PDOPA, and GFPDPBA nanofibers; in contrast, control, PVA, and GFP showed around 

70%, 80%, and 86%, respectively. The hematoxylin and eosin (H & E) staining of skin tissues treated 

with gauze and nanofibers on days 10 and 20 are displayed in Fig 4A,B. On day 10, focal inflammatory 

exudate, necrosis, loss of dermis and epidermis (focal ulceration), and inflammatory granulation 

tissues were found on the gauze, PVA, and GFP treated wounds. On day 20, both GFPDOPA and 

GFPDPBA treated group revealed complete re-epithelization with thick epidermis and well-formed 

dermis (Fig 4B). It confirmed catechol moiety encoded nanofiber (GFPDOPA and GFPDPBA) 

accelerated the process of wound healing. In addition to total collagen deposition, hair follicles, and 

sweat glands were also noticed (Fig 4B). 
 

Figure 7. A,B) Haematoxylin-eosin staining of rat skin tissues (n = 6) treated with gauze, PVA, GFP, 

GFPDOPA, and GFPDPBA. 

In conclusion, we developed a new approach to prepare a tunable hydroxylated nanofibrous mat 

through genetic code engineering. The biophysical characterization of the nanofibrous mat revealed 

that protein is highly stable, retains its fluorescence and structural integrity. The functionalization of 

catechol in the proteinmat increased tensile strength, aided in scavenging free radicals, accelerating 

cell adhesion, migration, and proliferation. Apart from this, it acted as a pro-angiogenic signaling cue 

for promoting angiogenesis, since the presence of reactive catechol moieties upregulated the VEGFR 

proteins. Conjugation of this bioactive nanofibrous mat with BA not only enhanced wound healing but 

also played an essential role in infection control by the pHdependent release of BA at the wound site. 

As a new bioactive nanomaterial, this nanofiber mat was able to mimic some of the physical and 

chemical properties of native tissues. These cumulative properties make GFPDPBA as an ideal wound 

dressing material for accelerated wound healing. 
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Abstract 

Curcumin (CUR), a polyphenolic compound found in turmeric, has been extensively employed as a 
spice and dye because of its flavour and intense yellow pigment respectively. It is well-known for its 
traditional applicability as a home remedy because of its various medicinal properties including free 
radical scavenging, anti-inflammatory, antimicrobial & anticancer activities. It is considered to be a 
safe and efficacious phytocompound for its use in pharmaceutics. However, its clinical use is limited 
owing to its structural instability, less bioavailability, rapid metabolism, and rapid systemic elimination 
from the body. Literature reports that the 63-methylene group & β-diketone moiety led to its 
structural instability. A number of CUR analogs have been studied so far with a view to increasing 
curcumin’s stability, but the nitrogen-containing heterocyclic moieties and their derivatives have 
historically been invaluable as a source of therapeutic agents. The pyrazole derivative is a compound 
having 2 N-atoms and an aromatic character which contributes to the multiple functionalities and 
stereochemical complexity in a five-membered ring structure. The pyrazole-based analogs among 
various others have manifested better biological activities. In spite of these advantages, the aqueous 
solubility of the simplest pyrazole derivative is unsatisfactory. This obstacle of hydrophobicity of either 
curcumin or its pyrazole form can be overcome by complexing them with cyclodextrins. Cyclodextrins 
(CDs), the natural cyclic oligosaccharides formed from starch degradation, are recognized for their 
inclusion-complex forming ability and inducing hydrophilicity. Their structure comprises a 
hydrophobic core with a hydrophilic outer surface. They are inexpensive, human-friendly, and have 
better physical, chemical, and biological properties. They have been used as pharmaceutical excipients 
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for hydrophobic substances as solubilizing and stabilizing agents. Among the three different kinds of 
cyclodextrins (α, β, and γ), β-CD is the most widely used because it is cheap, readily available, and has 
a suitable cavity size. Moreover, the addition of the hydroxyl propyl (HP) group to β-CD (HPβCD) 
remarkably enhances its properties such as stability, solubility, and oral bioavailability while 
maintaining bioactivity and diminishing tissue irritation. It is worth mentioning that HPβCD enhances 
aqueous solubility by more than ~27-fold. Besides all of the abovementioned advantages, it is very 
important to note that the drug molecules should be protected from the environment and capable of 
diffusing to the site of action without losing their identity. Moreover, the drugs must cross the 
lipophilic barrier to start their action. However, HPβCD fulfills all these criteria as the drug gets 
encapsulated into its cavity by non-covalent interactions, which are also known as host–guest action. 
Further, reports are available regarding the controlled drug release mechanism of drug-HPβCD 
inclusion complexes. Although the structural modification of curcumin into its pyrazole form and the 
complexation of CUR with 2-Hydroxypropyl-β-cyclodextrin (HPβCD) individually improve curcumin’s 
physical and chemical properties and enhance their biological activities, however, making use of both 
strategies in a combined manner is scarce. 

Therefore, in this study, we demonstrated the enhancement of curcumin’s bioactivities by an 
amalgamation of both techniques. Here, curcumin has been structurally modified to its pyrazole form 
using hydrazine hydrate and then complexed with HPβCD, which has further been characterized and 
evaluated for different bioactivities. The schematic representation of the chemical structures of CUR, 
CP & HPβCD along with the flow of sample preparation is portrayed in Fig. 1. 

 

 

Fig. 1: Schematic workflow of the preparation of CP & CPCD 
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The physicochemical structural features of the prepared compounds have been probed through UV- 
Visible. 

 

Spectroscopy (UV-Vis.), Fourier Transform Infrared Spectroscopy (FTIR), Raman Spectroscopy (RS), 
Nuclear Magnetic Resonance Spectroscopy (NMR), X-ray Diffractometry (XRD), Thermo Gravimetric 
Analysis (TGA), Differential Scanning Calorimetry (DSC), Scanning Electron Microscopy (SEM), 
Transmission Electron Microscopy (TEM) and Dynamic Light Scattering (DLS). Fig. 2 displays the graphs 
and images of the characterizations of the samples done. The different analytical techniques indicated 
the successful preparation of curcumin pyrazole (CP) as well as its inclusion complex with HPβCD 

 

 
(CPCD). The synthesized derivative (CP) exhibited better thermal activity than CUR. Similarly, the 
complex (CPCD) exhibited better thermal stability than HPβCD, which might be due to the 
enhancement in the interaction between the components either chemically or physically during the 
formation of the derivative (CP) or inclusion complex (CPCD). 

 

 
Fig. 2: (A.) Fourier Transform Infrared spectroscopy, (B.) Raman Spectroscopy, (C.) Nuclear Magnetic 
Resonance Spectroscopy, (D.) X-ray Diffractometry [(a) Simulated pattern of curcumin (CURS), CUR & 
CP & (b) Diffractogram of CP, HPβCD & CPCD], (E.) Thermo Gravimetric Analysis, (F.) Dynamic Light 
Scattering, (G.) Scanning Electron Microscopy analysis of CUR, CP, HPβCD & CPCD; (H.) Transmission 
Electron Microscopy and (I.) Dynamic Light Scattering [(a) Particle size distribution & (b) Zeta potential] 
analysis of CPCD. 
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Fig. 3 displays the calibration curve of CP, solubility study, swelling of CPCD, and the release profile of 
CP from CPCD. The obtained results demonstrated a minute enhancement in the aqueous solubility 
of CP, however, there was a significant increase in solubility in the case of CPCD as examined visibly 
and by employing UV-Visible spectroscopy and optical microscopy. Moreover, the absorbance peak 
position in the UV-Vis. spectra of CP were found to shift from 430 nm (in CUR) to 336 nm indicating 

the alteration of curcumin’s structure. A calibration curve was drawn to estimate the release rate of 
CP from the CPCD complex. The swelling behaviour of the prepared complex (CPCD) was checked at 
two different pH values (7.4 and 1.2) mimicking intestinal and gastric pH conditions. The hydrophilic 
nature and porous surface of HPβCD are some of the causes of its swelling and drug-release behaviour. 
It was also observed that the percentage of swelling was more in the alkaline medium than in the 
acidic medium. This might be due to the increase in the ionization of hydroxyl groups at a higher pH, 
resulting in an increase in swelling (%). As obvious, the release behaviour was found in accordance 
with the swelling pattern. 

Fig.3: (A.) Calibration curve of CP; (B.) Extents of aqueous solubility analysis of the samples (camera 
photographs, optical microscopic images & UV-Visible spectra); (C.) Swelling of CPCD in acidic and 
basic pH conditions for 48 h; and (D.) Cumulative release behaviour of CP from CPCD under both acidic 
and basic pH conditions for 48 h. 

Further, CPCD demonstrated the highest value of total phenolic content (TPC) and thereby exhibited 
the highest antioxidant activities followed by CP and CUR as estimated by 2,2-diphenyl-1- 
picrylhydrazyl (DPPH) & 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS) assays. However, 
there doesn’t seem to be any increment in the total flavonoid content (TFC) in the prepared samples 
compared to curcumin. The values of TPC, TFC & antioxidant activities obtained for the samples are 
displayed in Table 1. 
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Table 1: Total phenolic & flavonoid contents and antioxidant activities of CUR, CP, HPβCD & CPCD 
 

Sample Name TPC 

(µg GAE/mg) 

TFC 

(µg QE/mg) 

DPPH radical 
scavenging activity 

(%) 

ABTS radical scavenging 
activity (%) 

CUR 1097.21 ± 
1.01c 

4693.22 ± 
1.08a 

49.54 ± 0.48c 50.04 ± 0.64c 

CP 1316.21 ± 
1.15b 

683.22 ± 
1.92b 

56.93 ± 0.42b 55.52 ± 0.16b 

HPβCD 83.09 ± 1.64d 167.67 ± 
2.30c 

07.71 ± 0.40d 0.42 ± 0.14d 

CPCD 1418.81 ± 
1.45a 

817.22 ± 
2.32b 

61.34 ± 0.74a 63.95 ± 0.45a 

The cytotoxicity of the samples in A549 lung cancer cell line was assessed by MTT assay, cell counting 
through the trypan blue exclusion method, and clonogenic and apoptosis assays. The prepared 
samples exhibited better performance compared to curcumin. Moreover, the results manifested that 
the death of cancer cell lines followed the apoptotic pathway as checked by Acridine orange/ethidium 
bromide (AO/EB) staining. Despite the bioactivities, the prepared samples using the aforementioned 
concentrations (25-100µg/mL) were found to be non-toxic to human peripheral blood mononuclear 
cells (PBMCs) and RBCs as revealed by the MTT and hemolysis assays respectively. Fig. 4 depicts the 

 



246 

 

 

 

anticancer activity analysis (against A549 cancer cell line) along with their respective toxicities in 
human Peripheral Blood Mononuclear Cells (PBMCs) and Red Blood Cells (RBCs). 

Fig. 4: (A.) Effect of CUR, CP, HPβCD, and CPCD with increasing doses (25–100 mg mL1) on the cell 
viability through MTT assay in (a) A549 cancer cell lines at 24 h, (b) A549 cancer cell lines at 48 h and 
(c) human PBMCs at 24 h; (B.) Hemolytic activities of CUR, CP, and CPCD; (C.) Representative image 
(a) & quantification (b) of the effect of CUR, CP, and CPCD with increasing doses (25–100 mg mL1) on 
the viability of the A549 cancer cell line; (D.) Representative image (a) & quantification (b) of the 
apoptotic effect of CUR, CP, and CPCD with increasing doses (25–100 mg mL1) on the A549 cancer cell 
line; (E.) Representative image (a) & quantification (b) of the effect of CUR, CP, and CPCD with 
increasing doses (25–100 mg mL1) on the colony-forming ability of the A549 cancer cell line. 

The antibacterial and antifungal activities of the prepared samples were judged by the agar well 
diffusion method. The prepared samples were found potent against most of the bacterial and fungus 
strains compared to either CUR or HPβCD as evaluated by the measurement of the zone of inhibition 
created. Fig. 5 presents the photographs of the Petri plates and a table showing the diameter of the 
zone of inhibition created. 

Fig.5: (A.) Antibacterial & (B.) Antifungal activities of curcumin (C/CUR), CP, HPβCD & CPCD by agar 
well diffusion method 
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Abstract 
 

Development of tissue engineered scaffold for the reconstruction of non-union bone defects is widely 
investigated to fulfill the need for an alternative clinical biosubstitute with superior bioactivity and 
ability to bridge the non-union defects. The current work highlight development of natural 
biopolymeric composite matrix through polyelectrolyte complexation mediated encapsulation of 
bioglass and phase separation. Developed matrix was characterized for morphological, physico- 
chemical, mechanical and bioactivity using SEM, FT-IR, TEM, UTM etc. Cell supportive and osteogenic 
properties of developed matrix was evaluated through culturing MG63 cells over the matrix and 
cultured constructs were evaluated for cells adhesion, growth and matrix deposition. Finally, most 
suitable matrix was evaluated for in-situ bone tissue reconstruction potential in non-union segmental 
bone defect rabbit animal model. Implanted scaffold was investigated through X-ray and harvested 
explant at particular time interval was evaluated through H&E staining and Masson trichrome staining. 
Implanted matrix was observed to be biocompatible, bridges the gap and leads to in-situ regeneration 
vascularized neo-bone matrix at the defect site. Thereby, developed composite matrix might be a 
suitable matrix for reconstruction of non-union bone defects. 
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Abstract 

 
Photodynamic therapy (PDT) is an emerging non-invasive therapeutic tool in treatment of cancers 

with light irradiation involving minimal toxicity over traditional radiotherapy and chemotherapy 

practices. This involves the combinations of excited photosensitizer (PS) by specific light wavelength 

and the molecular oxygen (3O2) with the intersystem crossing (ISC) mechanism, producing Reactive 

Oxygen Species (ROS) destroying the cancerous cells. In this study, we have used the photosensitizer 

Zinc Phthalocyanine and analysed its spectral and cytotoxic studies. The Fourier Transform Infrared 

Spectroscopy (FTIR) and UV-Vis Spectroscopic characterization studies were analysed. The singlet 

oxygen production was observed using DPBF (1,3 Diphenylisobenzofuran) oxygen quencher with and 

without irradiation produced by LED full spectrum light source. Mammalian cells were cultured and 

used in MTT assay to measure the cytotoxicity of the photosensitizer with and without irradiation. The 

production of singlet oxygen (1O2) is confirmed by the quenching action of DPBF with an irradiation on 

equal intervals. The cytotoxic effect and the efficiency for PDT mechanism with cell death analysis 

have been studied using MTT assay performed with breast cancer cells. The result of MTT assay proved 

that PDT mechanism can be promoted to live practice to treat various cancerous tumour cells with 

low side-effects and high efficient action mechanisms. Additional to the above studies, antibacterial 

study was also performed. The invitro light and dark cytotoxicity of the photosensitizer were evaluated 

with MTT assay and results signify that the photosensitizer proves to be an ideal candidate for 

treatment of cancers using photodynamic therapy. 
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Abstract 
 

Ultrasound have been used to target tumors either through local thermal ablation or local 
nanobubbles but these methods damage surrounding normal cells in the target area. Recent studies 
show that tumor cells are susceptible to the mechanical stretch/ultrasound mediated-mechanical 
stresses and undergo calcium-dependent apoptosis under conditions that promote normal cell 
growth. During cancer cell invasion, cancer cells migrate through ‘3D channel-like tracks’ present in 
interstitial extracellular matrix (ECM) of tissues. Here we report that these 3D channel-like 
confinements affect ultrasound-mediated cancer cell apoptosis. The confinement-induced apoptosis 
is observed in breast and oral cancer cell lines which are the top two prevalent cancer types in the 
Indian population. The changes in biomechanical properties due to the confinement are found to be 
responsible for confinement-induced apoptosis. These findings will help to optimize ultrasound 
parameters like frequency, duty cycle, exposure duration to maximize in vivo killing of invasive cancer 
cells that are already spread within a tissue. 
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Abstract 
 

Cell proliferation is an important phase in tissue repair. The currently available scaffolds for soft tissue 
repair such as QGel MT 3D Matrix, and hydroMatrix do not focus on cell proliferation. The acidic gelling 
methods and artificial substrate limit the functionality of hydroMatrix and QGel MT 3D Matrix 
respectively in tissue repair. Other issues of these scaffolds include the optimisation of individual 
constituents of scaffold fabrication for its functionality. In this work, we have developed a novel 
scaffold incorporating Raloxifene drug using Response Surface Methodology (RSM) for enhanced cell 
proliferation. The biomaterials were screened in Swiss target prediction, targeting proliferative genes 
(probability>99%). For RSM, independent variables (0-2% fibronectin, 0-1.2% collagen I and 0-0.1% 
glutaraldehyde, and Raloxifene 2nM) for the experimental derived dependent variables viz., porosity, 
cell viability, degradation and swelling, were evaluated. These factors decide the functionality of 
optimised scaffold. The scaffold was characterized by Fourier transform infrared spectroscopy (FTIR), 
scanning electron microscopy (SEM), and wettability. The scaffold was further evaluated for porosity, 
swelling, drug release profile, degradation, pH profile, cell attachment property, (proliferation and 
attachment), and antimicrobial activity. In vivo, cell proliferation and tissue repair potential of scaffold 
was evaluated in Sprague Dawley (biceps femuris and gracillis muscles). Our results showed that the 
optimised scaffold should contain 1.25% collagen, 2% fibronectin, 2nM Raloxifene. The FTIR 
spectroscopy showed significant peak of each constituent. The porosity was > 80% with 33±3µm pore 
size. The contact angle was measured to be 6.90 , indicating hydrophilic nature of the scaffold (pH was 
in between 6.9 to 7.4). The drug release profile showed sustained release of Raloxifene upto 7 days. 
There was no antimicrobial property in the scaffold but significant (*p-value≤0.05) cell attachment 
and proliferation was observed. The in vivo experiment showed that there was complete healing of 
muscles with prominent synthesis of new muscle fibers. The significant (*p-value≤0.05) expression of 
Myo D, STAT3, GSK3β, CDK1, and Ki67 was observed in immuno-histology/-chemistry. We did not 
observe scaffold toxicity in hematoxylin and eosin (H&E) staining, liver function test (LFT), and kidney 
function test (KFT). The developed scaffold is likely to repair/regeneration of damage tissue by 
targeting cell proliferation. 
Keyword: Response Surface methodology, Mesenchymal stem cells, Sustained drug release, Tissue 

repair, Muscle damage, Toxicity 
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Abstract 
 

The development of new anti-bacterial agents is the need of the hour due to the rise in antibiotic 
resistance in bacteria. Antibiotic resistance is a silent pandemic that takes its toll on thousands of 
people worldwide. Nanoparticles are now widely being explored as antibacterial agents. In this work, 
nanoparticle conjugates of Gallium and curcumin (GaCurNPs) were synthesized by adopting a green 
approach and characterized. The hydrodynamic diameter of the GaCurNPs and the zeta potential were 
measured by dynamic light scattering technique. Transmission electron microscopy revealed the 
particle size and crystalline fringes of the nanoparticles were unveiled by high resolution-TEM. The 
physicochemical characterization was further done by X-ray diffraction, Raman, FT-IR, and XPS 
spectroscopy which revealed the crystallinity, interaction between gallium and curcumin, and also the 
oxidation state of gallium. The stability of curcumin attached to GaCurNPs was studied using high- 
performance liquid chromatography and Liquid Chromatography-Mass Spectrometry techniques and 
was found to be more stable than native curcumin. The antibacterial and anti-biofilm activity of 
GaCurNPs was investigated. The minimum inhibitory concentration of GaCurNPs against 
Pseudomonas aeruginosa ATCC 27853 and some clinical strains was determined. Live/dead assay, 
Raman spectroscopy, and SEM further proved the antibacterial activity of GaCurNPs. Anti-biofilm 
activity of GaCurNPs was proven by crystal violet assay, confocal fluorescence microscopy, and 
Confocal Raman microscopy. Alamar blue assay showed the non-cytotoxic nature of L929. GaCurNPs 
appear to be a promising anti-bacterial and anti-biofilm agent capable of fighting the clinically 
significant pathogen, P. aeruginosa. 
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Abstract 
 

Iron oxide nanoparticles (IONPs) are known for their multifunctionalities, such as bacterial inhibition, 
hyperthermic treatment of cancer, and magnetic stimulation of osteogenesis. Here, we report the 
fabrication of porous scaffolds via Pickering emulsion polymerization of acrylate monomers stabilized 
by IONPs. Degradation studies, mechanical strength, and magnetic properties of the scaffolds were 
validated for potential application of bone tissue engineering. The compressive strengths of the 
scaffolds were in the range of 4-7 MPa and moduli in the range of 12-22 MPa. The porosities of the 
materials were in the range of 55-67%, with pore sizes varying from 5-20 microns. Cytocompatibility 
studies were performed on the fibroblast (L929) and osteosarcoma (MG63) cell lines and were found 
to be compatible. The bacterial inhibition potential of the scaffolds was assessed by measuring the 
ROS generation in the bacteria and morphology distortion. The angiogenic potential of the IONPs was 
evaluated using CAM assay. The number of vessels and branches formed due to the treatment with 
the IONPs-loaded scaffolds were significantly higher than the control. The bacterial inhibition and 
angiogenic potential of the scaffold, together with the suitable physicochemical properties, may serve 
as a potential solution for non-union bone defects. 

 

 
 

Fig. SEM micrographs of S.aureus adhered to the scaffolds with distorted morphology (red arrow), 

indicating bacterial death. 
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Abstract 
 

Carbon Nano Materials is used in biomedical field because it is benign, abundant and inexpensive. 
Carbon quantum dots (CQDs, C-dots or CDs), which are generally small carbon nanoparticles (less 
than 10 nm in size) possessing good luminescence and also are easily soluble in solvents. In this 
current work carbon Quantum Dots are synthesized using Ficus religiosa (Peepal) leaves by 
hydrothermal method at 200°C for 8 hours using ethanol as a solvent. The biosynthesized carbon 
Quantum Dots were characterized by using UV-Visible, PL, TEM, FTIR. All these characterization 
results established that the fabricated substance is a carbon quantum dot. These CQDs were found 
to be stable, having quenching property. We have shown a straightforward and environmentally 
friendly way to make multifunctional fluorescent CQDs using a hydrothermal process without using 
any hazardous chemicals by use of ficus religiosa as a cheap and readily available carbon source. 
These environmentally friendly carbon nanoparticles might be produced on a large scale opening up 
a wide range of biomedical and bioengineering applications. The biocompatibility of CQDs were 
tested using MTT Assay. The synthesized CQDs can be used for bioimaging of cancer cells. 
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Abstract 
 

One of the desired requirements of any dental implant system is its long-term stability and bone 
healing, leading to enhanced osseointegration. Two aspects of the dental implant system are essential 
and those are surface modification or macro/micro design features in terms of thread geometry or 
distribution. In the present work, the osseointegration of Ti6Al4V based newly designed hybrid 
threaded tapered implant without any surface modification have been validated and benchmarked 
against Straumann® implant (large grit sand blasted acid etched) in the rabbit model for 12 weeks. The 
test and control implants were implanted in the rabbit condyle on the contralateral limbs. The peri- 
implant bone interfaces were analysed by staining histological sections of bone-implant interfaces. 
The overall assessment suggests homogenous and continuous osseointegration around the hybrid 
threads of the test implants. Superior bone to implant contact percentage (BIC) was observed in the 
case of hybrid threaded test implants with an average value of 78.7%, compared to 67.8% in the case 
of control implant. The bone formation and osseointegration on the test implant surface were 
assessed qualitatively and quantitatively using micro-computed tomography (µ-CT), molecular gene 
studies and histomorphometric analysis at the end of 12 weeks. All the findings were carefully 
evaluated to analyse in vivo bone healing and osseointegration of the hybrid threaded tapered dental 
implant. It can be concluded that the extent of neobone formation and expression of the osteogenic 
genes is positively correlated with optimal design features of the implant, which leads to the contact 
guidance of the osteoblasts on the implant surface. The study also advocates that the novel tapered 
multithreaded implant design concept alone (without surface modification) can facilitate 
osseointegration in a manner better than clinically used surface modified implants. 
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Abstract 

 
During wound healing, fibroblasts accumulate at the wound bed, proliferate, activate into a 
myofibroblast-like phenotype, express cytoskeletal proteins, and lead to fibrinogenesis, deposition of 
collagen and other matrix proteins that contribute to the formation of the granulation tissue. In this 
study, we report a prologue to develop a multilayered, smart, biofunctional, and biomimetic scaffold 
that can act as a temporary surrogate for disintegrated extracellular matrix and act as a fibroblast- 
friendly vehicle that degrades and exposes one layer at a time, modulating different fibroblast 
properties. Silk fibroin membranes loaded with honey were topographically modified via replica 
molding with nature-inspired patterns ranging from 460nm to 8µm (Nano, micro, and hierarchical) 
exhibiting etching lines, micropillar, and microdome with nanofold-like features. Physicochemical 
characterizations of the silk fibroin membranes showed optimal swelling and degradation, with 
disntict differences in honey release models based on the wetting regimes imparted by different 
topographies. In a micropillar environment, bipolar fibroblasts spread via minilamellipodia mediated 
sensing, got activated to a stellate shape, and expressed α smooth muscle actin, collagen I, and 
fibronectin within 4 days of culture. Fibroblasts cultured on silk fibroin membranes with rose petal 
mimicking structures formed a continuous monolayer while being in contact with the nanoridges and 
surrounding the microdomes. They showed hastened activation and expression of extracellular matrix 
proteins. However, the majority of cells remained bipolar while lowly expressing α smooth muscle 
actin, indicating stunted cytoskeletal arrangement in presence of grating patterns separated by a few 
hundred-nanometer range. Cellular orientation, spreading, polarity, proliferation, cell-to-cell 
interaction via formation of extending filopodia and lamellipodia, and cell-matrix interaction was far 
superior in patterned surfaces than on flat/non-patterned honey-loaded silk fibroin membranes. 
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Abstract 

 
The rudimentary reasons that impede both deliveries of therapeutic agents and wound repair include 
inadequate cellular growth, poor maintenance of active ingredients at the wound bed, and struggles 
with the administration of multiple doses. To surmount these hurdles, one of the least explored 
aspects is the internal force-based physical surface stimulus crucial for cellular sensing at the time of 
wound repair. In the present work, we used a combination of soft lithography and freeze drying to 
fabricate flat (FASF), lotus leaf surface patterned (LPASF), and rose petal surface patterned (RPASF) 
porous silk fibroin 3D scaffolds. A frugal approach to ampicillin loading and replenishment was used 
by joining a polytetrafluoroethylene (PTFE) catheter attached 18G butterfly intravenous infusion 
needle at the bottom of the substrates. All the scaffolds were studied for surface morphology, surface 
topography, roughness, and surface wettability using SEM, AFM, and contact angle goniometry 
respectively. FTIR, XRD, XPS, and EDX methods disclosed that ampicillin was successfully incorporated 
into the substrates and the maximum presence of the drug was within the bulk of the scaffolds. In 
vitro swelling and degradation studies on the scaffolds showed that FASF followed the customary 
degradation pattern of silk fibroin scaffolds while in cases of LPASF and RPASF degradation was 
decreased. The ampicillin release patterns from the scaffolds followed the Korsemeyer-Peppas model 
depicting surface hydrophobicity mediated non-fickian first-order anomalous controlled release. All 
the substrates showed remarkable antibacterial efficacy against Methicillin-Resistant Staphylococcus 
aureus (MRSA) and Escherichia coli. Four distinct cell-matrix adhesion regimes were observed for the 
fibroblasts to eventually form cell sheets all over the hierarchical structures (RPASF). The fluorescence 
images after DAPI and FDA staining consistently showed RPASF to be superior to its other variants. A 
comparative study among molecular expressions of collagen I, vinculin, and vimentin using 
immunofluorescence, substantiated RPASF to be superior to others. Hence, we developed a potential 
deep cutaneous wound healing drug replenishable implant with biophysical cues capable of 
controlling fibroblast behavior and releasing kinetics of ampicillin. 
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Abstract 
 

Peripheral demyelinating diseases (PDD) refer to an array of disorders that involve substantial damage 
to axons and glial cells, particularly Schwann cells (SC) in the peripheral nervous system (PNS), for 
which no satisfactory treatment is available. There is need to explore novel methods of treatment 
including the emerging cell-based regeneration. Literature evidence as well as our studies show 
evidence of in-vitro transdifferentiation of bone marrow derived mesenchymal stem cells (BM MSCs) 
into Schwann cells, however the proof of functional restoration of myelination in in-vivo models is 
lacking. In lieu of this we attempted to generate a demyelinated rat model by inducing partial ligation 
in the sciatic nerve. With the approval of Institutional Animal Ethics committee (IAEC), University of 
Hyderabad, Male Sprague Dawley Rats, aged 3-4 months, 250-300g were used for this study. 
Demyelination was induced by partially ligating 1/3rd to ½ diameter of the right sciatic nerve with 6-0 
prolene sutures. The rat was sacrificed 15th day post-surgery and sciatic nerve was isolated and 
subjected to histopathology, immunohistochemistry (MBP), myelin staining (Loyez) for validation of 
demyelination. Histological studies revealed distorted architecture in the demyelinated nerves, lower 

 
 

 
expression of MBP around axons and fiber loss compared to control. Loyez myelin staining revealed 
presence of bulbous distorted myelin suggesting induction of acute demyelination in the sciatic nerve. 
These results suggest successful establishment of demyelination in the sciatic nerve that could pave 
way for preclinical studies to evaluate the efficacy of therapeutic agents for peripheral neuropathy. 
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Abstract 

 
The repair and restoration of human osteochondral tissues remain a significant challenge due to their 
weak regenerative tendency and complex physiological structures. The current treatments for 
restoration of damaged bone and cartilage tissues were not uniformly successful due to partial 
recovery, the long-term healing process, and immune reactions, which cause multiple revision 
surgeries. Therefore, conventional clinically relevant treatments for repairing and restoring 
osteochondral defects result in unsatisfactory patient-specific functional recovery, and there remains 
an unmet clinical need. A biofunctionalized hybrid hydrogel-based cell-responsive biomaterial ink was 
developed to fabricate hierarchical osteochondral 3D scaffold constructs using a pneumatic extrusion- 
based 3D bioprinter to address this issue. Phase pure rod-shaped nanocrystalline hydroxyapatite 
(nHA) powder was reinforced as the inorganic nano-filler into the pre-crosslinked gelatin methacryloyl 
(GelMA) hydrogel to fabricate the predesigned scaffold. The challenge associated with the 
extrudability and thermoresponsive gelation properties of low viscus GelMA (5% w/v) was significantly 
improved after blending with methacrylated carboxymethyl cellulose (mCMC), a biocompatible 
viscosity modifier. The biophysical properties such as stiffness, swelling ratios, enzymatic degradation 
kinetics, printing parameters (extrusion pressure, nozzle type, print head, and building bed 
temperatures), and architectural buildability (layer height, infill density, and in-situ UV curing 
parameters) were critically evaluated to unravel the role of nHA and mCMC on the GelMA matrix. 
After incorporating mCMC and nHA, the hybrid ink’s stiffness was improved by 20-times, 5-times 
reduced the swelling ratio, and 8-times decreased the rate of enzymatic biodegradation compared to 
the GelMA alone. The biophysical and biological features of the printed construct were further 
regulated by incorporating poly(ethylene glycol)diacrylate (PEGDA) as the synthetic crosslinking agent. 
Bone marrow-derived human mesenchymal stem cells (BM-hMSCs) were incorporated into the 
multicomponent UV-crosslinkable bioink matrix (GelMA/nHA/mCMC/PEGDA) to evaluate the cellular 
functionalities and osteochondral differentiation within the printed constructs. We proposed that the 
inorganic-organic nanocomposite hydrogels could be efficiently assembled to formulate a potential 
bioink for 3D bioprinting applications toward osteochondral tissue regeneration. 
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Abstract 
 

Polymeric medical devices (PMDs) are unique owing to their low cost, ease of fabrication, handy 
usage, etc. PMDs range from disposable items like hand gloves, drapes, catheters, contact lenses, 
blood bags, etc. to complex devices like vascular grafts, shunts, and heart valves. They offer a wide 
range of properties, ease of handling, lightweight, absence of corrosion, etc. Be it for internal or 
external usage, the surface chemistry of PMDs plays a vital role in disbursing their desired functions 
effectively. Interfacial interactions between host tissues and medical devices decipher the fate of the 
device implanted. Surface fouling is one of the major factors responsible for the infections associated 
with the usage of PMDs. It mainly involves bacterial adhesion, cell attachment, and colony formation 
over the device surface. Surface fouling can be avoided by the introduction of suitable barrier coatings. 
Tweaking the hydrophilicity/hydrophobicity of the surfaces with cleverly designed coatings enables 
the establishment of a smart barrier at the interface preventing the attachment of cells or pathogens 
to the PMDs. Ionic liquids (ILs) are known to have excellent properties to be employed as candidates 
for the effective surface modification of materials. Herein, we demonstrate a simple strategy to impart 
antimicrobial character onto the polymeric surfaces by the interfacial self-assembly of ILs preventing 
bacterial adhesion. IL-modified polypropylene (PP) surface hindered bacterial adhesion as shown by 
confocal Raman imaging and scanning electron microscopy (SEM) (Figure 1). SEM and Raman images 
of modified PP displayed negligible bacteria in comparison with bare PP. Clusters corresponding to PP, 
IL, and bacteria in the Raman images are colored in green, blue, and red. 

 

 
Figure 1. Bacterial attachment on (a) Bare polymer surface and, (b) Polymer surface modified with IL. 
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Abstract 

 
To treat various orthopaedic diseases and avoid after-surgery (implantation) infections or 
inflammatory reactions, antibacterial drug-loaded bioactive bone substitutes are used nowadays most 
prominently. Due to the similarity of chemical composition with the natural bone minerals, the 
apatite-based (calcium deficient hydroxyapatite) bone cements are well-known potential bioactive 
bone substitutes in the orthopaedic fields. Hence, in this study, we have developed the injectable 
apatite-based bone cement loaded with different anti-bacterial drugs (commonly used in the 
orthopaedic applications) and mannitol (used as solid porogen) with prolonged and sustained delivery 
(up to 2 months). This study discussed about the importance of mannitol incorporation in the in vitro 
drug release behaviour and also compares the release behaviour with different well-known drug 
kinetic models. All the drug-loaded bone cements set within clinically accepted setting time and with 
good injectability (>70%). The bone cements were characterised by X-ray diffraction and fourier 
transform infrared spectroscopy. The drug-loaded bone cements hold acceptable compressive 
strength (in the range of trabecular bone) and are also biodegradable in artificial body fluids at 
physiological conditions in vitro. In addition, these drug-loaded bone cements when incubated with 
pre-osteoblast (MG63) cells showed significantly higher cell viability after 72 hours than their 
corresponding viability after 24 hours and also the MG63 cells were well attached and elongated 
(spread) in morphology over the surface of these bone cements in their in vitro biocompatibility 
studies. To conclude, these bone cements may have ability to become potential injectable bone 
substitutes to avoid infections for prolonged duration in treating the defects of non-load bearing in 
orthopaedics. 

 
Keywords: apatite-based bone cements, injectable, mannitol, prolonged delivery, non-load bearing 
defects 

mailto:mm17d600@smail.iitm.ac.in
mailto:tssk@iitm.ac.in


264 

 

 

 

Biopolymer-based cryogels for rapid hemorrhage control 
 

Kaushal Shakya1 Vivek Verma1, 2,* 
 

1Department of Materials Science and Engineering, Indian Institute of Technology 
Kanpur, Kanpur – 208016, India 

2Centre of Environmental Science and Engineering, Indian Institute of Technology Kanpur, Kanpur – 
208016, India 

1Email: kashakya@iitk.ac.in , *Email: vverma@iitk.ac.in 
 

Abstract 
 

Excessive bleeding remains the major concern to cause life-threatening situations, especially in the 
case of deep wounds caused by gunshots and accidental stabs. Despite the advances made in wound 
care management, the current hemostats have several limitations which restricts its maximum usage. 
Here in, we developed biopolymer based composite cryogels as a hemostatic dressing material to 
control lethal hemorrhage conditions. These cryogels presented higher blood uptake capacity 
(swelling degree>4000%), rapid shape recovery, and robust physical structure. Moreover, they 
demonstrated faster blood clotting time (<2min), and favorable hemo- and cyto-compatibility (<5% 
hemolysis, no cytotoxicity to fibroblast cells). In vitro dynamic blood clotting test indicated that the 
composite cryogel could provide an interface to encourage faster blood absorption and cell 
aggregation, along with activation of coagulation pathway (contact), and thus speed-up hemostasis. 
The clotting test was performed with the commercial hemostats as reference and the sample cryogels 
has shown better performance for each time period. The data evidenced that the composite cryogels 
are a safe and efficient dressing material to control non-compressible hemorrhage with rapid 
hemostasis. 
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Abstract 

 
Osteoarthritis is one of the most prevalent musculoskeletal pain conditions leading to significant 
disability. Over 30% of patients suffering from OA conditions report significant joint pain1. 
Development of innovative scientific solutions for managing musculoskeletal pain is essential to meet 
this urgent clinical need. Current clinical interventions involve anti-inflammatories, and opioid based 
drugs. These small molecule drugs in spite of their analgesic effects, presents various side effects when 
systemically administered, and is particularly a concern for long-term applications such as pain 
management. Local analgesics (LA) such as ropivacaine is favored by orthopaedic surgeons, however, 
their analgesic effects are short-lived. Consequently, there is increased interest in developing novel 
intra-articular therapies for osteoarthritic pain management. The major goal of our studies is to 
evaluate novel small molecules as potential pain modulators for intra-articular therapies. Here we will 
discuss the efficacy of curcumin, a natural small molecule derived from turmeric (Curcumina longa) in 
reducing inflammation, feasibility of developing a sustained delivery system for intra-articular 
injection, and in vivo pain modulation using curcumin and ropivacaine in a Monoiodoacetate (MIA) 
induced osteoarthritic rat model. Curcumin showed significant anti-inflammatory activity in vitro 
when compared to the clinically used steroid dexamethasone. Curcumin-loaded poly(Lactide-co- 
glycolide) microspheres showed sustained in vitro delivery for a period of up to four weeks. The 
presence of ropivacaine provided anesthesia for 3 days post intraarticular injection and combined 
therapy lead to prolonged analgesia for more than 4 weeks in MIA induced osteoarthritic model. 
Combining anti-inflammatory molecules with local anesthetics such as ropivacaine can lead to 
immediate and sustained pain release upon intraarticular injection. 
Funding Sources: 
NIH RO1 AR075143 
NIH RO1 AR075143-S1 
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Abstract 

 
Limbal stem cell deficiency can lead to persistent epithelial defects (PED), chronic inflammation, 
neovascularization, scarring, and conjunctivalization. A simple and reproducible method for the 
development of animal models with PED is necessary for the assessment of the therapeutic modalities. 
The purpose of the study is to develop animal model of LSCD with PED and to study the therapeutic 
potential of allogeneic simple limbal epithelial transplantation (allo-SLET), cultivated limbal epithelial 
transplantation (allo-SLET), and conjunctival limbal allograft (CLAL). Complete corneal and limbal 
epithelium of the New Zealand White Rabbit (n=18) was mechanically debrided using the Alger brush- 
II 1.0 mm round-ended burr. Rabbits were observed for corneal haziness, vascularization and epithelial 
defect using clinical photograph, slit lamp, fluorescein staining and anterior segment optical 
coherence tomography (AS-OCT) post debridement. Allo-SLET without human amniotic membrane 
(n=5) and CLAL (n=5) was performed at 4-8 week after mechanical debridement in the rabbit eyes with 
a donor graft obtained from the Dutch-Belted rabbit. For Allo-CLET the limbal explant was digested 
with collagenase, and explant and cell suspension were cultivated on hAM and without hAM 
respectively. The cells were detached using trypsin, mixed with fibrin glue and applied to the LSCD eye 
(n=5). The extent of epithelialization was assessed by a change in the central corneal epithelial 
thickness (CCET) using AS-OCT. All eyes showed epithelial defect up to 4 weeks as evident by the 
fluorescein staining. In more than 70% (14/18) of the eyes superficial neovascularization was observed 
after 4 weeks of which 50% reached the central cornea. An increase in corneal thickness, loss of 
epithelialization, conjunctivalization, inflammation, immune cell infiltration was observed. Centripetal 
epithelial migration was observed from the transplanted grafts for up to 3 weeks in both Allo-SLET and 
CLAL. The limbal grafts were stable up to 3 months with no sign of epithelial rejection. Allo-SLET and 
Allo-CLET treated eye showed significant increase in CCET (P= 0.0079 & 0.0019 respectively) as 
compared to CLAL at 12 weeks of transplantation. Allo-SLET, Allo-CLET and CLAL treated eye showed 
a small and non-significant alternation in corneal opacity and neovascularization grade. Mechanical 
debridement using alger brush-II 1.0-mm round-ended burr is an effective method for the 
establishment of persistent corneal epithelial defect in New Zealand white rabbits. Limbal allograft 
transplantation resulted in significant corneal epithelialization in PECD especially in allo-SLET. 
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Abstract 
 

Membranous decellularized extracellular matrices have several benefits for surgical application as 
patch over its synthetic counterpart in spite of its poor mechanical strength. The present work aims 
to overcome this problem by identifying a novel technique for enhancing the mechanical strength of 
membranous decellularised liver patch by impregnation and in situ citric acid crosslinking of silk 
fibroin. Decellularised porcine liver slice was selected for this study on account of its excellent 
regenerative potential in spite of its poor mechanical strength. Silk fibroin was isolated from B. mori 
cocoon using standard techniques and was in situ cross-linked using citric acid at an alkaline pH. This 
avoided toxic chemical cross-linkers thus promoting better tissue compatibility. Decellularised native 
porcine liver slices were prepared using a combinatorial detergent decellularization with SDS and SDC. 
Light microscopical and ultrastructural evaluation of the decellularised liver scaffold demonstrated 
removal of nuclear elements while retaining its porous architecture, with integrity and compactness 
of ECM. Removal of antigenic elements such as soluble proteins, phospholipids and DNA was 
confirmed to be below critical level. The regenerated silk fibroin was in-situ cross-linked with citric 
acid following vacuum impregnation into the decellularized liver membrane based on a proprietary 
method. The successful incorporation of silk fibroin into the scaffold was qualitatively evaluated by 
light microscopy, ultra-structural study and confocal Raman microscopy. The subsequent strength 
augmentation was demonstrated by the improved tensile strength, suture retention strength, and 
delayed in vitro degradation compared to the decellularized liver control. The in vitro cytotoxicity 
studies using L929 fibroblast cells by ‘direct’ and ‘test on extract’ methods based on ISO 10993-5 
proved the scaffold to be non-cytotoxic. The results from the above experiments proved that the 
scaffold produced by the above strategy augmented the mechanical property of decellularised liver 
membrane while retaining its tissue compatibility thus making it useful for regenerative surgical 
applications as a patch material. 
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Abstract 
 

Ti metal and its alloys are widely used metallic implant materials in hard tissue replacement because 
of their biomechanical compatibility with that of human bone compared to other metallic materials. 
However, its poor bone-bonding ability poses a major deterrent and needs addressing. In the present 
study, we report the improved bioactivity of Ti metal via a simple and cost-effective surface 
modification method utilizing alkali treatment. Further, we have explored the biocompatible elements 
Mg/Ca/Sr and the antibacterial metal Ag by incorporating the same on its surface via chemical 
treatment. Interestingly, subsequent heat treatment to the afore-stated surface modified Ti at 600⁰C 
rendered a differential bioactivity response in those. Raman spectroscopy and TEM analysis revealed 
that the anatase TiO2 was formed during Mg / Ag treatment of Ti metal and that formed a bone-like 
apatite following its incubation with simulated body fluid (SBF), hence rendering it bioactive. In 
contrast, Ca / Sr titanate and rutile TiO2 formed during Ca/Sr treatment didn’t yield any apatite on 
their respective surfaces. However, it was quite interesting to note that the co-treatment of Ag 
facilitated the conversion of Ca / Sr treated Ti metals from the initial rutile phase to bioactive anatase 
TiO2 and thereby acquiring bioactivity. Further, the ratio of Mg / Ca / Sr to Ag was optimised to provide 
an efficient antibacterial activity against the Staphylococcus aureus strain. Moreover, they exhibited 
biocompatibility by promoting cell adhesion and growth on their respective surfaces by seeding 
gingival-derived human mesenchymal stem cells (gMSCs) on them. Besides, they also supported 
osteogenic differentiation from gMSCs as ascertained by Alizarin Red S staining and quantification of 
osteopontin. Together, our study paved the way for their further exploration in vivo and suggested 
the potential use of thus optimised Mg-Ag, Ca-Ag and Sr-Ag Ti metal as ideal bone implants in future. 
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Abstract 
 

The present research reports the fabrication and evaluation of electroactive bioactive glass (BAG) 
biocomposites reinforced with multiferroic bismuth ferrite (BF) nanoparticles via ball milling followed 
by pressing and sintering process. The biocomposites were characterized for their microstructures, 
electrical properties and in vitro cell-materials interactions, wettability and degradation. These 
composites exhibited uniform distribution of BF in the BAG matrix while maintaining the phase purity 
of BF. The biocomposites (0.5 to 2 wt.% BF) showed remanent polarization between 0.0015 μC cm-2 
and 0.011 μC cm-2 which is close to natural electrical stimuli generated by bone under different 
physiological stresses. 

 
The in vitro bioactivity experiments using simulated body fluids showed increased apatite formation 
on the BAG-BF composites compared to pure BAG under 200 mT external magnetic field (30 min/day), 
which indicates the highly osteoconductive nature of these composites. In addition, the in vitro cell 
viability assay performed using mouse preosteoblast cells (MC3T3-E1) exhibited significant increase in 
the cell proliferation up to 226%, which is further corroborated by FITC/DAPI staining and live/dead 
assay of cell cultured on these samples. These results affirm clear enhancement of cell proliferation 
with no cytotoxicity. 

 

Positive osteoconductive response observed through Alizarin Red S and von Kossa assay, after 21 days, 
in terms of increased calcium and phosphate mineralization has been confirmed through ALP activity. 
The osteogenic differentiation was assessed through the expression of key markers namely Alkaline 
Phosphatase (ALP), Osteopontin (OPN) and Runt‑related transcription factor‑2 (Runx‑2) using 
Western Blot technique. These results also highlight that the present BAG-BF composites, with in situ 
electrical stimuli, have strong influence on osteogenic differentiation potency and consequent 
acceleration of bone growth and healing. Therefore, the present investigation clearly demonstrates 
the potential of biocomposites with multiferroics for tissue engineering applications and enable 
further developments in this area. 
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Abstract 

 
3D printed resin-based microfluidic fabrication has been gaining popularity for the past 10 years. 
Although there are several reports utilizing resin-based techniques for tumor culture and drug 
screening, multi-drug-based 3D printed tumor models are still lacking. In this study, we report a novel 
microfluidic device for 3D culture of primary oral tumor spheroids. Our device is capable of forming 
highly circular spheroids on flat bottom 3D printed microwells. Besides, the device can test various 
combinations of three anti-cancer drugs simultaneously. As the combination of drugs can reduce drug 
concentrations and are more effective than single drug therapies, we believe discovering potential 
drug combinations on patient-derived samples will aid in mitigating the side effects of chemotherapy. 
The tumor spheroids maintain excellent viability in the device for 120 h. We observe differential drug 
sensitivities among tested patient samples matching their diagnosis. In addition, we show that tumor 
spheroids can be taken out from the developed device for downstream analysis such as flow 
cytometry. 
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Abstract 
 

Self-healing injectable hydrogels are a promising candidate over conventional brittle hydrogels for 
cartilage tissue engineering as they can autonomously heal to their original state without any external 
stimuli when damaged. In this regard, our research work involves developing self-healing hydrogel 
using hyaluronic acid (HA) produced by metabolically engineered Lactococcus lactis. For the present 
study, we developed a self-healing hydrogel using oxidized alginate and gelatin, which is further 
reinforced with recombinant hyaluronic acid (HA). To study the effect of the molecular weight of HA, 
we have used three different molecular weights (0.5 MDa, 1 MDa, 2 MDa). The hydrogels were 
evaluated for their self-healing, mechanical and shear-thinning properties. The hydrogel achieved self- 
healing via a dynamic covalent Schiff base reaction. The results showed that reinforcement using HA 
improved the self-healing and shear-thinning behavior. The hydrogel reinforced with 1 MDa 
hyaluronic acid (OAGH1) showed effective self-healing and portrayed mechanical strength suitable for 
cartilage tissue engineering. Additionally, the OAGH1 exhibited good shear-thinning properties 
compared to other HA-reinforced hydrogels. The in vitro cytocompatibility assay of the hydrogel 
revealed that the hydrogels were compatible, indicating that the hydrogels developed could be a 
potential candidate for cartilage regeneration. Further, this can be developed into a bioink for various 
cartilage tissue development. 

 

 
Figure 4 Self-healing of OAG and OAGH hydrogels 
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Abstract 
 

Even as four-dimensional (4D) printing of biomaterials evolves as a fascinating technology to engineer 
complex and dynamic biomimetic parts, the utility of 4D printed hydrogels in addressing clinical needs 
in vivo has not been established. In this study, a hydrogel system was engineered from tailored 
concentrations of alginate and methyl cellulose with defined swelling behaviors, which demonstrated 
excellent printability in extrusion-based three-dimensional (3D) printing and programmed shape 
deformations post-printing. Shape deformations of the spatially patterned hydrogels with defined 
infill angles were computationally predicted for a variety of 3D printed structures, which were 
subsequently validated experimentally. The gels were further coated with gelatin-rich nanofibers by 
airbrushing to augment cell attachment and growth. 3D printed hydrogel sheets with pre- 
programmed infill patterns rapidly self-rolled into hollow tubes in vivo to serve as nerve guiding 
conduits for repairing sciatic nerve defects in a rat model. These 4D printed hydrogels minimized the 
complexity of surgeries by tightly clamping the resected ends of the nerves to assist in the healing of 
peripheral nerve damage, as revealed by histological evaluation and functional assessments for up to 
45 days. This work demonstrates that 3D printed hydrogels can be designed for programmed shape 
changes by swelling in vivo to yield 4D printed tissue constructs for the repair of peripheral nerve 
damage with a potential to be extended in other areas of regenerative medicine. 
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Abstract 
 

Bio printing of three-dimensional (3D) cell-laden structures have great potential to bring off the need 
of tissue/organs for transplantation and designing accurate in vitro models for drug screening. The 
application of hydrogel biomaterials in 3D bioprinting has several advantages such as printability, 
relevant swelling features, biocompatibility, biodegradability, good interaction with the host tissues 
and cell binding sites that promote cell attachment, growth, differentiation, and proliferation. Here, 
we demonstrate the outstanding printability of photocurable methacrylate-κ-carrageenan (MA-κ-CA) 
using DLP printing. Hydrogels with varying concentrations of 1- 5 % (w/v) of MA-κ-CA were prepared 
within minutes with a curing time of 5 s per layer through 3D digital light processing (DLP) printing 
technology. Also, 3D hydrogel scaffolds with highly complex structures can be easily fabricated with 
high accuracy and reproducibility. DLP printed MA-κ-CA hydrogels showed enhanced mechanical 
strength, and optimal viscosity and shear thinning behavior, demonstrating its possible application in 
the regeneration of soft tissues such as skin, muscles, heart, lung, liver, and for engineering other 
tissues/organs of specific biological functions. Furthermore, DLP printed 3D scaffolds of bioink (MA-κ- 
CA with NIH3T3, HaCaT, and MC3T3 cells) showed good cytocompatibility and proliferation of cells 
within the printed scaffold matrix over days1, Figure 1. 

 

 

Figure 5. Schematic representation shows the photocuring process of MA-κ-CA hydrogels with 
mechanical properties of 1, 2, 3, 4 and 5 % (w/v) MA-κ-CA hydrogels and confocal image of 3D cell- 
laden structure. 
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Abstract 

 

Biological endogenous extracellular vesicle from the mammalian cells plays key roles in various 
extracellular communications. Especially, the nano-sized Exosomes plays a prominent role in cell-cell 
communication and as well as in genetic exchange. Exosomes derived from Mesenchymal Stem cells 
(MSc) have functions similar to that of parent MSc-cells in repairing tissue damage, inflammatory 
response and immune system modulation. More specifically, it shows enhanced brain accumulation 
potential by crossing blood brain barrier (BBB) via systemic injections. In the present study, MSc 
derived exosomes has been exploited for its therapeutic drug encapsulation efficiency and also 
investigated for the non-invasive nose to brain accumulation potential using PET imaging. For this 
study, patient derived Mesenchymal stem cells from the excised adipose samples (hADSc) were 
obtained from the collaborators in CIMA, University of Navarra, Spain. Under laboratory conditions, 
the exosomes were isolated from the MSc cells using differential ultracentrifugation method. The 
protein profile of the hADSc exosome has been analyzed using western blots and more quantitatively 
in LC-MS using proteinase K (PK) method. In addition, the differential cellular uptake of the Rhodamine 
labelled Exosomes in the presence and absence of PK were analyzed in vitro using mouse RAW 264.7, 
Neuro-2A and U87 cells. The drug loading efficacy and localisation within the exosomes were also 
investigated using the model drug, Doxorubicin conjugated Lipid (DSPE-DOX) via fluorescence 
resonance energy transfer (FRET) and computational simulation method. Further, the exosomes are 
labelled with the Cu64 using fusogenic liposomes and investigated its non-invasive nose to brain 
accumulation in vivo in normal Nu/Nu mice. The result indicated that the exosomes isolated from the 
hADSc were spherical in shape with an average diameter of 119±7 nm under cryo-TEM. The dynamic 
light scattering analysis of exosomes showed hydrodynamic size of around 130±18 nm and the zeta 
potential around -30±2mV. The characteristics functional protein marker of exosomes, CD-9 and CD- 
81 are clearly identified through western blot analysis and also in mass spectroscopy studies. Further, 
FACS and confocal analysis showed that the significant levels of naïve exosome were taken up by RAW 
264.7, Neuro-2A and U87 cells than the PK treated exosomes. The radiolabeling efficacy of the 
exosomes was found to be ~70% and shows higher radio stability over 24h incubation time. The intra- 
nasal administration of exosomes showed significant time dependent accumulation of exosomes in 
brain and also in reticuloendothelial organs. The contribution of this research is expect to be significant 
because it will provide a new class of brain-targeted nanocarrier made up of endogenous biomaterials 
to overcome BBB. Strategies using surface modification of extra cellular exosomes from MSc mimic 
the biological mother nature of its own cells and can capable to extravasate into a BBB for targeted 
brain delivery of therapeutics as well as diagnostics. This study will help us to understand the 
passivation of exosomes-via nose to brain for targeted brain therapeutics. 

mailto:paolo.decuzzi@iit.it


275 

 

 

 

 

Agar-based bilayer structure with antioxidant electrospun layer on 
antibacterial film as a potential wound dressing 

 
Kalpana Rathore1&2, Sandeep Sharma*2, and Vivek Verma*1&3 

 
1 Department of Material Science and Engineering; Indian Institute of Technology Kanpur, Kanpur- 

208016, Uttar Pradesh, India, 
2 Medical Laboratory Sciences, Lovely Professional University, Phagwara, India, 

3 Centre for Environmental Science and Engineering, Indian Institute of Technology Kanpur, Kanpur- 
208016, Uttar Pradesh, India 

1Email:kalpanar@iitk.ac.in, *Email: sandeep.23995@lpu.co.in and vverma@iitk.ac.in 
 

Abstract 
 

In the present work agar-based bilayer wound dressing composite material is presented. The bilayer 
material was prepared by solvent casting agar base layer film was followed by growing nanofibrous 
layer using electrospinning technique. The bilayer dressing demonstrated antibiotic activity against 
both gram-positive and gram-negative bacteria, anti-oxidant properties to resist ROS and encouraged 
wound healing through the impregnation of silver nanoparticles into the agar base layer. Both the 
processes, either solvents for electrospinning or reduction of silver nitrate required use of inorganic 
solvents and reducing agents, respectively, which were not green, eco-friendly and sustainable, and 
was remedied in the current production process. 

 
The created bilayer structure exhibited enhanced wettability, permeability, antibacterial, and 
antioxidant properties. A UV-Vis spectrophotometer was used to examine the production of silver 
nanoparticles. Using SEM and TEM, respectively, the morphologies of nanoparticles and nanofibers 
were investigated. The bilayer structure exhibited optimum hydrophilicity for cell adhesion and 
proliferation (contact angle ~70°). Additionally, the dressing mats showed improved moisture 
permeability (1200 g/m2/day), water absorption (400%), hemocompatibility (~99%), and 
cytocompatibility (~ 90% cell viability). Thus, the developed agar-based dressing shows a promising 
potential for chronic wound dressings with antibacterial and anti-oxidant properties. 
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Abstract 
 

The key component for bone regeneration with critical size bone defect is the scaffold that serves as a 
template for cell interactions. It helps in the formation of bone-extracellular matrix to provide structural 
support to the newly formed tissue. As the body tissue hierarchy is very complex, so it is necessary to 
optimize the design features of the scaffold. Not only the design, but biomaterials also play a pivotal role 
in bone regeneration as a part of normal tissue repair without degradation of any nontoxic product. Among 
all glass-ceramic-based biomaterials, 45S5 medical grade bioglass is a particularly attractive material for 
bones implant since it is chemically very similar to normally mineralized bone [1]. After integration with 
the injured bone, it will form a hydroxyapatite layer by an ionic exchange mechanism. One of the main 
limitations of the glass ceramic is the phase transition that reduced its bioactivity and tissue integrity. Here, 
we have proposed a novel technique of bioglass fabrication without the formation of any crystalline phase 
using the melt casting route. The weight percent of chemicals used for synthesizing bioglass is 45 % SiO2, 
24.5% Na2CO3, 24.5% CaCO3, and 6 % NaH2PO4. Using carbonate composition inhibits the vortex mixing 
during melting; therefore, a uniform homogeneous amorphous phase of bioglass particles of 44 μm can be 
achieved without any sort of crystallinity. Using the dough formation technique, scaffold had been 
fabricated with the variation in structural morphology. The study report said that even low external 
pressure (<0.5 MPa) at temperature (<610 °C) can enhance the densification and extensive crystallization 
behavior of bioactive glasses [2]. Herein, the viscous flow sintering method was followed without applying 
pressure for densification during heat treatment. The physicochemical characterization of the fabricated 
scaffolds showed uniform amorphous particle-to-particle diffusion with optimum mechanical properties. 
Further, the MTT study showed higher cell viability of fabricated scaffold that induced a high amount of 
bioactivity and osteoconductivity under simulated body fluid (SBF). It had been observed that the onset 
time of hydroxyapatite layer (HCA) formation in a completely amorphous scaffold is much faster than in a 
crystallized bioceramic scaffold. The present work aims to fabricate of fully amorphous bioglass scaffold 
using novel slurry processing techniques and cytocompatibility thereof using MG63 cell line. 

 

Keywords: 45S5 bioglass, melt-casting, amorphous scaffold, in-vitro study. 
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Abstract 
 

Bioactive glass-based bone scaffolds are being widely explored as an alternative to bone grafts for 
bone regeneration applications. Mesoporous bioactive glass have a unique capability to act as a drug 
delivery vehicle. They can be loaded with variety of therapeutics ranging from drugs, growth factors, 
ant biotics etc. These therapeutics perform a wide range of functions such as promotion of 
osteogenesis, angiogenesis and osteointegration and inhibition of bacterial growth. 
Phytotherapeutics are plant-based materials that provide therapeutic benefits. Neem seed oil is a one 
such popular therapeutic that has multiple benefits such as lower inflammation, diabetic control, and 
even to combat cancer. It has also shown potential in bone tissue engineering for anti-bacterial activity 
and promotion of osteogenesis. In this study, zinc doped mesoporous bioactive glass nanoparticles 
were loaded with neem seed oil through incubation method were synthesized and evaluated for their 
material characteristics using Scanning Electron Microscopy, Transmission electron microscopy, Xray 
diffraction etc, and their anti-microbial activity against commonly infecting bacterial strains 
Pseudomonas aeruginosa and Staphylococcus aureus. It was found that the loading of neem seed oil 
significantly enhanced the antimicrobial activity of the nanoparticles compared to pure zinc doped 
bioactive glass nanoparticles. The addition of neem seed oil led to a bactericidal effect leading to 
effective elimination of bacteria. 
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Abstract 

 
Metastasis is the rate limiting step in the survival of cancer patients. The interaction between tumor 
cells and the microenvironment exerts either positive or negative selection pressure on the invasion 
and progression of carcinoma. Multiple types of cancer display osteotropism, progressively 
deteriorating bone homeostasis. In this study, we have developed a 3D printed microfluidic device 
with decellularized bone matrix (BdECM) representing a metastatic soil for analyzing distant organ 
invasion and chemoresistance by cancer cells. The physico-biochemical characterization and 
histological studies showed the extent of decellularization. Osteogenic differentiation of adipose- 
derived mesenchymal stem cells in BdECM without external factors was proved by gene expression 
analysis and alkaline phosphatase (ALP) enzyme activity suggesting matrix tissue-specificity. We are 
comparing the metastatic potential of patient derived oral cancer and breast cancer cells in our device. 
Further the trans-endothelial transport of nutrients was simulated by the introduction of vascular 
endothelial cells. This barrier provided an extravasation pattern. Compared to the control group 
(Collagen gel), there was an early onset of migration into the BdECM by both the cancer types. 
Interestingly, the conventionally considered anti-tumor M1 macrophage demonstrated a 
prometastatic effect in chip. Finally, the paclitaxel drug treatment altered the cancer cell migration 
ability, viability, and morphology. The 3D printed microfluidic device with decellularized biomatrix 
serves as an effective platform for screening anti-metastatic drugs within physiological-like conditions 
validating its potential use in personalized medicine. 
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Abstract 
 

The aim was to validate an animal model of corneal stromal opacity by using objective vision- 
independent in vivo imaging metrics which are common imaging modalities in clinical practice. For 
this we designed a prospective study, with two arms: (i) observational human arm which included 14 
patients with healed unilateral ulcerative keratitis; and (ii) experimental rabbit arm, which included 6 
New Zealand white rabbits. A 3-mm central wound was created in the left eye of the rabbits by 
manually removing 200–250 μm of the superficial stroma, followed by rotating-burr application. Both 
groups underwent photography, high- resolution anterior segment optical coherence tomography, 
and Scheimpflug imaging using similar diagnostic platforms and standardized image capturing 
protocols. Parameters studied were relative change in (i) corneal thickness; (ii) corneal epithelial: 
stromal (E:S) reflectivity ratio; (iii) corneal stromal light scattering using densitometry; and (iv) central 
corneal keratometry. In the results, the experimental arm, there was a significant decrease in corneal 
thickness (273 ± 51.3 vs. 407.3 ± 10.3 μm, p = 0.0038), E:S reflectivity ratio (0.71 ± 0.09 vs. 0.99 ± 0.06, 
p = 0.0018), and keratometry (40.4 ± 2.3 vs. 45.8 ± 0.9D, p = 0.0033) and increase in densitometry 
(54.2 ± 11.65 vs.18.7 ± 3.8 GSU, p = 0.0001) from baseline, which stabilized at 4 to 8-weeks post- 
wounding (p > 0.3632). At 8-weeks, the relative change from baseline in corneal thickness (28.4 ± 
13.5% vs.22.4 ± 13%, p = 0.368), E:S reflectivity ratio (28.1 ± 11.5% vs. 30.6 ± 8.9%, p = 0.603), corneal 

densitometry (204.17 ± 97.3% vs. 304.9 ± 113.6%, p = 0.1113), and central corneal keratometry (13.6 
± 6.9% vs. 18.9 ± 7.4%, p = 0.1738) in rabbits was similar to human corneal scars. Thus we could 
conclude, that the animal model of corneal opacification was objectively comparable to human post- 
keratitis scars and can be valuable for in vivo evaluation of emerging cell based, 3d bioprinting and 
biofabrication based therapies for corneal opacities. 
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Abstract 
 

Extracellular matrix (ECM) rich whole organ bio scaffolds can be obtained from decellularization 
process maintaining the structural integrity and important growth factors. Cervical bioengineering is 
desirable for clinical cervicovaginal reconstruction and whole constructs can help women with cervical 
abnormalities. Briefly, 5 human cervix were excised from women undergoing hysterectomy from 
period of Jan 2021 to May 2022 and decellularized cervix matrix (dCM) was developed after whole 
cervix decellularization. A modified perfusion-based stir bench top decellularization setup was 
designed and various physio-chemical processes involving perfusion of ionic and detergent solutions 
washing was done for period of 10-12 days. Ultrastructure of dCM was maintained followed by 
effective complete decellularization verified via histopathological studies, DNA quantification and 
biochemical tests. Site specific cervical tissue microarchitecture and descending uterine artery was 
intact. dCM aids to immunomodulatory effects invitro via upregulating M2 macrophage genes and 
immunofluorescence results confirms M1 to M2 macrophage polarization. Altogether, this study holds 
numerous prospects for cervical bio-tissue engineering. 
Key words- Whole organ decellularization, Cervix, Cervical engineering, Extra cellular matrix, 
immunomodulation 

mailto:ojha.kratul@gmail.com
mailto:sdhara@smst.iitkgp.ernet.in


281 

 

 

 

Biotribological, Biodegradation and Osteocompatibility Behaviour of 
Magnesium based Intramedullary Inserts in Avian Model 

 
Satish Jaiswal1, Anshu Dubey1, Souvik Ghosh2, Abhishek Kumar MS3, Arup 

Kumar Das3, Partha Roy2, Debrupa Lahiri1,* 
 

1Biomaterials and Multiscale Mechanics Laboratory, Department of Metallurgical and Materials 
Engineering, Indian Institute of Technology Roorkee, Uttarakhand, 247667, India 

2Molecular Endocrinology Laboratory, Department of Bioscience and Bioengineering, Indian Institute 
of Technology Roorkee, Uttarakhand, 247667, India 

3Department of Veterinary Surgery and Radiology, College of Veterinary and Animal Sciences, 
Govind Ballabh Pant University of Agricultural and Technology, Pantnagar, Uttarakhand, 263145, 

India 
1Email: sjaiswal@mt.iitr.ac.in; *Email:debrupa.lahiri@mt.iitr.ac.in 

 
Abstract 

 
Bioactivity, structural integrity and tribological behaviour of biodegradable orthopaedic fracture fixing 
accessories considerably impact their actual performance in the body environment. Immune system 
in the living body quickly responds to the wear debris as foreign material and begins a complex 
inflammatory response. Magnesium (Mg) based biodegradable implants are widely studied for 
temporary orthopaedic applications, due to their similar elastic modulus and density to natural bones. 
However, Mg is highly vulnerable to corrosion and tribological damage in actual service conditions. In 
this study, Mg-3Zn/xHA (x= 0, 5 and 15 wt.%) based composites are evaluated in terms of bio- 
tribocorrosion and in-vivo behaviour. Synergistic effect of mechanical and chemical factor enhances 
the degradation rate of implants in the physiological environment. Addition of osteoinductive HA in 
Mg-based composite has significantly improved the biotribological properties. Further, the avian 
model was used to evaluate the in-vivo biodegradation, biocompatibility and osteoconductivity of all 
the composites. X-ray radiograph analysis of the intramedullary inserts showed consistent progression 
of degradation and positive tissue response up to 18 weeks of implantation. The 15 wt.% HA 
reinforced composites have shown better bone regeneration properties than other inserts. This study 
provides new insights into developing next-generation Mg-HA-based biodegradable composites for 
temporary orthopaedic implants, with excellent bio-tribocorrosion behaviour. 
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Abstract 

 
The major clinical challenge in successful implantation is achieving a stable bone integration, without 
the bacterial colonization at the peri-implant region. The bacterial infections have been traditionally 
treated with mechanical debridement and antibiotics but the emergence of resistant bacterial variants 
(superbugs), which do not respond to antibiotic treatment, has made the treatment of such superbugs 
a global concern. This challenge is accompanied by a persistent failure to develop new antibiotics, in 
particular, antibiotics that do not lead to the development of resistant variants. Therefore, there is a 
need to develop antibiotic-free treatment approaches. Keeping these challenges in mind, we have 
developed a dual-functional, graphene oxide (GO)-supported bimetallic oxide coating on titanium (Ti) 
implant for antibacterial applications. We have coated the Ti-alloy with GO-supported bimetallic oxide 
nanocomposites of titanium dioxide (TiO2) and zinc oxide (ZnO) using improved Hummer’s and sol-gel 
techniques. In vitro cytocompatibility of nanocoatings were determined using osteoblast-like MG63 
cells, and it was found that these coatings significantly enhanced the proliferation and differentiation 
of MG63 cells compared to the bare sample. These results were further confirmed from the SEM and 
fluorescence imaging, which revealed widespread morphology with a well-defined cytoskeleton 
arrangement and higher cell count than their uncoated counterparts. The antibacterial efficacy of the 
coating was determined against both a Gram-positive (S. aureus) and a Gram-negative (E. coli) 
bacteria, using colony-forming units, live/dead fluorescent staining, and SEM imaging. Upon 
incubation with coated samples for 3 and 7 days, the growth of both bacteria was inhibited drastically 
and the cells displayed a loss of membrane integrity, emphasizing that the GO-based bimetallic oxide 
nanocomposites exhibited a dual-functional activity by promoting osseointegration and rapid bone- 
healing while simultaneously inhibiting bacterial colonization. Thus, it can be concluded that GO- 
supported bimetallic oxides can act as optimal coating materials on implants for orthopedic 
applications. 
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Abstract 
 

The liver is the largest and an important organ of the human body. It plays a vital role in balancing the 
biochemical environment by synthesizing blood proteins, controlling glucose metabolism, and 
detoxification of metabolites and drugs by performing over 500 functions. Liver disease can be genetic 
or can occur because of several factors like strong medication, alcohol, bad lifestyle habits or obesity. 
Non-alcoholic fatty liver disease (NAFLD) and liver fibrosis has now become the most common liver 
disease. Since there are very few drugs available for the treatment, many research groups are focusing 
to develop an effective therapeutic option. A drug screening invitro model plays a very important role 
in pre-clinical trials. Here we are developing a three dimension bioprinted model for liver fibrosis for 
drug screening applications. The ink used for bioprinting comprises of alginate and gelatin. Mechanical 
characterization such as swelling, degradation, suggest the stability of the material for 14 days, the 
pore size of 90 ± 10 µm was observed via SEM images and Rheological studies suggest the printability 
of the ink. HepG2 (hepatocytes) and LX2 (stellate cells) were the cell lines used to prepare the bioink. 
The cell seeding density and printing parameters have been optimized to support the viability of cells 
for 14-day long studies. Molecular studies has been carried out to analyze the benefits of 3D coculture 
model over 2D model. The studies include fold change expression of genes and immunocytochemistry. 
Further studies include induction of fibrosis and using a known drug to check the efficacy of the model 
for proof of concept. 
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Abstract 
 

Osteoclasts are tissue-specific, multinucleated cells which are formed by fusion of mono-nuclear cells 
by differentiation of monocyte/macrophage precursor cells at or near the bone surface which then 
secrets lytic enzymes that degrade the extracellular bone matrix in a cascade dependent manner. For 
the maintenance of bone homeostasis, there exists a balance between resorption of mature bone cells 
by osteoclast and synthesis of new bone cells by osteoblast which is otherwise known as bone 
remodeling. Any imbalance in the metabolic process of bone remodeling, can lead to overall 
perturbation in the structure and function of bone. Most skeletal diseases are due to excessive 
osteoclastic activity, causing serious osteopenia, rheumatoid arthritis, periodontal disease, including 
osteoporosis. To tackle this, the nitrogen containing bisphosphonates (N-BPs) have been extensively 
reported to have therapeutic applications against such disorders. However, the use of 
bisphosphonates are limited due to its limited bioavailability, short half-life etc. To overcome these 
limitations hydrogel based delivery systems, where the hydrogels serves as depot could be helpful. In 
the presented work, an in-vitro co-culture system is developed that mimics the bone 
microenvironment and how a hydrogel based delivery system can be used for the delivery of N-BP’s. 
To reach the above mentioned objective, the following sub-objectives have been designed, optimized 
and will be presented: 1) an in-vitro co-culture model is established to understand the effect of N-BP’s 
of the osteoblasts and osteoclasts; 2) the four N-BP’s are screened for its efficacy in targeting 
osteoclasts. A direct co-culture of differentiated MC3T3-E1 and RAW 264.7 has been established in 
vitro. The results were further validated in ovariectomiced mice models. Based on cell viability and 
cytotoxicity effect, alendronate was found to be least toxic to both MC3T3-E1 and RAW 264.7 and is 
considered further. Therefore, establishment of in-vitro co-cultures, increase in serum ALP level, loss 
of bone trabeculation from the long bone of ovariectomised mice are some of the potentiating 
evidences to suggest that the in-vitro co-culture models as well as the ovariectomiced mice models 
can be considered as effective tools to further analyse bone-cell-cross talk and to study active role of 
pharmaceutical drugs for preclinical trails. 
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Abstract 
 

Macrophages are prominent immune cells involved in inflammatory responses. Interestingly, recent 
studies have found the role of macrophages in tissue regeneration mainly by the secretion of 
cytokines, chemokines, and growth factors which aid in wound healing, tissue repair, and 
angiogenesis. In the presence of biomaterials, the response of macrophages plays a crucial part in 
implant rejection or integration, depending on the material-mediated alteration in macrophage 
phenotype. Biomaterial-macrophage interactions mostly polarize the macrophages into pro- 
inflammatory M1 phenotype or anti-inflammatory M2 phenotype. This polarization decides the fate 
of the biomaterial towards chronic inflammation or regeneration. Hence, here we studied the 
biomaterial-mediated polarization of macrophages and its impact on wound healing, stem cell 
differentiation, and angiogenesis. Due to their excellent biocompatibility and biodegradability, 
chitosan and alginate hydrogels were selected for incorporating ultrashort peptides. Aromatic amino 
acids tryptophan, tyrosine, and phenylalanine are known to mediate immune cells in various 
autoimmune disorders. Ultra-short peptides containing these aromatic amino acids were synthesized 
and characterized. Peptide-incorporated hydrogels were characterized and assessed for 
biocompatibility and biodegradability. Macrophage polarization capability of these hydrogels was 
studied by checking nitric oxide synthase and arginase enzyme activity, gene expression analysis, 
immunofluorescence, and ELISA for M1 and M2 markers. Finally, the trophic factors secreted by the 
macrophages in the presence of these hydrogels were checked for wound healing and differentiation 
in adipose-derived mesenchymal stem cells (AdMSC) and angiogenesis by direct and indirect in vitro 
co-cultures. Tryptophan and tyrosine ultrashort peptide incorporated chitosan hydrogel promoted the 
polarization of monocytes towards an anti-inflammatory, regenerative M2 phenotype. Interestingly, 
this enhanced the wound healing potential of AdMSCs, which makes it a potential candidate for tissue 
engineering applications. 
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Abstract 
 

Regeneration of articular cartilage in an osteoarthritic environment is a massive encumbrance due to 
the lack of intricate signaling morphogens that governs their embryonic growth and development. 
This is because the developed neo-cartilage post in vitro chondrogenic differentiation or in vivo 
implantation undergoes hypertrophic maturation, constituting a major roadblock in cartilage tissue 
engineering. 

 

The present study attempted to target the two significant developmental biology-inspired signaling 

pathways: Bone morphogenetic protein (BMP) and Transforming growth factor beta (TGF-β). The 

primary research objective was to evaluate whether only stimulation of chondrogenesis using the TGF- 

β3 pathway or only inhibition of hypertrophic differentiation BMP cascade (using small molecule 

inhibitor LDN193189) during chondrogenesis is sufficient to simulate the embryonic development 

route towards the fabrication of a molecularly indistinguishable synthetic 3D articular cartilage tissue 

construct. Reports have already been published regarding the exogenous addition of various 

chondrogenic stimulants like TGF-β and BMPs during chondrogenic differentiation, but shorter half- 

life and frequent replenishment cycles alter their bioactivity and increase the overall expenditure of 

the experiment. Here in our study, we have covalently tethered the small molecules TGF-β3 and 

LDN193189 with our proprietary silk fibroin-gelatin (SF-G) biomaterial to allow sustained release of 

the biochemical mediator throughout the culture period and therefore, increasing their overall 

bioavailability. Before 3D bioprinting, rheological characterizations demonstrated characteristic shear 

thinning profiles of both the small molecule conjugated SF-G biomaterial (SF-G-LDN and SF-G-TGFβ3). 

The human bone marrow-derived mesenchymal stem cells were chondrogenically differentiated for 

14 days prior to encapsulation and 3D bioprinting of the small molecule conjugated SF-G bioink and 

further cultured in a hypertrophic medium for the next 14 days. Gene expression analyses revealed 

stable expression of chondrogenic markers (COL-II and SOX9), demonstrating successful 

chondrogenesis, even under the exposure of hypertrophic elements in both test groups. However, the 

SF-G-LDN group illustrated a better hypertrophy-counteracting role than SF-G-TGFβ3, marked by the 

alleviated expression of hypertrophic marker genes (COL-X, MMP-13 and IL-1β). Interestingly, the 

expression of BMP signaling downstream target SMAD4 was increased in the SF-G-LDN group as well 

as in the SF-G-TGFβ3 group necessitating the functional duality role of BMP and TGF-β signaling 

cascade and their mechanistic crosstalk that regulates different events in chondrogenesis. The results 

were further corroborated by proteoglycan estimation and Immunofluorescence studies. Therefore, 

this study, for the first time, demonstrated that a proper balance rather than only stimulating or 

inhibiting the pro-chondrogenic (TGF-β) and pro-hypertrophic (BMP) signaling pathway is necessary 

to achieve phenotypically stable chondrogenic differentiation. 
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Abstract 
 

Covid-19 pandemic created widespread havoc across the world. Management for disease spread became 
highly difficult in third-world countries. However, literature states that India was able to manage the 
pandemic better than other nations. India’s digital policy has been instrumental in the management of this 
Covid-19 disease spread. Machine Learning and GIS have been considered with high regard for analyzing, 
managing, and visualizing the disease spread. A suitable survey is essential to predict the nature of the 
spread so that the disease spread can be reduced. Geographical Information System (GIS) is widely used to 
visualize the pattern of disease spread. It is one of the very important tools to understand the impact of 
any disease in any geographic location. This work surveyed different machine learning and GIS-based 
methods and their role in the analysis and visualization of disease spread in different geographical locations 
of India. Most prominently used machine learning methods are Support Vector Machine, K Nearest 
Neighbor, Convolutional Neural Network/Artificial Neural Network, Multiple Linear Regression, and 
Random Forest. GIS-based methods were employed in better visualization for the management of disease 
spread. This article surveys how Machine learning methodology in GIS is a great help for analyzing, 
visualization and prediction of COVID-19 spread. 
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Abstract 

 
3D bioprinting is a process of generating spatially controlled cell patterns in a layer-by-layer fashion. 

Bioink, the fundamental part of 3D bioprinting is a formulation of cells suitable for processing by an 

automated biofabrication technology that may also contain biologically active components and 

biomaterials. The post printing stabilization is a crucial step in maintaining the 3D structure as well as 

the biological functions of the cells. Here we adopt a thiol-ene click reaction for rapid crosslinking by 

using allylated gelatin as bulk polymer in the bioink. The modification was characterized by ninhydrin 

assay, 1H NMR spectroscopy, photo-crosslinking. A formulation of bioink containing gelatin, allylated 

gelatin photoinitiator and dithiothreitol was prepared and characterized by evaluating rheology, 3D 

printability and in vitro cytotoxicity. To replace synthetic crosslinker and provide in vivo like 

microenvironment, liver extracellular matrix (L-ECM) was used. Freshly collected porcine liver was 

decellularized and characterized by histology. The L-ECM was solubilized under optimized pH and 

included in the bioink formulation. The new formulation of bioink was characterized for its crosslinking 

ability, rheological properties, 3D printability and in vitro cytotoxicity. The final formulation of bioink 

without synthetic crosslinker showed better photo-crosslinking ability compared to conventional 

methods and also mimic liver microenvironment for 3D bioprinting of liver construct. 

mailto:kripamol@sctimst.ac.in


289 

 

 

 
 

Direct-Ink-Write 4D printing of solvent-triggered hydrogels for biomimetic 
structures 

 
Smruti Parimita1, Hariharan Krishnaswamy 1,3, *, and Pijush Ghosh 2,4, ** 

 
1 Department of Mechanical Engineering; Indian Institute of Technology Madras, Chennai-600036, 

Tamil Nadu, India, 
2 Department of Applied Mechanics; Indian Institute of Technology Madras, Chennai-600036, Tamil 

Nadu, India, 
3 Additive Manufacturing Research Group; Indian Institute of Technology Madras, Chennai-600036, 

Tamil Nadu, India, 
4 Centre for Responsive Soft Matter; Indian Institute of Technology Madras, Chennai-600036, Tamil 

Nadu, India, 
1Email: smrutee1905@gmail.com ; *Email: hariharan@iitm.ac.in ; **Email: pijush@iitm.ac.in 

 
Abstract 

 

4D printing of smart materials is a viable field of research for fabricating biological structures such as 
scaffolds, implants, stents, and soft robots with dynamic performance mimicking the body’s natural 
tissues. Hydrogels are promising smart materials for biomimetic structures due to their intrinsically 
soft properties analogous to bioinspired materials .4D printing of hydrogel structures is challenging 
due to its poor printability and poor shape fidelity of printed patterns when direct-ink writing-based 
3D printers are used. Herein, we report 3D printing of biocompatible chitosan (CS) hydrogel cross- 
linked with citric acid (CA) exhibiting a shape-morphing behaviour when exposed to solvent as an 
external trigger. The CS/CA ink exhibited excellent rheological properties with good extrudability and 
shape fidelity of printed structures by optimizing printing parameters such as speed, pressure, and 
nozzle diameter. The chitosan ink was printed as active sites along with passive hydrophobic layers to 
manufacture 3D freeform architectures with programmable designs. These patterns were 
programmed with a shape-morphing behaviour, resulting in biomimetic structures like tendrils, 
fingers, and flowers upon immersion in water. Solvent diffusion into the polymer matrix creates a 
concentration gradient across the thickness in these multi-material structures, resulting in a 
displacement field. This gradient of displacement or strain field induces a stress field resulting in 
folding or out-of-plane bending, facilitating actuation. The actuation is irreversible since the 
concentration gradient between the chitosan and hydrophobic layer persists. The actuation can be 
reversed by dipping the morphed structures in ethanol, which reduces the concentration gradient by 
gradually absorbing the solvent. Due to its excellent printability, biocompatibility, and shape- 
morphing ability, our newly developed chitosan hydrogel ink demonstrates significant potential for 
fabricating a diverse range of dynamic architectures finding applications in the biomedical field, food 
industry, and electronics industry. 
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Abstract 

 
Early phagocytic uptake of nanoparticles (NPs) by macrophages is a major limitation impairing their 
utilization as successful nanotherapeutics. Here, we exploited this limitation in favor of effectively 
delivering therapeutic brain antigens such as myelin oligodendrocyte glycoprotein (MOG) to 
macrophages in lymphoid organ spleen by using macrophage specific NPs such as silica (SNPs) as 
carrier and thereby modulating autoimmune response in the experimental autoimmune 
encephalomyelitis (EAE) mice model of multiple sclerosis (MS). We demonstrated the preferential 
uptake of MOG-SNPs by macrophages of spleen, which is significant in the induction of tolerance 
to elicit beneficial immune responses and regulation of autoimmunity. It was found that the 
intravenous administration of 25 μg of MOG peptides coupled to SNPs efficiently prevented and 
suppressed the clinical signs and histological lesions of EAE. This was associated with reduced 
proliferation of autoreactive T-cells, decreased secretion of pro-inflammatory cytokines, and up- 
regulation of regulatory T-cells. This potential ability of nanoengineered silica could be utilized to 
cargo auto-antigens to tissue-resident macrophages and regulate autoimmunity, which is beneficial 
for the treatment of various autoimmune disorders. 

 

Abstract Figure 
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Abstract 
 

Cell is one of the most complex natural machines which 
has intrigued the scientists since decades. Formed via the 
self-assembly of different molecules, cell house a variety 
of components which drives life-sustaining biomolecular 
reactions in a systematic manner. A range of self- 
assembled structures have been developed that can 
compartmentalize biomolecules, and have been 
employed for applications like drug delivery, gene 
therapy, biocatalysis, and to the construct cellular 
mimics. 
Self-assembly is an efficient approach to construct dynamic compartments to organize and regulate 
cell-like processes by selectively confining biomolecules in membraned structures. Such structures 
need to be semi-permeable, structurally robust, and capable of housing assemblages of functional 
components for internalized chemical transformations. Here we present an approach to the interfacial 
assembly of the stimuli-responsive, elastic membrane of a closely packed monolayer of Poly(N- 
isopropylacrylamide (PNIPAM)-based microgels. PNIPAM-based microgels are soft, deformable, and 
interfacially active polymeric material, that spontaneously assemble at the oil-water interface without 
the use of external energy. The microgel-based colloidosomes can be dispersed in oil or water, 

thermally cycled to temperatures of 70 C, and partially dried and inflated without loss of structural 
integrity. Subsequently, these microgel-based colloidosomes were designed to exhibit protocellular 
properties such as guest molecule encapsulation, tunable permeability, DNA amplification, and 
membrane-gated internalized enzyme catalysis. 
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Abstract 

 
Reliability of a temporomandibular joint (TMJ) implant largely depends on the level of induced stress 

around the prosthesis. Although various finite-element (FE) based studies [1-7] were reported to 

analyze stress-strain distribution around a TMJ prosthesis, most of the studies were either performed 

on a simplified TMJ and/or a single/multiple load case with isotropic material properties of bone. This 

study however, reports stress distribution around TMJ with/without a generic prosthesis under a 

complete mastication cycle [8]. A patient-specific model of an intact mandible was reconstructed from 

a CT-scan dataset in a suitable image processing package. A commercially discernible TMJ implant with 

cylindrical screws were modeled in SolidWorks® and further imported in Rhinoceros® for virtual 

implantation with the host bone. The models (intact and implanted) were imported in ANSYS 

(v2020R2) for further simulation. Region specific orthotropic material properties [9] were assigned to 

both cortical and cancellous bone and isotropic material properties were assigned to teeth, mandible 

(Co-Cr alloy) and fossa (UHMWPE). Models were simulated under full mastication cycle [8] with 

bonded-contact between the interfaces. Results show that higher stress were obtained around the 

screws which might direct to optimize the position, number and spatial pattern of screws. 
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Figure 1. Solid and FE models of implanted mandibular implant 
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Abstract 
 

The current management of atlantoaxial (upper most cervical spine) dislocation emphasizes on C1-2 
reduction and fusion. The fusion of C1-2, however, hampers the neck movements significantly and 
adversely affecting the quality of life. The author has designed and developed artificial C1-2 joints that 
can mimic the natural joints to some extent. The concept and nuances of the design are inspired from 
the naturally occurring C1-2 joints. It has a rail and channel that provides axial rotation. The convex- 
on-convex articulating surfaces makes it gyroscopic allowing various degrees of freedom of motion. 
The joints have been fixed in dry cadaveric bones to demonstrate the possible movements. 
Furthermore, the artificial joints are being tested for wear and tear. Such a journey from concept to 
creation is not possible without collaborative studies. 
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Abstract 
 

Extracellular deposition of amyloid beta (Aβ) plaques at hippocampal neurons of brain is an important 
hallmark of Alzheimer’s disease (AD). To disaggregate the Aβ fibrils surface modified polyaminoamide 
(PAMAM) dendrimer anchored with tocopheryl polyethylene glycol succinate 1000 (TPGS-1000) was 
developed. This dendrimer conjugate was used to encapsulate piperine (PIP) to form multifunctional 
neuroprotective nanocarrier (PIP-TPGS-PAMAM). Piperine (PIP) is a sour alkaloid that is present in pepper 
fruit recent studies have revealed that PIP has favourable physiological effects on the CNS such as reduction 
in memory impairment and dementia. PIP increases the acetylcholine levels in addition act as a free radical 
scavenger, based on in brain. However, PIP had a number of unfavourable physiochemical qualities, 
including 40 mg/L aqueous solubility indicating that it was extremely lipophilic and had limited water 
solubility and exhibit accelerated metabolism in the liver. As a result, oral administration of PIP to the 
central nervous system. Therefore PIP is encapsulated into TPGS-PAMAM aqueous solubility while 
inhibiting rapid metabolism. The PIP-TPGS-PAMAM stability was studied in the physiological fluids which 
showed no drastic difference from initial size and encapsulation efficiency compared to PIP-PAMAM. The 
in-vitro release analysis revealed 37.23% PIP release from the PIP-TPGS-PAMAM matrix and 66.93 % PIP 
release from the PIP-PAMAM dendrimer was observed in 48h. 1, 1-diphenyl-2-picrylhydrazyl (DPPH) assay 
of PIP-TPGS-PAMAM displayed 90.12% of free radical scavenging compared plain PIP showed 28.27% 
radical inhibition. The MTT assay revealed 82.5% cell viability for PIP-TPGS-PAMAM compared to only Aβ1– 

42 treated negative control cells showed 37.25% viable cells. The apoptosis and reactive oxygen species also 
significantly inhibited by PIP-TPGS-PAMAM in Aβ1–42 induced cell line toxicity model. The single dose oral 
gavage to wistar rats of PIP-TPGS-PAMAM showed the AUC0-∞ 14.38 µg/mL.h for PIP in systemic circulation. 
Whereas PIP-PAMAM and free PIP showed significantly lower PIP AUC0-∞ compared to PIP-TPGS-PAMAM 
administered groups. The brain uptake studies revealed PIP-TPGS-PAMAM treated group brain samples 
showed 2.2 ±0.37 µg/g PIP content compared to free PIP group which was 0.4 ± 0.10 µg/g. This PIP-TPGS- 
PAMAM dendrimer was fabricated to mitigate the Aβ1-42 fibril toxicity on SHSY5Y cells have neuroprotective 
potential in AD therapy. 
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Abstract 
 

Being the second leading cause of death worldwide, cancer poses a tough challenge to us in many 
fronts and many guises. The central problem in cancer chemotherapy is as small fraction of the 
injected dose, 0.001% to 0.01%1 is reaching to target site of solid tumor because of poor vasculature 
structure, the drug have to injected in higher concentration which cause the severe toxic side effects. 
So to avoid chemotherapy mediated toxicity we have pioneered a non-invasive synergistic system of 
low intensity pulsed ultrasound (LIPUS) along with static magnetic field (SMF) for the first time2,3. Our 
preliminary in vitro (2D culture) studies using this combined treatment have demonstrated to 
negatively regulate cancer cell activities by altering cell membrane potential and permeability thus 
increased the uptake of anticancerous drug. This system will help to improve the drug efficacy thus 
low dose of drug is expected to improve cancer cell killing with minimal systemic toxicity. 

 
The rationale behind the proposed approach of consists of exposing the cancer cells to a combination 
of low-intensity pulsed ultrasound (LIPUS) and static magnetic field (SMF) is that the charged ions of 
physiological/cell media or tissue experience Lorentz force4 when they are exposed to ultrasound in 
the presence of magnetic field. This ultrasound induced Lorentz force rapidly oscillates the ions/tissue 
leading to the generation of local electrical currents/fields proportional to the electrical conductivity 
of the medium4. We hypothesize that these non-invasively generated electrical currents/fields can 
potentially alter several cellular processes and the ultrasound generated mechanical stresses can play 
synergic role in cancer cell inhibition. The schematic diagram showing the hypothesis of present 
investigation is presented in Figure 1A. The use of LIPUS can oscillate the intra/inter cellular charged 
ions and generate mechanical stresses on the cells/tissues. However, when the cells are exposed to 
EMF+LIPUS they rapidly oscillate, due to Lorentz force, and generate local electrical currents/fields4. 
In has been demonstrated in our earlier work (Figure 1B) 5,6 that the combine effect of mechanical 
and electrical stimulation restrict the cancer cell reproduction at the verge of chromosomal division 
(S phase) lead to over production of ROS, also change in membrane permeability7 cause cancer cell 
death. In the presence of chemotherapeutic drug, the above processes can increase the intake by the 
cells and thus enhances the cell inhibition. It is believed that the proposed approach can potentially 
increase the treatment efficiency, reduce the drug dosage and associated health hazards. 
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Figure 1. (A) Schematic representation of proposed hypothesis on the influence of LIPUS+MF 
treatment on cancer cells (B) Influence of LIPUS+MF helps in internalization of drug by perforation. 
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Abstract 

 
The bone regeneration and reconstruction is an ever expanding topic due to the need of graft and 
graft substitute materials because of increasing geriatric population, longevity of life with better 
health care system, along with increased disease and trauma that require bone graft substitute 
materials. Hence, the development of bone graft substitute materials is an emerging field due to 
better understanding of material science and its interaction with native tissues. The research to 
produce ideal bone graft substitute materials is the need of the hour. The bench to bed research has 
been undertaken to develop technology and nanohydroxyapatite from natural calcium carbonate 
(eggshell) for bone regeneration and reconstruction. Hence, the study was aimed to 
histomorphologically evaluate and compare bone regeneration using hydroxyapatite of different 
origin. The study was conducted in 60 adult male Wistar rats. The animals were divided into three 
groups; A [control & eggshell derived nanohydroxyapatite (eHA)], B [eHA & synthetic hydroxyapatite 
(sHA)] and C (control & sHA) each consisting of 20 animals. Bilateral symmetrical 6 mm critical size 
parietal bone defects one on each side were created using surgical trephine in all rats. The defects 
were covered by a collagen membrane in groups A and B, whereas group C was not covered collagen 
membrane and the wound was closed with interrupted sutures using 3-0 mersilk. Four rats from each 
group were sacrificed at 10th, 30th, 60th, 90th and 120th day post-surgery for histomorphometric 
analysis. The results showed that the total bone formation progressively increased and the total 
fibrous connective tissue progressively decreased throughout the healing process in eHA compared 
to control group. The regeneration in eHA and sHA showed similar characteristics. In conclusion, both 
eHA and sHA showed osteoconductive property. The new bone growth is more in collagen membrane 
covered groups. With respect to total bone formation, the groups with collagen membrane were not 
statistically significant (p<0.05) with one another but the group without collagen membrane were 
statistically significant (p<0.05) with each other. With regard to total fibrous connective tissue, there 
was no statistical significance in any of the groups (p<0.05). The eHA is equally efficient compared to 
sHA in bone formation characteristics. The eHA may emerge as an ideal, economic bone graft 
substitute with better physicochemical characterization compared to other graft substitutes. 
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Abstract 

 
Maxillofacial reconstruction is very important. The proverb “Face is the Index of Mind” indicates the 

importance of face both for function and aesthetics. The reconstruction of such important structure 

that provides self esteem to the person’s personality is one of the important aspect of reconstruction 

and also is one of the challenge because of the complexity of oral and maxillofacial structures. The 

maxillofacial wound healing is composite in nature that requires sound hard and soft tissues. Since 

beginning of era, the reconstruction of maxillofacial region has been described by one of the well 

known surgeon “Shustrutha”. Since then, surgeons are encountering many more challenges for the 

reconstruction. Various modalities of reconstruction are followed with varying success rates due to 

number of reasons; either patient factors, operator factors etc. These challenges faced by clinicians 

and surgeons lead to the evolution of thoughts to combat these difficulties. The use of advanced 

technologies like nano material production and 3D printing for the reconstruction and regeneration is 

emerging field. The recent advent of the technology and basic understanding of wound healing, and 

in depth knowledge of material science and its interaction provided better insights that has made the 

clinicians, researchers and material scientists to think innovatively to grow or to develop bone in vitro. 

The additive printing with the production of nano-materials has changed the face of regeneration and 

reconstruction. The bone regenerative nano materials are emerging for regeneration and 

reconstruction in various forms. The concept for regeneration is changing from osteoconduction to 

induction in the published literature. The laboratory and invivo reports and few animal and human 

studies are providing promising results for better utility. This changing phase will definitely emerge as 

a viable economic alternative solution for autogenous grafting. It will also be economic compared to 

the existing materials in terms of physico-chemical characterization; it is far superior. The additive 

manufacturing of nano-hydroxyapatite will be a ray of hope for larger reconstruction of bone defects. 
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Abstract 

 

Temperature and pH are common triggers used for stimuli responsive drug delivery but they are hard 
to control externally and lack spatiotemporal efficiency. For such cases, electro-responsive drug 
delivery approach can ensure the spatiotemporal efficiency along with an on-demand control over 
drug release. Additionally, it can be achieved with the help of economical equipment setup. It has 
been hypothesized that a local, on demand delivery of 
a STAT3 modulator drug, can perform oncotherapy 
with reduced side effects via STAT3 regulation. We 
have designed a personalized, 3D printed, on demand 
electro responsive system (P-3DERS) with potential to 
control cancer, with no significant side effects. P- 
3DERS consists of a polymer (Poly lactic acid (PLA))- 
graphene composite, loaded with an electro- 
responsive STAT3 modulator, niclosamide. The 
efficacy of the system was assessed using a lab 
customized electrochemical setup. The drug release 
studies were performed in continuous and periodic 
electrochemical treatments for 5 minutes and resulted 
in 16(±1) µg and 38(±5) µg of drug release from a 
composite film of diameter 3.5 mm. The pulsative 
electrochemical treatment further enhanced the 
release to ~70(±3) µg in similar conditions. 
Intermittent treatment studies were also performed in 
mimicked scenario. The MTT assay in fibroblast cell 
line, NIH3T3 and melanoma cell line, B16F0, of rodent 
origin, ensured the safety and functionality of P-3DERS, respectively. The safety and feasibility of the 
P-3DERS system were Investigated on the Sprague Dawley rat models. The in vitro studies promise 
selective and on demand therapeutic potential of the system while the in vivo investigation ensured 
the feasibility of the P-3DERS for possible melanoma therapy using repurposed redox-active STAT3 
modulator. 
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Abstract 

 
The bacterial infections to animal wounds can exert increased economic burden to livestock industry. 
These infections can also make the wound care and management difficult and can eventually lead to 
mortality.[1] Thus, detection of wound infections is of utmost importance to help wound healing. The 
conventional methods for bacterial contamination detection require multi-step processing of the 
samples to detect the bacterial infections. The requirement of time-consuming protocols, high end 
equipment, skilled expertise and high cost renders them undesirable for the rapid and cost-effective 
detection of the bacteria.[2] The developed color-changing redox-active paper stamps (CoRAPS) allow 
for the rapid and economical detection of bacterial infection. On a filter paper substrate, a redox- 
active dye, Resazurin, is coated to produce CoRAPS. With the aid of resazurin-coated carbon 
nanoparticles, the premature, unintended, and non-specific reduction of the dye was minimised 
(CNPs). The incorporation of CNPs could reduce the dye's auto-reduction sensitivity, which results in 
false-positive results during experiments. By applying a pre-layer of growth medium (GM) to the 
stamps, both the performance and time required for assays were improved. The CoRAPS was 
optimised to produce a rapid change in colour in response to bacterial metabolism, thereby indicating 
the presence of bacteria in test samples. Therefore, after 10 minutes of incubation with E. coli, CoRAPS 
could produce a visible colour change from purple to pink. It was observed that paper stamps with a 
resazurin coating alone could also change colour in the presence of bacteria, although colour changes 
did not always indicate the presence of bacteria in test samples. The spheroidal morphology of the 
particles with a size of 25 nm was revealed by TEM imaging. The potential interaction between the 

CNP and resazurin molecules was observed by shifts in the characteristic FTIR peaks for —C⚌O and 
N—O bonds. Further, the optimized CNP + Resazurin coated paper stamps were characterized by SEM, 
XRD and Raman spectroscopy. The real-world applicability of the CoRAPS was evaluated on artificial 
wound model. Artificial wounds having E. coli, S. aureus, and B. subtilis infections gave significant 
colour change in 40, 30 and 30 min respectively. CoRAPS demonstrated the viability of being 
developed as a user-friendly product for detecting the presence of bacteria in ten minutes with 
minimal effort and expense. The developed stamps may have potential applications in the on-site 
detection of bacteria in a variety of scenarios, ranging from quality assurance tools for hospital hygiene 
and food packaging to the detection of bacterial contamination in drinking water. 
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Abstract 

 
Dentinal hypersensitivity, an important issue in modern society is one of the most sought among 
clinicians and researchers in the present era. The emerging technology with a better understanding of 
biomimetic material interactions with dentin is changing the concept of dentistry in managing dental 
hypersensitivity and caries progression. For a long time, various materials have been tried and tested 
with limitations. The limitations have led to the discovery of hydroxyapatite as a biomimetic agent as 
there was no gold standard desensitizing material with ideal properties. Few in vitro studies proved 
the efficacy of hydroxyapatite for remineralization and desensitization. Hence, systematic research 
has been conducted using eggshell, hydroxyapatite, desensitization, and remineralization as the 
keywords to explore the available literature regarding naturally sourced hydroxyapatite (eggshell) in 
treating hypersensitivity and incipient carious lesions. The Scopus, Pubmed, EBSCO, and TRIP 
databases were searched using the search terms, and Boolean operators like “OR” and “AND” in 
combinations. The search results after the removal of duplicates were subjected to initial screening 
followed by final screening. Most of the studies included were in vitro and few of them were clinical 
trials. The results revealed that few studies have shown that eggshell-derived hydroxyapatite is as 
efficacious as compared to other existing materials and were available in many forms like dentifrice, 
mouthwash, and gel. This research makes us understand the suggested mechanism of action, utility, 
and nuances to fill the lacunae in biomaterial research. 
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Abstract 

 
Nanomaterials are changing the phase of various treatments and diagnoses in medical science due to 
their small size and the size specific unique properties. Over the past decades, the nanoparticles 
enabled the targeted delivery of drugs and biomolecules, photodynamic therapy, photothermal 
therapy, magnetic hyperthermia etc, for cancer treatment, advanced bioimaging techniques, 
biosensors etc. With the advent of the production process and many sources to develop such 
materials due to advances in production technology made the clinicians and researchers dreams come 
to reality. The research to reality and bench to bed translation is the most important linkage for the 
use of society with the betterment of disease management. Since the last decade researchers have 
been driving hard to get ideal nanomaterial from various sources to fit into multiple uses. In this 
maiden effort, research has been taken to produce nanohydroxyapatite sourced from natural calcium 
carbonate and evaluated as a drug carrier. Etoposide, an anticancer drug and sertraline, an 
antidepression drug are repurposed for their antibacterial activity in combination with the 
nanohydroxyapatite produced from the natural source. Etoposide loaded nanohydroxyapatite 
revealed great potential for treating both osteomyelitis and osteosarcoma and sertraline loaded 
nanohydroxyapatite exhibited resistance against biofilm formation. Also, different modes of drug 
loading on naturally sourced nanohydroxyapatite will be discussed. Thus, these approaches turned 
conventional materials into promising novel materials for better utility as a graft substitute. 
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Abstract 

 

Hydrogels are getting popular in the field of tissue engineering (TE) because of the tunability 
of biomaterial properties and the easiness of clinical applications. Hydrogels in biomedical 
use are made of synthetic/natural polymer alone or in combination with biological materials. 
Hydrogels incorporated with natural biomolecules or biomolecule-rich decellularized 
xenogeneic extracellular matrix have been greatly exploited in several clinical applications 
including topical wound care. The present work reports a hydrogel formulation of porcine 
cholecystic extracellular matrix (CECM) crosslinked with another natural polymer sodium 
carboxy methyl cellulose by an ionic reaction method intended for wound healing. The 
physicochemical and biological properties of the hydrogel formulations in comparison with a 
commercial wound healing gel revealed comparable rheology, enzymatic degradation, and swelling. 
The results of the cytotoxicity test and MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium 
bromide) assay, and live/dead assay on extract indicated excellent biocompatibility. Invitro cell 
migration by scratch wound assay on L929 cells showed a faster rate of migration as well. 

Furthermore, a study of in vivo full-thickness excision wounds in young adult Sprague Dawley 
(SD) rats demonstrated the faster healing potential of the hydrogel with a favorable scarring reaction 
in comparison with a commercial wound healing gel. Results of RT-PCR tests for evaluating molecular 
events associated with proinflammatory (e.g.: TNF-a) anti-inflammatory (e.g.: IL-10) and scarring 
reaction (e.g.: collagen type 1, collagen type 3) corroborated the findings. In summary, this study 
developed a hydrogel formulation of CECM by blending with carboxy methyl cellulose that promoted 
faster healing of skin excision wounds with minimal scarring. The formulation is a potential advanced 
wound care product. 
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Abstract 
 

Bioactive collagen gel was developed and tested invitro and invivo for its bioactivity and healing 
properties. It has been shown to supplement wound care and speed up healing. The gel was applied 
in A Persian male cat of 2 years was presented to Referral Veterinary Polyclinic, IVRI with history of 
dog bite one month ago which had been treated and later developed necrotising dermis at distal part 
of body including loin region and tail. Necrosed tissue was resected and wound was debrided and 
cleaned with povidone iodine solution along with antiseptic neomycin, bacitracin, and sulfacetamide 
powder. The wound was then packed with collagen gel and regular bandaging was done.Follow up of 
one months was done and reported uneventful recovery of animal. A non-descript male dog of 5 years 
was presented to Referral Veterinary Polyclinic, IVRI with history of traumatic injury and avulsion 
wounds on medial aspect of right hind limb and left forelimb.Necrosed tissue was resected wound 
was cleaned with povidone iodine solution along with application of Sumag ointment.Collagen gel was 
then applied and wound was bandaged regularly. Follow up of one month was carried out and 
reported animal recovered uneventfully. A parakeet was presented was presented to Referral 
Veterinary Polyclinic, IVRI with history of with history of unknown corneal injury upon direct 
opthalmoscopy revealed corneal opacity due to corenal ulcer along with desmetocele of right eye it 
was treated with collagen gel. Follow up of three weeks was done which shows uneventful recovery 
of the cornea. A 6-month-old male cattle calf was presented to Referral Veterinary polyclinic, IVRI, 
with a history of traumatic injury to the left forelimb. Open fracture of distal 3rd of left metacarpal 
bone with significant degree of contamination was noticed. After appropriate restraint, regional 
anesthesia and aseptic preparation of the limb, the contaminated wound was lavaged with normal 
saline and wound bed was debrided. The necrosed bone edges were curated and the fractured ends 
were brought into apposition by applying traction and countertraction. A bilateral biplanar external 
skeletal fixator was applied using 2.5mm Steinmann pins that were passed at right angles to each 
other. The pins were held in place with epoxy putty. Post operatively, antibiotics, analgesics were 
administered and aseptic dressing of wound was advised. The animal was presented 1.5 months post 
operatively, and was non weight bearing on affected limb. Examination revealed mild pus discharge 
from the wound site along with reduction of soft tissue at the fracture site. Radiography revealed 
microcallus formation along with evidence of non-union of fractured ends. The external skeletal 
fixator was removed and fiber glass cast with a window at the affected site was applied. 5ml collagen 
gel was injected intralesionally at the affected site, followed by repeat injection once every 4 days. 
Three weeks later, the animal showed marked improvement with weight bearing on the affected limb. 
So the gel was concluded to have immense potential to act as bioinspired product and is a promising 
substitute for skin and soft tissue losses. 
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Abstract 

 

Corneal injuries when left untreated may lead to corneal scarring and loss of vision. Cyanoacrylate and 
fibrin glue, the standard-of-treatment for filling the corneal stromal defects, have associated 
shortcomings like opacity, rough surface, poor handle-ability and poor or fast degradation not 
matching the regeneration rate of the host tissue. Gelatin based derivatives are widely explored in 
corneal tissue engineering owing to their superior adhesive and biocompatibility properties. In this 
study, we propose a dual biopolymer based formulation which provides additional benefits of 
mechanical stability and process control, with improved native cornea mimetic properties than a 
single component hydrogel matrix. The biopolymer combination was optimized based on screening 
with different photoinitiator based systems and was engineered to be implanted at the corneal defect 
site in a minimally invasive manner. 

 
The hydrogels demonstrated >85% transparency and appropriate mechanical stiffness (>300 kPa) 

which were comparable with the properties of native cornea. Further, the optimized hydrogels 

possess high adhesion properties (>40 kPa) and ability to withstand high intraocular pressure, 

rendering it suture-free capabilities. The hydrogels were designed to have controlled swelling and 

degradation to ensure that they could provide the required structural support till corneal 

regeneration. In vitro studies with corneal stromal cells and in vivo application in NZ white rabbit 

wound model demonstrated biocompatibility of our formulation. The observations support that the 

properties of a biopolymeric hydrogel substitute can be tuned for any specific application following 

the proposed critical factors of processing. Considering the observations from physical and biological 

characterization, we propose that the optimized hydrogel prepared in this study has great potential 

to be used in clinical settings for the treatment of corneal stromal defects in sutureless manner. 
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Abstract 
 

Spinal cord injury (SCI) is a devastating condition resulting in loss of motor function. The pathology of SCI 
is multifaceted and involves a cascade of events, including neuroinflammation and neuronal degeneration 
at the epicentre, limiting repair process. Till date, there is no treatment for SCI. Graphene has gained 
attention due to high electrical conductivity and mechanical strength but however it lacks chemical and 
biological cues, which limit its application for neural tissue repair. We developed a supermacroporous, 
mechanically elastic, electro-conductive, graphene crosslinked collagen (Gr-Col) cryogels for the 
regeneration of the spinal cord post-injury. The microCT study revealed that graphene reinforcement 
promote the formation of uniform pore size and pore wall thickness in the collagen cryogels (Fig. 1A), with 
decreasing the fractal dimensions and increasing the degree of anisotropy cryogels. Our ex vivo work 
demonstrated that the application of external electric stimulus results in the enhanced expression of 
neuronal markers in spinal cord cells migrated within cryogels (β-tubulin III and Neu N). The implantation 
of Gr-Col cryogels in rat thoracic T9-T11 hemisection model demonstrates an improved functional recovery 
within 14 days post-injury (DPI) with significant improvement in BBB score (Fig. 1B) and decrease in 
astrocytes reactivity (GFAP and Vimetin expression). Decrease in the expression of STAT3 in the implanted 
Gr-Col cryogels may be responsible for the decrease in astrocytes reactivity. Also, Gr-Col promoted 
myelination, and decreases the lesion volume at the injury site. Microglia cells within the implanted 
cryogels shows higher anti-inflammatory phenotype (M2) (higher CD206 expression) than inflammatory 
(M1) phenotype (CD86 expression). The higher expression of mature axonal marker like β-tubulin III, 
GAP43, doublecortin and neurofilament 200 was observed in implanted Gr-Col cryogel that confirms the 
axonal regeneration after 28 DPI. Gr-Col cryogels also modulated the production of ECM matrix (decrease 
in fibronectin and increase in laminin), favoring the axonal regeneration. The presence of graphene in Gr- 
Col cryogels decreases neuroinflammation and accelerates axonal regeneration. The potential for Gr-Col 
cryogels for stem cell delivery and bio macromolecules needs to be studied. 
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Abstract 

 
Regenerating defective bone in patients with diabetes mellitus remains a significant challenge due to 
high blood glucose levels and oxidative stress. Thus, ideal biomaterials for the diabetic milieu need to 
subsidize highly inflammatory reactions and elevated reactive oxygen species (ROS) while activating 
regenerative cellular events, such as stem cell adhesion and differentiation. Here we propose potential 
therapeutic scaffolds that are polycaprolactone decorated with nanoceria scaffold (P@C), thus 
providing an interface of unique Physico-chemical properties that can alter the devasting diabetic 
milieu towards regenerating the environment. We demonstrated cell spreading, adhesion, and 
differentiation behavior on the P@C scaffold surface using human mesenchymal stem cells (MSC) and 
human umbilical vein endothelial cells (HUVEC). MSC recognized the nanoscale (tens of nm) topology 
of P@C-scaffolds, presenting highly upregulated integrin sets and adhesion-related molecules. The 
mechanistic pathway and interactions connecting P@C nanofibers with cell proliferation and 
differentiation were due to the upregulation of osteogenic potential via integrin-mediated TGF-β1 co- 
signaling activation. P@C exhibits excellent biocompatibility and can effectively scavenge various ROS 
in vitro via multi-enzymatic properties including SOD, peroxidase, free radical, etc. In-vivo 
implantation of P@C 3D porous scaffolds in the calvarium defect model showed that scaffolds could 
eliminate ROS production and also accelerate bone regeneration under diabetic conditions. We 
consider the currently-exploited P@C scaffolds can be promising drug- and cell-free therapeutic 
means to treat defective tissues like bone in diabetic conditions. 
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Abstract 
 

Tuberculosis (TB) treatment regime involves multiple drugs for better patient compliance and to avoid 
the risk of drug resistance. The most important first – line drugs are INH and Rifampicin but they 
interact each other and this affects the bioavailability of both drugs in patients. Mycobacterium 
multiplies and resides within macrophages. Since Nanoparticles can reach the site of infection, 
Nanoparticle Drug delivery will be one of the promising options for treatment of TB, which requires 
long term medication. 

 

 

 
The main Objective of this study was to improve the stability of rifampicin (RIF) and Isoniazid (INH) in 

presence of each other, a prodrug of INH which has the same therapeutic effect as INH is synthesized 

and assessed its stability with rifampicin. 

INH was modified as Isoniazid benz hydrazine (IH2) and the therapeutic effect of IH2 was tested on 

Mycobacterium tuberculosis H37Rv strain. Rifampicin stability at different pH conditions was analyzed 

and compared it with the stability of rifampicin in presence of INH and in presence of IH2. Reverse 

phase high pressure liquid chromatography (RP HPLC) was used to analyze the samples. Coumarin 

Nanoparticles were observed for uptake study. 

RIF stability at different pH conditions was taken and found that rifampicin stability was good in basic 

pH compared to acidic pH conditions. Rifampicin degradation has increased drastically in the presence 

of INH. 50% reduction of rifampicin was seen in initial 6 hours and degraded completely in 12 hours 

under acidic pH 4.5 and 2.5. The combination of Rifampicin with IH2 remained stable and results were 

similar to the control i.e degradation of individual rifampicin in all the measured pH conditions. IH2 

has given similar therapeutic effect as INH when tested against Mycobacterium tuberculosis H37Rv 

strain. The stability of rifampicin increases if we use IH2 instead of INH as a drug. 
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At lower pH, Rifampicin interacts more and degrades faster IH2, which has the same therapeutic effect 

as INH, can be used in place of INH to lessen t e interaction and degradation of rifampicin and increase 

its stability. Uptake of Nanoparticles were observed in cellular uptake study in Raw cells. 

Keywords: Rifampicin, Fixed Dose Combination, Degradation, Stability 
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Abstract 
 

Biomaterials induced host immune responses, and fibrotic overgrowth remains a major barrier to the 
long-term function of medical devices and biomaterial consisting of tissue grafts. Screening new 
biomaterials to identify anti-fibrotic formulations requires in vivo testing, which is challenging to 
multiplex and remains a significant obstacle to progress in this field. Herein, we synthesized a 
combinatorial chemically modified hydrogel library and developed a cellular barcoding method that 
enables high-throughput multiplexed in vivo screening of 20 formulations in a single mouse and 100 
formulations in a single non-human primate. Our screening method consists of implanting a mixture 
of biomaterials and each barcoded with human umbilical vein endothelial cells (HUVECs) from 
different individual donors. Single nucleotide polymorphism (SNP) genotypes of the cells were utilized 
as readouts using next-generation sequencing (NGS) to pair the material identity with material 
performance. Screening of the library using a xenogeneic transplantation model identified three novel 
lead hydrogel formulations (Z4-A10, Z1-A3, and Z2-A19) with improved anti-fibrotic properties that 
enable long-term cell viability. Z4-A10 was used to encapsulate human islets and validated for long- 
term glycemic control in an STZ-induced C57BL/6J diabetic mouse model. Our results suggest that the 
developed cellular barcoding method and in vivo multiplexed screening technique can be leveraged 
to identify biomaterials for a wide range of clinical applications. Significantly, our newly discovered 
leads can improve the long-term performance of medical devices and encapsulated cell-based 
therapeutics. 
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Abstract 
 

Hemorrhage is a critical cause of mortality in healthcare system. The human body has its own 
hemostatic mechanism but when the hemostatic mechanism itself cannot stop bleeding effectively, 
hemostatic materials are needed. Hemostatic matrices with cues to enhance wound healing is a 
promising approach to control bleeding and also to facilitate tissue regeneration. Here we report the 
development of a hemostatic patch with wound healing efficacy by combining collagen peptide, 
chitosan and fibrin. The study mainly involves the optimization of collagen peptide concentration in 
the matrix, development of the hemostatic patch, physical and biological characterisation of the 
developed patches. The study revealed that the collagen peptide- chitosan and fibrin patches is an 
ideal matrix for enhancing hemostasis and wound healing 
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Abstract 
 

The overexpression of matrix metalloproteinases and low extracellular pH are two key physiological 
parameters involved in cancer initiation, progression, and metastasis. These have been the targets for 
several cancer detection and imaging modalities. Herein, a dual-sensitive nanoprobe has been 
synthesised using carbon nanoparticles (CNPs) decorated with MMP-9 sensitive peptide sequence. 
CNPs are known for their intrinsic fluorescence property and hence, were used as a pH-sensing moiety 
in the nanoprobe. A facile, one-pot hydrothermal method was used to prepare PEG-surface passivated 
CNPs. To improve the biomolecule conjugation efficacy, carboxyl groups were introduced to the 
nanoparticles’ surface. These carboxylated CNP (c-CNP) were further modified with MMP-9 sensitive 
peptide sequence using EDC/NHS coupling reactions. The selective-cleavage of peptide sequence in 
presence of MMP-9 enzyme in microenvironment results in generation of fluorescence signal due to 
separation of quencher molecule (TQ3) from fluorophore (6’ TAMRA) attached on MMP-9 sensitive 
peptide sequence, resulting in its detection. This protease-specific activation of nanoprobe, along with 
pH sensing, helps in precise tumor environment detection and imaging. These nanoprobes were 
thoroughly characterized for their chemical, physical and biological activities. Moreover, the potential 
of these dual-sensitive nanoprobes to distinguish tumor-like microenvironment (low pH and elevated 
MMP-9 levels) from non-cancerous conditions (physiological pH and negligible MMP levels) was 
evaluated in 2D cell culture as well as in 3D sodium alginate/gelatin based microscaffolds. The high- 
throughput 3D-platform exhibited great similarities with in vivo conditions and provided a powerful 
platform for efficient detection of fluorescence signals generated from nanoprobes. The nanoprobes 
showed excellent pH/MMP-sensing capabilities and were found to be cytocompatible. The 
fluorescence microscopy images in both in vitro systems revealed that low pH and high MMP-9 levels 
could be simultaneously visualised using these dual-sensitive nanoprobes. Such a detection platform 
could not only be useful in detecting tumors but can also provide valuable insights on growth, 
proliferation and local changes in the tumor microenvironment. The designed nanoprobes would 
prove to be a powerful non-invasive imaging tool for visualising tumor margins in real-time. 
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Abstract 

 
Despite three-dimensional (3D) bioprinting being an essential tool for developing full-thickness skin 
substitutes lacks clinical translation. The major challenge is initiating interactions between fibroblasts 
and keratinocytes without multipotent adult stem cells. Bioink microenvironment elevating fibroblast 
ECM deposition, keratinocyte activation, and repair mechanism are necessary. Establishing self- 
regenerating bionic full-thickness skin will be a boon to burn and acid attack survivors. Here we report 
a 3D bioprinted bi-layered healthy human skin equivalent regenerating in the presence of hypoxic 
BMSC-conditioned medium-based bioink. The presence of BMSC conditioned medium in Silk-GelMA 
bioink biomimics the desired cellular interaction and complex, layered architecture of the healthy skin. 
The physiochemical characterization of the developed bioink showed optimum rheological, 
mechanical, swelling, and degradation properties. Gene expression profiles, biochemical assays, and 
histological characterizations confirmed the ability of bioink to develop healthy skin substitutes. 
BMSC-conditioned medium in fibroblasts and keratinocytes co-culture activates PI3K-AKT signaling 
pathway in the air-liquid interface. We also observe upregulated expression of TGF-β1/Smad signaling 
pathways indicating self-regeneration property in 3D bioprinted skin. This activation led to the 
development of in-built repair and regeneration capacity in the 3D bioprinted human skin. This 3D 
bioprinted human skin design aims to improve wound healing, ECM secretion, angiogenesis, and 
dermal hair formation, providing a viable skin substitute for clinical trials and drug testing. 
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Abstract 
 

Nanotechnology is a new issue with an increasing focus on therapeutic applications due to its wide 
range of functions ranging from carrier to track. Magnetic particles are a sort of nano biomaterials 
that can be manipulated by externally providing a magnetic field. As a result of technical 
advancements, multifunctional nanoparticles are becoming more prominent in biological 
applications. Among the others, the fluorescent magnetic nanoparticles achieved high attention due 
to their broad range of applications. However, a nanomaterial's combination of fluorescent and 
magnetic properties gives the bimodal property for advanced theranostic potential. The present study 
has been designed to synthesize biocompatible and fluorescent magnetic nanoparticles (FMNPs) by a 
single-step hydrothermal synthesis method. Further, this study focused to use the FMNPs as nano- 
tracking agents of stem cells owing to their magnetic and fluorescent properties. On the other hand, 
the superparamagnetic property of the nanoparticles could be used for the target delivery of stem 
cells. Here, the nanoparticle has been synthesized by using a facile one-step hydrothermal synthesis 
method. Followed by their characterization for size, surface charge, physicochemical property, 
magnetic property, and biocompatibility and examined for their magnetic and fluorescence efficiency 
in vitro and in vivo. The synthesized particles showed amorphous nature and size of less than 50nm. 
The magnetic particles have superparamagnetic nature (G=3.4). The in-house synthesized 
nanoparticles showed significant cytocompatibility and hemocompatibility. The fluorescence study 
revealed that the magnetic particle showed fluorescence in the blue light range. However, the 
nanoparticle tracking in in-vitro stem cells and in-vivo condition showed excellent non-invasive 
tracking potential of the particle. Thus, our study infers that the simple one-step hydrothermally 
synthesized nanoparticles could be an efficient homing and tracking agent of mesenchymal stem cells 
for biomedical applications. 
Keywords: Novel, magnetic nanoparticle, fluorescent, biocompatible, stem cell, biomedical 
application 

 

Schematic representation of the study 
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Abstract 
 

Respiratory disorders such as asthma, chronic obstructive pulmonary disease (COPD), and lower 
respiratory tract infections (LRTIs) are significant socioeconomic burdens in developing countries [1]. Pre- 
existing progressive lung disease conditions are one of the major comorbidities in deaths due to Covid-19. 
The severity of the situation has prompted the scientific community to rapidly develop in vitro lung models 
for therapeutic purposes as an alternative to time-consuming animal experimentation. The projected in 
vitro lung model market is estimated to be ~USD 800 million by 2027 [2]. The commercially available airway 
wall models (e.g., MucilAir™ and EpiAirway-FT®) lacking complex submucosal layers possess limitations in 
simulating systemic inflammatory pathophysiological conditions. Recapitulating the specific alterations of 
inflammatory conditions and submucosal remodeling mandates that in mucociliary models of chronic 
respiratory diseases, multivariate cells be supported by an extracellular matrix (ECM) core encompassing 
essential physiological cues. Decellularized lung tissue ECM (dLTM) contains major biochemical and 
biophysical cues that ensure biocompatibility and elasticity requirements supporting cell attachment, cell- 
cell interactions, and cellular growth [3]. Here we report a facile single-step method using hypo/hypertonic 
(H/H) NaCl solutions to decellularize caprine lung tissue that circumvents concerns associated with 
traditional detergent-based approaches. To evaluate the efficiency of the decellularization procedure, a 
comprehensive biochemical and histological analysis of the caprine dLTM was performed. In addition, 
dLTM was cryomilled into a dry ECM powder and solubilized into a transparent pregel formulation, which 
undergoes rapid self-assembly into an opaque hydrogel at physiological temperature and pH. With the aim 
of developing dLTM hydrogel-based bioink, we investigated its physical stability, mechanical properties, in 
vitro cell growth properties, followed by immunocompatibility, where comparative analysis of cytokine 
profile and macrophage morphology validated the tissue regeneration potential of dLTM in modulating 
macrophage polarization. Based on these promising properties of dLTM, we further optimized the 
conditions of extrusion-based 3D bioprinting of dLTM without any bulking agent and characterized its 
rheological properties to understand the flow behavior correlating with the bioprinting process. Therefore, 
a novel dECM-based bioink with high print fidelity and shear-thinning property was formulated in the study, 
which can be utilized to fabricate a physiologically relevant lower respiratory model, followed by its in vitro 
biological validation through drug screening. 
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Abstract 
 

Smart bio-polymeric bio-materials are now developed at a prolific pace for their use in various bio- 
medical applications like drug delivery, wound healing, scaffolds and implants for tissue engineering 
and regeneration. Natural polysaccharides (e.g., celluloses and proteins) are gaining an increased 
interest for researchers to develop newer and novel health care products. However, the major 
drawback of using bio-polymers is they lack good mechanical properties. In this work, we report 
synthesis of novel microgels using hydrophobically modified Ethyl Hydroxy Ethyl Cellulose (EHEC) for 
topical drug delivery of an anti-cancer drug for a site specific application on the skin EHEC microgels 
for the first time by using water in oil emulsion technique. The microgels were spherical in shape and 
uniformly distributed with a flower-like morphology. The 5-Flurouracil drug was successfully 
incorporated into the microgel matrix. The microscopic images of drug loaded microgels exhibited cell 
death of cancer cells. Further we electrospun the EHEC bio-polymer into nanofiber mats and 
incorporated Halloysite nanoclay (HNT) and Silver nano-particles (AgNPs) into the matrix to 
understand their morphology, mechanical properties, in-vitro and in-vivo characteristics and release 
behaviour of an antibacterial drug. The Halloysite (HNT) loaded fiber materials exhibited very good 
mechanical properties and showed a potential in wound healing activity by slow and sustained release 
of the Gentamicin drug. The AgNPs embedded nanofiber mats also showed very good wound healing 
activity with no scar formation on the wistar rats. These bio-materials provide outstanding properties 
such as high elasticity, strength, porosity and surface-area-to-volume ratio which can have 
tremendous applications in the bio-medical field. 
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Abstract 
 

Hydrophobicity, Poor solubility and oral bioavailability are significant challenges for hydrophobic 
bioactive compounds in food science and pharmaceutical fields. One effective approach to solve these 
problems is to develop a class of biocompatible nanocarriers to improve the water solubility, stability, 
bioavailability, and pharmacological activities of these bioactive compounds. Herein, we report the 
potential of folate-mediated pluronic F108 nano micelles for the delivery of Evodiamine (Evo). Evo, a 
natural dietary and bioactive compound having great therapeutic potential in cancer therapy including 
cervical cancer treatment. The prepared Evo loaded pluronic F108 nanomicelles (ENM) were 
characterized using DLS, FTIR, 1H-NMR, DSC and XRD analysis. ENM showed nano-sized range (50.33 
± 3.09 nm), monodispersed (PDI; 0.122 ± 0.072), stable formulation and showed high drug 
encapsulation efficiency (71.30 ± 3.76%) with controlled drug release at tumor microenvironment. 
Using the cytotoxicity assay, wound healing assay, AO-EtBr staining, colony formation assay and 
cellular uptake assay, the therapeutic effect of ENM against cervical cancer cells (HeLa) was 
investigated. Anticancer studies demonstrated superior therapeutic efficacy in HeLa cells compared 
with Evo. Hence, the use of amphiphilic ENM could be a better alternative to overcome the limitations 
of Evo and represent an upcoming approach for the therapy of cervical cancer. 
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Abstract 

 
The surface properties such as topography, chemistry, and stiffness of the scaffold play an essential 
role in the development of high-performance functional devices for tissue engineering and drug 
delivery system as they modulate cell fate process, stemness, polarity, cell-extra cellular matrix 
interactions, and immunomodulation at the tissue-material interface. Extensive research has been 
conducted to understand the fundamental cellular behaviours on a nano to micro-scale, providing 
significant insights for fabricating the desired implant surface. To pattern various polymer materials 
at the nano-micro scale, a variety of techniques including photolithography, nanoimprinting 
lithography, contact printing, and 3-D printing are available. In this study, we have demonstrated the 
fabrication of multi-scale, micro-patterned nanofibers and microparticles through modulation of 
patterned conducting and non-conducting regions during electrospinning-spraying process. 

Polycaprolactone (PCL) microparticles and PCL-Collagen (PC) nanofibers have been patterned 
different geometric shapes to reconstruct the scaffold with tissue mimicking topologies as this method 
can produce the nanofibers and microparticles in appropriate geometric shapes with multilayer due 
to its nano-micro scale feature. The geometric shapes, such as lines, circle, triangle, rectangle, and 
pentagram, have different edges with a varied aspect ratio, providing guided cell fate process. The 
patterning was carried out Polyethylene terephthalate (PET) based stencil/template with a dielectric 
constant of 3. Furthermore, the patterns were characterized for the area of dispersion of each shape 
by scanning electron microscopy (SEM), in case of micro particles the overall area of deposition 
decreased two-fold as compared to the stencil area due to electrosfocuing. For particular shapes, the 
reduction in area was following: circle (46%), triangle (17%), rectangle (44%), and pentagram (24%). 
The electro focusing effect decreased the area of deposition as the shapes' edges increased, which 
would have caused particle collision and aggregation in the Z-direction, resulting in the creation of a 
3-D structure. Similarly, electropsun fibers were also deposited in different geometries, however, the 
area of deposition was not drastically reduced. The effect of geometric shapes on cell behaviors such 
as cellular morphology and spreading were studied by using the different microscopic techniques with 
the use of MC3T3E1 cells. By performing the Live-Dead assay, we found that the cells were grown on 
the grid-patterned PC nanofibers and remain viable for up to 7 days. The advantage of proposed 
method is its ability to demonstrate the patterning of electrospun multi-scale fibers and microparticles 
in multiple geometries which can be used for engineering the surface of biomaterials to attain the 
desired function and cell behavior. 
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Abstract 

 
Cancer being one of the most deadly diseases, Lung cancer ranked second with 11.4% incidence rate 
according to GLOBOCAN 2020. With increasing incidence and mortality rates of lung cancer, it has 
become demanding to dig into the detailed complex cancer mechanism and to rise with assured 
targeted approaches to combat the lung cancer occurrence and progression. For in vitro cancer 
research, the two dimension (2D) most prevalent technique but due to certain drawbacks, the Three 
dimensional (3D) culture technique offers more advantages like spatiotemporal organization of cells, 
can aid spheroid formation and many other physiological properties alike in vivo tumor mass. Thus, it 
becomes crucial to explore the important hallmarks of the cancer in the 3D spheroids before selecting 
it as ideal 3D in vitro model for a particular cancer type. In the present study, two biopolymers Dextran 
and Chitosan were chemically modified (MDC) conferring it a capacity of in-situ cross linking in 
aqueous medium where the two polysaccharides will mimic the ECM composition. Post freeze drying, 
the non-fouling surface and macroporous topography led A549 cell (Non-small cell lung cancer cells) 
aggregation later leading to the 3D tumoroid formation, where shape characters measured defined 
the 3D form of the cells and the tumoroid. The cell population in 3D tumoroid [18.7% early and 11.4% 
late apoptotic] as heterogeneous as compared to the 2D cultured cells [7.6% early and 3.5% late 
apoptotic] analyzed through Annexin V/PI staining which directed the presence of necrotic cells as 
well as the possibility of nutrient and oxygen gradient in the 3D tumoroids. This directed towards the 
formation of in vivo micro tumor relevant tumoroid formation in context to the heterogeneous cell 
population. Being cultured in two different dimensions led cells to adopt mesenchymal mode of 
migration by the 2D cells and Amoeboidal mode of migration by the 3D cells. Furthermore, the 
migration and invasion potential of the 3D cultured cells was more in 2D cultured cells than the 3D 
cultured cells measured through scratch assay and Matrigel® coated insert based invasion assay 
respectively. Also, the mRNA expression of the E-Cad (0.63 fold↑), N-Cad (0.4 fold↓), MMP9 (0.44 
fold↓), MMP2 (0.86 fold↓) and Vimentin (0.72 fold↓) in 3D cultured cells than the 2D cultured cells 
and would be regulating the differential migration and invasion potential of the 2D and 3D cultured 
cells. Henceforth, the MDC aided 3D tumoroid proved to be ideal 3D substrate and 3D in vitro lung 
adenocarcinoma model respectively as it more nearly mimics the heterogeneity, invasion, migration, 
proliferation potential, EMT related genes’ expression, thus proving its similarity to the primary lung 
adenocarcinoma explant from where the A549 cells were established as compared to its 2D 
counterpart. 

 
As it is very essential to choose in vivo relevant in vitro 3D lung adenocarcinoma model for appropriate 
drug testing, the MDC aided 3D tumoroids proved to be physiologically relevant model on the bases 
of the major hallmarks studied. Thus, the MDC aided 3D tumoroids were utilized for the Gefitinib 
[EGFR inhibitor] efficacy testing. The spatiotemporal arrangement of the cells in 3D tumoroids due to 
the assisted three dimensionality leaded to the variation in the EGFR (drug target receptor) expression 
in 3D cell (0.043 ng/ml), being significantly less than that in the 2D cells (0.232 ng/ml). Furthermore, 
the Gefitinib efficacy was analyzed to be 72% less in 3D tumoroids as compared to the 2D cells post 
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72 hours for drug treatment at 100 µM concentration. Henceforth, the MDC aided 3D tumoroids 
emerged as the appropriate drug screening platform for developing strategies to combat Lung 
adenocarcinoma. 
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Abstract 
 

Mesenchymal stem/stromal cells are gathering lot of attention because of their therapeutic 
properties, but their translational application is limited because of the absence of proper delivery 
system. Even if we are able to deliver the MSCs to desired location, then too they face issues in 
differentiating into a required lineage. To resolve this issue, hydrogels could be used as they could be 
tuned as per the applications requirement. Herein, we have synthesized 2D ultra-thin hydrogel 
nanosheet (HNS), using a template- and catalyst-free process is developed representing a fertile 
ground for fundamental structure-property investigations. Under HRTEM, formation of rhombic ice 
was observed, and its ultrathin morphology was confirmed using AFM. The HNS young’s modulus was 
155kPA and was highly porous when observed under SEM. The properties of HNS motivated us to 
explore its application in cartilage regeneration. We induced chondrogenesis of human derived 
Wharton jelly stem cells on HNS and our results suggested that the hydrogel promoted the formation 
of spheroids and a remarkable expression of chondrogenesis markers were shown by the cells grown 
over HNS. 
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Abstract 
 

For successful osseointegration of load-bearing implants, an improved bone implant contact area 
through open porous surface could result in minimizing stress shielding effect [1]. Trabecular porous 
architecture is highly desirable as they imitate the biodesign of a cancellous bone, provide sufficient 
strength as well as facilitate nutrient supply and metabolic waste removal, which are of paramount 
importance for the survival of de novo bone [2]. Numerous reports have successfully explored foam 
replication technique for fabricating trabecular scaffolds using powders of widely used materials like 
zirconia, alumina or titanium [3]. Although sufficient strength comparable to cancellous bone, and 
bone ingrowth in in vivo studies are achieved, fabricating components for clinical application using 
this method suffers from two important drawbacks. Primarily, most of the component designs 
demand a dense support on the porous layer due to a variety of reasons like, to help in fixation using 
screws, reduce the friction on articulating surfaces, prevent accumulation of debris or bacteria, etc. 
Secondly shaping of the porous sintered bodies through conventional machining is difficult due to 
inherent brittleness of the struts. Here we explored a novel green net shaping approach using a 
powder dough (ceramic or metal) processing technique which facilitated formation of Dense-Porous 
multilayer monolith like structures as well as net shaping them to components suitable for clinical 
application. Specifically, we have fabricated a customizable zirconia and titanium dental implants (one 
piece with attached abutment) for the first time along with a customized titanium implant for cranial 
burr hole defects. Trabecular layer has ~85 vol% porosity and 300-600 m pore size, as evident from 
microCT and electron microscopy of the sintered samples. Excellent integrity at the dense-porous 
interface was observed in both the titanium and the zirconia components. 

The process of dough making involves mixing of ceramic or titanium powders with a polymer binder 
like poly vinyl acetate and additives like stearic acid dissolved in isopropanol solvent resulting in a 
highly viscous green body. Kneading this mixture in a high shear mechanical mixer facilitates a 
homogeneous distribution of binders and secondary phases within 15-20 minutes [5]. This final dough 
could be extruded into dense body or further diluted to achieve consistency suitable for foam 
replication. After complete drying of solvent, the blanks were machined into dense portion of the 
implant. Roland table-top CNC machine with diamond coated cutting tools DIA-BURS®, procured from 
MANI®, Japan, were employed for rapid tooling. Stereolithographic files were extracted from the 
microCT scan data of commercially available dental implants, procured from Equinox myriad® 
systems. The data was further modified by trimming the apical or middle portions to incorporate 
ceramic foam. In case of cranial burr hole implants the fabrication is straight forward due to simplicity 
of the design. 
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Figure 1: Representing stereozoom microscopy of root implant having trabecular surface: (a) Zirconia. 
(b) Ti6Al4V 

 

 

Figure 2: Representing Dense- porous Ti6Al4V customized implants for cranial burr hole defects 

Subsequently, polyurethane foam was cut into the required dimensions of the trabecular portion and 
dip-coated in the slurry prepared from the dough. Before drying the foam was adapted carefully at 
the prescribed position and dried at 50 oC for 24 h. After complete drying, multiple coatings with the 
same slurry upto 5 times would be necessary to improve the final sintered strength of the porous 
body. The dried green component was fired in a muffle furnace (Bysakh.Co., Kolkata) (for ceramics) 
and tube furnace with argon atmosphere (Bysakh.Co., Kolkata) (for titanium). The rate of heating was 
kept at 1 oC/min until 500 oC with a holding time of 3 hours, for the binder and foam to burnout. 
Subsequently, the component was fired with a heating rate of 8 oC/min to 1400 oC with a holding time 
of 2 hours. 
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Figure 3: MicroCT images of dense trabecular root implants with trabecular portions in (a) apical 
1/3rd, (b) middle 1/3rd of root portions, (c) extracted region of interest in the trabecular portion 

signifying pore size and volume percentage of the open porosity achieved. 

On examination, the final sintered samples had an intact interface between the dense and trabecular 
portions (Figure 1a, b and 2). Although a relatively greater number of coating cycles are required 
increasing the time required for fabrication compared to the conventional machining approach, the 
feasibility of forming a porous structure integrated with the dense portion, mimicking natural bone 
architecture, could enhance the bone ingrowth resulting in a uniform distribution of masticatory loads 
towards maintaining a healthy marginal bone level. MicroCT of the implant as shown in Figure 3 also 
reveals an intact interface between the dense and porous layers. Especially in the cross and 
longitudinal section images of stereozoom and MicroCT one can observe the continuous struts arising 
from the inner dense core. Further, to demonstrate the flexibility of customization with the current 
process, porous region was fabricated in both the apical 3rd (Figure 3a) and middle 3rd (Figure 3b) of 
the root portion. Figure 3c reveals a similar porous architecture in a sample prepared without a dense 
layer where the void analysis on an extracted region of interest resulted in an interconnected void 
volume of ~85%. The human cancellous bone has a similar porosity in the range of 50-85 vol% with 
interconnected macropores of 100-600 m. This crucial feature facilitates cell colonization, 
vasculature ingrowth, nutrition supply for bone regeneration, and remodeling. Replicating the 
trabecular bone architecture in an implant could improve the BIC area and osseo-incorporation. The 
dense portion of both the samples is defect-free as shown in Figure 3a, b which is crucial for the 
retention of characteristic strength and reliability of the ceramic prosthesis. Electron microscopy of 
both ceramic and titanium cross-sectioned samples in Figure 4 also purports the microCT analysis of 
having an intact interface between the dense and the porous layers. Homogeneous grain growth in 
the submicron range and even distribution of secondary alumina grains could be observed in the 
microscopy of inner pore walls in figure 4a. Figure 4b reveals polygonal faceted surface typically found 
in sintered titanium using reducing atmosphere that could be arising from the burnout of polymer 
binder. 
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Figure 4: Representing electron microscopy of sintered cross sectioned implants at the interface, (a) 
Zirconia, (b) 

Ti6Al4V 

The trabecular zirconia samples fabricated without the dense support were evaluated for compressive 
strength after a different number of coating cycles with a UTM. Simultaneously the weight of the 
samples from initial coating to further strengthening coatings was noted and the cumulative weight 
was plotted against the number of coating cycles for optimizing the prospective strength with the 
number of coatings requirement. The weight gained and subsequent strength improvement followed 
a linear increasing pattern up to 5 cycles as shown in Figure 5. After 5 cycles of coating, compressive 
strength of ~ 20±3.5 MPa was achieved that could be compared to the strength of human cancellous 
bone [4]. The dense portions made of 90YSZ had a flexural strength of 736±24.5 MPa [5]. 

In summary, alumina toughened zirconia ceramic dental implants as well as Ti6Al4V implants having 
biomimetic porous trabecular surfaces were fabricated for the first time using a novel dough 
technique combined with foam replica. MicroCT and electron microscopy revealed an intact interface 
with continuous struts between the dense and trabecular porous structures. Fine machined features 
like threads, were preserved during slurry coating cycles. Void analysis in the dense portion resulted 
in a pore-free body while the trabecular portion had ~85 vol% open macroporosity, comparable to the 
natural cancellous bone architecture. Customization was demonstrated with regards to the position 
and compressive strength of the porous surface required. Due to the flexibility and simplistic nature 
of this process, it could be easily scaled up and adapted to fabricate other ceramic or metal osseous 
implants at different length scales in a cost-effective manner. The in vivo studies in small animal model 
to evaluate the tissue ingrowth of porous samples is also encouraging. Currently the titanium burr 
hole defect samples are under clinical case studies with collaboration from a medical research institute 
DMIMS in Wardha. 
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Figure 5: Representing (a) cumulative weight (b) Compressive strength achieved for trabecular 
zirconia samples, plotted with a different number of coating cycles on the trabecular foam. 

 

 
* Note: This study has been partially published in Journal of the American Ceramic Society [6]. 
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Abstract 

 
Even though dental implants generally show high success rates, their increased use concomitantly raises 
the incidence of infections. These infections arise due to the formation of biofilms in the periodontal pocket 
around the implant and can lead to the occurrence of peri-implant mucositis and, in severe cases, peri- 
implantitis. Current treatment options, comprising systemic antibiotics intake and surgical interventions, 
cannot guarantee a successful arrest of the inflammatory lesion and represent also an additional burden 
for both patients and health services. An upcoming anti-infective strategy is the localized release of 
antimicrobial agents at the infection site. As such, we have previously developed a titanium/silica 
composite material, consisting of a macroporous titanium matrix with a mesoporous silica diffusion barrier 
incorporated in the open pores, which allowed the continuous elution of therapeutic concentrations of 
chlorhexidine (CHX) to effectively prevent biofilm formation on the material surface. However, cytotoxicity 
to the host cells due to a continuous drug release remains an important concern. Therefore, in this study, 
the potential of an additional pH-responsive chitosan (CS) capping agent was investigated in order to 
further confine the CHX release to the presence of acidic bacterial biofilms. To this end, a solution of CS 
crosslinked with (3-glycidyloxipropyl) trimethoxy-silane (GPTMS) was dropcoated on the Ti/SiO2 and the 
influence of different CS and GPTMS concentrations was investigated. Scanning electron microscopy (SEM) 
and 3-D optical profilometry were used to visualize the CS coated Ti/SiO2 and the thickness of the coating 
respectively. The presence of the coating was also confirmed using Fourier transform infrared 
spectroscopy. For samples coated with 1 wt% CS solution and 15 vol% GPTMS (CS-Ti/SiO2), the daily CHX 
release rate measured using ultraviolet visible spectroscopy was ~33% lower than for prisitine Ti/SiO2 

substrates, yet absence of pH response, which could possibly be due to extra crosslinking of CS as it takes 
place through the same amine bonds which are also responsible for protonation in acidic medium. Still, an 
antimicrobial effect could be observed for CHX-releasing CS-Ti/SiO2 substrates using co-cultures of one 
cariogenic, Streptococcus sobrinus, and one periopathogenic species, Fusobacterium nucleatum. Biofilm 
quantification by viability quantitative PCR indicated an almost 100% reduction in biofilm formation for 
CHX-releasing CS-Ti/SiO2 as compared to pristine Ti/SiO2, a result which was corroborated by biofilm 
visualization using SEM. 
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Abstract 

 
Decellularized animal tissues had been proved to be one of the most potential biomaterial for tissue 
engineering (TE) applications. Among various animal tissues, small intestine submucosa (SIS) had been 
focus of many scientists for finding its application in TE, because of its easy availability from the waste 
of slaughter-house and exceptionally good characteristics as biomaterial. Earlier, SIS of porcine, 
bovine, and ovine had been evaluated for TE applications but there has not been any study on caprine 
or goat SIS (G-SIS) in spite of the fact that goat tissue is less susceptible to disease transmission as 
compared to the cadaveric porcine and bovine tissue. In this study, G-SIS was decellularized and 
evaluated for its applicability in TE. For decellularization, several physical, chemical, enzymatic 
protocols have been described in the literature. To find the suitable decellularization protocol (DP) in 
this study, four different DPs had been employed, to optimize the decellularization of goat-SIS. 
Further, effect of the DPs on the obtained decellularized goat-SIS (DG-SISs) were assessed in terms of 
decellularization, physiochemical and biological properties. All the DPs differ in terms of 
decellularization, but three DPs where sodium dodecyl sulphate (SDS) has been used, largely affect 
the native microarchitecture and composition (e.g. glycosaminoglycans (GAGs) and proteoglycans 
content) of the G-SIS as compared to the DP that uses hypertonic solution of KI and TX-100. The 
obtained DG-SISs were found to be fibrous, hemocompatible, biocompatible, hydrophilic, 
biodegradable, and it also exhibits significant antibacterial activity and good mechanical properties. 
Thus, DG-SISs will be a prospective biomaterial for TE applications. 
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Abstract 
 

The nervous system controls and co-ordinates major functions of the body. Any damage to such 
organised structure leads to severe impairment of target tissues. Besides rising traumatic cases, the 
emergence of pandemic (COVID 19) with neuropathological implications instigates scientist worldwide 
to design advance treatment approaches. Though autografts remain the golden standard of 
treatment, the major limitation in the field of nerve injury is incomplete, delayed functional recovery 
leading to chronic neuropathic pain. Addressing these current limitations, we have designed a 
combinatorial therapy to accelerate the pace of nerve regeneration and attain accurate behavioural 
recovery. “Electroband” are rGO functionalized electrospun sheet with 1-1.5 mS/cm observed 
electrical conductivity. The bioactive nature of the scaffold was ascertained with increased 
interneuronal connections between neuro 2a cells during in vitro culture. We further demonstrated 
the clinical translational efficacy of the scaffold in a median nerve injury model where scaffold 
implantation is conjugated with in-situ electrical stimulation. The combinatorial effect of 
topographical, electrical and biochemical cues assisted in achieving 80% functional recovery within 8 
weeks of implantation as demonstrated with electrophysiological CMAP recordings. The NF 200 and 
S100 immunostaining further depicted exuberant growth of nerve tracts and its myelination as 
compared to negative control. We thus, successfully demonstrated the vital role of electroactive 
scaffold coupled to electrical stimulation in re-aligning the nerve trajectories. 
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Abstract 

 
Tissue regeneration involves by the selection of appropriate biomaterials and design to support the 
native tissue to regenerate efficiently. Recently, 3D printing of functional scaffolds for tissue 
engineering attracted to biomaterials scientist because of its easy to fabricate to match exactly to the 
anatomical site of regeneration. Here we presented a 3D printed polycaprolactone (PCL) scaffolds and 
its surface modification for dental and orthopedic applications. The PCL scaffolds modified with 
pluronic F127 and nano hydroxyapatite (nHA). The developed scaffolds were characterized by SEM- 
EDS, XRD, FTIR, water contact angle and in vitro cytocompatibility studies with human dental pulp 
stem cells (hDPSCs) and MG63 osteosarcoma cells. The nanocomposite modified scaffolds were not 
cytotoxic to hDPSCs and MG63 osteosarcoma cells. SEM observation showed that smooth surface 
observed for modified scaffolds and water contact angle study indicated that the surface is hydrophilic 
with modified scaffolds than PCL scaffolds alone. These results indicate that potential use of 
nanocomposite surface modified 3D printed PCL scaffolds used for regeneration of dental and 
orthopedic applications. 
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Abstract 
 

Chronic wound is usually defined as any wound that has not healed within the normal wound healing 
time frame. There are many issues that need to be addressed with chronic wounds like exudate 
pooling and maceration, poor epithelialization, slow granulation process. There are associated 
complications like infection and biofilm formation, prolonged inflammation, limited angiogenesis, and 
oxygen availability and additionally in diabetic foot ulcers there is associated neuropathy. The serious 
complications of chronic wounds are septicemia, bone and joint infections, and gangrene. Chitosan is 
a well-known natural biopolymer, in its native state, chitosan behaves just like any other 
polysaccharide material, but once it's protonated with an acidic modifier, it not only helps in wound 
management but also helps in wound healing acceleration. Chitosan has been modified in the form of 
microfibers which are converted into a nonwoven dressing to provide optimum wound contact and a 
wound bed for faster healing. Our proprietary manufacturing method allowed us to obtain chitosan 
fibers with distinct outer and inner layers. The dressing's absorption, healing, and antibacterial 
qualities are greatly improved by this alteration. Bioactive gelling fiber dressings, have shown great 
promise in treating a variety of wounds, were used. Figure shows the improvement in granulation 
within 7 days of use. 

 

Initial Final 

Figure 1. Improvement in granulation tissue within 7 days of bioactive chitosan based gelling fiber 
dressing usage 
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Merged Image: Collagen type II 594/ 
Aggrecan 488 /DAPI 

Figure1: The hBMSCs differentiated 
chondrocytes cultured and characterized 
using CLSM, for ECM markers collagen type 
II, Aggrecan and DAPI (nuclear stain) on 
organ-on-chip using microfluidic system. 
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Abstract 
 

Physical and age related wear and tear of articular cartilage leads to stress and compression on the 
chondrocytes phenotype and surrounding extracellular matrix [ECM] architecture. The three- 
dimensional (3D) and microfluidic platform enables emulating in-vivo zonal distribution of articular 
cartilage tissue. Herein, we propose to study the ECM composition and its protein profiling of human 
articular cartilage to be used as native scaffold for 
recellularization of human derived bone marrow 
mesenchymal stem cells [hBMSCs] differentiated 
chondrocytes under in-vitro conditions. The novel 
approach of using native cell-free ECM as scaffold for 
growth of hBMSCs differentiated chondrocytes as cartilage 
tissue construct on chip using microfluidics system was 
optimized for media flow rate, differential pressure, shear 
stress and perfusion run time. The superficial (top) layer 
and transition (middle) layer of articular tissue was 
emulated with optimized pressure (800 to -350 mbar), 
media flow rate (5uL/minute) with daily perfusion run time 
of 2 hours on double flow channel chip model.The in-vitro 
developed model was characterized for their zonal 
distribution of chondrocytes, surrounding ECM markers 
and protein composition profiling using histology staining, 
confocal laser scanning microscopy (CLSM) and label free 
quantification method of LC-MS. The hBMSCs differentiated chondrocytes cultured using microfluidic 
system recapitulated the flattened to oval cells top-bottom zonal morphology of chondrocytes with 
surrounding glycosaminoglycan (GAGs) content. The ECM specific marker expression of collagen type 
II, aggrecan, laminin and eluted heterotypic collagen fibres, proteoglycans, keratin and chondroitin 
sulfates were analysed with chromatogram peaks based on mass to charge ratio. The in-vitro culturing 
of articular cartilage model, ECM markers characterization and LCMS compositional analysis provided 
more accurate understanding of ECM components to generate tissue-specific niche for 
recellularization studies emulating human articular cartilage. 
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Abstract 
 

Self-assembled DNA nanocages are among the most promising candidates for bioimaging and payload 
delivery into cells. DNA nanocages have great potential to efficiently address drug resistance and 
nucleic acid delivery problems due to their precise control of shape and size and excellent 
biocompatibility. Although DNA nanostructures demonstrate some cellular uptake, because of 
bearing a high negative charge, the uptake of tetrahedron nanostructures is hindered by electrostatic 
repulsion. In this study, we described a method to enhance the cellular uptake of DNA nanostructures 
by using a binary system containing DNA and a positively charged head group with a hydrophobic lipid 
chain for cellular internalization. Here we represent the functionalization of a model cage, DNA 
Tetrahedron (TD) with a cationic lipid, N-[1-(2,3-dioleyloxy)propyl]-N, N, N-trimethylammonium 
chloride (DOTMA). Atomic force microscopy (AFM) and other standard characterization techniques 
were used to explore the co-assembly of DNA tetrahedron and DOTMA. We revealed a simple confocal 
microscopy-based approach to show the enhanced cellular uptake of DNA nanocages. This new 
method will find multiple applications in delivery applications like gene transfection, drug delivery, 
and targeted bioimaging. 
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Abstract 

 
A rational approach for developing skin formulations destined for either topical or transdermal drug 
actions requires a well-defined skin model platform. The majority of recent studies rely on the use of 
animal models for this purpose. The employment of animals for pre-clinical testing is rightly criticized 
and strongly questioned for ethical and scientific reasons. As an alternative, 3D in vitro tissue models 
representing physiological and functionally relevant milieu of human tissues have recently been 
developed. The market size of 3D in vitro models is expanding colossally and anticipated to grow at a 
compound annual growth rate of 10.7 % during the period of 2021-2028 to reach USD 51.1 billion by 
2028. Although several strategies have been explored for the fabrication of biomimetic skin models, 
the multistep fabrication process of currently available collagen-based skin models could be tackled 
by employing 3D bioprinting technology. Here, we present an affordable, multilayered 3D bioprinted 
skin model with a functional transwell system engineered through a rapid single-step process. The 
utilization of 3D bioprinting technology ensures high precision, reproducibility, and repeatability of 
the model required for large-scale production of the model. Initially, we developed a bioactive silk- 
based photocrosslinkable bioink with excellent cytocompatibility and suitable physicochemical and 
rheological attributes for extrusion-based printing. Next, the formulated bioink was utilized to print 
pre-vascularized skin construct with biomimetic epidermal layer supported by artificial basement 
membrane of an in-house built transwell system. Immunofluorescence staining of the bioprinted skin 
construct after 14-day maturation in air-liquid interface (ALI) culture showed a well-defined 
keratinocyte layer and a stabilized fibroblast-stretched dermis innervated with human vascular 
endothelial cells. The innovative micro-architectural design and use of alternative composite 
biomaterial have overcome the shortcomings related to poor mechanical stability and contraction (60 
%) of collagen-based skin model used as control in the study. The improved barrier function property 
of the printed model was quantified through a permeability assay using fluorescent-labeled dextran 
molecules (40 KDa). The fabricated model precisely distinguished between irritative and non-irritative 
chemicals, demonstrating its suitability as an in vitro screening platform for clinical tests. Therefore, 
the assembled 3D-engineered skin model holds promise as a potential automated platform for high- 
throughput screening of pharmaceutics and cosmeceutical agents in a cost-effective manner. 
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Abstract 
 

The severity of excessive bleeding (haemorrhage) is a concern that should be addressed with 
emergency medical care depending on the severity of the condition. Medical imaging can subjectively 
identify the extent of bleeding, but it is frequently difficult to ascertain the amount of post- 
haemorrhagic blood that has been held in the organ. The purpose of this study is to precisely 
determine the amount of blood volume using an imaging dataset. For the proof-of-concept (POC) 
stage, we gathered contrast computed tomography (CT) scan images of diluted iodine solution-filled 
containers having irregular geometries and concentrations containing a varying number of solid 
objects that served as obstructions inside each container. The data was procured as Digital Imaging 
and Communications in Medicine (DICOM) images. Two algorithms/strategies were developed for 
volume quantification that utilized minimal user input thresholding and slicing methodologies, and 
the estimated results were compared with the measured liquid volume. 
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Abstract 

 
Titanium nanotubes (TNTs) have gained interest due to the possible medical application. The fabricated 
TiO2 nanotubes show good biocompatibility, non-cytotoxicity and larger surface area to volume ratio. But 
still shows many complications such as infections, implant loosening and insignificant host tissue 
integration, which leads to implant failure. To improve the osseointegration, surface modification on 
titanium metals is required. The electrochemical anodization technique is simple and cost effective method 
to fabricate nanostructure on the metal surface, which allows the fine-tuning of oxide film thickness, and 
topography of layer. The present work investigates the anodization of Commercially pure titanium (Cp-Ti) 
by anodization using orthophosphoric acid and sodium fluoride electrolyte to form titanium 
nanotubes(TNTs) followed by dip coating with gadolinium nitrate solution. The corrosion resistance of 
gadolinium coated titania nanotubes (Gd-TNTs) show better corrosion resistance than TNTs and it was seen 
on the linear polarization studies. The Morphology of gadolinium coated TNTs analyzed by HR-SEM with 
EDS, surface wettability using contact angle measurement. The corrosion behavior of gadolinium 
incorporated TNTs was investigated using electrochemical impedance spectroscopy and linear polarization. 
X-ray diffraction (XRD) analysis showed the anatase phase of titania nanotube formation. Attenuated Total 
Reflection Fourier Transform Infrared spectroscopy (ATR-FT-IR) was used to analyses the functional groups 
present on the surface of the sample. The walls of the TNT were covered with gadolinium oxide which was 
confirmed by X-ray photoelectron spectroscopy (XPS) studies. Also, the mineralization of Gd-TNT was 
initiated after 24 h of immersion in simulated body fluid (SBF). The cell viability and proliferation of MG63 
cells with and without gadolinium coated TNT were assessed using the MTT assay. 
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Abstract 

 

Self-assembled branched DNA (bDNA) nanostructures have exhibited their functionality in various 
biomedical and diagnostic applications. Moreover, bDNAs are more stable than single- and double- 
stranded DNA duplexes. However, cellular uptake and entrapment complexity have hampered the 
potential applications of bDNA nanostructures. Since the cytoplasmic membrane is anionic, the 
cationic cell-penetrating peptides have been explored as efficient delivery agents. Herein, we propose 
a strategy for delivering functional bDNA into mammalian cells using self-assembled linear peptides. 
In this investigation, antisense oligonucleotides corresponding to Vascular Endothelial Growth Factor 
(VEGF) were incorporated into the overhanging regions of bDNA. Novel self-assembled linear peptides 
have been synthesized and validated utilizing a plethora of biophysical characterization experiments. 
In addition, peptide-bound bDNA complexes have been thoroughly investigated. Fascinatingly, W4R4 
peptide-bound bDNAs were found to be exceptionally stable against cellular denaturing agents 
compared to other peptide-bound bDNAs. The delivery of fluorescent-labeled bDNAs into the 
mammalian cells confirmed the efficiency of the peptides under the fluorescence microscope. 
Furthermore, the functional efficacy of the peptide-bound bDNAs has been examined through RT-PCR 
and Western blot analysis. The observed results revealed that W4R4 peptides exhibited excellent 
internalization of antisense bDNAs, which significantly suppressed 3 to 4-fold of mRNAs and protein 
levels compared to the control. We conclude that W4R4 is a promising cell-penetrating peptide for 
delivering bDNA nanostructures, thus regulating gene expression in cancerous cell lines. 

 

 

 
Scheme: Peptide mediated branched DNA (bDNA) delivery 
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Abstract 

 

Carbon quantum dots (CQDs) are an emerging subclass of fluorescent carbon nanomaterials with a 

size of 2 to 10 nm and a quasi-spherical morphology for applications in cells and in vivo.Systemic 
biological delivery of CQDs is essential for advancing their applications in drug delivery, bio sensing, 
and bio imaging. Studies so far report that it depends on nanomaterial’s' shape, size, surface, and 
charge. Herein we present that endocytosis of CQDs not only depends on properties as mentioned 
earlier; but also on the cellular type. We present a novel class of GCQDs (green) with a size of 3-5 nm 
and show its cellular entry via clathrin-mediated pathway into the mouse's kidney and primary liver 
cells. GCQDs were used for bioimaging kidney, brain, heart, and liver tissues and the whole zebrafish 
body. The imaging allowed us to identify and highlight the animal's body features in terms of different 
tissues exhibiting differential affinity of these nanoparticles. This will be of immense help in designing 
next generation bioimaging and therapeutic scaffolds based on carbon-based quantum dots. 
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Abstract 

 
In the last decade, 3D bioprinting of hydrogels has evolved as the potential substitute for the 
conventional tissue engineering approach due to its significant ability to closely mimic the 
microarchitecture of native tissue. The primary objective of this study was to fabricate a patient- 
specific 3D-printed urological graft for the reconstruction of urethral tissue that will fulfill the currently 
existing global demand of customized urological graft. In reconstructive urology, the currently 
used “gold standard” treatment for urethral stricture is urethroplasty which is an end-to-end 
anastomosis technique and is highly invasive, not patient compliance, and also not 
convenient for repairing the large urethral stricture. Another widely used clinical approach 
to repair the urethral tissue is urethral patch plasty, in which the autologous graft i.e. the 
Buccal Mucosa is used. But despite having a lot of advantages with autologous grafts such as 
immunocompatibility, it has several clinical concerns such as – donor site morbidity, limited 
graft availability, graft contraction, mucus overproduction, stone formation etc. To overcome 
these existing clinical challenges associated with autologous graft, the fabrication of artificial 
potential tissue-engineered scaffolds is in high demand but the conventional approaches of 
fabricating the tissue-engineered scaffolds such as electrospinning, freeze-drying, etc., have 
several challenges which are– inhomogeneous distribution of the cells inside the scaffolds, 
not patient-specific, poor control of scaffold microarchitecture, etc. Hence, 3D-printed 
patient-specific scaffolds came into the picture. Although there is a huge global need for 3D 
printed patient-specific urological grafts very limited research has been performed in this 
area, and only a few studies are reported. In the current study, an attempt has been made 
to fabricate a patient-specific urological graft with the help of a portable extrusion printer 
and by using alginate/gelatin and nanocellulose-based hydrogel as the ink. Several crucial 
characteristics of hydrogel have been critically analyzed, such as rheological properties, the 
swelling ability of hydrogel, the microstructure of the freeze-dried hydrogel, compressive 
strength, etc. Finally, with the synthesized hydrogel, two different types of grafts were 
fabricated, which are- 1) Matrix type, and 2) Hollow cylinder type. Although the printability 
of the hydrogel has been carefully optimized, several in vitro and in vivo studies need to be 
performed before the clinical trial. 
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Abstract 
 

Biopolymers are three-dimensional, water-swollen polymer networks broadly studied for their 
biomedical application, such as wound healing and the regulated delivery of biologically active agents. 
Bio-composites, which can be obtained from renewable natural resources, are fascinating increasing 
consideration for use in biomaterials due to the recent demands for a reduction in the environmental 
influence of the polymer industry and the development of a sustainable culture. Besides, bio- 
composites are often biodegradable and refer to a significant level of bio-compatibility and cyto- 
compatibility, which are the most desired properties concerning in-vitro applications. In this study, 
Musa balbisiana fiber, obtained from banana pseudo stem, a waste material, is used as the source in 
which chitosan and guar gum was added to fabricate a patch (ABF-CH-GG). A herbal drug, Nirgundi, 
was loaded onto the patch. The physiochemical properties were examined using FT-IR, tensile 
strength, SEM, contact angle, swelling, and degradation. The patch not only showed controlled drug 
release at different pHs but also displayed suitable antibacterial properties and proliferation in the 
presence of mouse fibroblast cells. 
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Abstract 

 
Ocular drug delivery remains a challenging task due to the unique structure of the eye which restricts 
the entry of exogenous substances. The protective barriers of the eye will also hinder the penetration 
of drugs to the target site. Patient compliance is another factor which affects the treatment. Cataract 
is one of the common old age diseases requires surgery to replace dis-functional intraocular lens (IOL) 
with artificial IOL. Post-surgery complications may have both infection and inflammation. Managing 
these complications is an important factor which effects the visual outcome of the patient. Every 
patient who undergoes cataract surgery will be on post-surgery eye drops for a period of at least four 
to six weeks. The aim of this study was to design and develop an ocular drug delivery system for post- 
operative care after cataract surgery. An implant was prepared containing a biodegradable polymer, 
an anti-inflammatory agent, and an antibiotic. Implant characterization and drug loading analysis were 
conducted using SEM, XRD and RP-HPLC. In Vitro drug release profile showed that the release of the 
two drugs were in corelates with the clinical prescription. In Vivo study was conducted on new albino 
rabbits where one eye underwent cataract surgery, and the implant was inserted into the capsular 
bag after replacing the IOL. A slightly higher intraocular pressure (IOP) was observed in the test sample 
group. Slit-lamp observations revealed no significant anterior chamber reaction in all study groups. 
Histopathology study of the operated eye revealed no significant pathology in the test samples. This 
work aims at developing the intra ocular drug delivery implant which will replace the post operative 
eye drops and will help the patient be "eye Drop Free" post cataract surgery. 
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Abstract 

 

Copper oxide polymer nanocomposites are multiphase materials that are embedded by particles of 
different dimensions below 100 nm. Copper oxide polymer nanoparticles are made up of copper oxide 
nanoparticles and polymer. copper oxide nanoparticles interact with the polymer enhancing its 
stability, mechanical strength, and antimicrobial properties and preventing nucleation growth of 
nanoparticles [1]. The nanocomposite is synthesized by two major methods; in-situ and ex-situ 
methods both have their advantages and disadvantages in control over the shape and size of the 
nanocomposite Due to its advanced physiochemical properties such as cytocompatibility, 
antibacterial, and biocompatibility it is used in a wide range of applications. Anticancer, antibacterial, 
antifungal, biosensors, drug delivery, tissue engineering, and wound healing are some of the biological 
applications of copper oxide polymer nanocomposite. Selective killing and contact killing are the two 
approaches by which copper oxide polymer nanocomposite kills bacterial and cancer cells. Reactive 
oxygen species generation leading to oxidative stress over the cell is the mechanism behind selective 
killing and contact killing. In this article, we provide the potential applications of copper oxide polymer 
nanocomposite in the field of biological science. it will help us to know more about the recent 
applications and overview of the nanocomposite materials. 

 
The incorporation of metal oxide nanoparticles with polymer generates new material termed 
nanocomposite. Nanocomposite has been a hot topic and is one of the fast-emerging fields in 
nanotechnology and biomaterial science. Due to its multiphase nature, it merges properties of both 
nanoparticle and polymer to develop a more prominent nanomaterial and also has been studied 
extensively for various applications such as medical, biological, electrical, environmental, and 
biotechnological [2]. In contrast, nanocomposite has attracted a lot of researchers because of its low 
cost, stability, lightweight, and improved physical properties such as mechanical, electrical, magnetic, 
and optical properties. One of the major drawbacks of nanoparticles is their toxicity and 
agglomeration nature which reduces the surface area, efficacy, and potential of nanoparticles. To 
overcome all this polymer-based nanocomposite are designed that can prevent agglomeration, gives 
mechanical strength, and act as a stabilizer for the nanoparticles. The usage of metal nanoparticles 
especially copper nanoparticles has attracted a lot of significance because of their unique 
characteristics such as antimicrobial, biocidal, biocompatible, and potential in biological applications. 
Also, it has not been used only in modern times but 100 years back in the books of Hippocrates and 
ancient text of Ayurveda, copper is already said to be in use for antimicrobial properties. Copper oxide 
nanoparticle is a P-type semiconducting material with a small band gap of 1.7 eV and has a wide 
industrial application as well in the fields of sensors, catalysis, and biological applications including 
antifungal, antibacterial, water treatment, etc. The main properties that control the application of 
copper oxide nanoparticles are shape and size. Different shapes and sizes provide different 
applications hence it is very important to control the shape and size of nanoparticles. In this regard, 
the synthesis method is one of the ways that can control the shape and size of the nanoparticles. 
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Two major synthesis methods of metal-polymer nanocomposite are there; In-situ and ex-situ 
represented in figure 1 as well. In-situ is a method that combines polymer with nanoparticle together. 
Nanoparticles are dispersed in the monomeric solution of polymers for polymerization. And maintain 
them at a constant temperature with continuous stirring overnight or for several hours. After 
homogenous mixing, it is separated and filtered using filtration methods. Washed several times with 
ethanol and water for removal of excess impurities and dried overnight. The in-situ synthesis method 
improves nanoparticles stabilization and controls nanoparticles size. Growth and agglomeration of 
nanoparticles are also controlled because of the high surface energy of nanoparticles that gives 
thermal stabilization through polymer and nanoparticle interaction. In addition to that good 
dispersion of nanoparticles also improves significantly the antibacterial properties of the 
nanocomposite. Ex-situ is another approach in which the whole process is done separately. The 
method involves synthesizing nanoparticles separately and polymerization of polymer separately and 
subsequently mixing nanoparticle and polymer by two mixing techniques; melt compounding by twin- 
screw extrusion and solution blending. Other techniques are spraying, dip coatings, deposition, etc. 
Nanoparticle solution is prepared separately and mixed under continuous stirring. Other techniques 
are spraying, dip coatings, deposition, etc. Nanoparticle solution is prepared separately and mixed 
under continuous stirring. 

 

Figure 1: Synthesis method of nanocomposite; (a) in-situ synthesis method, (b) Ex-situ synthesis 
method. 

Consecutively, a polymer solution is also prepared and mixed under continuous stirring. Then both 
the solutions are mixed using solution blending or melt compounding by twin-screw extrusion 
approaches. After the preparation of nanocomposite, it is furthered process by mechanical, chemical, 
and physical techniques such as casting, pressing, and electrospinning for improved and enhanced 
properties. 

Copper oxide polymer nanocomposite has wide applications in the field of biology due to its 
biocompatibility and stable nature. The applications are antibacterial, antifungal, antioxidant, 
biosensors, antitumor, drug delivery, water treatment, tissue engineering, and biofilms represented 
in figure 2. Copper oxide nanoparticles are known to be antibacterial with very high efficiency up to 
99.9% in very less time for both gram-positive and gram-negative bacteria [3]. In addition to those 
recent studies shows that bacteria that become resistant to certain drugs over the course period 
known as multi-drug resistance bacteria are also inhibited by the copper oxide nanocomposites. The 
mechanism behind the contact killing of bacteria is the release of copper nanoparticles, which adheres 
to the surface of the bacterial cell through molecular interactions or electrostatic force. Penetrates 
the cells by endocytosis or diffusion method and releases the copper in ion form. This copper ion 
further binds to the DNA causing DNA damage and generating reactive oxygen species, lipid 
peroxidation, and protein oxidation. Subsequently, these are also used as biofilm for various medical 
equipment because it shows significant inhibition of extracellular polymeric substance of bacteria that 
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plays role in biofilm maturation and formation. Antifungal is another application of copper oxide 
polymer nanocomposite; studies have proved that copper nanocomposite is cytotoxic to fungi as well 
[4]. Copper nanoparticle binds to the fungi cell and damages the respiratory enzymes of fungi which 
leads to cellular damage and death. 

Anticancer or antitumor is another very crucial application of copper oxide polymer nanocomposite, 
researchers have already elucidated and experimented with lung, breast, prostate, brain, kidney, and 
liver cancer. Chemotherapy is a treatment process for cancer but it has a lot of side effects and cancer 
cells start to get resistant to the therapy. To counter this nanocomposite-based cancer therapy are 
developed that can reduce all the side effects. However, the methods are not yet fully approved. 
Nanocomposite-based therapy is preferred because of its selective and target killing of only cancer 
cells. The mechanism involved is copper nanocomposite gets ingested orally or injection-wise. Then 
the copper nanoparticle recognizes the cancer cell through specific receptors and binds to the cell. 
Copper ion is released and penetrates the cancer cell. Copper ion generates reactive oxygen species 
causing oxidative stress to the cell and the cell undergoes apoptosis, cell cycle arrest, or cell death. 
Nanocomposites can also be used as drug carriers due to their surface properties and rheological 
improvements and similarly, a biosensor is also one of the fields that nanocomposite has potential 
upon because of their high affinity and specific interaction ability with the biomolecules. Some of the 
common examples of biosensors are glucose, dopamine, cholesterol, and immunosensors. 

Tissue engineering is one of the most emerging and significant developments made in the scientific 
community. Copper oxide nanocomposite also has a role in tissue engineering by developing 
biomaterial and scaffolds. Nanocomposite act as a biomaterial or supporting material for the damaged 
tissue and helps in the formation of new tissue. Because of copper's antimicrobial and biocompatibility 
properties, it becomes more effective as a scaffold or biomaterial. It will not have any risk of 
contamination and infection as well. Some of the common tissue engineering processes are wound 
healing, bone regeneration, nerve regeneration, and cardiac tissue engineering [5]. 

 

Figure 2: Applications of copper oxide polymer nanocomposite. 

To sum up, copper oxide polymer nanocomposite is an excellent biomaterial, antimicrobial agent, 
anticancer agent, etc. Nanocomposite has shown prominent growth in the field of science and 
technology from developing sensors to acting as a cancer therapy. Because of its rheological 
properties such as biocompatibility, stability, lightweight, improved mechanical strength, and optical 
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properties, it is used in a broad range of biological applications i.e., biosensors, anticancer, 
antibacterial, antifungal, tissue engineering, drug delivery, water treatment, etc. Although there are 
several applications for copper oxide nanocomposite, it is clear from every finding and study that 
commercially very less products are available even though copper is very cheap compared to other 
metal oxides. In this regard, researchers should find a strategic solution to overcome these lacunae 
between commercially available products and study proved copper polymer nanocomposite 
applications. Also, the cytotoxicity and anticancer therapy of these nanocomposites should thoroughly 
be studied for pharmaceutical and biomedical applications as well. 
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Abstract 
 

Postnatal wound healing results in scar formation, characterized by the anisotropic alignment of 
collagen fibers as compared to uninjured tissue which has a wavy pattern of ECM fibers. The ECM 
architecture plays an important role in cell behavior, hence we want to probe the effect of 
topographically engineered hydrogel on cells during wound healing. We aim to fabricate a wound 
healing patch that prevents scarring. The patches are topographically patterned to break the cell 
alignment during migration and contraction without slowing down the wound healing process. We 
first simulated the wound healing process using a cellular potts model. A 2D circular wound was 
created to mimic in vitro wound healing process. Micro-scale topographic patterns were laid down in 
the wound area, such that the fibroblast cells could use them as contact guidance while closing the 
wound. The length scale of the patterns is in 100s of micrometers since we are targeting a collective 
of cells instead of a single cell. From the simulations, we calculated the rate of wound closure, obtained 
cell trajectories, and define the degree of scarring. These topographies change the overall pattern that 
is collectively formed by the cells, thereby altering the force distribution in the plane. When the cell 
trajectories are mapped for a time interval of 20 minutes we obtain the instantaneous cell velocity 
and direction of motion. The cell exerts forces on the ECM fibers while migrating, hence we 
hypothesize that the cell trajectories are parallel with the underlying ECM alignment. We observed a 
low level of scarring for patterns that created an offset in the cell directionality and a high level of 
scarring for radial column patterns. We then use these results to fabricate the patterns on Gellan gum- 
GelMA hybrid gels to validate our results. NIH 3T3 and Human dermal fibroblasts are used to perform 
cell culture experiments. Scarring is conventionally treated with drugs and naturally derived ECM 
components. This makes the topographically engineered hydrogel, a simple and cost-effective 
solution for scar-less wound healing. 
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Abstract 
 

Transdermal drug delivery system based on biopolymers are getting momentum in the recent era of 
nanomedicine, since it can ensure optimized therapeutic concentration and reduce the off-target 
toxicity of certain therapeutic agents by avoiding the conventional oral and parenteral routes of 
delivery. Literature suggest, fabricating suitable transdermal drug delivery systems can be really 
helpful to tackle the near skin disease having high metastasis and lethality, such as melanoma. 
This work aims to design transdermal patches based on bacterial cellulose, which is a microbial 
product in the form of a dilute hydrogel composed of semi-crystalline cellulose nanofibers, due to 
their flexible, mechanical strength, and most importantly cutaneous compatibility. This novel material 
has high porosity, which makes it easy to incorporate the therapeutic and other agents, while also 
providing spatial uniformity, vital for reliability and repeatability. Additionally, BC based patch is 
expected to facilitate the prolonged retention time of the drug in contact with the skin, and will not 
engraft with the skin as well as not hamper the drug’s function, making it better than other topical 
applications. However, transdermal administration has a physiological barrier in the form of the 
stratum corneum layer of and this may restricts drugs permeation, based on drug size and surface 
charge, which has to be taken care of. 

The bacterial cellulose pellicles were cultured by inoculating the cellulose producing bacteria 
Acetobacter xylinum in standard HS medium, followed by their numerous modification and then 
loading with the model drug. Afterward, these patches has been subjected to X-ray diffraction (XRD), 
Fourier transform infrared spectroscopy (FTIR), Scanning electron microscopy (SEM) characterization 
techniques for the evaluation of structural information, vibrational features, morphological studies, 
respectively. Following that, release of drug has been accessed with the help of Franz diffusion setup 
using suitable membranes. This study provides information about the scope of BC based transdermal 
patches for enhanced storage and the modulated release of drug in therapeutic regime by taking 
advantage of manipulability in the morphology of bacterial cellulose. 
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Abstract 
 

Age-related macular degeneration (AMD) is the third major cause of irreversible loss of central vision in 
people aged above 60 years due to the dysfunctional retinal pigment epithelium (RPE) and damaged 
Bruch’s membrane. Although tissue engineering strategies target the development of Bruch’s membrane 
mimetic substrates, the challenge still lies in the development of an ultrathin, biologically and mechanically 
equivalent membrane to restore visual acuity. Hence, in-situ forming thiol modified hydrogels were 
fabricated and characterized using FTIR, NMR, tube tilting and Ellman's assays. Further silk-like peptide 
sequence designed, with and without YIGSR end sequence, self-assembled into nanofibers. YIGSR sequence 
mimics the basal laminin layer of the Bruch’s membrane and nanofibers mimics the fibrous architecture of 
the native collagen layer. The fiber diameter of peptides was characterized using SEM and TEM. The 
secondary structures of the self-assembled peptides were evaluated using CD spectra. Furthermore, 
peptides were self-assembled on ultrathin, transparent hydrogel membranes and in vitro cell adhesive 
characteristics, cytocompatibility, and cell proliferation was evaluated using human adult retinal pigment 
epithelial -19 (ARPE-19) cell lines. The functional efficacy restoration of RPE cells like phagocytosis and 
transepithelial electrical resistance on the developed hydrogel was measured. Restoration of tight 
junctions between the ARPE-19 cultured on hydrogel membrane measured by immunostaining of ZO-1 
marker. The developed in-situ forming hydrogel enables clinicians to treat irregular defects using cellular 
bio-ink by semi-invasive surgical procedures. 

 

 

Figure1: [A] Tube tilting assay of in-situ forming hydrogel; [B] Transparent ultrathin hydrogel membranes 
photographic image and SEM images respectively; [C] Bruch’s membrane isolated from goat eye mimics 
nanofibrous architecture peptide nanofibrous assembled on hydrogel membrane respectively & [D] 
Live/Dead images ARPE-19 cells cultured on hydrogel membranes without and with peptide assembly. 
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Abstract 
 

Human Limbal Stromal/Mesenchymal Stem Cells (hLMSCs) is a promising therapeutic approach for 

treating and preventing corneal scars. Current culture methods include FBS which attracts safety and 

regulatory issues, thus there is need for optimization of a xeno-free culture condition and a 3D scaffold 

to mimic the native environment. The study aims to optimize hLMSCs culture in xeno-free (STEM MACS 

XF; SM XF) conditions and 3D scaffold (Alginate and BiogelX). For 2D xenofree culture, limbal tissue was 

obtained from the biopsy of therapeutic grade corneoscleral rims, followed by expansion of primary 

cells till tertiary culture in SM XF and in control media (FBS). The cells were assessed for population 

doubling time (PDT), proliferation ability, phenotypic markers expression using FACS and 

Immunofluorescence according to ISCT guidelines, tri-lineage differentiation, colony forming potential 

and wound healing ability. For 3D culture, BiogelX, a commercially available pre-gel and Alginate pre- 

gel were mixed with equal amount of cell suspension (P3 hLMSCs) and allowed to solidify as per 

manufacturers guidelines. The gel with cell suspension was incubated in DMEM/F12 media fortified 

with 2% FBS, Insulin, EGF and PenStrep and the media was replenished every alternate day. 3D Cultured 

hLMSCs were assessed for MSCs specific phenotype. The xeno-free medium supported growth of 

primary hLMSCs, retaining an average doubling time of 23 hours, morphological and phenotypic 

characteristics. hLMSCs cultured in SM had significantly lower PDT compared to control. FACS analysis 

showed that >90% hLMSCs had CD90, CD73, CD105 and <5% CD34, HLA-DR and CD45 expression. A 

similar expression of Pax6, COL IV (ocular surface marker), stem-cell biomarkers (ABCG2, ABCB5) and 

the mesenchymal biomarkers (VIM, CD90, CD105, CD34, HLA-DR and CD45, α-SMA) was observed in 

both the media. Tri-lineage differentiation potential, Colony forming ability and wound healing property 

of hLMSCs in SM XF was similar to that of control medium. hLMSCs embedded in alginate and BiogelX 

showed positive expression for Pax6+, COL IV+ (ocular surface marker), stem-cell biomarkers (ABCG2+) 

and the mesenchymal biomarkers (VIM+, CD90+, CD105+, CD 34- , HLA-DR- and CD45-). The study shows 

that hLMSCs successfully expand and retain the MSC characteristics in serum-free environment as well 

as has potential to form spheroids in 3D scaffold. 
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Abstract 
 

An alternative autologous vein graft is still clinically needed for small-diameter vascular graft 
applications, such as cardiac bypass. There are still no effective, clinically beneficial synthetic small- 
diameter vascular grafts available. The development of bioceramic/biopolymer-based composite 
materials for cardiovascular tissue engineering is discussed in this research. By using the extrusion 
method, bioceramic polymer nano-composite scaffolds were created. The extruded grafts were 
subjected to numerous analytical techniques to ensure their physical and chemical properties. To 
ensure the suitability of the developed small-caliber blood arteries appropriate for cardiovascular 
applications, in vitro tests were conducted. 
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Abstract 
 

In most solid tumors, the rapid proliferation of cancer cells results in aberrant vascularization and 
a poor blood supply that creates a hypoxic tumor microenvironment [1]. Hypoxia drives tumor 
aggressiveness [2] and is often resistant to many conventional cancer therapies [3]. To increase 
oxygen tension in hypoxic areas, various researchers have investigated micro-and nanobubbles to 

achieve successful therapeutic strategies against different cancer types [4]. However, the knowledge on how 
nanobubbles impede hypoxia-mediated tumor aggressiveness is not yet identified [5]. Epithelial to 
mesenchymal transition (EMT) contributes to tumor aggressiveness by promoting tumor cell invasion and 
migration, induction of stem cell phenotype, and subsequent therapeutic resistance leading to tumor 
recurrence [6,7]. Hypoxia, via HIF signaling, has been documented to induce EMT via expression of 
angiogenic factors, particularly VEGF. We hypothesize that oxygen nanobubbles diminish the hypoxic effect 
by regulating the epithelial to mesenchymal transition (EMT) to prevent the metastasis of solid tumors in 
vitro and in vivo model especially in non-small cell lung cancer, breast cancer and 4T1 mice tumor xenograft 
model. We have treated A549 lung adenocarcinoma and MDA-MB-231 triple-negative breast cancer cell 
lines with 1% oxygen and/or ONB. Gene expression analysis revealed significant downregulation of 
mesenchymal markers and upregulation of epithelial marker in ONB treated hypoxic cancer cells. ONB 
promotes HIF-1α hydroxylation and its proteasomal degradation in hypoxic cancer cells with downregulating 
VEGF expression. In conclusion, proper delivery of ONB inside a solid tumor could be a better therapeutic 
approach to inhibit the hypoxic metastasis by inhibiting the EMT. 
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Abstract 
 

Nowadays, the research in the arena of biomedical engineering or specifically soft tissue 
characterization is rapidly increasing. Due to the complex properties of soft tissues such as, anisotropy 
and viscoelasticity, it is difficult to predict the deformation behaviour. Hence, soft tissue 
characterization is essential to analyze these metrics. Soft tissue characterization, specifically, can be 
done by implementing a planar biaxial tester. Currently, available biaxial testers are mostly developed 
with respect to other mechanical components such as metals, and not for the soft tissues. Also, these 
devices are very costly, which makes it difficult for the low-income countries to perform this 
characterization. To solve this problem, in this work, an extremely low-cost biaxial tester was designed 
and developed. The design of the biaxial tester was simple and modular to allow device modifications 
according to the applications. The device has a force capability of less than 0.4kN and a variable speed 
of 18mm/min to 300mm/min. The biaxial tester was validated using a standard test material with 
mechanical testing machine and was further tested on several wound geometries including circular, 
square, diamond shaped, L-Plasty, and elliptical. The developed fully automated device exhibited high 
accuracy with real-time monitoring. Furthermore, test results on the wounds showed the device’s 
capability to differentiate amongst the considered wound geometries. This device can be helpful to 
medical students and doctors in understanding the mechanical behaviour of soft tissues during injury 
induced damage, disease, wounds healing and also for plethora of applications such as expansion 
testing of skin grafts. 
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Abstract 
 

Exploring repurposing drugs provides innovative therapeutic evidences compared to already known 
research. This strategy takes helpful hand from preceding investments on clinical studies against 
visceral leishmaniasis (VL). Here, we first collected 47 established targets of Leishmania donovani from 
which we have selected 2 targets on the basis of essentiality for the pathogen and sequence similarity 
with humans. One of the target, tryrparedoxin peroxidase provides antioxidant activity along with 
resistance to L.donovani when overexpressed whereas other target, tyrosine aminotransferase 
functions to decrease ROS and intracellular Ca2+ thus preventing apoptosis making them enzymes of 
interest [1,2]. Secondly, drug repurposing strategy was followed by collecting all drugs from DrugBank 
and Drug Central database for novel therapeutic indications. Biological activity prediction, molecular 
docking and molecular dynamics simulation analysis was introduced to discover promising 
repurposing contender to combat VL. With the use of PASS analysis, collected 4867 drugs were 
screened which leads to molecules showing antileishmanial activities. On the basis of parameters like 
binding affinity, number of H-bond, etc. were used to streamline the number of drugs for the proteins. 
For detailed binding mechanism, molecular dynamics simulation will be carried out for both proteins 
and protein-ligand complexes and later on try to visualize the stability of protein with ligands through- 
out the simulation. Subsequently, by the use of MMPBSA analysis, binding free energies of drug 
molecules will be calculated. Thus, drug repurposing can speed up the finding of new therapeutic 
possibilities against the L.donovani resistant pathogen to lessen the financial cost and time in 
discovery of drugs. 
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Abstract 
 

Glioblastoma multiforme (GBM) is a highly invasive grade IV primary tumor of the brain with a median 
survival rate of less than 15 months. The poor prognosis is due to aggressiveness, therapy resistance, 
tumor heterogeneity, and dormancy (1). Dormant tumor cells successfully evade common anti- 
proliferative cancer drugs and exist in a state of single cell dormancy or dormant micrometastasis. 
Tumor dormancy is induced by various factors including chemotherapeutic drugs and interaction of 
tumor cells with extracellular matrix (ECM) and neighboring cells. In particular, biophysical cues like 
physical confinement, strain, ECM deposition, and alignment can induce cellular dormancy (2-4). In 
this study, we aim to investigate the role of biophysical confinement on induction of dormancy in GBM 
cells towards building an in vitro model of GBM dormancy and chemoresistance. Such in vitro models 
serve as a platform for mechanistic studies of disease progression and for drug screening applications. 
In the current work, we have created tunable hydrogels to investigate the role of ECM on GBM 
dormancy. The hydrogels are composed of poly(ethylene glycol diacrylate) (PEGDA) conjugated with 
fibrinogen (PEG-Fb). Increased addition of PEGDA to the PEG-Fb hydrogel precursor creates a denser, 
more crosslinked hydrogel which has higher bulk stiffness, lower mesh size, and reduced accessibility 
of encapsulated cells to the adhesive and proteolytic sites of the fibrinogen moieties. GBM cell lines 
U87MG and LN229 were encapsulated in a range of hydrogel formulations achieved by varying the 
concentration of PEGDA (PEG-Fb + 1% / 2% / 5% / 10% PEGDA). Increasing the relative PEGDA 
concentration resulted in lower integrin engagement of cells with fibrinogen and physical confinement 
of cells within matrix of increasing non-degradability. The dormancy-associated phenotype, metabolic 
activity, and proliferation of the cells were assessed by suitable assays including EdU assay, Live/dead 
assay, XTT assay and F-actin staining and fluorescence imaging. Encapsulated cells in PEG-Fb hydrogels 
displayed characteristic invasive behavior whereas those in PEG-Fb with increasing concentrations of 
PEGDA displayed a restricted morphology (Fig. 1), reduced proliferation and metabolic activity 
resembling a dormant phenotype. This 3D in vitro model will be further used to study drug sensitivity 
and chemoresistance of dormant cells. In the future, this hydrogel platform will serve as a model to 
test efficacy of chemotherapeutic drugs and to screen new drug candidates for GBM treatment. 

 
 

Figure 1: U87MG cells encapsulated in (A) PEG-Fb 
hydrogels and (B) PEG-Fb + 1% PEGDA hydrogels 
after 7 days in culture. Cells in (A) appear more 
invasive, protrusive, elongated, and proteolytically 
active than those in (B) which are rounded, solitary, 
and non-invasive. Scale bar = 100 µm 
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Abstract 
 

The current market necessitates the investigation of new avenues as a cell culture platform with a 
high degree of scalability. Such platforms have the potential to revolutionize adherent cell technology 
in both the industrial and medicinal fields. The manufacturing of vaccines, proteins and 
biopharmaceuticals, and even extracorporeal devices like artificial kidney and livers, all depend on 
large-scale cultures. Our study outlines the characterization and assessment of the commercially 
available cellulose-based textiles for cell culture applications. The textile substrates were fabricated 
using traditional LaserJet printing technology. The physicochemical characterization findings showed 
that all of the fabrics had a simple weave and were made of cellulose. The adhesion, growth, and 
viability of model cells (HepG2 cell line) were all supported by the textiles. These characteristics of 
commercially available textiles, in our opinion, make them a possible choice for the creation of a 
sizable platform for mammalian cell culture. 
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Abstract 

 
Wound healing is a complex process involving various phases. Acute wounds usually heal within few 

weeks, whereas chronic wounds take longer to heal. Chronic wounds are estimated to affect 6 million 

people worldwide1. Bacterial infection and excessive bleeding during healing increases the rate of 

mortality, and the involvement of resistant microorganisms and biofilm formation has been suggested 

as the potential cause of delayed wound healing2. Therefore, antibacterial and antibiofilm activity 

along with rapid hemostasis is employed for the proper repair of wounds and reduction in mortality3. 

Current wound dressings have insufficient efficacy, and the inclusion of antibiotics in dressings 

increases the risk of antimicrobial resistance. An unconventional strategy to treat bacterial infection 

is to target its iron metabolism and nutrition, which is required for bacterial growth and the formation 

of biofilm4. In addition, hydrogels fabricated from materials with inherent antibacterial properties 

have generated significant research interest in wound healing applications for their ability to serve as 

wound healing matrix and to prevent bacterial infections. Based on considerations above, we have 

developed gallium oxide nanoparticle-loaded hydrogels by covalent crosslinking of quaternized 

chitosan and oxidized alginate by biodegradable imine linkages. The gallium oxide nanoparticles were 

fabricated by sol-gel method from gallium nitrate hydrate and characterized by DLS, FTIR, EDS, XRD, 

and SEM. The particle size of gallium nanoparticles was found as 159 ± 5.196 nm. The crosslinking 

efficiency of hydrogels was measured using TNBS assay and found as 94.48 ± 3.34% and the surface 

morphology was investigated by SEM. The rheological studies demonstrated the viscoelastic 

properties of hydrogels along with their self-healing potential. The hydrogels exhibited 110% swelling 

in 48 h and around 52% biodegradation in 7 days. The release of nanoparticles from hydrogel was 

estimated using MPAES. The antibacterial activity of hydrogel was assessed by OD and disc diffusion 

method, and both methods showed 88% activity against E. coli and S. aureus. Antibiofilm assay was 

carried out using crystal violet assay and it was found to inhibit S. aureus biofilm formation by 86%. 

The system developed showed good thrombus formation, and platelet adhesion activities, which 

demonstrated the hemostatic potential of the system. In summary, gallium nanoparticle-loaded 

quaternized chitosan-oxidized alginate hydrogel system developed in this work show a strong 

potential as a multifunctional wound repair system. 
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Abstract 
 

Curcumin, the primary constituent in turmeric, has antioxidant, anti-inflammatory, anticancer, and 
osteogenic properties. Its anticancer function reduces cancer spread, tends to make chemotherapy 
more effective, and protects healthy cells from radiation therapy harm. Curcumin research in humans 
is still in its early stages due to its limited aqueous solubility and poor absorption. To address these 
limitations, a typical strategy is to encapsulate the curcumin nanoparticles with liposome’s for 
prolonged drug release to a specific region in order to reduce cancer cell growth. In this study, we 
used an easily scalable encapsulation approach to produce liposome-encapsulated curcumin 
nanoparticles. The successfully produced material was characterized, and its surface charge, 
microstructure, and stability were evaluated to use the liposome’s encapsulated curcumin as a 
anticancer agent to treat tumors and cancer. 
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Abstract 
 

The long-term use of anti-Parkinson’s drug L-dopa frequently leads to L-dopa induced-dyskinesia and 
several other non-motor flocculants. To alleviate the adverse effect of this DA replacement therapy, 
the concentration of L-dopa must be maintained. In this work, a new and cost-effective method has 
been developed for the quantitative and selective detection of L-dopa via fluorescence turn-on, filter 
paper-based sensing, and electronic measurements. We observed that reduced graphene oxide 
quantum dots (rGQDs) undergo dramatic fluorescence enhancement in presence of L-dopa through 
aggregation-induced mechanistic pathways. The corresponding detection limits were found to be 
1.307µM and 1.217µM for L-dopa in aqueous media and in artificial urine respectively. The gradual 
increase of fluorescence intensity of rGQDs in liquid media with a successive increase in the 
concentration of L-dopa is visualized in presence of 365 nm UV light, which inspire us to develop a 
filter paper strip-based biodegradable and rapid sensor. Moreover, in a different approach, we have 
investigated the change in the electrical properties of rGQD treated PVA films in the presence of an 
increasing concentration of L-dopa to develop flexible and electronic prototype devices. The films 
produce about 2.5 order increase in current conduction at 300μM of L-dopa with a detection limit of 
about 13.136 µM. At the final stage, we designed flexible electronic devices on polyethylene 
terephthalate substrates using a facile fabrication technique and observed significant current 
conduction with increasing concentration of L-dopa. The flexible devices show excellent air stability 
under varied relative humidity conditions as well as high bending stability. 
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Here, aggregation of particles is shown after the interaction in between rGQD and L-dopa that lead 

to aggregation induced emission. Flexible electronic devices were fabricated for the electrical 

sensing of L-dopa. 
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Abstract 
 

Fabrication of functional 3D cardiac patch for myocardial infarction treatment (MI) remains a great 
challenge. Across the globe, Ml is a leading heart disorder affecting blood pumping action due to the 
localized cardiac cell death and extracellular matrix (ECM) remodelling into fibrous tissues. Current 
clinical approach for Ml treatment includes medications, heart transplantation, stem cell therapy, 
bypass surgery and cardiac patch. In order to replace the dead and hard scar tissue with functional 
cardiac patch, tissue engineered scaffolds are being developed by recapitulating mechanical and 
electrical properties of native cardiac tissue by controlling the complex 3D hierarchical organization of 
cells. This could be achieved by combining conventional scaffold fabrication technique electrospinning 
and the most advanced biofabrication tool - 3D bioprinting. In this study, an elastic polymer was 
electrospun into heterogenous nanofibers as support matrix. The electrospun matrix was used as 
support to print cardiac patch using a boink containing primary cardiomyocytes. Bioink properties such 
as printability, crosslinking ability, shear thinning, stability and biocompatibility were determined. 
Further, the bioprinted constructs were tested for tensile strength, degradation, cell proliferation and 
cardiac specific markers. The developed strategy could be used to make functional cardiac patches 
with biomimetic properties towards the treatment of Ml. 
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Abstract 
 

Peripheral nerve injuries (PNI) cause biochemical and electrical imbalances, which lead to improper 
motor activities and coordination. The first-line treatment for PNI is an autograft, which is successful 
only for small-sized injuries. Allografts and xenografts are considered for larger-sized nerve injuries 
(>6 mm for humans), but they fail due to immune rejections and opportunistic infections1. Scaffold- 
based tissue engineering plays a major role in developing nerve tissue-mimic scaffolds to treat 
peripheral nerve injury and accelerate regeneration. However, scaffolds developed using conventional 
techniques have significant drawbacks such as axonal thinning and poor myelin sheath formation 
within the conduits due to neuroma formation, misdirected axonal path, improper nutrient availability 
and poor blood vessel formation2. Three-dimensional (3D) printing (additive manufacturing) has been 
evolving as a viable alternative to conventional tissue fabrication methods due to precision, scalability 
and tunability of desired properties. Although 3D printing has several advantages, it is limited to only 
resolution in micron scale and not in nanoscale, which is required to mimic native ECM architecture3. 
To solve the existing challenges, additive manufacturing has been combined with the electrospinning 
technique for fabricating a novel peripheral nerve conduit (PNC) that integrates nano- & micro-scale 
architectures. These conduits have several advantages, such as an increased surface area for cell 
attachment and orientation with excellent mechanical strength and flexibility. A biocompatible, 
biodegradable and thermoplastic polymer was extruded to print a micrometre-wall thick 3D construct 
using a Fused Deposition Modelling-based 3D printer. A naturally occurring hydrophobic polymer with 
biocompatible and biodegradable properties, was electrospun to deposit aligned polymer nanofibers 
on 3D printed supports to obtain a hybrid construct. The fabricated PNCs were evaluated for physical 
and mechanical properties such as surface morphology, surface property, tensile strength & suture 
retention ability. In vitro culture of Schwann cells (SCs) in the fabricated construct displayed good cell 
attachment and alignment with increased viability and metabolic activity. The cultured SCs over the 
conduits also expressed neural differentiation markers such as S100 and β-tubulin, which confirms the 
potential of the developed nerve construct for effective peripheral nerve regeneration. This fabricated 
PNC will also be tested for in vivo efficacy to treat critical-sized nerve injury in rat sciatic nerve defect 
model. 
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Abstract 

 
The development of graphenated β-calcium phosphate (β-TCP) and its coatings on 316L SS (316L 
Stainless Steel) substrates for orthopaedic and dental applications used an effective physical 
technique. The fabricated material was confirmed by physical and analytical techniques. The improved 
thickness in the coating was observed in the cross-sectional images provided by field emission 
scanning electron microscopy (FESEM). The nanoindentation method was used to evaluate the 
mechanical properties of all coated substrates. At predetermined intervals of 4 and 7 days of 
immersion, the coated samples' corrosion resistance behavior in simulated body fluid (SBF) was 
assessed. The results demonstrate that the influence of SBF immersion on the rate of corrosion 
inhibition is time-dependent in nature. MG-63 cells were used in in vitro cell line experiments to 
determine the samples' cytotoxicity of the samples. Additionally, the SDS-PAGE indicated the protein 
strain in Drosophila melanogaster by separating the polypeptide bands. The materials were developed 
and have the potential to be employed as biomaterials to address and repair defects in hard tissue, 
according to examinations on physical, chemical, and biological outcomes. 
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Abstract 
 

3D bioprinting is a cutting-edge technology to fabricate various tissue constructs by printing bioinks 
layer-by-layer. Natural polymers are widely used as bioinks due to their printability, biocompatibility, 
and biomimetic properties. In the present study, novel bioinks were formulated using natural 
polymers such as methylcellulose (MC), alginate (Alg), gelatin (Gel) which could be crosslinked by 
single (CaCl2) or dual (CaCl2 + transglutaminase (TG)) crosslinking steps. Initially, MC-Gel was prepared 
and the ratio was fixed based on printability studies. Then, the effect of alginate in the MC-Gel mixture 
was evaluated by studying the viscoelastic properties, stability, and printability of bioinks. Printability 
of complex shapes like tubular constructs, nose, kidney, heart, hand, jaw models and letters of our lab 
name TEAM were tested using the prepared bioink combination. Further, the effect of the dual 
crosslinking approach on printed constructs, mechanical properties, and degradation behaviour were 
studied. Moreover, the cytocompatibility of the bioink and crosslinking strategies were evaluated by 
printing mouse myoblasts (C2C12). Cell viability in bioprinted constructs showed > 80%, while dual 
crosslinked constructs demonstrated increased C2C12 cell proliferation with native morphology 
compared to CaCl2 crosslinked constructs. Further, neonatal rat ventricular cardiomyocytes (NVRM) 
were isolated and printed to evaluate the compatibility of the gel to prepare cardiac patches for the 
treatment of myocardial infarction. The developed composite bioink along with dual crosslinking 
strategy could be used in 3D bioprinting of cardiac and skeletal muscle tissues for regenerative 
medicine applications. 

 

Figure. Schematic showing the bioprinting process of MC/Alg/Gel bioink. 
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Abstract 

 
Hypoxia is an important pathological hallmark of the cancer, associated with metabolic alterations, 
cell proliferation, aggressiveness, metastasis, and therapy resistance in cancers. Hypoxia impedes the 
outcome of photodynamic therapy (PDT), which is mainly dependent on molecular oxygen to generate 
cytotoxic 1O2. Here, a near-infrared light activatable, oxygen-generating nanomicellar PDT 
chemotherapy system (mPPCPN Ms) constituted of amphiphilic mPEG-PLA, photosensitizer Ce6, and 
tetravalent platinum prodrug Pt(IV)-diazide was developed for oral squamous cell carcinoma. The 
polymer conjugate self-assemble to nanosize (115 ±2.35 nm) micelles, which, upon irradiation (660 
nm laser), activated Ce6, and photo decomposed to produce cytotoxic Pt(II), azidyl radical, and 
molecular oxygen that alleviated hypoxia in solid tumor. The strategically fabricated PDT- 
chemotherapy produced a strong antitumor response in vitro in oral squamous cell carcinoma and in 
vivo in oral cancer-xenografted mouse models, revealing its significant potential in chemo- 
photodynamic combination therapy with the benefit of reversing hypoxia. 
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Abstract 
 

One of the biggest contributors of disease-associated morbidity worldwide is obesity; in 2017, there were 4.7 
million fatalities attributed to obesity-associated pathologies. Obesity leads to a wide range of 
pathophysiological conditions, such as hyperinsulinemia, insulin resistance, hypertension, and type 2 diabetes, 
among others. The dysfunction of adipose tissue microenvironment is known to play a critical role in obesity. 
Therefore, studying the role of ECM remodeling pertaining to adipose tissue dysfunction can lead to therapeutic 
interventions for various obesity-related diseases. However, current 2D monolayer models are unable to 
accurately recapitulate the properties of complex extracellular matrix. In this study, we aim to establish an in 
vitro three-dimensional (3D) adipose tissue model using engineered tunable hydrogels. The hydrogels were 
fabricated from polyethylene glycol diacrylate (PEGDA) and fibrinogen conjugated through Michael’s addition 
reaction to form PEG-fibrinogen (PEG-Fb). 3T3-L1 mouse fibroblasts (a standard model of preadipocytes) were 
first seeded in 2D culture and the protocol for differentiation towards adipocytes was optimized. Oil droplets 
were visually confirmed through Oil red O staining (Fig. 1). Next, undifferentiated 3T3-L1s were resuspended in 
PEG-Fb polymer precursor at 5 million cells/ml density and crosslinked using lithium acyl phosphinate (LAP) UV 
photo-initiator via 365 nm wavelength light with 30s exposure time at 10 

 

 
mW/cm2 intensity to form cell encapsulated hydrogels. Optimization of differentiation media cocktail and 

protocol for 3D cultured cells was conducted (Fig. 1). Further, viability of long-term 3D culture and metabolic 
activity was performed by Live dead staining and XTT assay respectively. The differences between lipid droplet 
morphology in 2D culture and 3D encapsulated hydrogels was quantified. In the future, immunostaining and 
fluorescence imaging will be performed to evaluate the adipocyte functionality and expression levels of matrix 
proteins like collagen-I and fibronectin. The established 3D platform can be used to study obesity-associated 
diseases in future and can be harnessed as a drug testing platform for pre-clinical studies. 

 

Figure 1: (A) 3T3-L1 cells grown in 2D culture stained with Oil Red O indicating accumulation of intracellular lipid 
droplets after 9 days of differentiation. Scale bar = 20 µm. (B) 3T3-L1s encapsulated in PEG-Fb hydrogel after 
Day 2 of differentiation. Scale bar = 100 µm. (C) Cells display accumulation of lipid droplets within 3D cultured 
hydrogels (white arrows) Scale bar = 20 µm. 
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Abstract 
 

Membrane active peptides are involved in various biological functions. In the last few years, peptides 
have shown promising results as a carrier for drug molecules and in managing microbial, cancer, 
neurodegenerative and various other disorders. High specificity, potency and versatility make these 
peptides ideal for therapeutic applications. However, despite significant advances, the number of 
drugable peptides reaching clinical trials is scarce, indicating the dire need to develop an integrated 
approach to design a peptide capable of overcoming the shortcomings of current therapeutic 
peptides. Herein, we employed an in-silico approach to developing a novel peptide from a marine 
source with cell-penetrating activity and reduced hemolytic activity. Based on the available literature, 
knowledge-based modifications such as shortening of peptide sequence and amino acid substitutions 
have been made in the sequence. In this direction, a novel peptide (PMSN) has been developed by 
modifying Polyphemusin, a well-known peptide from Limulus polyphemus. Molecular dynamic 
simulation studies were employed to understand the dynamics of peptide membrane interaction at 
atomistic scales. 

 
Moreover, our study reports concentration-dependent and time-dependent uptake of PMSN in breast 
cancer cell lines (MDA-MB-231). Furthermore, PMSN acquired an alpha-helical structure in a 
membrane-mimicking environment. Interestingly, low cytotoxicity, ability to deliver protein cargo 
inside cells, and DNA binding ability have opened up various avenues where PMSN can serve as a 
potential nanocarrier for delivery of miRNA for gene silencing and other cargoes for theranostic 
purposes. 

 
 
 
 
 
 
 
 
 
 
 
 
 

        

     

 

 

 

 

 

 

In-vitro validation 

Fig1: Peptide designing and validation 
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Abstract 
 

Stimuli-responsive self-assembly and supramolecular hydrogels derived from peptide amphiphiles 
have opened exciting new avenues in biomedicine1 and drug delivery.2,3 In this poster, I will discuss 
about the importance of TREN-residue in forming anion-responsive hydrogel which allow sequential 
release of embedded drugs. Herein, we found that the tris(aminoethyl)amine (TREN) containing 
amphiphile NapF-TREN, formed injectable hydrogels that could be disrupted upon addition of 
stoichiometric amounts of tetrahedral monovalent anions such as H2PO - and HSO - while addition of 
other anions such as Cl-, HPO 2-, CO 2-, HCO - or SO 2- did not affect the gel-stability. These anion- 
gelator studies showed a 1:1 stoichiometry and revealed that H2PO - anions induced a nanofiber-to- 

 

 
nanoglobule morphological change in the aqueous self-assemblies of NapF-TREN. However, upon 
ageing the samples slow reformation of the nanofibers was also observed, reflecting the reversibility 
of the anion-gelator interaction. The anion- and pH-responsive nature of the NapF-TREN hydrogels 
was exploited to program sequential release of entrapped drugs Propranolol and Doxorubicin. 
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Abstract 

 
A damaged and poorly functional peripheral nervous system (PNS) negatively influences the quality of 
daily life heavily in terms of both money and the mind. Artificial regenerative grafts in clinical use have 
failed to set the gold standard for neural regeneration. These grafts promote fascicular regeneration. 
However, they are not equipped to guide axonal regeneration. Thus, more precise treatment 
technologies are urgently required. We designed a scaffold that promotes fascicular and axonal 
regeneration in damaged peripheral nerves to achieve this aim. Additive manufacturing technology is 
used to prepare a novel axonic regeneration approach-based scaffold with specific functionalization 
for guiding motor neurons toward skeletal muscles. A three-dimensional polycaprolactone polymer- 
based scaffold supports directional regeneration of the axons through morphological and electrical 
cues. It is tailored to direct individual branches of motor axons from the neural conduit toward muscle, 
ensuring good signal transmittance. The structural integrity of the polymeric scaffold, provided by its 
mechanical property, is essential for cell adhesion, proliferation, differentiation, and its overall 
suitability for tissue engineering. The mechanical properties and surface morphology of the scaffold 
are ideal for soft tissue engineering. In-vitro evaluation revealed that the scaffold is biocompatible and 
biodegradable. Specific functionalization of the scaffold enhances the growth of neurites and is 
directed to the target direction. This present study will develop an effective neural scaffold that will 
promote motor regeneration from neurons to muscles. It would allow total regeneration of motor 
neurons with all its interfaces and would not need any further external stimulation to guide the 
regeneration of the motor axons. 
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Abstract 
 

Mesoporous bioactive glass (MBG) has hierarchical pores, viz. nanopores and micropores. This unique 
feature allows the material to carry various bioactive molecules of different sizes. Strontium ranelate 
is used in the treatment of osteoporosis because its ion induces osteoblastic activity (bone formation) 
and inhibit osteoclastic activity (bone resorption). Therefore, strontium can complement the inherent 
osteogenic nature of MBG. Surfactants such as Pluronic® P123, cetyltrimethylammonium bromide 
(CTAB), span-80, and Pluronic® F108 were used to decrease surface tension and as a template 
directing reagent in developing the mesoporous structures of MBG. Like Pluronic® P123, Tween® 20 
is also a non-ionic surfactant which is less explored in fabricating mesoporous structures. In this study, 
we developed a novel strontium doped mesoporous bioactive ceramic (Sr-MBC) using Tween® 20 as 
a template. The following analysis, viz. SEM, Zetasizer, XRD, FTIR, and MTT assay were performed to 
characterize the structural, physicochemical and biocompatibility properties of Sr-MBC powders. The 
size of the prepared ceramics is in range of 1000 to 4000 nm. The samples were amorphous in nature 
along with some secondary crystal formation. According to FTIR spectra, physiochemical properties of 
the mesoporous samples were similar to that of non-mesoporous counterpart. Excellent viability was 
observed for all samples at 10 mg/mL concentration. Further, this novel Sr-MBC should be explored 
in developing a scaffold or combined with a polymer to design a composite for bone tissue 
regeneration. 
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Abstract 

 
The treatment of diabetic wounds from conventional medication is an uphill task as they often have a 
very slow healing process and exhibit an extremely high risk of bacterial infection and poor 
angiogenesis owing to the high-sugar environment in the wound beds. Diabetic wounds become 
harder to treat once bacterial cells form biofilms. Scientists have been trying to accelerate diabetic 
wound healing for decades, which is a difficult task due to chronic inflammation, bacterial infection, 
and poor angiogenesis. There is a dire need for an efficacious treatment to heal and protect the wound 
from bacterial infection. The objective of this study is to develop honey-loaded zwitterionic 
nanofibrous mats having antifouling and antibacterial properties. Honey is a potential candidate as it 
is natural, easily available, and is studied to show antimicrobial and antidiabetic effects. Moreover, 
zwitterionic materials have been used as wound dressing materials as they can resist the adsorption 
of non-specific proteins and bacteria on the surface. The morphological, biochemical, and mechanical 
properties of the synthesized multifunctional scaffold were evaluated. The release kinetics of honey 
and its antidiabetic efficacy were studied. The resultant nanofibrous mat was biocompatible and 
biodegradable. The in vitro studies demonstrated the antifouling and antibacterial activity of the 
scaffold in presence of different bacterial strains. This prepared scaffold appears to be a promising 
alternative for diabetic wound management. 

mailto:debrupa.lahiri@mt.iitr.ac.in


Hydroxyapatite/Methylcellulose/Alginate-based Injectable Hydrogels for 

372 

 

 

Drug Delivery and Bone Tissue Engineering 
 

Eshita Mukherjee1, Chandra Khatua1, Partha Roy2, and Debrupa Lahiri1,3,* 
 

1 Centre for Nanotechnology, Indian Institute of Technology Roorkee, Roorkee-247667, Uttarakhand, 
India, 

2 Department of Biosciences and Bioengineering, Indian Institute of Technology Roorkee, Roorkee- 
247667, Uttarakhand, India, 

3 Department of Metallurgical and Materials Engineering, Indian Institute of Technology Roorkee, 
Roorkee-247667, Uttarakhand, India 

1Email: e_mukherjee@nt.iitr.ac.in, *Email: debrupa.lahiri@mt.iitr.ac.in 
 

Abstract 

 
The invention of injectable hydrogel scaffolds has opened the floodgate for drug release and bone 

tissue engineering applications due to its biodegradability, biocompatibility, ability to mimic 

extracellular matrix, porous structure, permeability to oxygen and nutrient. Most importantly, it can 

be injected directly into cavities, even of irregular shape and size, with minimal invasiveness. Injectable 

hydrogels have been used as scaffolds for tissue regeneration or as carriers for bioactive molecules, 

drugs, proteins and cells to treat diseases and cancers. This study aims to develop a pH-sensitive 

injectable hydrogel that is easily solidified in the defective area within a short period of time in our 

body temperature. The scaffold will offer a 3D template for bone cells to proliferate fast and lay down 

ECM to fill in the cavity, leading to regeneration. In addition, it is also meant to support drug delivery 

for taking care of bacterial infection on-site and repair/regenerate defected/damaged bone tissues. 

Hydroxyapatite (HAp), the main composition of natural bone, has outstanding osteoconductivity. In 

this work, HAp has been blended with the polymeric phase to form pH-mediated injectable hydrogel 

scaffolds. A mineralized hydrogel was prepared by nanohydroxyapatite (nHAp) combine with thermo- 

responsive, polymer methylcellulose (MC), and pH-sensitive sodium alginate (Alg). Calcium chloride 

(CaCl2) was used to trigger the crosslinking of the prepared hydrogel. The synthesized hydrogels have 

shown gelation time within the range of 3-5 minutes at 37oC. The concentration of HA nanoparticles 

was varied to tune the crosslinking behavior, gelation time, swelling behavior, degradability, and 

mechanical properties of the hydrogel. Drug release studies have been done in different pH. In vitro 

studies have also demonstrated its biocompatibility. This prepared injectable hydrogel is very 

promising for the regeneration of irregular bone defects. 
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Abstract 

 
Microspheres-based reservoir type delivery methods have emerged over the past few decades 
focusing on microencapsulation of therapeutic proteins into the core of diverse ranges of natural and 
synthetic biocompatible polymer depots for protein stabilization and controlled delivery for 
therapeutic applications in tissue engineering. But it comes with a few drawbacks like burst release, 
affecting the bioactivity of biomolecules during the synthesis, and inadequate loading efficiency. To 
conquer the drawbacks, we have optimized a delivery vehicle named Sugar Glass Nanoparticles 
(SGnPs) and it has shown improved properties over the conventional carrier systems such as 
protecting the proteins from synthesis-related stresses, rupture-free structure, prolonged release 
behaviour, higher encapsulating efficiency, maintaining the stability and bioactivity of residing 
proteins. In summary, we have synthesized different grades of SGnPs and they are found to be in the 
range of ≈ 760 nm to 3200 nm. Further, using optimal SGnP grade (Size ≈ 760 nm), we have successfully 
encapsulated Bovine Serum Albumin (size of SGnP ≈ 263 nm), Growth and Differentiation Factor-5 
(size of SGnP ≈ 93 nm), and HRP (Horseradish peroxidase). Excellent encapsulation efficiency (93-94%) 
and sustained release behaviour of BSA (~ 22 % - 14 d) and GDF-5 proteins (~ 29 % - 30 d) were 
exhibited by the optimal grades of SGnP constructs. Furthermore, FTIR, DSC, and NATIVE-PAGE studies 
results confirmed successful encapsulation, stability and preserving the structural integrity of proteins. 
Evidently, a very high (93%) residual HRP enzyme activity signified the capability of our SGnP system 
to protect the encapsulated proteins from process-related stresses. In vitro cytotoxicity and 
fluorescence cell morphology analyses using human adipose-derived mesenchymal stem cells 
(hAMSCs) affirmed good cytocompatibility of protein encapsulated SGnPs. These findings were 
proposing the nanocarrier could be an efficient depot for therapeutic proteins and a potential carrier 
in tissue engineering applications. 

 

 

Pictorial abstract 
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Abstract 
 

Foot drop is the inability to lift the front part of the foot during the swing phase of the gait cycle. About 15 million 
people suffer from stroke every year. About 20% of stroke patients suffer foot drop which creates difficulty in 
walking. Foot drop can be corrected by applying electrical pulses to the peroneal nerve via electrodes, also 
known as functional electrical stimulation (FES). Therefore, we have designed a microcontroller-based wearable 
functional electrical system with AI-driven foot lift detection system. The proposed system generates biphasic, 
charge-balanced, biphasic and trapezoidal shape waveform. The system consists of a programmable ESP32 
microcontroller, uniphasic to biphasic converter circuit, current amplifier, high voltage operational amplifier and 
foot lift detection system. The frequency and pulsewidth of the stimulation pulse can be controlled as per the 
user's requirements. In the traditional FES systems, a gait detection sensor is placed inside the shoe sole which 
creates cable complexity, and also, the cable makes the user discomfort while walking. Therefore, a wireless 
foot lift detection-based FES system has been proposed using Deep Learning. The designed FES system will assist 
people who have difficulties with walking due to foot drop. 
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Abstract 

 
Biomechanical signals like stretching, compression, shear stress and matrix elasticity plays an 
important role in the establishment of next generation physiological in vitro tissue models. Matrix 
elasticity basically helps to guide stem cell differentiation, influence healing processes and modulate 
extracellular matrix (ECM) deposition which are needed for tissue development and maintenance. 
ECM is a collection of various components, which has a close relationship with the cells that is hosted. 
Stem cells can be thought of as versatile, unspecialized cells that have the potential either to divide to 
make more stem cells or to differentiate into one or more cell type, usually in response to some kind 
of signal. Ultimately, these cells are used in the hope of addressing the shortfall in the quantity of 
tissue available for transplantation, either alone, as may be the case for replacing lost pancreatic beta 
cells in type diabetes II mellitus, or in combination with a scaffold, as may be necessary in the 
engineering of bone tissue. 

 
Recently hydrogels have emerged to be an effective tool in tissue engineering. Apart from being 
hydrophilic they possess the benefit of being biocompatible and biodegradable. By tuning the stiffness 
of the hydrogel, cell proliferation, morphology, differentiation can be controlled which an important 
aspect for tissue is engineering. For this purpose, we have used vinyl group based hydrogels 
(DMAEMA/HPMA) for this project because they exhibit high elasticity, generating hydrogels with low 
friction. These hydrogels act as attractive substrates for bone tissue engineering, acting as lubricating 
surfaces which will be able to withstand the high mechanical forces imposed on joints. We have 
prepared free radical based hydrogels using HEMA as crosslinker fabricating as pHEMA. The high 
hydrophilicity of pHEMA renders its bio inertness, resisting cell and protein adhesion. pHEMA 
hydrogels are therefore commonly been used as structural scaffolds, directing cellular growth or 
encapsulating cells for delivery. The hydrogels have been mineralized by using different strategies 
which in turn varies their elasticities. The three types of mineralization agents used in the study are 
nHAp (nano-hydroxyapatite), alkaline phosphatase (ALP) and nano clay (MMT). We have analyzed 
and co-related the viability with the mechanical properties of these hydrogels. Through this study we 
will be able to understand the interplay between the different degrees of stiffness caused by 
mineralization and their effect on OBs functionalization. The project will not only improve our 
understanding of how stem cell respond to the biophysical microenvironmental changes but also pave 
a way for the improvement of regeneration potential using materilas. 
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Abstract 
 

Magnesium (Mg) and it alloys attract a lot of attention for temporary implant applications because of 

its outstanding biocompatibility and non-aggressive degradation byproducts. However, the lower 

mechanical properties and the higher degradation rate is a major challenge for the usage of Mg and it 

alloys as an implant material. In this study, the effect of microstructural refinement due to groove 

pressing technique on the mechanical properties and degradation behaviour of ZE41 alloy was 

investigated. The microscopy observation showed a reduced grain size of approximately 25 µm 

(compared to 95 µm for annealed sample) after groove pressing. The produced finer grain after groove 

pressing results in strain hardening and as a result, tensile strength and hardness of the ZE41 alloy 

improved by 17 % and 27 % respectively. The immersion test and potentiodynamic polarization test 

performed in simulated body fluid showed higher degradation resistance of the groove pressed 

sample compared to unpressed sample. The degradation rate decreased by 16 % after groove pressing 

indicating more surface passivity nature of the sample. Therefore, groove-pressing technique seems 

to have the potential to improve both the mechanical properties and degradation resistance of ZE41 

alloy and makes it a more suitable material for temporary implant applications. 
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Abstract 
 

Uncontrolled release of antibiotics, anti-cancer and anti-inflammatory drugs causes undesirable toxic 
effects and accumulation in undesired organs that makes their delivery highly challenging. Field of 
nanomedicine made numerous attempts, and led to development of hydrogels to minimize non- 
targeted toxicity with enhanced bioavailability at desired site. Localized drug delivery system is 
efficient in effective entrapment of wide range of drugs while maintaining its localized slow and 
sustained release. Therefore, we developed non-immunogenic and biocompatible bile acid-derived 
low molecular weight hydrogels using the self-assembled properties of bile acid. Bile acid, lithocholic 
acid and cholic acid, were conjugated with dipeptide sequences, and screened these amphiphiles for 
hydrogelation properties. Interestingly, Cholic Acid-Glycine-Glycine (CA-GG) showed low gel strength, 
high spreadibility and high elasticity making it suitable for topical delivery of steroidal drug 
(betamethasone) and antibiotics (ciprofloxacin) to mitigate psoriasis and bacterial infections, 
respectively. Furthermore, Lithocholic Acid-Glycine-Glycine showed high gel strength, high elasticity, 
and can entrap cocktail of anti-cancer and anti-tuberculosis drugs while maintaining their sustained 
release to target cancer and tuberculosis. LCA-GG provides the additional advantage as it stays for 
~20 days after implantation. In my poster, I will present the development of bile acid-derived 
hydrogels and its biomedical applications. 
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Abstract 
 

Uncontrolled bleeding in the battlefield and the operation rooms can lead to serious injuries, trauma 
and even be life threatening. Keratin is reported to be a haemostatic material which rapidly activates 
thrombin followed by activation of fibrinogen leading to the formation of insoluble fibrin. Also, 
platelets, the main initiator of haemostasis are reported to adhere to keratin. However, the major 
limitation of pure keratin as a biomaterial is its poor physical property and corresponding low 
mechanical strength. To overcome this problem, in this study, keratin was extracted from human hair 
bio-waste and crosslinked with alginate using 1-ethyle-3-(3-dimethylaminopropyl) carbodiimide 
hydrochloride (EDC). Keratin was extracted from hair by the reduction method using sodium bi- 
sulphite with yield of 43.49% and thiol content of 0.152 ± 0.01mM. FTIR and CD study for extracted 
keratin confirmed that essential functional groups and the secondary protein structure of keratin were 
conserved during the extraction process respectively. FTIR study and Ninhydrin assay for of keratin 
alginate dope evidenced successful chemical-crosslinking by the mean of crosslinker EDC. The dopes 
with different keratin-alginate ratios were extruded in a calcium bath to form fibers. Microscopic 
images of fibers showed uniform morphology of fibers with an average diameter of 90-100 µm. 
Thermo gravimetric analysis of keratin alginate calcium fibers proved that fibers are highly stable up 
to 100ºC and 50% weight loss has occurred at 200ºC during the experiment and can be said to have 
good thermal stability. The fibers demonstrated instant keratin release and then the release was 
sustained for a long period of time which makes the fibers appropriate for instant blood clotting and 
the haemolytic potential is very low. Blood was drawn in citrate vacutainers for the whole blood 
clotting test, blood clotting kinetics and potential tests and platelet aggregation microscopic 
evaluation. The crosslinked fibers could accelerate blood coagulation in 3 mins compared to that of 
pure alginate fibers and tissue culture plate and can stabilize the formed blood clot within 30mins. 
Thus, biomaterials derived from keratin can have potential application to combat un-restrained 
bleeding in biomedical engineering. 
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Abstract 
 

Cancer is one of the leading causes of death worldwide, with breast cancer being the most common 
malignancy among women. Several factors increase an individual’s risk of being diagnosed with breast 
cancer, one of them being the endothelial-mesenchymal transition (EndMT). During this transition, 
endothelial cells (ECs) undergo transdifferentiation towards a myofibroblast lineage, displaying 
altered morphology, phenotype, and gene expression under inflamed and dysregulated conditions. 
Transformed ECs promote tumor cell proliferation and invasion through cell-secreted factors and 
biochemical signaling mechanisms in a microenvironment of enhanced stiffness. Understanding the 
molecular mechanisms involved in these processes is necessary to design therapeutic strategies. Such 
strategies can help ameliorate the detrimental effects of EndMT, and thereby lead to inhibition of 
breast cancer progression. Herein, we have designed a 3D in vitro tissue-engineered platform using 
biosynthetic hydrogels for mechanistic investigation of this phenomenon. We employed a PEG- 
Fibrinogen (PEG-Fb) hydrogel-based network made by conjugating fibrinogen with functionalized 
poly(ethylene glycol) diacrylate (PEGDA) for establishing an in vitro tissue-engineered model of the 
breast tumour microenvironment comprising breast cancer cells (MCF7 & MDA-MB-231 cells) and ECs 
(HUVECs/EA.hy926). The biological domains in the fibrinogen backbone provide attachment motifs for 
ECs as well as biodegradation sites. We synthesized stiffer hydrogel with less adhesivity and 
degradability by incorporating a co-monomer n-vinylpyrrolidone (NVP) (5 or 10 mM) (Fig.1). The vinyl 
group of NVP crosslinks with the acrylate end groups of PEGDA using 365 nm wavelength light in the 
presence of lithium phenyl-2,4,6-trimethylbenzoylphosphinate (LAP). Alternately, addition of 1% or 
2% PEGDA to the PEG-Fb precursor also leads to enhanced crosslinking, altered swelling, and increased 
stiffness of resulting hydrogels. The rheological characterization, swelling ratio and the degradation of 
the hydrogels were carried out (Fig. 1). The platform will further be used to study the biochemical and 
biophysical process involved in the transformation of the endothelial cells. Finally, the model will be 
used to test several candidate anti-cancer drugs. Overall, this study will aim to establish anti-EndMT 
treatment strategies as a viable approach to supplement conventional chemotherapy-based 
treatments. 
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Abstract 
 

Water is one of the most valuable asset of nature and key element necessary for basic functioning of 
all living organisms. The increasing surge in industrialization and urbanization is one of the leading 
cause and has extensively expanded the rate of contamination of fresh water sources complicating 
regular life of humans and pristine ecosystems as water pollution causes sharp drop in dissolved 
oxygen. The effluents produced are inevitable consequence and in arid and semi- arid regions where 
water is a limiting factor the effluents are being used for irrigational purposes in agriculture and agro- 
forestry practices by farmers. Dairy industry is one among such commodious industries. Although 
dairy industry is not commonly associated with severe environmental issues but its environmental 
impact should be monitored and considered. Compared to the rise in milk industries the treatment 
protocol followed for dairy waste disposal is abysmal, as some industry plant disposes off the waste 
water without any or minimal treatment into the environment using poor techniques like dumping 
into crude tanks or containment ponds, landfills, rivers, fields causing hazardous outcomes including 
underground seepage and contamination of fresh water bodies. Compared to domestic waste water 
dairy effluents contains 10 to 15% more organic matter. High concentration of organic matter leads 
to depletion of dissolved oxygen supply for aquatic organisms due to oxidation by microorganisms. 
Stringent requirement grows as awareness of the importance of improved standards of dairy waste 
water treatment increases. In our study we used anaerobic digestion to degrade dairy waste and 
biogas yield using microbial consortium isolated from dairy waste collected from study site MULCO 
(Multi- Commodity Producers Cooperative Union), Aizawl Mizoram. Anaerobic treatment are 
generally employed owing to the significant drawbacks of aerobic treatment plants. 
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Abstract 
 

Bio-analytes have long served as diagnostic tools for the detection of various progressive and 
persisting diseased conditions. Renal disorders and associated pathological conditions significantly 
contribute to the global mortality rate. Kidneys are primarily entitled to the role of excretion of 
metabolic waste comprising urea, uric acid and creatinine. The concentration of these bio-analytes in 
blood/serum and urine is estimated quantitatively in a routine health check-up to observe renal 

efficiency. Deviations in the concentration of these bio-analytes from the standard is an indicative of 
kidney malfunction. The current lab-based testing employed for their quantification, although reliable, 
is time-consuming, cumbersome and expensive. Here, we propose a novel methodology incorporating 
Nano-Trap Enhanced Raman Spectroscopy for quantitative estimation of these analytes in urine 
samples. The proposed approach allows for the rapid, non-invasive, and simple quantitative 
characterization of bio-analytes. 
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Abstract 
 

Treating cancer is a big challenge; on many occasions, no single therapy has been proven successful. 
Therefore researchers are using combination therapies to cure cancer effectively. The hypoxic 
condition of the tumour environment makes it challenging to have the effect of therapeutic molecules. 
In this situation a combination of photothermal therapy and chemotherapy might be very useful. Here, 
we have developed an ultrasonic atomizer-based silk nanocarrier system for breast cancer targeting 
for combination therapy. These nanoparticles were used for the delivery of the photothermal and 
chemotherapeutic molecules, ICG and doxorubicin (DOX). ICG-DOX mediated chemo-photothermal 
therapy is an emerging integrated approach which is used to treat solid as well as metastatic cancers. 
For breast cancer targeting, these ICG-DOX loaded SNPs are tagged with anti-HER2 antibodies via the 
surface conjugation method. The selectivity of the tagged SNPs was checked in-vitro in the HER2 over- 
expressing cell lines. The tagged ICG-DOX loaded SNPs showed higher cellular uptake of the 
therapeutic agents and cytotoxicity in the breast cancer cells in comparison to the untagged SNPs. 
Thus, this study present an effective strategy for the targeted delivery of the therapeutics against 
HER2+ breast cancer cells. 
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Abstract 
 

Synthetic hydroxyapatite [HA; Ca10(PO4)6(OH)2] is a well-researched bioceramic material because of its 
chemical similarity to the inorganic constituent of bone, which accounts for nearly 70% of its mass. 
However, several attempts of cationic and anionic substitutions are continuously being made in order 
to produce HA with increased compositional resemblance to the biological apatite, hence providing 
an improved therapeutic potential for bone regeneration. In the present study, multi-ion substituted 
HA was synthesized using the wet chemical precipitation route followed by calcination at various 
temperatures and dwell periods. The samples were characterized using X-Ray Diffractometry (XRD), 
Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscopy (SEM) and Energy 
Dispersive X-Ray Spectroscopy (EDX) to ascertain the structural, molecular, morphological and 
compositional properties of doped-HA. Three-dimensional structures of as-synthesized bioresorbable 
HA material with interconnected pores (and a defined strut size and spacing distance) were fabricated 
via an extrusion-based 3D bioprinter. A biocompatible and biodegradable polymeric binder was 
chosen for preparing the bioink with doped-HA powder, and a double-stage sintering profile was 
followed to remove the binder as well as densify the green scaffolds. The scaffolds were then assessed 
in vitro to predict their suitability in bone tissue regeneration. The biodegradation behaviour of the 
sintered scaffolds was evaluated via immersion study in modified simulated body fluid, and their 
structural integrity was determined via compression testing. The bioresorbable HA-based 3D printed 
scaffolds possess significant biocompatibility and biomechanical characteristics, rendering them 
potentially useful for treating bone defects. 
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Abstract 
 

Implants are used to restore bone functionality in larger bone defects by substituting native bone 
structure. The enhancement in the performance of metallic bone implants based on Commercially 
Pure Titanium (CP-Ti) by the incorporation of Cerium (Ce) ions to the surface is evaluated in the 
present work. The addition of Ce ions to the CP-Ti plate surface is done by a simple two step chemical 
treatment method with high concentration of NaOH and subsequently treated with different molar 
concentrations of ceric nitrate solution followed by heat treatment at 600 0C. The modified surface 
were examined with Field Emission Scanning Electron Microscope (FESEM), Scanning Electron 
Microscope - Energy Dispersive X-ray analysis (SEM-EDX), X-ray Photoelectron Spectroscopy (XPS), 
laser raman spectroscopic technique, High-Resolution Transmission Electron Microscopy (HR-TEM) 
and Atomic Force Microscopy (AFM). The formation of nano-network structure on the surface and the 
replacement of Na ions by Ce ions along with the different phases of TiO2 was evident from the surface 
characterization results. Presence of two different oxidation states of intercalated cation of Ce (Ce3+ 
and Ce4+) and improvement in the roughness profile is also distinct in the modified samples. These 
surface properties which in turn improved the biological properties. The samples were tested for cell 
cytotoxicity, cell adhesion, cell mineralization and protein adsorption and it was found that the surface 
nano-network structure incorporated with Ce ions showed low cytotoxicity, good cell adhesion, 
enhanced extracellular mineralization with better protein adsorption, making it a promising candidate 
for bone implant applications. 

 

Figure 1: Schematic represents the workflow 
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Abstract 

 

The present study is an attempt to develop a zinc oxide (ZnO) decorated titania (TiO2) nanostructured 
layer over Ti metal by a simple chemical and thermal treatment method. Ti metal upon sequential 
chemical treatment with sodium hydroxide and zinc nitrate solution generated a nanostructured 
network layer enfolded with Zn2+ ions. Subsequent heat treatment up to 500 °C favoured the 
formation of ZnO and anatase TiO2 while increasing the temperature to 600 °C resulted in the 
formation of ZnO and ZnTiO3 along with anatase TiO2. This nanostructured layer showed significant 
improvement in the hardness after heat treatment at 600 °C as measured by the nano-indentation 
technique. ZnO formed over the anatase TiO2 layer showed excellent antibacterial activity against 
both gram positive Staphylococcus aureus and gram negative Escherichia coli and was also found to 
be non-toxic towards MG-63 osteosarcoma cells. Hence, ZnO/ZnTiO3 modified anatase TiO2 over Ti 
metal is anticipated to reduce the risk of bacterial infection and enhance the proper functionalisation 
through its metabolic and cellular signalling and can be useful in dental and orthopaedic fields. 
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Figure 1: schematic representation of Ti metal treated with sodium hydroxide and zinc nitrate 
solution followed by different heat treatment temperatures – A complete experimental work flow 
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Abstract 
 

Antimicrobial peptides (AMPs) are a class of small peptides that are found in almost all organisms and have 
been known to show activity against bacteria, fungi and viruses. They can also act as Cell penetrating 
Peptides (CPPs) - small peptides that can cross the biological membranes and also carry various cargo 
molecules along with them. Our lab has been working with AMPs against various pathogens and CPPs. LDP- 
NLS (Latarcin derived peptide – Nuclear Localizing Sequence) is one such peptide that has been derived 
from spider (Lachesana tarabaevi) venom peptide; Latarcin-1. It has CPP activity and has also shown 
antimicrobial activity against fungus - Fusarium solani. Here we further report its activity against 
Mucorales- the fungi behind the occurrence of Mucormycosis, also known as the black fungus disease. LDP- 
NLS has shown activity against following mucorale species- Rhizopus azygosporous, Rhizopus oryzae, 
Mucor indicus, Mucor circinelloids, Cunninghamella bertholletiae. Inhibition in hyphae elongation in 
Rhizopus azygosporous was observed. It has also shown the uptake in spores and hyphae of these fungal 
species. Further, in order to know more about the mechanism of action, the morphological changes caused 
by the peptide on fungal spores were visualized via Scanning Electron Microscopy. Time kill kinetics showed 
the time dependant killing action of the peptide. These initial leads form the basis to further explore the 

mechanism of interaction of the peptide with these fungi. 
Graphical Abstract: 
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Abstract 

 

Additive manufacturing (AM) of bone defect model is booming up in biomedical domain as it could develop 
customized implants with high degree of dimensional accuracy. Ti6Al4V (Ti64) alloy based implants are widely 
used in hard tissue implant applications, since they are good in biocompatibility and having minimal stress 
shielding effect. However, the osseointegration property of the Ti64 alloy and its corrosion behavior in body 
environment is poor when compared to ceramic based implants. Hence, in this work surface modification using 
alkaline treatment had been carried out to the 3D printable Ti64 powders to construct a thin porous network 
layer over the surface of powder. To enhance bioactivity and antimicrobial properties, different elements like 
Ca and Ag were successfully incorporated in the network structure and their subsequent phase formations were 
analyzed using Raman spectroscopic technique. The surface properties of the different modified Ti64 alloy 
powders were evaluated using SEM, XPS, HR-TEM and other characterization techniques. Optimized surface 
modification conditions of Ti64 powder were subsequently applied to the 3D printed Ti64 plate samples. Unlike 
Ti64 powder, plates also formed fine porous nano-network structure when subjected to alkaline treatment and 
the network structure remained stable even after subsequent Ca(NO3)2 and AgNO3 solution treatment followed 
by heat treatment at 600˚C. Thus chemically modified 3D-Ti64 plate showed increased corrosion resistance in 
3.5% NaCl medium, superior antibacterial activity against two different bacterial strains Staphylococcus aureus 
and Escherichia Coli. In-vitro cell studies using MG-63 cell lines proved that the modified surface is biocompatible 
and can be used in hard tissue applications. 
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Abstract 
 

The present work attempted to modify and develop biocompatible, bioactive and antibacterial 
Ti6Al4V (Ti64) alloy powder by using a simple alkali treatment followed by ion exchange method. Thus 
modified Ti64 powders were analyzed using Raman spectroscopic technique to identify the formation 
of different phases of titania (TiO2) and titanate (TiO3

-) compounds during sequential treatments with 
NaOH, Ca(NO3)2 and AgNO3 solutions. In addition to that, FE-SEM analysis was also carried out to 
confirm the formation of porous surface during NaOH treatment and its stability during subsequent 
chemical and heat treatments. The incorporation of calcium and silver on the porous surface has been 
depicted using FESEM elemental analysis. The nanostructured morphology of the porous outer layer 
with the decoration of silver nanoparticles (AgNPs) was evidenced by using HR-TEM analysis. Thus 
modified Ti64 powders showed good antibacterial and cell compatible properties. After executing 
various characterization techniques, the developed anti-microbial and bioactive alloy powders were 
subsequently used in the fabrication of composite scaffold using lyophilization technique. The pore 
structure, distribution and its morphology were clearly analyzed using SEM analysis. Finally, the 
composite scaffold was evaluated for its in-vitro cell toxicity study towards MG-63 cell lines using MTT 
assay and cell adhesion studies. The results proved that the fabricated composite scaffold is non-toxic 
and can be used as a potent material in tissue engineering applications. 
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Abstract 
 

In tissue engineering, scaffolds serve as a framework for cellular adhesion and proliferation. These 
scaffolds are fabricated by optimizing a number of process parameters, and changing these 
parameters is expected to alter the physicochemical, mechanical, and biological properties of the 
scaffolds, which will have an impact on cellular behavior. Thus, investigations into how different 
process parameters affect the characteristics of scaffolds made of gelatin and carboxymethylcellulose 
(CMC) have been carried out. These scaffolds were fabricated using the freeze-drying technique while 
taking into account the process parameters and optimizing to the concentration that gave an expected 
homogenous solution. The scaffolds thus fabricated were used to determine the effect of process 
parameters on various properties of the scaffold, such as the mechanical strength, porosity, swelling 
ratio, degradation rate, and cellular activity. FTIR and XRD characterizations were done to identify the 
presence of the utilized biomaterials. The mechanical property and degradation rate had a great 
impact with the change in porosity, which in turn was regulated by the process parameter. Scanning 
electron microscopy was used to visualize the surface topography and porosity that greatly had an 
impact on the cellular behavior of the scaffold, especially towards cellular adhesion and proliferation. 
This has been substantiated by performing in-vitro cell culture assays. The results obtained from these 
physicochemical, mechanical, and biological characterizations helped us to arrive at the conclusion 
that the process parameters are crucial in regulating various properties of the scaffolds fabricated. 
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Abstract 
 

Accumulation of misfolded and aggregated proteins in brain is the major biological process involved 
in variety of neurodegenerative disorders (NDs) such as Alzheimer disease (AD) and Parkinson disease 
(PD)1. There has been enough reportage manifesting two species of amyloid aggregates viz., oligomers 
and amyloid fibrils responsible for the development of NDs. However, clinical failures in curing NDs 
may be associated not only with late diagnosis and poor drugs, but perhaps most importantly, focusing 
on the inappropriate targets viz., amyloid fibrils solely. Instead, it has been postulated that transient, 
metastable oligomeric intermediates may be more neurotoxic and pathogenic due to their direct 
interaction with the lipid bilayers, causing disruption of cell membrane by creating pore like structures. 
Also, amyloidogenic potential of proteins is stirred up by short, hydrophobic stretches of amino acid 
residues which have high tendency to form β-structures. The sequence identified in Aβ (1–42) is 
KLVFFA which is competent to form fibrils. Similarly, a hexamer of human islet amyloid polypeptide 
(IAPP), NFGAIL (residues 22–27), K peptide of Hen egg white lysozyme (HEWL) corresponding to 
GILQINSRW (residues 54–62) are potent of protein aggregation and amyloidosis2. In order to target 
these amyloidogenic stretches constituting majorly of bulky apolar residues with hydrophobic side 
chains and aromatic rings, we have substantially designed Caffeic acid coated gold nanoparticles (CA- 
AuNPs) and glucosamine (Gln) functionalized CA-AuNPs (Gln@CA-AuNPs). We follow the approach of 
simultaneous targeting of early and late aggregates of non-pathogenic protein which may serve as a 
better therapeutic strategy for the treatment of NDs. Here, we have reported the synthesis and 
protective effect of Gln@CA-AuNP on the oligomeric and fibrillar fraction of hen egg white lysozyme 
(HEWL) in comparison with dopamine conjugated gold nanoparticles (Dop@CA-AuNP) and caffeic acid 
conjugated gold nanoparticles (CA-AuNP). Gln has been reported to readily penetrate the blood-brain- 
barrier (BBB) and this also acts as an effective osmolyte. A recent study has reported that ~25% of 
brain glycogen is Gln, thus suggesting Gln has broad implications for understanding of neurological 
changes associated with aging. NP designing has been done keeping in mind the hydrophobic 
interactions taking place between the NPs and the aggregated species of proteins for efficient 
inhibition of amyloidosis. Hence, to monitor the protective behavior of Gln on protein aggregation 
related diseases, the activity of gold nanoparticles modified with phenolic (CA-AuNPs) and amino- 
sugar (Gln@CA-AuNPs) units respectively has been studied for curtailing the aggregated species 
associated with NDs. 
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Abstract 
 

Silica (SiO2) is the most abundant elemental form of silicon present in the environment. The plant 
absorbs silica with water in the form of silicates and deposits it into roots, leaves, and stems. Such 
phytogenic silica (PhSi) reinforces plant cell walls, aids in environmental stress resistance, enhances 
plant mineral and water uptake capacity, and plays an important part in plant defense mechanisms. 
Natural silica resources offer a low-cost, environmentally friendly option for isolating silica for usage 
in medicinal and material fields. In this study, we have isolated plant-based crystalline silica 
nanoparticles (NPs) which are mesoporous. These NPs have undergone surface modification with 
biomolecules viz., cysteine, cysteamine, n-acetyl cysteine, and glutathione that enhances its 
physicochemical properties viz., solubility, stability, specificity. Further, characterization of all the 
formed NPs was done using transmission electron microscopes (TEM), scanning electron microscope 
(SEM), Fourier transform infrared spectroscopy (FTIR), Powder X-ray diffraction (P-XRD), X-ray 
photoelectron spectroscopy (XPS), Brunauer–Emmett–Teller (BET). These NPs were loaded with 
antibacterial agents and have shown good antibacterial and antibiofilm activity against E. coli and S. 
aureus. In continuation with its antibacterial activity, these NPs also exhibited good cytocompatibility 
with NIH-3T3 fibroblast cells. 
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Abstract 
 

κ-carrageenan is one of the seaweed-derived polysaccharides commonly used in the food additive and 
pharmaceutical industry. In this work, we study the gelation of 0.25-2 % w/v κ-carrageenan with KCl, 
CaCl2, and mixed salts by rheology, FTIR, and SEM. We observe a synergistic increase in storage 
modulus by adding mixed salt of KCl and CaCl2. We then assess the printability of these hydrogel inks 
using an extrusion-based method. The rheological properties of the printable gels were studied at 
different stages of the printing process. We conducted the 3D printing of the salt-induced gels using 
an Allvei 3D printer, and printing parameters were optimized to obtain maximum pore printability. A 
simple mathematical model predicted the thermoresponsive ink’s filament width. Multiple shapes 
(cylinders, polygons) and multilayer scaffolds were 3D printed to observe the printing complexity of 
the inks. A live/dead assay of human lung cancer A549 cells seeded on printed scaffolds was conducted 
to observe cell viability > 95 %. These carrageenan gels show potential to be developed further as inks 
for the 3D printing of scaffolds for tissue engineering applications. 

 
Keywords: κ-carrageenan; hydrogels; rheology; 3D printing. 

 

Figure: 3D printing of cylindrical grid scaffold and multilayered cube using salt-induced κ-carrageenan 
gels, and seeding of human lung cancer A549 cells on printed scaffolds, live cells visualized in green 
color (stained by Calcein-AM), scale bar = 200 μm. 
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Abstract 
 

Fabrication of biomimicking biomaterials for targeting bone regeneration has been blooming since the 
development of 3D bioprinters. Currently, the treatment for diseases such as severe osteoarthritis and 
osteonecrosis is joint replacement by allografts or prostheses. Being non-self, they display several 
disadvantages. 3D bioprinting of biomaterials offers concrete solutions to these problems. In this 
study, a composite bioink containing denatured albumin loaded with nanofibrous polyelectrolyte 
complexes (of gelatin and chitosan) along with alginate was fabricated. Here, the self-assembled 
nanofibrous PECs of gelatin and chitosan are hypothesized to mimic the ECM molecules in the native 
tissue. The bioink was optimized for printing a three-dimensional scaffold by using a modified 
extrusion-based 3D printer and crosslinked by calcium chloride solution, post-printing. The effect of 
the concentration of the PEC nanofibers on biocompatibility was reported. MG63 osteosarcoma cells 
exhibited cell growth and proliferation upon increasing the PEC concentration. Quantitatively, the cell 
viability after the MTT analysis was >90% for all the samples, indicating the potential of the developed 
bioink in tissue engineering. Besides biocompatibility, the physico-chemical and mechanical properties 
of the bioink are under study. Furthermore, the bone regeneration potential of the bioink under in 
vitro and in vivo conditions will also be evaluated. 
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Abstract 
 

Wound infections are associated with patient morbidity and death, which account for 70–80 percent 
of mortality in poor countries due to its chronicity, microenvironment complications and cost- 
ineffectiveness. Therefore, there is an ongoing quest for inexpensive wound dressing with a 
formulation of biocompatible and biodegradable natural polymers that will provide a suitable micro- 
environment by having antimicrobial, haemostasis, bio responsive and biomimetic properties (2). 
Bacterial load and oxidative stress are the major extracellular complications in chronic wound therapy. 
So reducing these stresses from the wound micro-environment can significantly induce the healing 
property. Carbohydrates are widely used components of drug delivery systems due to their 
availability, biocompatibility, and biodegradability. Forming a hydrogel by crosslinking two polymers; 
oxidized pullulan and quartinized chitosan, can help to reduce the bacterial burden (3) and oxidative 
stress (4). Quartinization of chitosan increases its antibacterial effectiveness and promotes its ability 
to heal wounds. (5). In the other hand oxidation of vicinal diols to di-aldehydes in pullulan backbone 
is significantly inducing the antibacterial property against Gram-positive bacteria Stahylococcus 
aureus, which appears to be the most common colonizer in the early stages of wound infection. 
Pullulan itself did not exert any significant bactericidal effect on S. aureus but upon oxidation of 
pullulan, exerted a significant 97% bactericidal effect at a concentration of 18.75µg/ mL by altering 
the membrane potential and preventing biofilm formation. Oxidized pullulan also doesn’t have 
cytotoxic effect in mammalian cells. Additionally, miR200b anti-sense oligonucleotide (ASO) delivery 
enhanced vasculogenic fibroblast formation that leads to wound angiogenesis which was blunted in 
diabetic skin. Therefore, conjugating anti-sense oligonucleotide (ASO) with these polymers could be 
an attractive therapeutic approach for the management of chronic diabetic wound. 
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Abstract 
 

Carbon Black is a form of solid carbon. It is formed in highly controlled processes to produce aggregates of 
carbon particles. The particle varies in size, aggregate size, shape, porosity and surface chemistry. Carbon 
black is employed extensively in industries example, in rubber production industries including non-rubber 
applications such as ink. It is known that carbon black nanoparticle has its toxic effects in lung. The black 
substance produced from cigarette is a carbon black nanoparticle. It is also known that smoking cigarette 
leads to intestinal inflammation, but the etiological pathways are still unknown. In this study, we have 
investigated the effect of carbon black nanoparticle on intestinal epithelial cells. Caco2, an intestinal 
epithelial cell has been used for this study and was exposed to carbon black nanoparticle and parameters 
like MTT, ROS, LDH, Apoptosis assay and barrier integrity was assayed. Further, cell signalling assays will be 
performed for detailed understanding. 
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Abstract 
 

Dry eye disease (DED) is an emerging health problem affecting millions of people worldwide. The 
current treatments for DED include lubricating eye drops and topical anti-inflammatory agents1. These 
drops have low drug bioavailability and hence needs to be administered frequently2. Attaining a 
substantially long-lasting treatment with better drug bioavailability to treat ocular surface diseases is 
challenging. This study aimed to investigate the uptake and delivery of the anti-inflammatory drug 
Resveratrol by commercially available contact lenses using soaking method for dry eye disease 
management. A total of 5 different commercially available contact lenses were investigated, including 
3 silicone hydrogels and 2 conventional hydrogel lenses. Lenses were soaked in 0.01% resveratrol 
solution for 24 h, and the concentration of resveratrol in the solution was determined by UV 
absorbance at 305 nm at specific intervals. Subsequently, lenses were placed in 0.9% buffered saline 
and the release of drug was measured over 72h at 305 nm. Silicone hydrogel contact lenses 
demonstrated stronger affinity for resveratrol with higher loading and also strongly retained 
resveratrol for prolonged release as compared to the conventional hydrogel contact lenses. Silicone 
hydrogel lenses demonstrated sustained resveratrol release while maintaining an optimum 
concentration required for the management of inflammation in dry eye disease. Therefore, the use of 
commercially available silicone hydrogel contact lenses as a resveratrol delivery system in a daily wear 
scenario may be beneficial for dry eye management. 

References : 
1. Asbell, P.A., 2006. Increasing importance of dry eye syndrome and the ideal artificial tear: 

Consensus views from a roundtable discussion. Current Medical Research and Opinion 22, 2149– 
2157. 

2. Bachu, R.D. et al., 2018. Ocular drug delivery barriers—role of nanocarriers in the treatment of 
anterior segment ocular diseases. Pharmaceutics. 10(1):28. 

mailto:minal.thacker11@gmail.com
mailto:sayanbasu@lvpei.org
mailto:viveksingh@lvpei.org


398 

 

 

 

Hyaluronic acid conjugated thermoresponsive polymer system as a 
therapeutic formulation for healing and regeneration of impaired epithelial 

barrier associated with inflammatory bowel disease 
 

Ayushi Mairal1, Shreya Mehrotra1 and Ashok Kumar 1,2,3,4* 
 

1 Department of Biological sciences and Bioengineering; Indian Institute of Technology Kanpur, 
Kanpur 208016, UP, India, 

2 Centre for Environmental Science and Engineering, Indian Institute of Technology Kanpur, Kanpur 
208016, UP, India 

3The Mehta Family Centre for Engineering in Medicine, Indian Institute of Technology Kanpur, 
Kanpur 208016, UP, India 

4Centre for Nanosciences, Indian Institute of Technology Kanpur, Kanpur 
208016, UP, India 

1Email: mayushi@iitk.ac.in ; *Email: ashokkum@iitk.ac.in 
 

Abstract 
 

Inflammatory bowel disease (IBD) is a chronic inflammatory condition of gastrointestinal tract which 

is associated with life-long morbidity for affected patients, and both the incidence and prevalence are 

increasing globally. Impairment of intestinal epithelium is a characteristic feature of IBD that cause 

leakage of bacteria and antigens from intestinal lumen and thus results in persistent immune 

activation. Therefore, healing or restoration of epithelial barrier is a promising therapeutic target for 

IBD therapy. Currently, IL-22, R-Spondin1, and EGF are a few therapies that have been developed for 

epithelial barrier regeneration. However, these therapies have moderate effects and often cause off- 

target systemic side effects and malignancies as they are systemically administered in patients. Here, 

in this study we developed a therapeutic polymer formulation by chemically conjugating a smart 

polymer i.e., poly(N-isopropylacrylamide) along with a therapeutic biomolecule hyaluronic acid to 

obtain a sprayable, thermoresponsive and mucoadhesive polymer formulation to preferentially target 

damaged epithelial barrier for its healing and regeneration. This therapeutic formulation forms a thin 

polymer coating on the intestinal barrier at physiological temperature due to its temperature 

responsive and mucoadhesive properties. Moreover, the therapeutic, and regenerative potential of 

the polymer formulation was evaluated in a static ex-vivo and, a perfusion bioreactor-based epithelial 

injury model. Results from these studies suggest that, beyond providing the symptomatic relief, this 

polymer formulation works as a topical intestinal barrier regeneration therapy to achieve deep 

remission in IBD. 
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Abstract 
 

Three-dimensional bioprinting technology, especially extrusion bioprinting, has provided a versatile 

method for fabricating native tissue mimicking constructs that can be utilized for clinical applications. 

Nevertheless, obtaining ideal cell viability and good printing fidelity remains a challenge in many 

bioinks with high viscosity in the case of extrusion-based bioprinting. In this work, we have developed 

a polyelectrolyte complex-based fibrous thermogelling bioink that not only mimics the natural bone 

extracellular matrix architecture but also ensures improved cell adhesion resulting in high cell 

proliferation. Physiochemical characterization of the bioprinted scaffolds has shown a minimal 

swelling ratio with optimal degradation and mechanical properties. Also, a reduced gelation time 

ensures good printing resolution of the scaffold. The developed bioink has sol to gel transition 

property at physiological temperature, therefore, encapsulated cells are protected from shear stress 

while the printing process. The live-dead assay using confocal microscopy confirmed negligible cell 

morbidity of MG63 cells encapsulated in the printed scaffolds. MTT cytotoxicity assay also confirms 

>90% cell viability. FESEM micrographs revealed the highly porous architecture of the 3D printed 

scaffolds. Furthermore, the potential of the fabricated scaffolds as implants for bone regeneration (in 

vitro and in vivo) is under evaluation. This study can be regarded as a potential template for intra- 

operative bioprinting due to the inherent thermogelling properties of the developed bioink at 

physiological pH and temperature. 
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Abstract 
 

In biological system reinforcement due to the internal stress is of utmost significance and forms the 

foundation of numerous biomechanical pathways and tissue integrity. For example, cells strengthen 

their contiguous matrix by dragging on collagen and fibrin fibers and molecular motors promote rapid 

fluidization and dynamic stiffening of the cytoskeleton by pulling thin actin filaments associated with 

bundles of myosin. Herein, we demonstrate a sophisticated synthetic method for creating stimuli- 

responsive stiffening network of peptide-polymer conjugates that exhibit numerous hierarchical 

controls. Dynamic Schiff base crosslinking of semi-flexible peptide fibers with thermo-responsive 

poly(N-isopropylacrylamide) copolymer endows a covalent network. Owing to the lower critical 

solution temperature (LCST) of the polymer, the conjugates exhibit a macroscopic heat-stiffening 

response by producing inner stress through a coil-to-globule transition. Moreover, the covalently 

crosslinked network intensely stiffens in retort to applied shear stress that can be further ramped up 

in the peptide fibers. Further, outstanding biocompatibility of the materials with fibroblast cell lines 

validates their suitability as biomimetic and adaptable materials. Overall, the synthetic networks 

exhibit non-linear mechanical behavior with the exponents that match with the actinomyosin network 

and has features analogous to biopolymers ubiquitous in cells and tissues. 
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Abstract 
 

Dry eye disease (DED) is a complex multifactorial disease of the tears and the ocular surface that 
causes inflammation and discomfort affecting the lifestyle of the people. Lacrimal gland (LG) 
dysfunction or loss of lacrimal tear secretion can lead to a condition known as aqueous deficient DED. 
Artificial tears and lubricating eye drops are the mainstream treatment strategies used, but it provides 
only a palliative care to the patient as it doesn’t address the underlying pathology of the condition. 
Lacrimal gland regeneration using stem cells is a promising approach for curing DED in these patients. 
Here we report the presence of mesenchymal stem cells (MSCs) within healthy human lacrimal glands, 
which can be a potential source of MSCs for LG regeneration in patients. Lacrimal gland derived 
mesenchymal stem cells (LG-MSCs) were characterized and compared with an already established 
MSC population, limbal MSCs. MSCs were characterized using immunofluorescence, flow cytometry, 
trilineage differentiation ability, and colony forming efficiency. Flow cytometry of LG-MSCs showed 
positive expression (>97%) of MSC positive markers, CD90, CD105, CD73 and did not express (<3%) 
the negative markers CD45, CD34 and HLA-DR. Also, these cells were capable of forming colonies and 
were able to differentiate into osteocytes, adipocytes and chondrocytes in vitro. MSCs are known to 
act on the target cell by secreting certain trophic factors, extracellular vesicles or exosomes. Here we 
isolated and compared the extracellular vesicles from LG-MSCs by kit method and ultracentrifugation. 
EVs were characterized using electron microscopy, dynamic light scattering and western blotting for 
its specific markers. EVs isolated by ultracentrifugation had particles of similar size distribution 
compared to the EVs isolated by kit method and hence a better method for isolation of EVs. 
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Abstract 
 

Plant-based hydrogels have wide application as scaffolds in tissue engineering and regenerative 
medicine due to their low cost and excellent biocompatibility. Scaffolds act as vehicles for cell-based 
therapeutics and regenerating diseased tissue. While there is a plethora of methods to generate 
hydrogels with tunable properties to mimic the tissue of interest, 3D bioprinting is a novel emergent 
technology with the capability to generate versatile patient-specific scaffolds typically embedded with 
tissue specific cells. Alginate hydrogels are a popular choice, especially in extrusion-based 3D 
bioprinting, however owing to their poor mechanical strength and degradation render this material 
inefficient in its native form. Additionally, the effect of various printing process parameters on 
mechanical strength and bioactivity is poorly understood. In the present study, we investigate the 
composite biomaterials and its effect on mechanical, physical and biological properties. We also 
investigated printability of composite hydrogels with the aim to understand the correlation between 
various printing process parameters such as printing pressure, printing speed, infill density, infill 
pattern and nozzle gauge and its effect on mechanical, physical and biological properties. Our results 
showed that the composite hydrogels had competent mechanical properties and suitable bioactivity 
when seeded with H9C2 cardiomyocytes. Rheological analyses provided a broader insight into the 
required viscosity for bioprinting and has a direct correlation with the composition of the hydrogel. 
Thus, the composite materials are found to have tissue-specific mechanical properties and may serve 
as a better, cheaper and personalized alternative to existing scaffolds for the fabrication of engineered 
cardiac tissue. 
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Abstract 
 

Drug delivery through microneedle technology is being investigated in the previous decade 
extensively. They can deliver molecules transdermally with minimum pain and invasion and enables 
self-administration. Polymeric microneedles offer wide range of advantages such as biocompatibility, 
biodegradability, and cost-effectiveness. However, poor mechanical property of the polymeric 
microneedles and lack of scalable fabrication techniques are the major challenges before successful 
translation of polymeric microneedles. Though there are existing fabrication techniques like micro 
molding, photolithography, and additive manufacturing, they require expensive equipment and 
facilities increase the cost of manufacturing. Herein, we proposed a methodology to integrate 
chemical and mechanical post processing on FDM printed Polylactic acid (PLA) microneedles to 
develop microneedle patch. For this purpose, PLA microneedles are 3D printed and processed using 
an optimized solvent treatment process followed by mechanical turning to generate polymeric 
microneedle patches with desired dimensions. The microneedle patch is characterized for tip size 
through optical and SEM and its ability to penetrate has been tested along on skin fantom through 
texture analyzer. Also, microneedle patch design also plays a significant role in efficient drug delivery. 
Hence, it is optimized through FEM analysis using solid mechanics model and drug diffusion models. 
The optimized microneedle patches were incorporated with drug and were used for invitro drug 
delivery. This is a relatively easy and scalable technique to fabricate microneedle array for transdermal 
drug delivery. 

 

Figure1: Schematic of integrated chemical and mechanical post processing for PLA microneedle 
fabrication 
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Abstract 
 

Osteochondral defects occur at articular joint sites which exhibit biologically functional gradients of 
bone and cartilage tissues. In vivo bioprinting can be used to generate scaffolds that mimic 
osteochondral tissue containing a gradient of chondrocytes and osteocytes and can serve as a method 
for treating osteochondral defects. It is a promising alternative to conventional in vitro bioprinting 
techniques providing advantages like directly on-site printing, decreasing post-print maintenance 
costs, and chances of contamination. Here we report the development of a bioprinter for in vivo 
bioprinting. The bioprinter is capable of printing graded scaffolds of any required geometry on any 
irregular surface. It is easy to use, lightweight (approx. 170 g), and can print a filament of diameter 
within a range of 600-900 µm. The user can control the printing speed or the filament extrusion speed 
within a range of 1-5 mm/s for a piston speed of 0.09-0.2 mm/s. The scaffolds printed through the 
bioprinter showed good cell viability and proliferation post-printing. Therefore, the developed 
bioprinter can be a potential medium to regenerate graded biological tissues directly in vivo. 
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Abstract 
 

Sutures or stitches are used to keep close the edges of any wound or cut made during surgery to stop 
further bleeding and heal the wound. However, these sutures are prone to infection over time and 
involve other complications such as further tissue damage. Developing a biomaterial-based bio- 
adhesive that allows suture-less wound closure could help diminish problems associated with sutures 
and stitches. We are developing gelatin/tetrakis(hydroxymethyl)phosphonium chloride (THPC)-based 
bio-adhesive that can be used to seal open wound sites or as a surgical sealant. Novel hydrogel 
comprised of the materials mentioned above was optimized to be used as a potential bio-adhesive for 
tissue adhesion. For examining cytotoxicity, Murine fibroblast (L929) cells were used which showed 
good viability and proliferation. Fibroblasts maintained their viability when seeded directly onto the 
surface of the hydrogel; cells were also observed to penetrate the hydrogel. Scanning electron 
microscopy and confocal microscopy have been conducted to analyze the microstructure of the 
hydrogels. For physical and mechanical characterization, ATR-FTIR of materials, texture analysis by 
compression, and swelling studies of hydrogel were conducted showing optimum results. Thus far, 
the developed hydrogel has shown excellent properties and has the potential to be used as a bio- 
adhesive. 
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Abstract 
 

Globally, osteoarthritis is the 4th most significant cause of incapability in women and 8th in men. A 
hundred million people worldwide suffer from disability due to osteoarthritis. The development of 
osteoarthritis (OA) is closely related to the joint's decreased ability to lubricate, where articular 
cartilage loss is cumulative and permanent, and subsequent inflammatory responses are the main 
mechanisms. This research focuses on creating composite hydrogel using a semi-synthetic hydrogel 
known as gelatin-methacryloyl (GelMA) and kappa-carrageenan to support the adhesion, migration, 
and proliferation of human mesenchymal stem cells (hMSCs) by creating a microenvironment that 
promotes cell growth. GelMA is a flexible, biocompatible polymer that adheres well to the cartilage 
matrix. It is expected to seal and smooth superficial cartilage defects, thereby providing therapeutic 
cells for tissue regeneration. These hydrogels can be photo-crosslinked using a photoinitiator Irgacure 
2959 and offer cells the optimum biological environment, such as RGD motifs for adhesion. These 
composites have been tested to compare ECM of articular cartilage via FTIR, SEM-EDS analysis, AFM, 
rheology experiment, tensile test, swelling and degradation study. Further stem cell proliferation and 
differentiation have been conducted using cellular assay and PCR analysis. In the present study, we 
illustrated the ability to synthesise GelMA hydrogels with a certain degree of functionalisation (DoF) 
and modified them for the intended use as a three-dimensional (3D) cell culture platform. 

 
Keywords: Osteoarthritis, GelMA, Biomimetic, Cartilage defects, Human mesenchymal stem cells, 
Tissue regeneration. 
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Abstract 
 

Neurological disease comprises a varied group of disorders of the central and peripheral nervous 
systems, which are conceded as the leading causes of death and disabilities worldwide. Existing 
treatment options give symptomatic relief only and are unable to halt the disease progression. Stem 
cell-based regenerative medicine offers hope for many patients and has become an alluring approach 
to developing therapies for such conditions. The distinguishing features of Mesenchymal Stem Cells 
(MSCs) make them among the most desired cell sources for stem cell therapy. In a similar strive, the 
trans-differentiation of Adipose-derived human Mesenchymal Stem Cells (ADMSCs) into neurons was 
achieved within 2 days. The protocol employs a cocktail of chemical inducers in different 
combinations, including Brain-derived neurotrophic factor (BDNF), Epidermal growth factor (EGF), and 
Nerve growth factor (NGF), in induction media. The differentiated neurons were characterized based 
on morphology and immunocytochemistry study. They have shown excellent morphology with long 
neurites and synaptic connections and essential neuronal markers to validate their identity. The 
results may make a significant contribution to cell replacement therapy for neurological disorders. 
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Abstract 

 
The potential for the scaffold to be used in bone tissue engineering mainly relies on the biomaterials 
chosen, the techniques employed, and the properties attained through these aspects. When it comes 
to this application, the scaffold must have mechanical strength as that of bone and remain stable for 
at least six months until the neo bone formation. The use of freeze-thaw cycles for physical 
crosslinking is one method for improving the scaffold's mechanical properties. Polyvinyl alcohol (PVA), 
one of the excellent materials for enhanced elasticity, undergoes physical crosslinking through freeze- 
thaw cycles. The addition of polyethylene glycol (PEG) to this material has improved the material's 
mechanical properties through increased crystallization and structural stability through hydrogen 
bonding whereas hydroxyapatite (HA) gives the bone's natural microenvironment. The optimized 
concentration of these components was used for the fabrication of the composite scaffold through 
physical crosslinking by freeze-thaw cycles. The scaffolds thus fabricated were characterized for 
determining its physicochemical and mechanical properties such as in-vitro degradation assay and 
reswelling studies. It was found that the scaffold secured its stable state such that only 50% of it had 
begun to deteriorate even after 160 days thereby meeting the primary criteria. On the other hand, 
the mechanical property of this scaffold remained outstanding in both dry and wet state in addition 
to which it behaved as a reversible scaffold in wet state that could elongate on stretching and regain 
back to its original state when left free. These properties made this scaffold very unique that met the 
primary criteria of a scaffold designed for bone tissue engineering. SEM imaging enabled the 
visualization of the morphology of the scaffold’s cross-microporous structure. As per the intended 
application, the scaffolds' ability to support mesenchymal stem cells' cellular proliferation and its 
differentiation to osteogenic lineage has been studied. Thus, the combined outcomes of the physical, 
chemical, and biological characterizations demonstrated the unique properties of the fabricated 
scaffold that includes remarkable mechanical strength and stable degradation rate thus making it ideal 
for its application in bone tissue engineering. 
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Figure: Steps in manufacturing CAR-T cells along with its application and targeting of antigens in treatment of 

hematological malignancies. Acronyms used: CAR: Chimeric Antigen Receptor cell; B-ALL: B-cell Acute 

Lymphoblastic Leukemia; CD19: B-lymphocyte antigen CD19, also known as Cluster of Differentiation 19; NHL: Non- 

Hodgkin Lymphoma; CML: Chronic Myelogenous Leukemia; CLL-1: C-type lectin like molecule-1; AML: Acute 

Myeloid Leukemia. 
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Abstract 
 

There is an increasing reliance on modern cancer therapies and immunotherapeutic approaches such 
as immune checkpoint inhibitors and adoptive cell therapy (ACT), which includes tumor-infiltrating 
lymphocytes (TILs), T cell receptor (TCR)-modified T cells, and chimeric antigen receptor (CAR). Among 
these therapies, CAR-T cell therapy has generated widespread interest in oncology following several 
clinical successes in patients suffering from chemorefractory B cell malignancies. It provides a unique 
approach to redirecting T cells against distinct tumor antigens. However, it does not have a clearly 
defined protocol for production as it is a novel treatment. A rough protocol for CAR-T cell production 
has been outlined. One of the challenges of manufacturing clinical-grade CAR-T cells under Current 
Good Manufacturing Practices (cGMP) is that it is a bioprocessing bottleneck. Removing this 
bottleneck will allow CAR-T cell therapy to reach a global patient population. CAR-T cells have a wide- 
ranging application in the treatment of cancer. The first trials on B-ALL patients were conducted at 
MSKCC with conditioning chemotherapy of cyclophosphamide only. In the case of CML patients, CAR- 
T cells that target the IL-1RAP protein have demonstrated the ability to selectively target the quiescent 
CML stem cells in various preclinical studies. Apart from CML, CAR-T cells can also be used to treat 
Acute Myeloid Leukemia (AML). For example, CD7 targeting CAR-T cells has shown an effective 
cytotoxic effect against AML. 
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Abstract 

 
Fatigue life and failure of denture teeth and denture base materials have not yielded any fruitful 
results for the dental community. Composite materials used in crowns make them more durable than 
some other types of cosmetic dental crowns. Composite Resin Crowns are typically the least expensive 
option when it comes to selecting a dental crown material, but they come with the disadvantage that 
resin can wear down more quickly than other material types because of their poor mechanical 
properties. Now a day in Dentistry acrylic polymer resins and polymethylmethacrylate are most 
commonly used in crowns and dentures. On the other hand, naturally occurring Limpet teeth derived 
from Marine Snail species have higher mechanical properties and biocompatibility nature which can 
be a good alternative for the fabrication of composite dental crowns. This study aims to develop limpet 
Teeth Based composite resin by a robust Preparation technique and evaluate its mechanical 
properties for Dental application. 
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Abstract 
 

Yearly 20 lakh people suffers from chronic kidney failure in the US and almost 1.75 lakh people are on 
chronic dialysis in India, due to the lack of kidney donor. The mortality rate is also increasing over the 
years due to kidney failure. Hence, kidney assisting device like haemodialyzer, Bio-artificial kidney are 
coming as a viable option to overcome these challenges. Although these devices are helpful, high cost 
and reduced quality of life of the patients is still a challenge. At the fundamental level, nephron, the 
functional unit of the kidney, works as a concentrator of unwanted materials in the body; it filters the 
unwanted molecules from blood and concentrate those molecules in the collecting duct, which is later 
dispelled as urine. Mimicking the function of nephron is the biggest challenge in developing Bio 
artificial kidney. Developing a functional mimic of nephron on a microscale through microfluidic 
platform can assist in developing nephron mimicking kidney dialyzer. Here, we are proposing a 
microfluidic platform that will concentrate solutes based on passive pumping method. Microchannel 
network in PDMS is integrated with sandwiched semipermeable membrane wherein flow will occur in 
microchannels of the two PDMS blocks. Counter current flow of two differently concentrated fluid 
cause’s the osmotic potential gradient, which in turn leads to concentration of the specific solute. One 
of the PDMS based microfluidic block is connected to an evaporation pump, maintaining continuous 
flow in the microfluidic channel and making the device function without any external source of energy. 
This process is an improvement over the traditional hemo dialysis process as it is energy efficient, cost 
effective and mimics the functions of the kidney. This will help researchers to understand the interplay 
of different physio-mechanical forces acting inside kidney and possibly lays an innovative path for 
development of artificial kidney. 
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Abstract 
 

In recent years, MXene has emerged as a potential 2D biomaterial for biomedical 

applications. However, exfoliation of Mxene and subsequently stability of nanosheet in an aqueous 

system is a challenge that limits its application. Further, there is a need of improving the 

biocompatibility of MXene for specialized applications like tissue engineering or drug delivery. To 

surmount these problems, we have developed a simple method of making stable aqueous 

suspension of 2D MXene nanoflakes with improved biocompatibility by serum proteins-induced 

delamination of MXene layers under sonication. The process leads to the generation of serum 

proteins-modified Mxene nanoflakes of uniform size distribution which remain stabilized in an 

aqueous solution by electrostatic interaction at the molecular level. We have checked the stability of 

the system through optical spectrometry, dynamic light scattering, and zeta potential measurement. 

The layer thickness and morphology of the serum proteins-modified MXene nanoflakes were checked 

by electron microscopy and atomic force microscopy. The nature of the interactions of MXene and 

the serum proteins was deciphered by FT-IR spectroscopy, Raman spectroscopy, and XPS. Further, 

using different cell lines, we should in vitro that serum proteins-modified MXene nanoflakes are more 

cytocompatible than bare MXene. We evaluate its potential as a nanocarrier for the delivery of 

antimicrobial, anticancer, and photosensitizer invitro using different models. In conclusion, the study 

showed that the process can successfully generate biocompatible, aqueous dispersible MXene 

nanoflakes suitable for therapeutic, diagnostic, and theranostic applications. 
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Abstract 

 
Wounds heal through a complex process of wound healing cascade, and any disruption in the normal 
functioning of the cascade can cause a non-healing wound, also known as a chronic wound. Chronic 
wounds have standard physiological features in the form of infection, high pH of the wound site, and 
difficulty in healing. Wound dressings are commonly used to reinforce the wound healing cascade and 
play an essential role in the process, especially for chronic wounds. Sponges are a category of 
multifunctional wound dressings known for their moisture retention, exudate absorption properties, 
ability to load bioactive agents and controlled release of said agents. A convenient method of mass- 
producing sponges is through lyophilization. In the present study, the lyophilization parameters were 
assessed for uniform and homogenous polymer matrix production. Then, the effect of incorporation 
of citric acid into the sponge scaffold made was studied. The chemical stability of the matrix after the 
incorporation of acid was verified using Fourier transformed infrared spectroscopy. Scanning electron 
microscopy was used to assess the porosity of the sponges produced. Swelling behaviour in water was 
characterized to understand the water uptake properties of the material, and water vapor 
transmission rate was measured to understand the moisture retention capacity. As the prepared 
sponge is envisioned to dissolve in contact with the wound exudate, the dissolution rate of the 
prepared sponge was measured. Finally, the effect of different concentrations of acid incorporated 
was studied to know the kinetics of acid released from the polymer matrix. 
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Abstract 
 

In current scenario, the World is facing a profound and emerging problem of plastic pollution which is 
deteriorating the human life and affecting the environment in terms of land and ocean pollution. The 
petroleum-based plastics are non-degradable, can sustain for 1000 of years and poorly recyclable. 
Therefore, there is an urgency to develop degradable plastic which are easy to fabricate, eco-friendly, 
and safe for use. In this work, poly(vinyl alcohol) (PVA)-based supramolecular plastics capable of 
degrading in soil are fabricated by simple blending of egg albumin (EA) and functionalized egg albumin 
(FEA) in PVA solution (hereafter denoted as EP or FEP). The EP/ FEP plastics are cross-linked by simple 
heating at 60℃ which forms disulfide linkages that will physically hold the PVA chains via inter 
connecting peptide linkages. The EA was modified using ethylenediamine tetraacetic dianhydride 
(EDTAD) to replace its lysyl groups with carboxyl groups which results in enhanced swelling ability and 
transparency of the plastic films. EP/FEP plastics exhibit a yield strength of ∼16 MPa/∼14 MPa, which 
is 3 times higher than the yield strength of plain PVA plastics ∼6 MPa. Importantly, the EP/FEP plastics 
are degradable in soil and can sustain their structure up to 3 months. Further, it is expected to use 
these EP/FEP plastic bags as an alternative to the polyethylene bags. 
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Abstract 

 
Poly (ADP-ribose) polymerase (PARP) inhibitors belong to a new class of drugs that primarily target 

tumours with DNA repair abnormalities, primarily involved in a variety of biological functions, 
including DNA repair. They have a direct effect on base excision repair, which is thought to be 
a key mechanism for cell survival in several type of cancers such as breast, brain, prostate, 
etc. These are active members of the DNA repair assembly and have evolved as a crucial target 
in the identification of anti-cancer drugs. The study was focused on forty-six phytoconstituents 
(alkaloids, Flavonoids, Polyphenols, Terpenoids, Saponins, Ligans, Steroids, Polyketides, and organic 
chemicals) to screen their activity against cancer therapy. The molecular interactions were analyzed 
between phytoconstituents and PARP Inhibitors (PDB ID: 5DS3) by using, Maestro 12.3 version. 
Molecular studies were performed by In-silico ADMET screening by Qik Prop module, Glide module 
and MM-GBSA binding free energy calculations. PARP Protein-5DS3 showed good binding affinity 
towards the phytoconstituents (Naringin & Ellagic acid) than the commercially available PARP 
inhibitors such as Talazoparib, Olaparib, Niraparib and Rucaparib. The binding free energies of natural 
PARP inhibitors determined by the MM-GBSA test were consistent. Physico-chemical and 
Pharmacokinetic (ADMET) properties, of natural PARP inhibitors were carried out and found to be 
acceptable range. Our findings indicate that phytoconstituents, have the potential to be further 
investigated as PARP inhibitors 
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Abstract 
 

Currently, antibiotic-resistant bacterial infections have become a severe problem in the field of 
infectious diseases. There is a contentious urge to develop alternative antimicrobial strategies and 
antimicrobial agents to prevent and treat infections to counter antimicrobial-resistant organisms. 
Many researchers have investigated the mechanism of bactericidal and antifungal activity of carbon 
nanodots. The electrostatic interactions between CND and bacterial cells can destroy the bacterial cell 
wall. A high amount of reactive oxygen species (ROS) produced by them can cause bacterial protein 
and lipid damage by peroxidation and damage to genetic materials. Degummed water is one of the 
major silk-textile industrial wastes, majorly containing water-soluble biomolecules, which also have 
recognized antibacterial properties. In this study, degummed wastewater-based carbon nanodot 
(DwCND) was produced from industrial degummed wastewater containing carbon-rich biomolecule 
as the precursor and was applied for antibacterial application. A simple one-pot, microwave-assisted 
carbonization method was used to produce DwCND. The Particle size was measured through 
Transmission Electron Microscopy (TEM) and Dynamic Light Scattering (DLS). The obtained DwCND 
exhibited strong antimicrobial properties due to the presence of surface charge provided by functional 
groups, such as carboxyl, amino, and amide. The surface functional groups of DwCND have been 
characterized by X-ray diffraction (XRD) and Fourier transform infrared (FTIR) spectroscopy. The 
antibacterial activity of the DwCND has been assessed using the disc diffusion method, showing a 
broader zone of inhibition than degummed wastewater and Povidone Iodine keeping as control. This 
nanomaterial also has demonstrated bacteriostatic activity in time-dependent studies, exhibiting 
strong broad-spectrum antimicrobial activity against both gram-positive and gram-negative strains 
within one hour of incubation. The bacterial cell viability assay has shown ~99.999% of reduction with 
a log kill value of ~ 5. The interaction and destruction of the bacterial cell wall have been examined by 
the Scanning electron microscopic images and TEM micrographs of bacteria cells. Overall, sericin-rich 
degumming wastewater from the silk textile industry can be utilized to produce cytocompatible as 
well as hemocompatible nanoparticles for antibacterial application. 
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Abstract 

 
The recent progress on NIR-based phototherapy has provided new opportunities for developing 
multimodal platforms for photo thermal, photodynamic therapy, and theranostics. One of the 
strategies for developing such a multimodal system is to make an appropriate molecular platform 
that can host a variety of active molecules and drugs essential for performing those activities. In this 
regard, self-assembled supramolecular structure of proteins has started gaining attention because of 
its versatility to interact, binding or hold numerous bioactive molecules and ions suitable for 
performing multiple tasks. One of the additional advantages of such self-assembled supramolecular 
structure of proteins is its biocompatibility and bioactivity. Such self-assembly of the proteins are 
often been induced by multivalent metal ions of group 'd' or 'f' blocks. Keeping that perspective in 
mind, We have developed a serum albumin-indocyanine green (ICG) supramolecular structure 
induced by bivalent group 'd' metal ion. The ICG has a high binding capacity for serum albumin and 
can work as an efficient NIR photosensitizer. The formation of the supramolecular structure was 
characterized by UV-Vis spectroscopy, intrinsic fluorescence measurements, ThT & ANS binding 
assays, and CD spectroscopy. The study showed metal ion-induced aggregation of the serum protein 
complex through the change in protein's native configuration and formation of beta-sheets. There is 
a significant increase in the hydrophilicity in the complex with the change in secondary structure. The 
morphology analysis indicates the formation of protofibril-like structure. The NIR-induced activation 
of the complex was checked using 808nm Laser. Biocompatibility of the complex was tested in 
vitro using 3T3 cell lines through various studies. The photodynamic and theranostic properties of the 
supramolecular complex were tested in vitro. From the study, it is evident that the proposed 
supramolecular complex can be used as a NIR responsive novel multimodal platform for diagnostics, 
therapy, and theranostics. 

 

Figure: Design and development of Metal ion-induced supramolecular assembly of protein- 
photosensitizer complex for therapeutic, diagnostic and theranostic application 
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Abstract 

 
Most ophthalmic drugs are topically administered due to the simplicity of formulation, minimal 

storage limitations, and ease of drug delivery by most patients, but the bioavailability of drugs to the 

posterior segment of the eyes is <10%. A porcine cornea is considered the standard for testing new 

drugs but has a short shelf life, limiting its applicability. The porcine model is also not an exact mimic 

of the human cornea. A cell-free in-vitro epithelial barrier model would be ideal to conduct numerous 

and repeated drug-permeability tests, thereby supplementing drug discovery studies with an 

inexpensive, cruelty-free alternative to animal tests. Here, we have attempted to mimic the corneal 

epithelial barrier by impregnating phosphatidylcholine in a thin free-standing polystyrene-based 

nanofiber membrane. Further, the membranes were exposed to a simulated shear stress condition 

generated by ultrasonic frequencies to mimic the hostile in-vivo environment of the cornea owing to 

its characteristic shape, rapid blinking, an external liquid film called the aqueous humor on the cornea, 

and lacrimal drainage. The characterization of the fabricated membrane revealed good swelling, 

degradation, and mechanical property profiles. The imaging of the fabricated membrane was done by 

Scanning Electron Microscope. The surface chemistry was evaluated by FT-IR and contact angle by a 

goniometer. The surface chemistry of the membrane was further optimized to mimic the overall cell 

membrane chemistry. The permeability profile of reference drugs through the fabricated membrane 

 

system evaluated by a Franz-cell apparatus was found to be similar to that of the human cornea. The 

absorption, retention, and permeability profile of the reference drugs also enabled us to develop a 

simple model to understand the movement of drugs through the fabricated membrane. 
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Abstract 

 
Egg-derived materials and nanodiamonds are promising biomaterials, especially for tissue 
engineering. However, nanodiamond synthesis requires high pressure and temperature, such as the 
detonation technique, which is expensive, cumbersome, and contains toxic heavy elements unsuitable 
for biological applications. Similarly, egg-derived materials such as eggshell, eggshell membrane and 
egg white provide a natural and inexpensive source of biomaterial; however, the role of egg yolk as a 
biomaterial has received little attention. 
In this study, we have synthesized a glass from the egg yolk and characterized using microscopic, 
diffraction and spectroscopic techniques. In TEM analysis, nanodiamonds were observed inside the 
glass. XRD reveals the amorphous nature of glass. Infrared and Raman spectroscopies revealed that 
the glass that is composed of interlinked phosphate tetrahedra of varying length. In in vitro studies, 
the glass induced the formation of hydroxyapatite and enhanced the secretion of extracellular matrix 
from cells. Moreover, the in vitro cyto-compatibility study establishes the egg glass with the 
embedded nanodiamonds as a potential biomaterial in the tissues engineering application. 
This is the first report on the synthesis of a glass-ceramic material from egg yolk, where the carbon 
crystallized into nanodiamonds within the glass matrix. 
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Abstract 

 
Patient-Specific Finite Element models have been widely used to investigate the biomechanics of the 
human musculoskeletal system. To construct these Finite Element models complicated steps, need to 
be followed, which takes time and is manually demanding. The computational cost gets higher with 
the complexity of the model. In this work, Machine Learning models were combined with parametric 
Finite Element Analysis (FEA) to predict the periprosthetic biomechanical response in the acetabulum 
after Total Hip joint replacement. The different parameters considered were design features of 
acetabular shell, subject parameters like bone condition and weight, walking gait cycle. The machine 
learning models were trained using the inputs of the FEA model and predict the periprosthetic strain 
in the acetabulum. Random forest model outperformed the other models with R2 value of 0.97. The 
trained machine learning models can predict the principal strain value with low errors and perform as 
good as FEA results. 
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Abstract 

 
Hydrogels with tunable properties mimicking soft tissue shows an extensive application in biomedical 
field. Chitosan (CS) is widely used as natural polymer for tissue engineering scaffold and drug releasing 
agents but pure CS or its blend with similar polymers does not able to fulfill in desirable application. 
In this work, we fabricated hydrogel of Chitosan-polycaprolactone (CS-PCL) to form semi- 
interpenetrating polymer networks (semi-IPN) in which polycaprolactone entrapped in cross-linked 
structure of chitosan. Also, impregnation of hydrogel with antibacterial drug ciprofloxacin was done. 
This blend of a natural and other synthetic biomaterial act as multifunctional in treating any open 
chronic wound. According to obtained result, the blending of PCL to CS caused enhancement in 
mechanical properties as well as sustained release kinetics. Then, enzymatic degradation, swelling and 
morphology study of CS-PCL hydrogel were systematically investigated. Increasing the proliferation 
and adhesion of human epidermal keratinocytes cells in-vitro showed an excellent cytocompatibility 
of scaffold. Additionally, inhibition ratio and inhibition zone measurement showed this scaffold had 
significant antibacterial performance against E coli and S aureus. Thus, this kind of multifunctional 
semi-IPN hydrogel mimetic extracellular matrix shows a potential for chronic wound healing and 
regeneration. 
Keywords: semi-IPN, chitosan, polycaprolactone, chronic wound healing 
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Abstract 
 

Flow cell is an integral part of a flow cytometry required in carrying a stream of focused particles for 
analysis. Flow cytometry is an essential analytical technique used in biomedical diagnostics that has earned 
great indispensability by virtue of a multitude of functions one can perform on it. The technique is used to 
measure the physical, chemical and biological properties of cells, micro-organisms, and particles. Laser light 
is scattered from particles focused in a flow cell and collected by light sensors (such as photodiodes), where 
the intensity of the scattered light is a function of the scattering angle, refractive index of the particle and 
surrounding medium, wavelength of light, and the size and the shape of particle. 

 
One of the critical parts of the flow cytometer is the flow cell chamber where the particle stream is 
constrained into a tight region using hydrodynamic focusing. The conventional flow cells use thick quartz 
flow cells, they are expensive and therefore not suitable for instruments targeted for resource-constrained 
settings. We propose a low-cost sheath flow assembly design made of micro-tight ETFE adapters and an 
assembly of capillary tubes for the passage of focused flow of particles. The entire flow cell assembly is a 
simplified version of a sheath flow cuvette design that is able to focus and accelerate a stream of particles 
in a narrow region probed by the incident laser light. The flow cell is a part of an in-house laboratory flow 
cytometer which we have built and are aiming to scale up and commercialize. An extended design of the 
flow cytometer has been developed where the flow cell is embedded in a 3D-printed module, which houses 
microlenses and photodetectors to make it more compact. We show excellent agreement between the 
size distribution of model particles obtained via direct imaging and those obtained from light scattering. 
We have been able to obtain a 3-part differential of WBC based on the forward scatter measurement on 
our device. We have also developed a 3D printed flow cell that is more robust and convenient in assembly. 
We have been able to focus the particles by hydrodynamic focusing and gotten promising results for light 
scattering. Our aim to target resource-constrained areas where basic diagnostic facilities for blood testing 
is not available. Our proposed flow cytometer is aimed to be commercialized and employed at local 
diagnostic centers in India. 
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Abstract 

 
Purpose: Loss of corneal transparency and poor refractive function are among the leading causes of 
blindness. Globally, around 200–300 million people are visually impaired, of which 5 million are 

affected with bilateral corneal blindness and 23 million by unilateral blindness. Corneal transplant 
is gold standard for management of corneal conditions. However, the balance between 
corneal donors and recipients is skewed towards recipient which leads to extensive wait time. 
To address this, artificial cornea is being employed, where an injured cornea will be removed 
and replaced with liquid cornea for treatment. 

 
Material and Methods: New Zealand Rabbits were used in the study. Corneal Mechanical wound injury 
of 5mm diameter and 200um depth created using a graded trephine. Wounded animals were divided, 
first group received no treated (controls), second group, treated with tissue adhesive and third group, 
treated with bioengineered liquid cornea. Animals were imaged using the ophthalmological 
parameters; i) OCT, ii) Slit lamp and iii) Pentacam and iv) Galilei, over a period of 3 months. After 3 
months, rabbits were sacrificed and eyes were enucleated and further processed for histopathology. 
Results: Slit lamp reveled re-epithelization of the wound treated with bioengineered cornea, within 
15 days. Central Corneal thickness of control rabbits ranged around 350-360um while bioengineered 
liquid cornea treated rabbits showed central corneal thickness (380-390um) almost similar to the 
control. In addition, the transparency of the regenerated cornea mimicked the native cornea as 
measured by opacity score. 

 
Conclusions: The bioengineered liquid cornea is a regenerative treatment and this biopolymer acts as 
a sacrificial matrix for accelerating the growth of host tissue to cover the wound site. 
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Abstract 
 

Any disintegrity or rupture of skin architecture leads to a wound, and its repairing process is termed 
wound healing. Diabetic foot ulcers and chronic wounds take longer to heal than acute wounds due 
to a disturbed healing cascade leading to prolonged inflammation. The prolonged inflammatory phase 
results in a large amount of exudate within chronic wounds (fungating wounds, venous leg ulcers, 
pressure ulcers, burns) and diabetic foot ulcers leading to delayed healing. Approximately 6% of the 
world population develops chronic wounds, and 37 million suffer morbidity and mortality from these 
wounds during their lifetime. As a result, the global wound care market is expected to be 27.8 billion 
USD by 2026 from 19.3 billion USD in 2021, at a compound annual growth rate (CAGR) of 7.6% during 
the forecast period. 

 
Several biomaterials, including wound dressings, have been used since the rise of Egyptian civilization 
to treat wounds. However, natural polymer-based nanofibrous wound dressings have gained 
increased attention because of their high surface area, bioactivity, biodegradability, and resemblance 
to the extracellular matrix. Agarose and curdlan natural polymers have been used for angiogenesis, 
cartilage formation, immunomodulation, and wound healing applications. Thus, the present research 
focuses on fabricating and evaluating agarose-based multifunctional nanofibrous scaffolds. During 
these studies, curdlan (an immunomodulator) was blended with agarose to combat inflammation by 
modulating the expression of pro-inflammatory and anti-inflammatory cytokines. In preliminary 
results, the fabricated scaffolds exhibited ~500% swelling (in phosphate buffer saline) with enhanced 
mechanical strength, which is suitable for most wound healing applications. In vitro studies revealed 
an increased migration and proliferation of L929 mouse fibroblasts with agarose blends w.r.t to the 
control. Moreover, the fabricated dressings were effective against Escherichia coli (Gram-negative) 
and Staphylococcus aureus (Gram-positive) bacterial strains. 

 

Keywords: Antibacterial immunomodulatory dressings, benign solvent, nanofibrous agarose, 
biocompatibility, enhanced swelling and mechanical strength, biopolymeric dressings 
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Abstract 
 

Green nanoparticles have gotten a lot of attention because of their potential applications in tissue 
regeneration, bioimaging, wound healing, and cancer therapy1. The physical and chemical methods to 
synthesize metal oxide nanoparticles have an environmental impact, necessitating the development 
of an environmentally friendly green strategy for nanoparticle synthesis2. In this study, we used 
Annona muricata plant leaf extract to synthesize Zinc Oxide nanoparticles (Am-ZnO NPs), which were 
evaluated using UV/Visible spectroscopy, FTIR spectroscopy, X-Ray Diffraction, DLS, and Zeta 
potential. Nanoparticles had an optical absorbance of 355 nm and a net negative surface charge of - 
10.59 mV. Transmission Electron Microscope characterizes the Shape and size of the nanoparticles. 
The obtained Am-ZnO NPs are biocompatible and hemocompatible in nature. These nanoparticles 
caused an anti-cancer therapeutic effect in MIA PaCa2 and MOLT4 cancer cells by inducing oxidative 
stress, and a change in mitochondrial membrane potential leads to programmed cell death. Further, 
we observed a reduction in the size of lung cancer spheroids (act as tumor micro-environment) with 
doxorubicin as a positive control. 
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Abstract 
 

Skeletal muscles are frequently subjected to mechanical damage during various causal events e.g., 
skiing, mountaineering, road accidents, battlefield activities etc., which produces volumetric muscle 
loss. These types of mechanical damages of skeletal muscles are disadvantageous to mountaineers, 
athletes, defense personnel etc., owing to its pivotal role as an abundant organ of physiological 
system. A set of biological events like damage of extracellular matrix, pain production, inflammation 
become evident as a result of mechanical damage which leads to the loss of structural integrity of 
sarcomere. Considering the regenerative potential of resident stem cell (satellite cells) of skeletal 
muscles, most of the conventional treatment strategies are intended for reducing pain production 
rather than recovering the damaged muscle microstructure. There is a huge clinical demand of a novel 
biocompatible material for the therapy of mechanically damaged skeletal muscles, since the 
regenerative potential of satellite cells is highly compromised after volumetric muscle loss. To fulfill 
this clinical demand, we have developed musculo-responsive polymer carbon composite by modifying 
the gelation behavior of a thermo-responsive (TR) polymer (a compositional derivative of acrylamide) 

using TR polymer passivated carbon nanoparticle (CNP-TR). MusCaCo showed muscle like 
anisotropic expansion in presence of physiological temperature instead of using ATP as a source of 
energy. Further, it possessed excellent biocompatibility, mechanical compatibility, specific interacting 

ability with muscle cell, myotube regeneration ability etc. The application of MusCaCo through 
intramuscular injection in the triceps brachii (TB) muscle of the mechanically damaged rat model 
revealed the restoration of structural integrity of skeletal muscle within 72h. This study uncovered the 
development a smart polymer carbon composite with therapeutic potential for rapid recovery of 
mechanically damaged skeletal muscles. 
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Abstract 
 

Glass polyalkenoate cement (Glass-ionomer cement) are translucent dental materials that immensely 
used in dentistry for many applications including restorative, core build up and luting cements. Glass- 
Ionomer Cements (GIC) have many advantages over other dental composites include strong adhesion 
to both enamel and dentin without the need for coupling agent or etching techniques, anticariogenic 
properties due to the release of fluoride, thermal compatibility with tooth enamel and having better 
biocompatibility compared to other class of dental materials. In addition to unique physiochemical 
characteristics, GICs can favor remineralization, increases enamel and dentine resistance to 
demineralization, and prevent secondary lesions. Conventional GICs are formed by the reaction of 
poly (alkenoic acid) with powdered calcium fluoroaluminosilicate glasses via acid-base reaction. 
However, conventional GICs have some disadvantages including inferior mechanical properties, 
brittleness, and low abrasion resistance, inadequate surface properties, and sensitive to moisture in 
the oral cavity when newly placed. All these characteristics restrict the use GICs for many clinical 
applications. It has been demonstrated that not all the carboxyl groups of polyalkenoic acid are 
converted to carboxylate groups during the reaction. Because of the high possibility of 
inter/intramolecular hydrogen bonding in polyalkenoic acid, a very rigid matrix is formed within, which 
causes steric hindrance and limit the formation of salt bridges which reduces mechanical properties. 
Many efforts for improving conventional GICs have been reported since invented by Wilson and Kent. 
In the present study, we modified the conventional GIC using reactive nanogel additives to improve 
its mechanical properties. 

Both hydrophilic and hydrophobic nanogels were synthesized via free radical solution polymerization 
using hydrophilic/hydrophobic monomers (e.g. 2-hydroxyethyl acrylate/isobornyl acrylate) and a 
crosslinking agent at a different molar ratio. 2-mercaptoethanol and mercaptosuccinic acid at 
different weight percentage were used as chain transfer agents to control the size of the nanogel. The 
reaction was stopped at a monomer conversion of ~ 90% and the reaction mixture was purified by 
precipitation method. The precipitate was filtered and removed the residual solvent under reduced 
pressure to isolate the nanogel. Nanogels were characterized for its structure (1H-NMR and FTIR), and 
particle size distribution (DLS measurements). GIC was prepared using both hydrophobic nanogel 
incorporated glass powder and hydrophilic nanogel incorporated polyalkenoic acid (liquid 
composition). We observed that the hydrophobic nanogel incorporated GIC showed reduction in its 
mechanical property by 50%. However, hydrophilic nanogel incorporated GIC showed improved 
mechanical properties. A linear increase in the compressive strength was observed for hydrophilic 
nanogel incorporated GIC up to 2 wt % of hydrophilic nanogel after that a sharp reduction in the 
compressive strength was witnessed. It may be attributed to reduced inter/intra-molecular hydrogen 
bonding in polyalkenoic acid due the interaction of hydrophilic nanogel, which enhanced the 
formation of salt bridge within the matrix and resulted in improved mechanical properties. The in vitro 
cytotoxicity evaluation as per ISO 10993-5 confirmed the non-cytotoxic nature of nanogel 
incorporated GIC. 
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Abstract 
 

Polyproline II (PPII) helix is a left-handed secondary structure (SS) which is the third most abundant SS 
after α-hleix and β-sheet. The propensity of forming cis amide geometry in N-acetylated proline (pro) 
is higher than any other amino acids, and an oligomer of proline residue or poly-Pro (poly-P) tract can 
adopt either a polyproline I (PPI, all cis amide) or a polyproline II (PPII, all trans amide) helical 
conformation. However, it is not well studied about the stability of trans amide proline residues in PPII 
helices. Recent studies on N-acetylated proline residues by Prof. Raines group has suggested CO···CO 
orbital interactions from the N-terminal carbonyl to the C-terminal carbonyl group2 stabilizes the trans 
geometry of the proline amide bond. Another investigation from Prof. Sarma’s group have shown a 
reciprocal variation of CO···CO interaction in diacyl hydrazide which mimic the dihedral angles 
essential for a PPII helix. In this current study we show the presence of reciprocal CO···CO interactions 
that extend over the whole PPII helical region. Interestingly, the CO···CO interactions strengthen with 
the increase in the PPII helical chain length and the inner CO groups possess stronger CO···CO 
interactions, which could explain the reduced cis abundance of the inner Pro residues of a poly-P tract. 
We also identified a much stronger (∼0.9 kcal·mol–1) nO → σ*Cα–Cβ interaction between the N-terminal 
CO oxygen lone pair and the antibonding orbital (σ*) of their Cα–Cβ bonds. As the nO → σ*Cα– 

Cβ interaction is possible only in the trans isomers of Pro, this interaction should be crucial for the 
stabilization of a PPII helix. Finally, an unusual nN(amide) → σ*C–N interaction (∼0.3 kcal·mol–1) was 
observed between the peptidic nitrogen lone pair (nN) and the antibonding orbital (σ*C–N) of the 
subsequent C-terminal peptide C–N bond. We propose a cumulative effect of these interactions in the 
stabilization of a PPII helix. Collagen triple helices comprises of three individual PPII helix. Deciphering 
the role of PPII helix stability would help in understanding the formation of collagen triple helices. 
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Abstract 
 

Atmospheric plasma spraying (APS) is a prevalent coating technique that uses a hot plasma jet to spray 
coat high-melting point substances like metals, ceramics, or alloys in powder or wire feed form into a 
material substrate. Axial suspension plasma spraying (ASPS) is one of the iterations of APS, where the 
suspension of much finer powders (< 5-micron particle size) is used as feedstock. The suspension 
spraying results in more refined microstructures than APS and is more suitable for biomedical 
applications. This study highlights the influence of mechanical, surface, and biological behavior of 
graphene nanoplatelets (GNPs) that are incorporated with hydroxyapatite (HAp) and ASPS coated 
onto the substrate. The material characterization for phase, microstructure, and surface wettability 
of ASPS coating (HAp + varying % of GNP) were evaluated using Scanning Electron Microscopy (SEM), 
Energy Dispersive Spectroscopy (EDS), Confocal Raman Microscopy (CRM), White Light Interferometry 
(WLI), and Contact Angle measurements. The mechanical properties such as hardness, roughness, 
adhesion strength, and porosity were assessed alongside the fretting wear resistance of the coating. 
Furthermore, the biocompatibility of the HAp + varying % of GNP coating was elucidated using a cell 
viability assay and visualization of cellular cytoskeletal components and morphological features under 
SEM and Confocal Laser Scanning Microscopy. The epigenetic influence of this coating on human 
mesenchymal stem cells (hMSCs) was analyzed by studying the changes in the genetic expression of 
cellular biomarkers pertaining to osteogenesis, cytoskeleton, cell proliferation, and pluripotency 
which adds more clarity to cell-material interaction at a genetic level. The results concluded that the 
presence of graphene in the plasma sprayed HAp coating had no significant influence on the 
mechanical properties of the substrate. However, a 2% GNp exhibited an upregulation of osteogenic 
marker RUNX2 while downregulating the pluripotent markers NANOG and SOX2, hinting at the 
beneficial effect of having GNp in plasma sprayed HAp for orthopedic application. 
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Abstract 
 

Tissue Engineering aims at designing scaffolds that influence cellular microenvironment. The tunable 
viscoelastic properties and permeability to various molecules like growth factors makes hydrogels a 
suitable platform for integrating biomimetic materials, cells, and bioactive molecules that help in 
promoting regeneration and repair. The aim of this research is to create a novel and sustainable 
cellulose based biomaterial. Cellulose is a promising biomaterial platform for tissue engineered 
scaffold development. Nanocellulose is a biodegradable polymer with high surface area and can be 
subjected to surface chemical modifications. Nanocellulose is an emerging nanomaterial that has the 
desirable properties of cellulose such as biodegradability and low density along with properties such 
as better thermo-mechanical performance, self-assembly in aqueous dispersion media and enhanced 
stiffness. Nanocellulose hydrogels are highly hydrated porous materials with applications ranging from 
drug delivery, angiogenic tissue engineering, tissue regeneration, wound dressing and producing 
bioinks. In this research, banana inflorescence was used for top-down isolation of nanocellulose.The 
crude extract was treated with nitric acid and sodium hydroxide to remove hemicellulose and lignin 
respectively and hydrogen peroxide was used to remove impurities. Schulze's test was done for 
qualitative analysis with the solution turning blue confirming the presence of cellulose and anthrone 
assay for analysing the purity which was at 80%. FTIR characterization of extracted cellulose showed 
peaks indicative of cellulose at 664 cm-1, 1368 cm-1, 1743 cm-1 and 3333 cm-1. The XRD spectrum of 
extracted cellulose showed peaks at planes 101, 002 and 040 which is characteristic of cellulose. The 
hydrogels were fabricated with gelatin, chitosan, guar gum and different concentrations of cellulose; 
0%, 1%, 3% and 5%. Gelation time was studied using inverted vial tests and was seen to reduce as 
cellulose concentrations were increased. Young's modulus obtained from compression strength 
analysis showed an increase w.r.t cellulose concentration. Increase in concentrations i.e. 5% hydrogel, 
made the hydrogel more brittle. In vitro degradation studies were analysed at time points of 7 days, 
14 days and 21 days. The degradation rate decreases with the increase in cellulose concentrations 
with a noticeable decrease in 3% and 5% hydrogel groups. In vitro biocompatibility analysis showed 
that the hydrogel promoted cell proliferation. Current study includes producing bioink using 
nanocellulose biomaterial. 
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Abstract 
 

Chronic wounds struggle with inhibited healing that results in damaging impact in addition to financial 
hardships on the patient. These wounds display a persistent inflammatory phase, poor collagen 
formulation, hindered angiogenesis, and an upsurge in reactive oxygen species (ROS) and matrix 
metalloproteases (MMP). Attempts are being made to improve wound dressings with the help of cost- 
effective materials that show good anti-bacterial properties, have good tensile strength, and good 
swelling properties. Chitosan is a polysaccharide that promotes granulation tissue formation during 
the proliferative stage of wound healing. Recently, we have been working on improving the suitability 
of chitosan for wound dressing material. Initially, we optimized the chitosan films by different 
concentrations of acetic acid, later when we performed tensile tests on it, we found out that chitosan 
films showed good tensile properties which improved significantly when combined with small 
amounts of acetic acid though they did not show much variation in strength when the amount of 
acetic acid was modified. Upon performing the swelling test, the films were swollen up anisotropically 
and they managed to show an exceedingly high swelling property. These properties make them 
suitable materials for wound dressings. Further studies can be done on testing its anti-bacterial 
properties with various reagents. Release studies and kinetics can be conducted on these films to 
check their suitability for drug delivery. 
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Abstract 

 
Modified gold nanoparticles have a number of advantages over others. Their widespread use is 
primarily due to their biocompatibility, biodegradability, stability and nontoxicity. In addition, unique 
optical, electronic and magnetic properties, make them easier to study and monitor in any interaction 
system. Modified gold nanoparticles may be used to target specific cells, along with controlled dosage 
and minimized frequency of drug usage. In the case of amyloid β fibrillation prevention, the Herculean 
task becomes overcoming the blood brain barrier. This can also be overcome using the surface 
modified gold nanoparticles. The present topic deals with surface modification of gold nanoparticles 
using amino acids under various conditions as capping agents of the nanoparticles. As HSA forms 
assemblies that are structurally similar to the fibrils formed by amyloid β, in vitro at physiological pH 
it has been taken as the model system for our studies. We have looked at acidic and basic amino acids 
as well as the aromatic amino acids Trp and Tyr. The Congo red assay, Thioflavin T binding assay have 
been used to monitor the fibrillation process. Antioxidant properties of the functionalized 
nanoparticles were checked with a DPPH (2, 2-diphenyl-1-picrylhydrazyl) assay. Various microscopic 
techniques were used for image analysis. 
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Abstract 
 

Three-dimensional (3D) microtissues are increasingly being proposed as building blocks for tissue 
engineering because they closely mimic the physiologically relevant cell-cell and cell-ECM interactions. 
The cost-effective, mass production of microtissues of specific size and composition is a major 
challenge. Among the various methods of microtissue production, hanging drop culture is the simplest 
method, which offers better control over the size and cellular composition of microtissues. 
However, manual dispensing of cell suspension to generate hanging drop is cumbersome and the 
commercially available culture plates are expensive. To overcome these limitations, integrating an 
automated precise liquid dispensing system with a low-cost hanging drop culture platform will be a 
solution. In this study, we integrated microvalve-based bioprinting technique with a custom-designed 
reusable hanging-drop culture chamber (HdCC) for high-throughput production of liver parenchymal 
microtissues (LPMTs). At first, the parameters for printing a droplet array of desired volume were 
optimized using a high-precision microvalve nozzle connected to a 3D-bioprinter. Then, using the 
optimized parameters a 15×14 droplet array containing HepG2 cells - 500 cells/2.5µl in each droplet 
was bioprinted on to polyethylene terephthalate (PET) sheet. Sheets loaded with cells were turned 
upside-down and placed inside a custom-designed HdCC. Eight sheets were placed within a single 
chamber. The cells were incubated at 37ºC inside a CO2 incubator for 2 days to form microtissues. 
LPMTs were harvested into culture medium and size distribution was determined by ImageJ analysis. 
Cell viability and hepato-specific functions were assessed. Tissue formation was analysed by 
histological and immunohistochemical staining. Around 1600 LPMTs with a mean diameter of 500 μm 
were obtained from a single HdCC. The cells in the microtissues were viable, and were functionally 
active by secreting albumin and urea consistently for 7 days. Haematoxylin and eosin (H&E) staining 
showed hepatic plate-like reorganization of cells within microtissue. The LPMTs also expressed 
hepatocellular markers MRP2 and ZO1 confirming hepatocyte polarization. In conclusion, microvalve- 
based bioprinting technique offered a high degree of miniaturization in cell number, droplet volume 
and substrate area without compromising microtissue formation and viability. The simple design and 
reusable nature of the HdCC enabled easy fabrication of the culture device and significantly lowered 
the cost of microtissue production. Collectively, the microvalve-based cell-printing and HdCC allowed 
high-throughput production of mature liver microtissues which will find immense application in drug 
screening and regenerative therapy. 
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Abstract 
 

Acute myocardial infarction (AMI), generally known as “heart attack,” is one of the leading causes of death 
globally, and off late India has emerged as one of the global AMI hotspots of the world. Cardiac Troponin 
T (cTnT) is considered as a gold standard biomarker used for the early assessment of AMI. Our current work 
presents development of a graphite based conductive ink on a paper platform for the fabrication of simple, 
ecofriendly and cost-effective electrochemical point of care device (POC) for detection of cTnT. This device 
incorporates the advantages of aptamer as a biorecognition element which was developed from an 
aptamer library by SELEX process. Aptamers confers higher stability and specificity against the target 
biomarker. A manual screen-printing technique was opted for the generation of screen-printed electrodes. 
Different paper substrates were explored as a platform for the production of disposable electrodes, among 
which nitrocellulose membrane showed best printing characteristics owing to intrinsic surface 
hydrophobicity. The conductive ink formulation was optimized by varying the graphite powder, surfactant, 
solvent and process conditions. The formulated ink is capable of challenging the commercial screen-printed 
electrodes in conductivity. This graphite based conductive ink was used to print working electrodes upon 
which cTnT specific aptamer was immobilized by physical adsorption. The electrode was then characterized 
using different concentrations of ferricyanide [Fe(CN)6]3- ,in which 0.25mM [Fe(CN)6]3- concentration 
exhibited optimal electrochemical response. A decrease in electrode peak current was observed upon 
immobilizing the aptamers on to the electrode surface. Further characterization of the electrode, 
optimization of aptamer and protein quantities are accomplished to ensure better performance of the 
electrode system. The generated electrode system is capable of detecting the cTnT at very low levels and 
also covers the complete spectrum of AMI. The electrodes system developed has the potential to be 
marketed as a POC for detection of the complete range of AMI. 
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Abstract 
 

World Health Organization has already mentioned that antibiotic resistance is becoming dire. Over 
700,000 people worldwide are losing the battle to antimicrobial resistance (AMR) per year, and 
another 10 million are projected to die from it by 2050.1 Various contributing factors for antibiotic 
resistance include evolutionary response to antimicrobial compounds, exchange of genes between 
species due to global connections, and redundant use of antibiotics. AMR is associated with an 
exorbitant health burdens and socio-economic implications. In India, two million deaths are projected 
to occur due to pathogen resistance by the year 2050.2 50,000 newborn babies are estimated to die 
from antimicrobial resistance-related sepsis.3 To manage the current crisis, one primary option is to 
limit the use of antibiotics and look for alternatives. Rapid, low cost and reliable solutions are the need 
of the hour. In this regard, there is the emergence of viruses called bacteriophages, due to their potent 
and specific anti-bacterial activity. Bacteriophages works where antibiotics fail and have diverse 
applicability in sectors including healthcare, veterinary, food, and wastewater treatment. This project 
aims to develop a phage-based platform that allows the production of phage material that can be used 
against multidrug-resistant pathogens, including Escherichia coli, MRSA, and Acinetobacter baumanii. 
Here, our strategy is to standardize formulation chemistry and processing conditions for the 
development of high-titer phage cocktails, with excellent long-term stability. Twenty phages from 
various environmental sources showing lytic efficiency against common pathogens like Escherichia 
coli, Staphylococcus aureus, and Pseudomonas aeruginosa were isolated. The adaptation and 
concentration of these phages to drug-resistant bacteria were evaluated. It was observed that some 
phage lysates were effective against resistant E. coli and S. aureus with more than 85% lytic efficiency. 
Freeze-dried samples were determined for their storage efficacy and phage particle productivity using 
different cryoprotectants. Phages stored in glycerol for three months showed 7.8 log PFU/ml. Effects 
of parameters like pH, temperature, and storage time on specific activity were analyzed to optimize 
the formulation chemistry. This preliminary data underpins the potential of phage cocktail formulation 
with its varied spectrum of employment. 
Acknowledgments: The authors would like to thank Venky's (India) Ltd for funding the project and 
providing samples for phage isolation. 
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Abstract 
 

The ability to restore impaired functionality remains a major challenge in orthopedic surgeries. The 
clinical need for sticking small bone fragments together in a wet environment and achieve significant 
fracture reduction is still unmet. The challenges associated with conventional metal hardware such as 
requirement of secondary surgeries or possibility of infection demands to look for better alternatives. 
There is a need of bone adhesives which are biocompatible, biodegradable, mimic micro-architecture 
of bone and have low setting temperature. In this regard, calcium phosphate compounds which 
precipitate to form Hydroxyapatite and other phases of calcium phosphate, have been found to be 
suitable biocompatible alternatives which are biocompatible, can potentially fix the defect site and 
are completely resorbed in the physiological system. However, these compounds have found limited 
clinical use due to the sub-optimal mechanical properties and no adhesive strength. This project aims 
to develop a novel class of mechanically competent bio ceramic adhesive which can have the ability 
to stick small bone fragments in physiological environment as well as hold the implant devices in place. 
The project is bioinspired from the micro-architecture of bone tissue when mineral and organic phase 
interact and assemble to provide high mechanical strength. The modification of calcium phosphate 
cements with highly negatively charged phosphoserine and citrate molecules which represent a major 
component of organic phase, mimics bone’s microstructural environment and is known to render 
adhesive property, bioactivity and increase the mechanical properties of the bone cement. 
Phosphorylated residues of serine also represent an active component of several bone matrix 
proteins. In this project, the cement system was modified with 30% PS and 10% citrate. The 
characteristics of the cement with or without Phosphoserine and citrate have been evaluated through 
setting time, compressive strength, adhesive strength, powder X-ray diffraction, FTIR and Scanning 
electron microscopy examination. The results have revealed an increase in the mechanical properties 
with improved compression and adhesive strength. Also, the phase analysis of the cement through 
powder X-ray diffraction data has confirmed the accelerated conversion of precursor calcium 
phosphate molecules into Hydroxyapatite (HA) with the addition of Phosphoserine and citrate 
molecules. Furthermore, the microstructural analysis with Scanning electron microscope (SEM) has 
also shown the improvement in the microstructure of the cement with the addition of citrate and 
phosphoserine. The objective of this project is to evaluate the role of citrate and Phosphoserine in 
increasing the mechanical strength through interaction with bone’s mineral and organic phase. 
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Abstract 
 

A robust multiparametric platform for assessing cell behaviour would provide a new paradigm 
compared to invasive end-point analysis which requires time and labour. New in-vitro methods are a 
need of the hour. Maximum inferences should be obtained from a single assay. In our study, the effect 
of nanoparticles on infection susceptibility was understood using an impedance-based method.ECIS is 
a morphological biosensor which records the electrical properties of cell-covered microelectrodes in 
an AC circuit including impedance (ohm), resistance (ohm), and capacitance (μFarad). The 
measurement was taken over multiple frequencies (62.5Hz-64k Hz) we were able to differentiate 
between junctional impedance and impedance caused by cell-substrate interactions as well as the cell 
membrane capacitance. In the current study, fluctuations in the electrical properties of cell- 
covered microelectrodes reflect dynamic changes in cell morphology resulting from disrupted cell 
monolayers following exposure to bacteria. Using the ECIS system, real-time changes in cell 
morphology and disruption of monolayer integrity of cell cultures in vitro were revealed for A549 cells 
pre-exposed to carbon black nanoparticle (CBNP) and infected with Pseudomonas aeruginosa over a 
multi-frequency scan (62.5Hz -64kHz). The exposure to CBNP for 24hrs resulted in a dose-dependent 
change in impedance readings of the cell. Resistance measurements after infection with P. aeruginosa 
showed a drastic reduction which was time-dependent as well as the dose of pre-exposed CBNP. The 
highest concentration of CBNP caused the measured resistance (ohm @4 kHz) to drop faster than its' 
immediate lower concentrations. The 3-Dimensional graph analysis of frequency v/s time v/s 
impedance showed well to well differences in barrier integrity as well as membrane capacitance. To 
evaluate correlation with |Z|-spectra modelling data, parallel, biochemical assays were performed. 
Functionally, cytokine responses were different between nanoparticle exposed cells and further 
bacterial infected cells. In conclusion, we observed that nanoparticle exposure induces infection 
susceptibility in epithelial cells facilitated by loss of barrier integrity and loss in membrane capacitance. 
Our findings indicate that ECIS provides a means to quantify, automate, and measure the influence of 
environmental factors on barrier functions, which may have broader implications compared to 
traditional methods alone. 
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Abstract 

 
Pulmonary drug delivery serves as a prime approach for treating diseases associated with lungs as it 
enables non-invasive on-site efficient delivery due to its large surface area, thin epithelial barrier, high 
blood flow and the avoidance of first-pass metabolism. However, it is relatively complex due to 
limitations such as airway geometry, drug degradation by proteolytic enzymes, mucociliary clearance 
and particle engulfment by alveolar macrophages. Specially designed polymeric microparticles can be 
employed or looked upon as a means to overcome these limitations and can offer controlled and 
targeted drug delivery, sustained release, reduced dosing frequency and resistance to alveolar 
macrophage clearance. Poly lactic-co-glycolic acid (PLGA) is an extensively used polymer for sustained 
drug delivery and is well known for its biocompatibility and biodegradability. Dexamethasone (DEX) is 
glucocorticoid drug used in a wide range of pulmonary conditions due to its anti-inflammatory and 
immunosuppressant effects. In this research work, we have studied the effect of different 
concentration of polymer (PLGA 50:50 and PLGA 75:25) on the pulmonary drug release by PLGA-DEX 
microspheres prepared by electrospraying method. This synthesis method provides advantages such 
as high encapsulation efficiency, reproducibility and protection of active ingredient. The process 
parameters were optimized to obtain spherical morphology of size ranging from 2-5 μm. The 
physicochemical characterization of DEX loaded PLGA microparticles was done to determine the 
polymer and drug compatibility. Drug content was determined using HPLC and the encapsulation 
efficiency was found to be high. Cytotoxicity assay showed good cell viability. Drug release study was 
carried out for 12 hours in simulated lung fluid pH 7.4. Depending upon the concentration of the 
polymer, the drug interaction is developed and the release profile of the microparticles varies. It can 
be further tuned to obtain desired release profile when used as a dry powder based inhalers. 
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Abstract 

 
Diabetic foot ulcers are the leading cause for more than 80% of lower leg amputations. With this 

problem at hand, we propose fabrication of autogenic hydrogel constructs that can be directly 

dispensed at the wound site, packaging the debrided wound. Patient’s blood was processed to 

fabricate ~90% allo/autogenic hydrogel. Isolated blood fractions were freeze dried to obtain PPP 

(platelet poor plasma) and PRP (platelet rich plasma) powders. PPP was dissolved in phosphate buffer 

(pH7.4) form 10% solution (w/v), which was then subjected to partial heat denaturation, followed by 

addition of 1%- 20% gelatin. 5% PRP powder was dissolved in the mixture after cooling it down to 

room temperature or 37oC. Gelation was initiated by adding millimolar quantities of tetrakis- 

hydroxymethyl phosphonium chloride. The resultant hydrogels were analyzed for compressive 

strength, swelling behavior, protein leaching and cell toxicity against fibroblasts (L929). While all the 

formulations showed enhanced adherence to porcine skin, however concentration of THPC seems to 

be the key regulating factor. Further additives were also tried in order to enhance gel stability and 

adherence. Thus, ~90% (w/v) auto/allogenic hydrogel constructs were developed for treatment and 

wound packaging of chronic or diabetic ulcers/wounds. The hydrogels can be directly dispensed at 

the wound site using a standard syringe, can shaped as per requirement and adhere strongly to the 

wound surface. 
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Abstract 
 

The foremost cause of possibly survivable deaths on battlefields are injuries that are non- 
compressible, wherein controlling hemorrhage is not feasible by the application of physical or manual 
compression. The utility of previously reported devices such as expansile foams and catheters for the 
treatment of noncompressible injuries are still in their early stages, thus highlighting the urgent need 
for a clinically approved device to control such hemorrhages. To address this issue, we sought to 
develop chitosan-gelatin nanofibrous polyelectrolyte complex (PEC) based hemostatic pellets for the 
effective control of non-compressible hemorrhage. Chitosan and gelatin are complimentarily charged 
to each other and can self-assemble into nanofibers under appropriate pH conditions. The fabricated 
pellets upon characterization were shown to be composed of dense fibrous structures, which further 
enhanced their swelling and mechanical properties. Under in-vitro conditions, the pellets showed 
good biocompatibility, fast and effective blood clotting properties, along with greater platelet and red 
blood cell adhesion, as compared to previously reported hemostatic agents for non-compressible 
hemorrhages. The prepared nanofiber-based pellets were stable enough to be packed into a syringe 
for injecting them into wounds. Taken together, these novel nanofibrous pellets show great potential 
as an effective hemostat for non-compressible and uncontrolled hemorrhage. 
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Abstract 

Stem cells are raw cells found within 
human body from which all other 
cells with specialized functions are 
generated.Researchers have 
discovered several sources of stem 
cells;embryonic stem cells,adult 
stem cells,perinatal stem cells.There 
are many property of stem cell 
including pluripotent,self renewal 
and repair,proliferation and 
growth.In modern Researchers have 
differentiated ESCs into dopamine 
producing cells with the hope that these neurons could be used in the treatment of Parkinson’s 
disease. An article describes a translational process of generating human embryonic stem cell-derived 
cardiac progenitor cells to be used in clinical trials of patients with severe heart failure. Phase I clinical 
trials for transplantation of oligodendrocytes derived from human ES cells into spinal cord-injured 
individuals received approval from the U.S. Food and Drug Administration (FDA), marking it the world's 
first human ES cell human trial. it was hoped that it would lead to future studies that involve people 
with more severe disabilities.California Institute for Regenerative Medicine (CIRM) is the largest 
funder of stem cell-related research and development in the world.Differentiated somatic cells and ES 
cells use different strategies for dealing with DNA damage. For instance, human foreskin fibroblasts, 
one type of somatic cell, use non-homologous end joining (NHEJ), as the primary pathway for repairing 
double-strand breaks (DSBs) during all cell cycle stages, Because of its error-prone nature. Besides 
becoming an important alternative to organ transplants, ESCs are also being used in field of toxicology 
and as cellular screens to uncover new chemical entities (NCEs) that can be developed as small 
molecule drugs.There are many ethical debate and Adverse effects on stem cell research, Opponents 
of ESC research counter that an embryo is a human life, therefore destroying it is murder and the 
embryo must be protected under the same ethical view as a more developed human being. 
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Abstract 
 

Encapsulation of cells in a three-dimensional (3D) system is a promising platform being explored for 
mimicking in-vivo environment. To study any biological phenomenon 2D culturing techniques have 
been the most accessible approach, however, 2D systems lack the complexity of in-situ 
microenvironment. In-vitro 3D systems depict an actual scenario of cellular interactions and are easier 
to handle as compared to animal models. Further, it is hypothesized that a next generation 3D 
platform with real-time monitoring of the microenvironment will give better understanding of cellular 
behavior in the biological processes involved. 

 
Droplet microfluidics is one of the simplest tunable approaches to generate cell encapsulated core- 
shell microgels. Our earlier work suggested that the core-shell microgels could mimic a tumor like 
environment. To explore the utility of the 3D microgel platform, we tried to observe migration of cells 
in the 3D environment. Collagen-alginate based system was used for developing the model, as 
collagen is one of the major components of ECM. We initially optimized the concentration of alginate 
for observing the spreading of cells. MMPs are well-known proteases that help in cellular migration. 
We then encapsulated cells with upregulated MMP9 in the microgels. We observed the migration of 
the cells in the form of increased number of spheroids. We also confirmed, the upregulated levels of 
MMP9 with fluorescence and qPCR techniques. The EMT markers were also observed with the 
upregulation of MMP9. The cells with high levels of MMP9 showed higher levels of N-cadherin. Thus, 
the developed 3D system has potential to be used as in-vitro model to mimic in-vivo environments 
furthering our understanding about different cellular processes. 

The alginate based microgels developed feature the encapsulation of cells in a 3D environment. 
Alginate is a biocompatible polymer, but it lacks the property for the cells to adhere and proliferate. 
Thus, it needs to be combined with a protein for the growth of cells. As indicated in Figure 1, alginate 
polymer was combined with gelatin for better growth and viability of the cells. To obtain a spatially 
separated platform in a single microbead structure, we used droplet microfluidic technique via a 
coaxial needle. The presence of alginate in the solution made it easily crosslinkable by just dropping 
the beads in calcium chloride solution. The growth curve of different cell lines were observed in the 
beads, by using pH sensitive carbon dots and also the standard alamar blue technique. The beads 
were then utilized to study the functionality of cells and also migratory property of the cells. The 
benefit of alginate based microbeads is that the encapsulated cells can be extracted and can be further 
utilized for various analyses. The expression profile and the functionality of the encapsulated cells, 
show that the microbead environment is better in comparison to 2D 
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Figure 1: A. Schematic illustration of coaxial electrospray system for generating microcapsule with 
various compositions of core and shell in single step using two aqueous fluids. B. Microscopic 
fluorescent imaging of the encapsulated dye labeled cells (MG63) at 2.5X magnification; (a)-(c) show 
the spatial arrangement of the cells in the microsphere (Cellular dyes used, Green- CMFDA dye; Red- 
CM-Dil). C. Growth curves. The change in pH was plotted as a ratio of emission intensities at 450nm 
(blue) and 550nm (green) for the various cell lines for five days. In addition, Alamar blue fluorescence 
intensity reading was recorded and plotted for various cell lines over 5 days. D. (a) Albumin production 
by culture of Huh-7 cells in tissue culture plates (2D) and encapsulated in alginate micro-scaffolds (3D) 
(b) Gene expression analysis of markers for hepatic progenitor cells using qPCR (c) The genotypic 
expression of EMT markers in osteosarcoma cells (MG-63) using qPCR. The graphs plot are an average 
of 3 biological replicate with 3 technical replicate each. (Significant difference, p<0.05). 

 

In order to make the beads microenvironment more like extracellular matrix collagen was introduced 
in the microgels. Collagen being one of the major matrix proteins, helps in migration study of the cells. 
Migratory potential of the cells can be correlated to the invasion potential of the cells. High expression 
of the group of matrix metalloproteinases (MMPs) play a major role in the invasiveness of the cancer 
cells. One such MMPs that is prevalent over almost all cancer cells is MMP9. We used our platform to 
show if we can capture the migration of the cancer cells in a 3D microenvironment. We used cell lines 
with high expression of MMP9 and also which showed upregulation of MMP9 upon artificial transient 
treatment with PMA. We observe mini spheroid formation inside the microbead structures. These 
mini-spheroids or cluster of cells, increased with the increased expression of MMP9. The benefit of 
this platform is that we were able to capture this migration of cells with only 48 hours. This platform 
can be further utilized for understanding the early time points of migration in the cells. It will also 
help decide if certain kind of cells are more invasive that the others. 
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Figure 2: A. Sirius red staining of collagen-alginate microgels captured by GelDoc-It2 Imager. B-C. SEM 
micrographs of collagen-alginate microgel, showing a porous scaffold. D. Gelatin zymography image 
observed after Coomassie Brilliant Blue staining to observe the levels of MMPs in various cell line 
supernatant with (Treated) and without (UT) treatment of PMA after 24 hours. E Quantification of the 
bands. F. Fluorescence micrographs captured in 10x objective showing the spheroids formed under 
treated and untreated condition in different cell lines. The nuclei are labelled with DAPI (blue) and 
actin filaments is labelled with TRITC-Phalloidin (Red). The images were captured in a z-stack format, 
and then the maximum intensity projection has been shown of each condition. Confocal images of 
one set of treated and untreated condition of HT1080 cells, captured in a 40x objective. Number of 
spheroids in each condition is quantified in the box plot. The experiment was done in 2 biological 
replicates. H. Quantification of the bands done using ImageJ software. MMP9 antibody staining 
observed through flowcytometry in U2OS cell line, shows a considerable shift as compared to the 
unstained cells. (Flowcytometry graphs are normalized to unit area for better representation) I. qPCR 
studies for MMP9. Internal control was GAPDH. The relative fold change was plot for both 24 hours 
and 48 hours after the treated cells were encapsulated in the collagen microgels. The graphs are an 
average of 2 biological replicates and 3 technical replicates. 
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Abstract 
 

Tissue and organ regeneration is a regulated process to maintain health and functioning under both 
normal conditions as well as during sub-critical tissue defects. One of the most challenging yet 
unrecognized organ that needs such solutions is the liver, that lacks proper treatment strategies on its 
injury. Till date the proven treatment for end stage liver disease is liver transplantation or new 
developments in liver-support devices, however, the limited availability, high cost, and related- 
complications is not always a solution for the immediate risk the disease may pose. Purpose of this 
study was to utilize the cutting-edge technique of digital light processing (DLP) based printing to 
fabricate functionalized constructs and to employ the regenerative potential of exosomes for 
alleviating acute liver disease. Human mesenchymal stem cell (hMSCs)-derived exosomes, with their 
intrinsic ability to control cellular behavior, are evolving as novel cell-free therapy to regenerate 
injured or damaged tissues. DLP printed scaffolds laden with hepatocytes and hMSCS derived 
exosomes resulted into controlled and sustained release of exosomes at the injury site along with 
supplementing functionality of liver by the implanted hepatocytes. Further, which was assessed by 
evaluating proliferation and functionality of cellular 3D printed constructs in in vitro conditions. In 
vitro evaluation of the 3D printed constructs also suggested no significant immunological response in 
the experimental group. After successful in vitro assessment of the developed 3D printed constructs 
to supplement functioning of hepatocytes and regenerate the injured liver cells from acute liver injury 
when treated with 60 μg/ml of exosomes, the fabricated functionalized constructs were tested for its 
efficacy in animal models induced with acute liver failure conditions. This study thereby provides 
experimental proof of utilizing exosomes as a promising therapy for alleviating liver injury. 
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Abstract 

 

New development of metallic implants progressively lifted the focus from the sufficient improvement 
of mechanical strength, biocompatibility, non-toxicity, and to the growth of osseointegration. 
Nowadays biocompatible and multilayer coatings of hydroxyapatite have new frontiers and (Ti) 
implants have been to the improvement of anti-bacterial activity, bioactivity, and new bone 
formation. The demand for multifunctional coating is an essential one to develop bioactive and non- 
toxicity to improve the implant application. Hydroxyapatite has a promising candidate for its bioactive 
and biodegradable properties but its limits it practical application due to low mechanical properties. 
Graphene oxide has been a 2D structural unit in consist of carbon units to improve mechanical 
strength as well as anti-bacterial activity. To develop a multi-layer coating on titanium substrate with 
hydroxyapatite and graphene oxide as successive layers by using electrophoretic deposition (EPD). 
Characterization of coating to be investigated using FTIR studies to identify the functional groups, XRD 
to determine the purity of the prepared biomaterial Surface and coating thickness were confirmed 
using an optical microscope. The corrosion behavior of the coated samples were analyzed by 
immersing the coated samples at invitro condition using Ringer’s solution for a period of 28 days. The 
corrosion resistance was evaluated by open circuit potential (OCP), Potentiodynamic polarization, and 
electrochemical impedance spectroscopic (EIS) studies. 
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Abstract 

 
In recent years, a growing interest in bioengineering native tissue has attracted a novel fabrication 
method of three-dimensional (3D) bioprinting technology. The bioprinting process utilizes the 
technique of controlled deposition of cell-laden biocompatible hydrogel (termed bioink) with the help 
of computational design to achieve a proper shape, size and function of the tissue construct. The 
composition of the bioink is critical and should possess specific physio-chemical, mechanical and 
biological properties for fabricating 3D tissue constructs. Hence, several groups are focused on 
developing the best formulation of hydrogels for various tissue engineering purposes. This study aims 
to develop a novel combination of Alginate dialdehyde, Alginate and Gelatin blend hydrogel with 
tunable viscosity for printing and dual cross-linking mechanism for the mechanical strength of 3D 
bioprinted construct. Alginate dialdehyde was prepared by periodate oxidation of sodium alginate 
which was then made to react with gelatin solution to undergo covalent crosslinking by amide bond 
formation via Schiff's base reaction. Alginate dialdehyde crosslinked gelatin (ADA-G) hydrogel was 
made to blend with different concentration alginate solutions to determine the gel strength and 
stiffness through ionic crosslinking after extruding through bioprinting. The hydrogel was 
characterized according to its morphology, physical, chemical, and biodegradation properties. The 
Rokit 3D bioprinter was used to evaluate the printability and shape fidelity. The results indicate that 
the formulated hydrogel proved to be a good candidate for applications in 3D skin bioprinting due to 
its biodegradability and printability characteristics. 

 

 

Figure 1: (a) 3D bioprinting of alginate-gelatin hydrogel. (b) 3D bioprinted construct 
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Abstract 

 
Lipid-based vesicular nanoparticles, for instance liposomes, conjugated with polyethylene glycol (PEG) 
have proven to be the closest to an ideal drug delivery vehicle, making way for several PEG-liposomes 
based nanomedicines in market. However, the synthetic nature of the nanomaterial poses a threat to 
stimulate immune system. Alternatively, nanovesicles derived from mammalian cells, such as RBCs, 
have gained interests as they may not elicit much immune response due to the presence of host 
specific self-recognition markers on their surface. While several reports demonstrating the superior 
efficacy of these naturally derived vesicles have come out in the last few years, a comparison with 
clinically established liposomes is still missing. Thus, we conducted an in-vitro and in-vivo comparative 
studies between PEG-Liposomes and nanovesicles (NVEs) derived from red blood cell (RBC) membrane 
with an aim to establish a biocompatible nanocarrier for efficient delivery of chemotherapeutic drugs 
and photothermal agents. 
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Abstract 
 
The quest for an ideal wound dressing material has been a strong motivation for researchers to 
explore novel biomaterials for this purpose. Such explorations have led to the extensive use of silk 
fibroin as a suitable polymer for several applications over the years. Unfortunately, the other major 
silk protein - sericin has not received its due attention yet, in spite of having favourable biological 
properties. This may be attributed to its poor mechanical properties, which may be overcome by re- 
engineering and combining with silk fibroin. In this study, we report a novel approach of blending silk 
fibroin (SF) and silk sericin (SS) polymers using formic acid (FA) solution to form cytocompatible films 
that can be used for skin regeneration. The blending of SS and SF without the usage of chemical 
crosslinkers is made possible by the use of formic acid which later evaporates to induce β-sheets in 
the polymers. Raman spectroscopy confirms the presence of SF/SS components in the blend and the 
formation of β-sheet in films. In situ gelation kinetics studies were conducted to understand the 
change in gelation properties by the addition of sericin into silk fibroin. The MTT assay with mouse 
fibroblast L929 cells was used to assess the SF/SS film’s cytocompatibility profiles. The films fabricated 
using formic acid were stable and transparent, show good mechanical properties and 
cytocompatibility, and therefore serve as a suitable biomaterial candidate in skin regeneration. 

Keywords: Cytocompatibility, films, formic acid, silk fibroin, silk sericin, skin regeneration. 
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Abstract 
 

Biopolymers aid in the delivery of agents by serving as injectable biomimetic materials either by 
intravenous administration or through epicardial injection. Understanding the microenvironment of 
cardiac injury is pertinent for designing biomimetic nanogels. The increasing availability of stem cells 
and their potential to differentiate into cardiac myocytes allows the study of human cardiac myocyte 
development and suggests using stem cell-derived cardiac myocytes for therapy. 5-azacytidine is one 
such drug which FDA approves for cancer therapy and its mechanism to induce cardiac differentiation 
of stem cells is well established. However, its use as cardiac protective agent is limited due to its high 
toxicity. Calcium present at the wounded location during cardiac injury may cause the phase shift of 
nanogel to hydrogel, assisting in the sustained release of drugs. This present study is aimed in 
preparation of biopolymer nanogels and encapsulating the nanogels with 5-azacytidine and 
polyphenol and to evaluate its protective effect to heart. Biopolymer nanogels were characterized by 
DLS, FTIR, SEM, XRD and AFM. The amount of polyphenol entrapped in nanogels was analyzed by UV- 
visible spectroscopy. Hemobiocompatability of the prepared nanogels was evaluated using chicken 
blood erythrocytes. Ex-vivo cardiac injury model was used to evaluate the protective effect of the 
prepared nanogel. From the characterization results, the formation of biomimetic nanogels with and 
without 5-azacytidine and polyphenol was confirmed. Hemobiocompatability assay revealed that the 
drug entrapped in the nanogels did not cause any hemolysis to erythrocytes as compared to the drug 
alone treated group. Antioxidant assay and histological evaluation of chicken heart tissue revealed the 
protective effect of biomimetic nanogels to chicken heart tissue (ex-vivo). Further the studies are 
warranted to establish the cardiac applications of the biomimetic nanogels. 

 
Key words: Biomimetic, Biopolymer, Nanogels, 5-azacytidine, polyphenol, Ex-vivo, Cardiac 
applications 
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Abstract 

 
Neurodegenerative disorder management involves the use of potassium channel blockers for axonal 
conduction. Most neurodegenerative disorders result in reduced neuronal activity leading to 
demyelinated lesions. To manage neurodegenerative diseases, it is crucial to stimulate neuronal 
activity resulting in myelination. One such material that can enhance neuronal activity via 
remyelination is gold nanoparticles. To reduce the toxicity of gold nanoparticles and to improve their 
efficacy, several researches have indicated that such nanoparticles can be entrapped with 
biopolymers for better drug delivery. Enhancement of delivery of agents to brain via intranasal 
administration of drug is preferred and under such circumstances biopolymer plays an important role 
in nasal delivery of drugs. This study focuses on mucoadhesive properties of biopolymer 
nanoformulation and encapsulation of potassium channel inhibitor drugs and gold nanoparticles in 
biopolymer nanoformulation. The biopolymer nanoparticles were prepared by ionic gelation method 
and were evaluated by various characterization techniques like UV - vis spectroscopy, FTIR, DLS, XRD, 
and TEM. Hemocompatibility of the prepared nanoformulation was evaluated and mucosal 
permeation studies of the formulation were carried out. ICPOES analysis revealed that mucosal 
permeation studies of gold nanoparticles to chicken skin (exvivo) was more for the case of 
nanoparticles entrapped in biopolymer when compared to gold nanoparticles alone. To further 
confirm the role of potassium channel entrapped in nanoformulation, exvivo histopathological 
analysis of brain tissue samples were analyzed for the presence sphingomyelin. Further invivo studies 
are underway to establish the efficacy of nanoformulation in nanoformulation. 
Keywords: Biopolymer, nanoformulation, potassium channel blockers, gold nanoparticles, 
myelination 
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Abstract 
 

Sepsis/severe bacterial infection is a dysregulated systemic inflammatory response and progresses 
from inflammation to sepsis and to multiple organ failure. The risks of developing sepsis are higher in 
patients with liver cirrhosis than those in the general population, causing more than 80% sepsis- 
related mortality in these patients. Current methods of sepsis detection are based on nonspecific 
clinical and laboratory signs and blood cultures are used for detecting bacterial species, which is time- 
consuming. So, there is an urgent need to detect and diagnose bacterial infections efficiently for 
immediate antibiotic treatment. Therefore, a novel non-invasive rapid monitoring platform for 
detection followed by classification of bacteria, in biological samples was developed by measuring the 
cathodic and anodic current peaks in cyclic voltammograms. The presence of bacteria in patient serum 
was initially observed over time, by bacterial growth kinetics. To achieve rapid results the patient 
samples were encapsulated with carbon nanodots in microgels that were sensitive enough to detect 
reduction and oxidation changes occurring due to the change in pH of the surrounding medium, 
causing the shifts in current peaks in voltammograms. Furthermore, to increase the specificity of the 
platform, Lipopolysaccharides (LPS), the toxin inflammatory stimulators that are released by gram- 
negative bacteria are used as the key parameter for bacterial classification. The charge v/s time 
analysis of the lipopolysaccharide voltammogram was done to identify the class of the bacteria as 
gram-positive or gram-negative. Thus, the developed cost-effective, point-of-care (POC) system was 
sensitive enough to detect lower bacterial counts (102 CFU) in plasma in 20 minutes. The charge for a 

non-reducing solution was observed to be -300C. The charge of gram-positive bacteria was in the 

range of -400C to -600C whereas the charge for LPS i.e gram-negative bacteria was in the range of 

-290 C to -300C. 
 

Keywords: Sepsis, Liver Cirrhosis, Bacterial infection, Cyclic voltammetry, Lipopolysaccharide 

detection, pH-sensitive Carbon dots 
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Abstract 
 

Medical dressings play an important role in the field of tissue engineering owing to their ability to 
accelerate the process of wound healing. Great efforts have been made to fabricate wound dressings 
with distinctive features for promoting wound healing. But most of the current synthesis methods 
either generate dressings of uniform size or involve complex fabrication techniques thus limiting their 
commercialization for the personalized dressings. We report here a dressing, which presents a 
paradigm shift in the design of the dressing from uniform films to a micro-patterned film. The 
hypothesis driving the design is the ability of the 3D patterns to provide efficient transient matrix filling 
the depth of the wound rather than just providing a barrier and slight re-epithelialization. We 
demonstrate the use of Digital Light Processing (DLP) 3D printing technique to generate micro-pyramid 
decorated wound healing dressings with individualized design and with bio-compatible gelatin 
methacryloyl (GelMA) to contact the wounded areas. In addition to providing better adhesion to the 
migratory cells the micro-pyramids also enable covalent conjugation of heparin, providing capability 
to sequester endogenous Growth Factors (GF’s). Based on these advantages, the developed dressing 
not only adhere strongly to the wound bed, but also promotes the treatment of a rat wound model 
by utilizing the power of endogenous growth factors for tissue regeneration. Thus, it is believed that 
the developed dressing can break through the limitation of traditional wound treatment and be an 
ideal candidate for wound healing. 
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Abstract 
 

The treatment of antibiotic resistant bacterial infections in wounds is a serious health threat. In the 
recent years photodynamic therapy (PDT) has emerged as a novel treatment modality for the same. 
However, the administration of the photo-dynamic agent at the wound site needs an appropriate 
formulation. In this regard, polysaccharide films maybe considered as a good choice of biomaterial as 
it allows easy loading of the therapeutic agents, biocompatibility, degradability, stability, easy 
availability and cost-effectiveness. However, natural gums have certain limitations that restrict its 
application alone—poor mechanical properties and susceptibility to microbial contamination leading 
to lowered viscosity during storage etc. To overcome these challenges, we have prepared various gum 
(gum tragacanth, xanthum gum, guar gum) based formulations in combination with other 
polysaccharide, carboxymethyl chitosan (CMC). Routine characterizations including scanning electron 
microscopy, fourier-transform infrared spectroscopy, thermogravimetric analysis, swelling and 
degradation studies were conducted to evaluate the physico-chemical, thermal properties and 
stability of the formulations. Later we have loaded various concentrations of photo-dynamic agent, 
indocyanine green (ICG) in our gum/polysaccharide formulations. Appropriate dosage of ICG was 
established by conducting in-vitro antimicrobial activity assay using E.coli and S.aureus as 
representative bacterial population. We found very interesting results regarding the efficacy of our 
formulation in photodynamic therapy. 

 
Keywords: Natural gum, photo-dynamic therapy, indocyanine green, wound-healing, antimicrobial 
activity 
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Abstract 

 
Counterfeited biomedical products result in over 250,000 deaths a year worldwide with a large 
fraction in developing countries. The prevalence of these counterfeited products results in long-term 
health complications and an economic burden to the patient. These detrimental effects have been 
exacerbated with an upsurge in online pharmacies during the COVID-19 pandemic. Hydrogels, a class 
of biomedical products with unique physico-chemical properties are being evaluated as alternatives 
to conventional biomedical products. As these materials mimic the characteristics of the tissues they 
are widely employed in the biomedical research. Predominantly, these materials will be in direct 
contact with the patient. As the hydrogels are also susceptible to counterfeiting, there is an imminent 
need to develop technologies to validate the authenticity of the hydrogels before its application on to 
the patient. Here we propose an identifier that acts a Physically Unclonable Function (PUF) inside a 
hydrogel. A PUF is a material that works on challenge-response pairs, to provide a unique unclonable 
key. The identifier should have randomness associated with it to be classified as PUF. This stochastic 
pattern is then used as a digital finger print to obtain a secure key. This key is then used to verify the 
authenticity of the material. The identifier used inside the hydrogel spontaneously generates a 
stochastic pattern, making it eligible to be a PUF. In order to evaluate the performance of the PUF, 
parameters like uniformity, uniqueness and randomness were evaluated. Besides evaluating the 
performance of the material, its robustness was also evaluated using deep learning authentication. 
Owing to its biocompatibility and ease of fabrication, this device can be employed in the health care 
at a larger scale for impeding the counterfeiting in the health care industry 
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Abstract 

 
One of the pioneering bioengineered material in the field of tissue engineering is bioactive glass. The 
primary bioactive glass developed by Prof. Larry Hench is quaternary system (4S) 45S® whose 
composition is 45% SiO2- 24.5% CaO- 24.5% Na2O- 6% P2O5 respectively. It is a well-known commercial 
product under trade worldwide [1]. Even still, researchers are working on different composition of 
bioactive glass to overcome the weak mechanical stability of 45S5®, but by retaining the compatibility 
and bioactivity properties. Network connectivity is an important parameter that highly decides the 
stability of the prepared bioactive material based on the formula, 

 

Inorder to improve the network connectivity, ternary system (3S) of bioactive glass SiO2-CaO-P2O5 is 
studied by eliminating the secondary modifier cation i.e., sodium ion. Sol-gel wet chemical synthesis 
route was followed to obtain the desired bioactive glass and annealed at 700oC for 3 hours to achieve 
phase stabilization and to remove nitrates. XRD studies showed that 3S could form apatite phase even 
before immersion in simulated body fluid, whereas 4S formed Na2CaSi2O6 [Sodium calcium silicate] 
and Na2Ca4(PO4)2SiO4 [Silicorhenanite]. The 3S system proved to withstand for more than 150 days in 
the form of pellet in fluid environment where 4S system derived bioactive glass couldn’t withstand 
even for an hour. The study also showed bioactive glass without sodium can also form appreciable 
hydroxyl carbonate apatite on immersion in simulated body fluid. Raman and FTIR analysis confirms 
the availability of non-bridging oxygen (NBOs) that weakens the network in case of 4S, but not in 3S. 
FE-SEM analysis showed the mesoporous structure with large pore size in 4S than reduced porous 
structure found in 3S. The higher erythrocyte compatibility and enhance hemostatic behavior was 
exhibited by 3S system than 4S system, where sudden leach out of Na+ ions on introducing it in fluid 
environment is restricted. Hence, this study comparatively elucidates the pros and cons of 3S and 4S 
system. 
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Abstract 
 

Introduction: For many years, wound management was based on covering the wound, and the 
materials used had a passive action in encouraging the healing process. However, in recent years, 
wound management has been updated due to a greater understanding of the molecular and cellular 
processes involved in wound healing and preventing the wound from healing. Accordingly, designing 
biofunctional scaffolds capable of inducing and guiding appropriate biological responses holds 
promise for tissue repair/regeneration. Additionally, most of the engineered scaffolds used for the 
healing of skin wounds do not mimic the natural extracellular matrix (ECM) complexity and therefore 
are not able to provide an appropriate niche for endogenous tissue regeneration. To address this gap 
and to accelerate the wound healing process, biofunctional scaffolds were here prepared by 
functionalizing mesenchymal stromal exosomes (MSC@Exo) onto lyophilized Biocomposite, aiming to 
harness the indirect biological cues from MSC@Exo, and direct biophysical cues from Silk/Amniotic 
Membrane (Silk/AM) scaffolds respectively to form a single engineered construct which synergistically 
enhances skin tissue repair. Apart from the inherent capabilities of the scaffold to serve as ECM, the 
MSC@exo-laden scaffold also provided a good platform for cell adhesion, proliferation & migration. 
The synergy between the scaffold and exosomes was found effective as Silk/AM with MSC@Exo 
proactively rescues WJ-MSCs from hydrogen peroxide-induced oxidative damage thereby proving its 
ROS scavenging abilities. Moreover, it was also observed that Silk/AM loaded with MSC@Exo 
possessed better immunomodulatory abilities. This study demonstrated that the biomaterial platform 
carrying therapeutic Exo-mediated tissue regeneration offers a new novel idea approach for cell-free 
tissue regeneration in an efficacious and clinically relevant manner. 
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Abstract 

 
ZSCAN4 is a transcription factor that plays a pivotal role during early embryonic development. It is a 

unique gene expressed specifically in the first tide of de novo transcription during the zygotic genome 

activation. Moreover, it is reported to regulate telomere length in embryonic stem cells and induced 

pluripotent stem cells. Interestingly, ZSCAN4 is expressed in approximately 5% of the embryonic stem 

cells in culture at any given time, which points to the fact that it has a tight regulatory system. 

Furthermore, ZSCAN4, if included in the reprogramming cocktail along with core reprogramming 

factors, increases the reprogramming efficiency and results in better quality, genetically stable 

induced pluripotent stem cells. Also, it is reported to have a role in promoting cancer stem cell 

phenotype and can prospectively be used as a marker for the same. Till date, the exact mechanistic 

role of ZSCAN4 in reprogramming and in maintenance of self-renewal and pluripotency property of 

stem cells is unknown. Therefore, this study aims to elucidate the role of human ZSCAN4 (hZSCAN4) 

in reprogramming and in stem cells by purifying the recombinant version of cell-permeant hZSCAN4 

protein and utilizing this purified protein in a time- and dose-dependent manner. To achieve this, the 

hZSCAN4 gene along with three fusion tags, which help in affinity chromatography-based purification, 

intracellular, and intranuclear delivery, was cloned in a bacterial expression vector and then expressed 

in a bacterial system. Different expression parameters were optimized to attain maximal soluble 

expression of the recombinant fusion protein. Using these optimized expression parameters, the 

hZSCAN4 recombinant fusion protein was purified using affinity chromatography. Post-purification, 

the secondary structure of the purified hZSCAN4 fusion protein was analyzed using CD spectroscopy. 

Subsequently, we showed the stability of this purified hZSCAN4 protein in standard cell culture 

conditions. Interestingly, we found that this hZSCAN4 protein is unstable in the presence of fetal 

bovine serum. Moreover, we demonstrated intracellular delivery of this purified hZSCAN4 fusion 

protein in mammalian cells and also illustrated its functional ability in upregulating its target genes 

using RT-qPCR. In future, this purified hZSCAN4 fusion protein will be utilized in reprogramming 

induced pluripotent stem cells to understand the exact role of hZSCAN4 in the whole reprogramming 

paradigm and also its role in the maintenance of self-renewal and pluripotency of stem cells. 
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Abstract 
 

The sustainable utilization of agricultural-based waste material for development of new products 
becomes an urgent need of this hour. The present study highlighted the valorization of waste banana 
(Musa balbisiana Colla) pseudostem as a potential replacement of different materials used for additive 
manufacturing. It will provide the information for the importance of waste natural fiber biomass 
resources for developing bio-based economy or processes for industrial and renewable energy in 
supporting sustainable development and economic growth. In this paper, a meticulous review has 
been conducted about the fibers extracted from banana variety, their properties, modification, effect 
and their application in the field 3D Printing. The natural fiber reinforced composites have been the 
subject of growing research interest in recent years. It is a very new area of research which needs 
more focus on. This will have notable economic and cultural significance globally and used for building 
material for value added product. Additive manufacturing through bio degradable waste material has 
a significant potential due to its high environment friendly nature, low-cost, year-round availability 
and sustainability. The fiber has a potential medicinal utility in the pharmaceutical as well as the 
biomedical industry also. It can also be utilized as raw material to produce a wide range of products 
like paper, cardboard, tea bags, and currency notes, handicraft items, decorative items, furniture, 
bags, ropes, different types of cloths etc. Banana plants are one of the most useful medicinal and 
economically beneficial plants globally. The future researcher has to give attention to the 
development and characterization of potential applications in biomedical and industrial research for 
the overall growth of economy and reduce the environmental hazards. 

 
These applications include medical devices with good mechanical stability and antibacterial 

properties, biomass inks with high cell compatibility and low cytotoxicity for the use in tissue 

engineering, good bacteriostasis, high cross-linking strength, and sufficient mechanical strength that 

can meet the needs of wound dressings, freeze-dried hydrogel to obtain a 3D porous scaffold structure 

with high specific surface area and porosity, suitable for drug delivery, support material for 

electrothermal conversion elements and lithium-ion battery electrodes, electronic printing ink 

viscosity regulator, etc.1 
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Abstract 

 
Ondansetron HCl is a potent antiemetic drug of choice used for nausea and vomiting. However, the 
currently available dosage forms having disadvantages such as poor bioavailability, frequent 
administration, intense bitter taste, poor patient compliance with child, old and non-cooperative 
patients. In order to avoid the above said problems with ondansetron drug which render its potential 
applications. In this study, we developed nanostructured fibers loaded with drug ondansetron by 
electrospinning technique. The optimized parameters which result bead free uniformly drug 
distributed fibers. The developed fibers were characterized by SEM-EDS, XRD, FTIR, drug release 
profile and cell culture studies with L929 cells. The developed fibers were shown bead free randomly 
aligned fibers and increasing concentration of drug showed change in their diameter of the fibers. The 
drug release characteristics of the nanostructured fibers showed quick release by faster disintegration 
in PBS. In addition to that the developed fibers were shown higher cytocompatibility with L929 cells 
for the duration of 24 and 72 hrs. This work successfully showed up on use of polymers like Eudragit 
and hydrophilic polymers helped to develop drug loaded nanofibers with taste masking and ultrafast 
drug release characteristics. Hence, drug loaded nanofibers pave the way for developing novel dosage 
forms with better functionality of deliver the drugs than conventional dosage forms. 
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Abstract 

 
For the healing of wounds, the decellularized extracellular matrix (dECM) has been used widely. But 

the dECM fails to restore tissue function and integration when biofilm forms at the wound site. Hence 

this study fabricates the nanocomposite scaffolds using the various concentration (5µg/ml, 10µg/ml 

and 15µg/ml) of silver nanoparticles synthesized from neem leaf aqueous extract (NE-AG), dECM of 

the caprine small intestine submucosa and aloe vera gel. The dECM gel of goat small intestine 

submucosa (DG-SIS) provides a structural and functional support system for better cell growth. 

Aqueous extract of neem leaves (NE) and silver nanoparticles (AgNP) enhances antibacterial activity 

by synergistic effect. Aloe vera (AV) gel has been reported to enhance the wound healing process by 

elevating collagen synthesis, changing collagen composition, and promoting collagen cross-linking. 

The fabricated nanocomposite scaffolds were found to be porous, biodegradable, hydrophilic, 

antibacterial, anti-oxidant, biocompatible, and hemocompatible. Among all scaffolds, the DG- 

SIS/AV/NE-AG2 nanocomposite scaffold containing 10µg/ml of NE-AG showed the highest MTT 

activity and fibroblast cell adhesion. These results suggested that the prepared nanocomposite 

scaffold (DG-SIS/AV/NE-AG2) can be a potential therapeutic system for the infectious wound healing 

process. 
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Abstract 
 

Gene therapy is a promising approach towards the treatment of monogenic disorders and even some 
complex disorders. One of the major limiting factors that hinder the success of gene therapy is 
development of appropriate vectors for gene delivery. Over the years, studies have advocated the use 
of viral vectors for the gene delivery, however, the associated concurrent immunogenic response and 
other limitations have paved the way for the applications of non-viral systems like lipids, polymers, 
cell-penetrating peptides, and other organic and inorganic materials. In this work, we are employing 
an amphipathic cell-penetrating Peptide (Mgpe9) and a PBAE based polymer for the delivery of nucleic 
acid to the muscle towards alleviation of GNE myopathy. GNE (UDP-N-acetylglucosamine2- 
epimerase/Nacetylmannosamine-kinase) myopathy is a rare autosomal recessive disorder that is 
caused by a biallelic mutation in GNE gene which encodes for bifunctional rate-limiting enzymes 
involved in sialic acid biosynthesis. GNE myopathy is characterized by progressive skeletal muscle 
atrophy and weakness, which typically worsen with time and ultimately lead to a wheelchair bound 
state. We are attempting delivery of the GNE gene to the muscle as a potential gene therapy approach 
towards disease cure. Our results suggest that the peptide and polymer based non-viral vectors can 
efficiently transfect muscle cells. For muscle cell specific targeting we have hypothesized that the 
modification of these non-viral vectors with muscle homing peptide would enable for efficient delivery 
of GNE gene to the muscles. In vitro and in vivo delivery of reporter plasmid and GNE plasmid using 
muscle-targeted non-viral vectors is in progress. 
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Abstract 
 

The blood-brain barrier (BBB) is the vascular interface in the brain that regulates the intracellular and 
intercellular movement of molecules. While BBB is critical to establishing a proper milieu for neuronal 
firing, the barrier properties limit therapeutic intervention for treating brain diseases. The need for a 
non-invasive delivery system that can cross the blood-brain barrier efficiently is an open challenge. 
Successful nucleic acid delivery to the brain requires overcoming tissue-level and cellular-level 
challenges. Here, we have chosen a set of ligands that can enable movement across the BBB via 
transcytosis. The adaptation of the ligand to the nanoparticle system determines how the ligand will 
approach and recognize the cell. Poly beta-amino ester (PBAE) is a cationic polymer formed by 
Michael’s addition reaction of an acrylate and an amine and is well known for nucleic acid delivery. A 
feature of the polymer is the liberty to choose the acrylate and amine groups for organ targeting. 
However, the combinatorial approach currently adopted by polymer library screens is insufficient to 
explore unique chemical spaces that will overcome tissue barriers like BBB. Here, we are adopting a 
doping strategy to incorporate functional ligands curated for BBB crossing in the base polymer. The 
percentage doping is optimized crucially to enable brain delivery of nucleic acids. We observe that our 
modified polymers compact nucleic acids to form nanoparticles and show high transfection in 
neuronal cell lines. In-vitro BBB models show better penetration of modified polymer nanoparticles. 
In-vivo delivery of reporter nucleic acids by intravenous administration is currently underway. 
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Abstract 
 

Nanomaterials usage in manufacturing of products has increased significantly from last few decades 
and seems to have a promising future due to their one or more dimensions of 100 nm or less. Carbon 
dots due to their exceptional optical/electronic properties, multicolor wavelength, tuned emission, 
up-conversion photoluminescence, high quantum yield, aqueous dispersibility, and high 
biocompatibility along with being cost-effective make them appropriate candidates for application in 
various fields of bio-imaging, drug delivery, antibacterial activity, optoelectronic devices, photo 
catalysis, bio-sensing etc. In this current work CDs have been synthesized using gelatin as a carbon 
source by employing hydrothermal method. Although CDs have gained a lot of importance due to their 
outstanding properties but low solubility and quantum yield still needs to be worked upon. Hence, 
Heteroatom doped Carbon Dots are Synthesized. Furthermore, as Synthesized CDs are characterized 
by employing various characterization techniques like Fluorescence spectroscopy, UV-Vis 
spectroscopy, TCSPC, P-XRD, XPS, HR-TEM and DLS measurements. The biocompatibility of CDs system 
was checked by MTT –assay and con-focal studies. Further surface of synthesized CDs can be modified 
by using various amino acids forming CD- amino acid ensembles. Although researchers have explored 
various discriminating and sensitive methods for proteins detection for multiple protein detection. 
These methods have huge applicability in medical diagnosis but their relatively high cost, instability, 
time-consuming procedures etc. doesn't make them preferable choice for high throughput analysis. 
Hence, CDs-amino acid ensemble which are based on tounge-approach are employed to work as label 
free sensor array for detection of multiple proteins which are related to various diseases. In this work 
three proteins have been used Collagen (fibrous), Insulin (peptide) and BSA (globular). Obtained 
results are analyzed by using statistical tools such as linear discriminate analysis. Other than that, 
synthesized CDs also have application in photodynamic therapy to kill various diseased cells as these 
CDs are capable of synthesizing reactive oxygen species. Click or tap here to enter text. 
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Abstract 

 
Employing tissue engineering principles aided by three-dimensional (3D) printing strategies to 
fabricate meniscus tissue constructs could help patients with meniscus injury regain mobility, improve 
pain management and reduce the risk of development of knee osteoarthritis. Here we report a 3D 
printed meniscus scaffold that biomimics the internal and bulk architecture of the menisci. A shear- 
thinning novel silk fibroin–gelatin-based bioink with high print fidelity was optimized for the 
fabrication of scaffolds to serve as potential meniscus implants. Physicochemical characterization of 
the fabricated scaffolds shows optimum swelling, degradation and mechanical properties. Further, 
the scaffolds were seeded with meniscus fibrochondrocytes to validate their bioactivity. 
Fibrochondrocytes seeded on the scaffolds maintained their phenotype and proliferation, and 
enhanced glycosaminoglycan and total collagen synthesis was observed. Gene expression profile, 
biochemical quantification and histological studies confirmed the ability of the scaffolds to form 
meniscus-like tissue constructs. The scaffolds were found to possess amenable immunocompatibility 
in vitro as well as in vivo. Due to their excellent biological and physicochemical characteristics, these 
3D printed scaffolds may be fine-tuned into viable alternatives to the present clinical treatment 
approaches to meniscus repair. 
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Abstract 
 

Successful non-viral delivery of CRISPR-Cas9 components is of particular interest because the viral 
delivery of these components is associated with cargo packaging limitations and the development of 
immunogenicity. Delivering CRISPR components in the protein-sgRNA (ribonucleoprotein) or mRNA 
format is the best-suited delivery strategy in most contexts for quick editing and minimized off-targets. 
Biocompatible carriers that can effectively deliver such complex cargo intracellularly, evading 
biological barriers, are still lacking. We have rationally designed a few PBAE-based polymer variants 
that can potentially enhance the overall uptake and release characteristics of mRNA/RNP cargo 
through caveolae induction and improved osmotic characteristics. We've also explored ionic liquids 
(ILs), a class of biomaterials previously explored for transdermal/mucosal protein delivery, with an aim 
to engineer minimal, less complex transduction systems for CRISPR-RNP. We envisioned that 
employing imidazolium-based protic ionic liquids, with protonated imidazole group and hydrophobic 
cation, can facilitate protein/RNA cargo-carrier and carrier-cellular interaction, possibly aiding in 
CRISPR -RNP delivery. The polymer derivatives, and the BMIM [PF6] ionic liquid, could stably complex 
RNP cargo and exhibited appreciable cellular uptake. Our rationally designed transduction systems, 
capable of delivering large CRISPR-RNP components, exhibit the potential to deliver even larger 
macromolecular cargoes, such as base editing and prime editing machineries with added adapters to 
the Cas9 protein. The translatability of these niche editing technologies is greatly hindered due to the 
absence of efficient delivery systems, and our systems can be further tailored to deliver diverse CRISPR 
cargoes to mammalian cells. 
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Abstract 

 
Delivery of High Molecular weight hyaluronic acid (HMW-HA) and bioactive glass to cells has many 

implications in soft and hard tissue repair. We hereby report a bio-inspired green synthesis of HMW 

HA –bioactive glass (BGHA) nanoparticles for delivery across various biological barriers. Through the 

bio-inspired method, hyaluronic acid mixed with Tris(hydroxymethyl)aminomethane buffer at mild 

alkaline pH can directly synthesize amorphous bioactive glass nanoparticles once its precursors are 

added stepwise. Unlike traditional Stober’s method, there is no requirement of ethanol or ammonia 

in the synthesis process. Besides, no requirement of high temperature calcination makes the process 

highly energy efficient. The inherently mesoporous bioactive glass nanoparticles can not only show 

effective penetration across biological barriers like cellular, intercellular or human stratum corneum 

mimicking artificial skin membrane but can also deliver FITC tagged high molecular weight hyaluronic 

acid through the same. The properties of nano-bioactive glass observed through this proof-of-concept 

study warrant further investigation through ex-vivo animal skin membrane and in-vivo studies in 

mouse models. 
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Abstract 
 

Intramembranous ossification controlling the formation and regeneration of flat bones (cranium, 
mandible and others) is controlled by the tightly knit signaling cascade of Cbfa1. Limited blood supply 
and increased reactive oxygen species (ROS) in the region of bone defect leads to delayed bone 
regeneration owing to the disruption of the CBFA1 signaling cascade. Composite multifunctional 
matrices enabled with the capacity of local delivery of bioactive molecules allowing enhanced bone 
regeneration and reduction of oxidative stress in the peri implant space are promising for flat bone 
regeneration. In this study we report composite silk based matrices functionalized with human 
autologous platelet rich plasma (PRP) and glutathione stabilized collagen nanoparticles. 
Physicochemical characterizations of the nanoparticles were carried out by Fourier transform infrared, 
scanning electron microscopy, and ζ-potential analysis while the composite matrices were studied for 
their behavior under physiological conditions via water uptake capacity, in vitro PRP release and 
mechanical testing. Further the matrices were seeded with human adipose derived mesenchymal 
stem cells (ADSC) to probe into the cytocompatibility and osteogenic capacity of the loaded PRP and 
nanoparticles. Alamar blue, Live dead assay showed that the matrices were cytocompatible while the 
biochemical estimation, gene expression studies and histological studies confirmed the enhanced 
osteogenic ability of the PRP loaded composite scaffolds. The matrices were found to possess 
amenable immunocompatibility in vitro. Due to their biological and physicochemical characteristics 
these matrices may further be employed as viable implants in flat bone regeneration. 
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Abstract 
 

Animal models are the gold standard for screening of drugs. The use of animals as test subjects for 
scientific research requires ethical consent. It also causes the animals enormous discomfort and, in 
the end, leads to their sacrifice. Invitro disease models that resemble human organs are being created 
as a solution for this problem, and efforts are still being made to find materials that are both 
biocompatible but also bio available. A wide variety of in vitro models, including 2D, co-culture, 3D, 
bioreactor, bio assembly, organoids, and organ-on-a-chip models, have been developed and are 
currently in use. Still, these models need to be improved in order to meet the requirements because 
they still contain significant problems of mimicking the in vivo conditions, cellularity, biochemical 
makeup and the multi-organ availability. In this regard, we're attempting to develop a model of 
osteoarthritis that closely resembles the tissue found in people with the illness. We aim to mimic 
osteoarthritis using a biphasic scaffold technology. This biphasic system comprises of an upper part 
made of cartilage and the lower part of bone. This osteo-chondral replica will be in healthy condition. 
We'll use a chemical process to inflict illness. Depending on the chemical concentration we use, we 
can create different phases of osteo-arthritis. We will assess our treatment strategies and formulation, 
which would be chondrogenic in nature, after developing the disease model. This formulation could 
be delivered as an injectable modality so that it can be localised to the diseased part while avoiding 
any side effects to the healthy tissues. With this, we hope to develop a targeted injectable modality 
with cartilage regeneration capabilities to be assessed in the osteoarthritis disease model. 
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Abstract 

 
A foot deformity is a disorder of the foot that can be congenital or acquired. Such foot deformities can 

be captured using foot pressure mapping systems, and their diagnostic capabilities have shown 

accurate results. The result of the capture is represented as a series of images acquired at a sequence 

of time points. Analysis of such patterns is the foremost important biomarker in clinical foot 

diagnostics. Due to vast advancements in ML, foot clinical diagnostics become much more reliable and 

quicker. But such diagnosis is not been fully explored till date and suffers from a lack of decision 

interpretability due to the inherent limitation of ML models. To investigate the state of ML in foot 

pressure analysis, we conducted a systematic review of the literature from 2012 to 2022 in PubMed 

and Scopus databases. We identified 24 records and 9 articles met the inclusion criteria. Current 

techniques in ML are dominated by computational feasibility and barely consider end users, e.g., 

clinical stakeholders. Despite the different roles and knowledge of ML developers and end users, very 

few studies reported transparent ML models. Our review in this area can be helpful to new researchers 

in exploring transparent ML practices in foot pressure analysis. 
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Abstract 
 

DNA-based hydrogels have gained significant exposure due to their inherent characteristic in forming self- 
assembled and predictable micro/macro-structures. Abiding by their natural propensity to form sequence- 
specific base pairs, popularly known by Watson-Crick base-pairing rule, DNA-based hydrogels can be designed 
into any shape, size, and network density. Taking reference from previous studies, here we explore a variety of 
DNA motifs having network-forming capabilities, each differing from others in the oligomeric composition, 
numbers, and network density. Previously we have shown the application of 4-Way Junction DNA-Hydrogels 
(4WJ-HGs) in enhancing cellular spreading, endocytosis, cell migration, and 3D cellular invasion. Our recent study 
throws light on peptide-conjugated DNA-hydrogels (4WJ-HGs) in enhancing differentiation in neuroblastoma 
cells, potentially leading to novel applications in cellular reprogramming. In our current work, we wish to 
establish a structure-function relationship between assembled DNA-motif-based hydrogel and cellular 
reprogramming and explore potential real-world applications of generating 3D tissue models for addressing real- 
world disease problems. We anticipate that hybrid-DNA hydrogels could emerge as the most robust and highly 
customizable scaffold for enhanced cellular growth, proliferation, tissue engineering, stimuli-responsive cargo 
delivery, and biosensing platform, to name a few. 
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Abstract 

 
Non conformation of shape, impaired mechanical properties as well as the limited bioactivity of the 
repair strategies used for the repair of cartilage and topical wounds demands for new innovations. 
The relapse and morbidity associated with surgeries come with higher expense and no permanent 
solution. Injectable hydrogels could be a new generation of treatment solutions to these long existing 
problems. These 3-D polymeric networks have the capacity to hold large amounts of water and 
successfully emulate the extracellular matrix (ECM) of a native tissue. In the past few decades, there 
has been an exponential increase the study of hydrogels and its potential use. Hydrogels have 
malleable physiochemical properties, minimal invasiveness, controlled spatio-temporal release 
properties, tuneable viscoelastic behaviour, conducive environment for cell proliferation, 
differentiation and attachment which has allured a lot of attention. A range of biomaterials has been 
explored – natural and synthetic as potential matrices that fulfil the prerequisite for treatment of the 
failing tissues. Many surgical glues are approved and available in the market but they have their 
shortcomings such as poor mechanical strength, high cost, loss of elasticity with time, gelation time 
etc. Photo crosslinked hydrogels are promising in future because of their rapid gelation time and 
ability to maintain mechanical properties. Instantaneous photo crosslinking of gels prevents infection 
of the exposed area and provides stability and environment for cell growth. Rapid crosslinking helps 
in improved crack resistance and resistance to fluid flow. Challenges still lie in formulating hydrogels 
for different application and rapid crosslinking helps in moving one step ahead in solving the repair of 
chondral and dermal injuries. 
Keywords: Hydrogels, photo-crosslinking, surgical glues, Tissue adhesives 
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Abstract 

 
Meniscus is wedge-shaped fibrocartilaginous tissue which is found in the knee joint between the 
femoral condyles and the tibial plateau and aids in mechanical load bearing and transmission. There 
have been increased incidences of meniscal tears due to age- or sports-related injuries. Conventional 
surgical procedures such as knee arthroscopy and sutures, though successful in reducing knee joint 
pain, fail in the long-run; ultimately leading to the degeneration of articular cartilage and 
osteoarthritis. To overcome the drawbacks related to traditional surgical strategies and to provide 
affordable options to patients, biocompatible implantable materials are desired, which can mimic the 
cellularity and vasculature of the meniscal tissue. In the past few years, tissue engineering has been 
applied to design affordable meniscal constructs which can serve as effective treatment options. With 
the advent of three-dimensional (3D) bioprinting it is now feasible to make bio-mimetic, personalized 
and functional tissue constructs. Bioprinting utilizes a blend of a compatible biomaterial, cells and 
growth factors such as PRP, known as the Bioink, to fabricate 3D-tissues from medical scans. Nature 
of the biomaterial used, cell source and the kind of growth factor used is what determines the viability 
of a 3D bioprinted graft. Synthetic polymers (e.g., polycarprolactone) as well natural polymers (eg. 
alginate) have been used in combination with decellularized ECM derived from meniscus for 3D 
bioprinting of stem cell laden meniscal constructs and were found to exhibit chondroprotective 
behavior. Platelet Rich Plasma (PRP) which is known to enhance cell attachment and cell proliferation, 
can be used as a component of the bioink. Low Intensity Pulsed Ultrasound (LIPUS) is an established 
therapy for fracture repair. It is also known to enhance chondrocyte proliferation and ECM deposition. 
Thus, LIPUS can be applied as a mechanical stimulus to the 3D-cell seeded meniscal constructs in order 
to promote accelerated regeneration and repair. These may serve as viable meniscus implants in the 
future to treat meniscal tears. We can use a combination of 3D-bioprinted constructs having PRP as 
one of its components and LIPUS in order to enhance the regenerative capacity of the cell-seeded 
scaffolds as compared to the unstimulated scaffolds alone. 
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Fig 1: Schematic diagram of a single objective optimization of functionally graded hip 

stem using Genetic Algorithm with change in the direction of gradation along the (a) 

horizontal axis and (b) vertical axis. 
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Abstract 

 
Total Hip Arthoplasty is a cost effective and one of the most successful surgery in orthopedics, but the 

mismatch between the innate and engineered biomaterials is a hurdle to achieving better hip stems. 

Functionally graded materials, vary in their material properties in a certain pattern such as to match 

the biomechanical properties of different parts of the host bone. Detrimental to the success of the 

implant, primary stability is quantified by comparing micromotion to threshold (150µm) above which 

fibrous tissue formation may occur. No existing report is available that has addressed the control on 

the direction of gradation of Young’s modulus of FGM hip stem. This study uses an exponential law 

that represents the variation of stem Young’s modulus along the two planes (horizontal and vertical) 

from hydroxyapatite to titanium alloy (Ti-6Al-4V). Population based genetic algorithm have been 

adopted to develop a single-objective optimal design for FGM implantation design. The results are 

compared with those in literature. 
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Abstract 

 
Wound healing is a dynamic and intricate process that aims to return damaged tissue's cellular 

composition and layers as closely as possible to their pre-damaged state. Catharanthus roseus is a 

medicinal plant with excellent anti-cancer, anti-microbial, and anti-fungal properties. In this study, 

ethanol extract of C. roseus leaf and flower was extracted and were analyzed qualitatively and 

quantitatively. The results show that the total flavonoid and phenol content was much higher in the 

leaf extract than in the flower extract. The leaf and flower extracts were varied (1000, 500, 250, 125, 

62.5, 31.25 µg/mL) and its antioxidant, anti-inflammatory, and antimicrobial properties were studied. 

At higher concentrations, both extracts show good antioxidant potential, and antimicrobial properties. 

The cytotoxicity of the extracts was also evaluated using L929 mouse fibroblast cells. For the leaf 

extract (31.25 µg/mL) and the flower extract (62.5 µg/mL) concentrations, a significant anti- 

inflammatory property was exhibited by the red blood cells membrane stabilization assay, with no 

cytotoxicity effect on fibroblast cells. To understand the better efficacy of wound healing property of 

both the extracts, alginate/chitosan composite macrospheres were developed by the emulsion 

method. The extracts were incorporated in 3% (w/v) alginate matrix with calcium chloride (0.4 M) as 

the cross linker and later coated with 1% (w/v) chitosan solution. The synthesized macrospheres had 

a smooth surface with an average diameter of 923 µm and showed good swelling rate. The drug 

release kinetics of the developed macrospheres was analysed using phosphate buffer saline and the 

result showed sustained release of the extracts. The encapsulation efficiency, and expansion profile 

were also examined for the drug loaded macrospheres. From this study, it is inferred that 

macrospheres loaded with C. roseus extract will help in the fast recovery of wounds. Since the C. 

roseus contains an ampule amount of phenolics and flavonoids which is traditionally used as an anti- 

diabetic agent, the extract loaded macrospheres will also aid in the diabetic wound healing. 
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Abstract 

 
Wound healing is a naturally occurring process in our body and comprises various phases like 
hemostasis, inflammation, proliferation and remodeling. Bromelain, a natural cysteine protease, is a 
multifunctional molecule with analgesic and anti-inflammatory effects that aid in the treatment of 
wounds. This study focuses on developing chitosan/alginate bilayer film by incorporating bromelain 
(0,0.5,1,1.5 and 2% w/v) in the alginate layer via layer-by-layer assembly. Bilayer films were prepared 
by solvent casting method and were systematically characterized physicochemically, mechanically and 
biologically in in-vitro. Scanning electron microscope (SEM) and Fourier transform infrared (FTIR) 
spectroscopic analysis determined the surface morphology and functional groups of bromelain in the 
alginate layer. Further, the swelling (%), tensile strength, wettability and moisture transmission rate 
of films was also determined. In-vitro drug release (pH 7.4) and its kinetics were studied to determine 
the bromelain release and its mechanism using Korsmeyer-Peppas, Higuchi, Zero-order and Peppas- 
Sahlin models. Hemolysis assay, cell viability assay and anti-bacterial assay in in-vitro were performed 
to assess the hemocompatibility, toxicity and anti-bacterial effect of films. The surface morphology 
from SEM revealed that bromelain was homogeneously dispersed and disruption of alginate bonds by 
bromelain was studied in FTIR analysis. The high mechanical strength (60.05±2.45 MPa for 0.5 % w/v 
of bromelain) of the bilayer films decreased with an increase in the concentration of bromelain. The 
bi-layered films possessed an excellent swelling rate of around 300 - 350% and tend to be slightly 
hydrophobic (61.71±1.68 to 72.51±3.11° for the alginate layer and 89.84±3.29° for the chitosan layer) 
due to the bromelain interaction, which reduced the free hydroxyl groups in the alginate layer. The 
moisture transmission rate decreased with an increase in the concentration of bromelain. The drug 
release depicted that 2% w/v of bromelain showed an initial burst release, while other concentrations 
showed a slower release rate. From all the mathematical models calculated, From the drug release 
kinetics, the Korsmeyer-Peppas model was found to be the closest fit. Bilayer films depicted better 
anti-bacterial properties with good hemocompatibility and cell viability above 80%. The study 
demonstrated that bilayer film incorporated with bromelain (up to 1.5% w/v) might be a potential 
drug-delivery system for wound dressing applications. 
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Abstract 

 
Cancer has been perceived as one of the foremost causes of the deaths (~10 million in 2020) around 
the world by the World Health Organization (WHO). Surgery, chemotherapy and radiation therapy are 
the basic modalities for tumor management. These treatment options are associated with high-risk 
factors like tumor recurrence and late/systemic toxicities of radiation and chemotherapeutic drugs 
resulting in non-cancer related mortality. Targeted drug delivery through encapsulation of anticancer 
drug in a carrier provides several advantages like improved drug stability, decreased toxicity and 
enhanced pharmacokinetics over direct administration. Gelatin methacryloyl (GelMA) microspheres 
could be used as targeted anticancer drug delivery system (DDS) in the form of hydrogel sphere. They 
can be fabricated in a facile manner by emulsification of aqueous solution of methacryloyl gelatin 
followed by crosslinking. Gelatin stands out as a biopolymer in biomedical engineering, due to its 
unique qualities of low immunogenicity, solubility, bio-compatibility and low cytotoxicity. Hence a 
GelMA microsphere DDS would be a viable solution for sustained and localized delivery of the 
anticancer therapeutic in tumor vicinity of external tumors such as head and neck cancer and breast 
cancer via passive targeting scheme. GelMA hydrogel spheres can protect labile drugs from 
degradation while acting as local reservoirs of anticancer drug. The anticancer drug can be adsorbed 
or encapsulated in the developed DDS and in-vitro drug release, degradation study, cell viability and 
cell cytotoxicity assays can be performed to evaluate the efficacy of this DDS for anticancer therapy. 
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Abstract 

Drowning is the third largest cause of accidental death all over the world. Around 372,000 people died 

of drowning every year around the world. In India, out of the 30,187 drowning deaths reported, 
52% (15,686 deaths) were of people aged between 18-45 years. Children below 14 years 
accounted for 13% of drowning death. The process of drowning and pre-drowning conditions are 
complex and it is often neglected and not monitored properly, especially in low-middle income 
countries. The underwater environment makes it difficult for real-time monitoring of any divers and 
the time for detection and rescue with human intervention takes a lot of time. Even in the swimming 
pool, the detection of drowning by lifeguards requires proper attention and is prone to human error. 
The survival of the person becomes even more difficult in case he/she becomes unconscious and the 
retrieval of an unconscious diver from underwater put the rescuers’ life under threat. Different 
physiological parameters like Heart Rate, Oxygen saturation, and breathing patterns can be used to 
monitor the drowning situations with the help of a set of sensors and the sensor data will be used to 
detect the drowning conditions. The different health monitoring technologies in form of wearables 
are being discussed especially those which are applicable underwater. The different drowning 
detection methods and rescue from underwater are reviewed here in terms of accuracy and 
application. This paper also presents a method for automatic piercing of carbon dioxide cartridge for 
life jacket inflation. 
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Abstract 
 

Recreating breast tumor microenvironment includes tumor-stromal interactions and requires cellular 
adhesion as well as activation of essential signaling pathways. Traditional 2-dimensional (2D) culture 
of breast cancer (BC) cells unable to provide such environment, hence, variability in the results of drug 
screening is major pitfall during pre-clinical evaluation of anticancer drugs. In this regard, 3 
dimensional (3D) in vitro BC model is known to facilitates the required cell adhesion and signaling 
cues. Further, recreating 3D tumor niche have potential advantage for anticancer drug screening in 
realistic tumor microenvironment. Here, we have developed such 3D in vitro BC model using silk 
fibroin (SF) blend scaffold and gelatin methacryloyl (GelMA) hydrogel system. The cellular 
heterogeneity of BC is mimicked using two cell types abundantly present in stromal niche of breast 
tissue; adipocytes and endothelial cells along with BC cells. Stromal and tumor extracellular niche is 
compartmentalized using SF blend scaffold and GelMA hydrogel respectively while maintaining the 
cellular cross-talk between tumor cells and stromal cells. The cytocompatibility study and cellular 
proliferation study demonstrated good cellular proliferation of co-cultured cells for 14 days and 
viability of cancer cells and stromal cells in the respective matrices. Histological staining of developed 
triculture 3D in vitro model showed positive staining for oil droplets and vWF for primed adipocytes 
and human umbilical vein endothelial cells (HUVECs) respectively. Gene expression study of the 
triculture model demonstrated enhanced expression of BC and stromal related markers and 
downregulation of epithelial marker depicting successful development of model. Further, drug 
screening for doxorubicin and cis-platin is performed to check the robustness of the developed model 
to be used as a pre-clinical drug testing platform for BC therapeutics. 
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Abstract 
 

Valvular heart diseases, that are mainly stenosis and regurgitation, are one of the leading causes of 
cardiac failure worldwide. Currently available valve replacements include mechanical and 
bioprosthetic, but these valves have some limitations and are unable to meet the market demand in 
terms of durability, immunogenicity, degeneration, biocompatibility etc. Specifically, bioprosthetic 
valves have a limited durability while mechanical valves require an anticoagulation therapy 
throughout the patient’s life. Tissue engineering can provide a promising alternative in the 
development of a viable, biocompatible and durable heart valve. This structure mimics the original 
tissue characteristics with the ability to grow, to repair and to remodel in vivo. 

 
To achieve this, different materials have been used in the fabrication of cell-free, slow degrading, 
biomimetic valvular scaffolds that would be populated by endogenous cells to form new valvular 
tissue inside the heart by utilizing the combination of synthetic and biopolymers. Polyurethanes, 
Polytetrafluoroethylene, Poly(styrene-b-isobutylene-b-styrene) etc. are the synthetic polymers, used 
in the fabrication of polymeric heart valves. These replacements exhibited good mechanical 
properties, flexibility, slow degradation but had low resistance to calcification and thromboembolism. 
Biopolymers inclusive of collagen, alginate, silk, poly(hydroxyalkanoate) etc. provide additional 
benefits like increased strength, biocompatibility, help in regeneration and blending it with synthetic 
polymers can help to overcome the lacunae of synthetic polymers by combating the problem of 
immunogenicity and thrombosis. Various fabrication techniques, molding, electrospinning, extrusion 
printing and injection printing, are have been used in the development of valvular implants. Hereby, 
we propose to fabricate a tri-leaflet nanofibrous heart valve structure by electrospinning the blended 
solution of silk and synthetic polymer over heart valve shaped metallic shaped collector, mimicking 
the structure of native heart valve for the regeneration of damaged valve. 
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Abstract 
 

Amputation in any form is not a kind of any other illness or difficulty that a person feels over a period 
of time. It is a significant physical loss of a limb and visible throughout life, and creates a significant 
challenge to do basic daily life activities. It has a huge impact on mobility, as well as on the 
psychological state of mind. Though a lot of progress has been made in the creation of high-end 
prosthetic knee joints, cost and functionalities of them are still major concerns. In order to address 
the above, a passive polycentric knee joint with features that mimics the near human anatomical 
motions is developed and its fixation is done to a few unilateral transfemoral amputees. After due 
course of training by the amputees, the performance of the knee joint is evaluated for health-related 
quality of life (HRQL) and global score (GS) before and after its usage. The feedback from the subjects 
is obtained after 3 months of fixation to assess the performance parameters based on short form 36- 
health survey (SF-36) and questionnaire for persons with a transfemoral amputation (QTFA-72). The 
overall HRQL is increased by 53%, where the physical and mental component score are increased by 
35% and 79%, respectively in comparison to the pre-fixation stage. The prosthetic function is found to 
have a global score (G) of 66, which supported the improved performance of the prosthesis. The 
increased HRQL and ‘G’ of prosthetic performance supported the enhanced performance of the 
prosthesis. The users can perform the activities of daily life such as walking, cross-legged sitting on 
floor and chairs, stairs ascent-descent, deep-squat sitting, and shoe-lace tightening both with and 
without any external humane assistance with the increased comfort level. 
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Abstract 
 

Cutaneous wounds due to breaching of large portion of skin often lead to fatal consequences. The 
complications associated with diabetes especially diabetic wounds, have tremendous destructive 
effect on quality of life of patients. In India, 62 million people affected by diabetes, out which 25% of 
patients develop diabetic foot ulcers. Low-oxygen level, microvascular obstruction and bacterial 
infection are the major causes of chronic diabetic wounds. Currently, biomaterial-based therapeutic 
approaches in targeting the above causes of chronic wound have gained importance in clinical 
research domains. There is a substantial need of low-cost therapeutic strategies that can rapidly 
restore the normal skin function without further complications. Following this rationale, we aim to 
explore a multipronged approach to achieve significant healing of chronic wounds. Therefore, we are 
developing a multifunctional spray bandage formulation that contains haemoglobin (Hb) 
encapsulated metal organic framework (MOF) namely, ZIF8@Hb, silk fibroin (SF) protein and Aloe vera 
mucilage. As a biocompatible compound, SF is immune-compatible, biodegradable, and aids in 
induction of wound healing process. The fabrication of ZIF8@Hb was achieved upon the inspiration of 
natural biomineralization process. The physicochemical analysis of ZIF8@Hb revealed the polyhedron 
structure and the size range of 100-500 nm. This ZIF8@Hb showed significant antibacterial activity 
against different bacterial strains. The ZIF8@Hb particles exhibited significant oxygen release which 
can confer the greater cellular proliferation and migration in hypoxic atmosphere such as in diabetic 
wound sites. The in vitro studies on biocompatibility, cellular proliferation and angiogenesis etc. are 
in progress. In near future, the in vivo studies on small animal models will be performed in order to 
prove the hypothesis. This tri-composite SAZH (SF, AV and ZIF-8@Hb) spray formulation will 
potentially augment the skin tissue regeneration and provide an alternative cost-effective therapeutic 
option to the patients suffering from chronic wounds like diabetic wounds. 
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Abstract 

 
Drug-induced liver injury (DILI) is a patient-specific and multifactorial pathophysiological process that 
causes acute liver failure and is the leading indication for liver transplantation. The poor predictability 
of DILI has led to high attrition rates of drug candidates in the pharmaceutical industry at clinical and 
post marketing authorization stages. Inability to predict DILI is largely due to both discordance 
between human and animal adverse drug reactions in preclinical drug development and lack of pre- 
clinical in vitro models. The limited predictivity of DILI in preclinical trials can be remediated using 3D 
engineered liver models. Recently, 3D printing along with physiomimetic dynamic culture systems 
have been explored as a promising platform to create complex 3D cellular architectures with precise 
control over multifaceted physiological factors. Facing a pressing commercial need for improved 
dynamic drug screening platforms in the preclinical trial phase, here in our study we developed and 
validated a microscale perfusion bioreactor-based 3D printed biomimetic liver model conducive to 
hepatotoxicity testing. The computational fluid dynamics modeling study conducted for the self- 
developed microscale bioreactor revealed that the mass transfer in the bioreactor occurred majorly 
by diffusion and it mimicked the in vivo blood flow pattern of the hepatic lobule. Further, 3D printing 
of biomimetic liver scaffolds was performed using a tissue-specific liver extracellular matrix (ECM)- 
based biomaterial ink with suitable printability and rheological attributes. The decellularized ECM 
based scaffolds supported the maintenance of phenotype, viability and proliferation of human 
adipose mesenchymal stem cell-derived hepatocyte-like cells, human endothelial cells, and human 
hepatic stellate cells. The cell-laden liver model resembled the native cords of hepatocytes with a 
functional sinusoidal lumen-like network and demonstrated enhanced albumin production. 
Furthermore, the liver model was also evaluated for drug toxicity assessment following 24 h exposure 
to different concentrations of non-hepatotoxicant aspirin and clinical hepatotoxicant acetaminophen. 
The physiomimetic bioreactor-based liver tissue model presented here closely recapitulated the in 
vivo liver microarchitecture, function, and drug reactions of human tissues. The study highlighted 
promising results for long-term culture of both parenchymal and non-parenchymal cells as well as 
drug toxicity testing using acetaminophen as a model drug. The self-developed physiomimetic 
bioreactor platform can be used for automated testing of multiple drugs and cells from multiple 
patients in an efficient and high throughput manner. 
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Abstract 
 

Magnetic Hyperthermia (MH) is one of the alternative strategies applied in cancer treatment. 
Magnetic nanomaterials such as iron oxide nanoparticles (IONPs) have always been used for 
hyperthermia applications. The magnetic behavior of INOPs can be tuned by doping with rare-earth 
elements to obtain desired characteristics. In the present study, IONPs doped with neodymium (Nd) 
have been synthesized and analyzed for their potential in MH. The Nd-doped IONPs were prepared by 
co-precipitation method with 5-20 mol% of Nd. Phase analysis of the synthesized nanoparticles using 
an X-ray diffractometer showed the presence of a tri-neodymium iron oxide phase along with 
neodymium oxide and Fe3O4 phases. The crystallite size was observed to decrease with the increasing 
dopant concentration. Further, the magnetic properties of Nd-doped IONPs were studied using a 
vibrating sample magnetometer (VSM). The saturation magnetization values of the samples were 
observed to decrease with increasing dopant concentration, indicating the weakened A-B interaction 
due to Nd incorporation in Fe3O4 crystal, as shown in Fig. The morphology of the prepared sample was 
analyzed using electron microscopic techniques. The heat generation capability and cytotoxicity of the 
prepared Nd-doped IONPs will be studied to confirm the suitability of the prepared Nd-doped IONPs 
for magnetic hyperthermia applications. 

 
Fig: X-ray diffractogram and Magnetic properties of Nd-doped IONPs 
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Abstract 
 

As per the reports, every year 23,500 amputees are added to the amputation population. In addition 
to the above, around 47 % of amputees cannot bear the cost of a functionally enhanced prosthetic 
limb [1]. Most of them incline to use the crutches and sticks, which increases the cost of metabolic 
energy. Commercially available passive prostheses are either stiff or allow movements in only sagittal 
plane (Dorsiflexion and Plantar flexion). Sagittal plane movements are inadequate to walk on all type 
of terrains. In order to walk on different type of terrains by an amputee, allowing movements 
(inversion and eversion) in frontal plane are necessary [2]. Thus, a dynamic passive ankle joint is 
designed which provides the required degree of motion at the ankle to enhance the walking capability. 
A 3D CAD model is designed incorporating the required degrees of freedom and finite element analysis 
is performed as per the guidelines described in ISO 10328. Aluminium -6061-T6 and stainless steel- 
316 materials properties are used for the structural analysis and fabrication of the designed ankle 
joint. The same has been tested with a few transtibial amputees, where the following observed. The 
dynamic ankle joint provides dorsiflexion, plantar-flexion, inversion, and eversion up to 20o, 45o, 15o, 
and 10o, respectively. 

• The maximum von-Mises stress developed in the ankle joint is found to be within the elastic 
limit of the material selected to be used for the same. 

• The rotational axes of the prosthetic ankle joint are matched with the sound leg anatomical 
ankle joint. 

• The custom-made socket provided a rigid but comfortable fitment with the residual limb. 

• Qualitative feedback from the user is found to be satisfactory. 
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Abstract 
 

People with peripheral neuropathies are at higher risk of developing serious foot problems. Diabetes 
and various non-diabetic conditions are responsible for development of peripheral neuropathy. In 
India about 1,00,000 legs are being amputated every year due to diabetes related foot ulcers. Globally, 
every half minute a lower limb is lost due the diabetic neuropathic foot conditions. It also contributes 
to high rates of morbidity and mortality, which have negative effects on quality of life related to their 
health and on the economy. The use of foot orthotics is increasingly acknowledged as a crucial factor 
in the correction of mechanical dysfunctions and alignment of the lower extremities. There is proof 
that protective footwear can lower the risk of subsequent ulcers and that orthotic modalities are 
suitable techniques for neuropathic ulcer unloading. A specially constructed foot orthotic can reduce 
plantar pressures and enhance overall contact area. The different designs and technologies in form of 
insoles and footwears are being discussed especially those which are applicable for prevention of 
neuropathic plantar foot ulcers. The different types of foot orthotics for neuropathic subjects are 
reviewed here in terms of effectiveness and plantar pressure distribution. 
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Abstract 
 

Ultra-high molecular weight polyethylene (UHMWPE) is the promising candidate out of the different 
materials that are used in the total hip replacements for the acetabular component and is being used 
since 1960s due to its unique properties such as high wear resistance, ductility and biocompatibility. 
However, the life of the implant is mostly challenged by the wear debris generated in due course of 
time leading to aseptic loosening, which is the primary cause of failure of total hip arthroplasty (THA), 
thus limiting its life. This failure leads to a secondary surgery for replacing the failed implant, which is 
very painful and comes with complexities. Thus, a great deal of research works has been focused on 
enhancing the material properties, composite materials and design upgradation for THA to increase 
its clinical success to a greater extent. The present work aims to develop vitamin-E blended UHMWPE 
test samples and study their characteristics as per ASTM standards after gamma irradiation at 
different doses. Blending of the UHMPWE powder with different concentrations of α-tocopherol and 
their characterization are reported in detail. 
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Abstract 
 

Coronary artery disease (CAD) is one of the leading causes of mortality in India, which is more than 
the industrialized nations. The number of interventional radiology procedures has been increasing 
rapidly. To treat such conditions, arterial access is created to perform necessary procedures and then, 
the arterial access site is closed generally using a suture mediated closure device. Heart valve 
replacement surgeries require insertion site diameters in the range of 10-24 Fr. When the access site 
size is bigger than 12 Fr, multiple closure devices are used. This increases procedure time and increases 
the risk associated with the prolonged surgery. Therefore, a device is needed to efficiently close the 
arterial puncture site of different sizes. 
The proposed device is designed and developed to close the puncture sites of up to 24 Fr. It has three 
modes of operation to deliver sutures to close the puncture site of different sizes. In first mode, only 
one set of needles are dispatched to deliver one suture which is used to close a small-sized puncture 
site. In the second mode, two sets of needles are dispatched to deliver two sutures simultaneously. 
This helps to close large puncture sites. In third mode, sutures are delivered one after another. The 
device prototype has been manufactured using SLS 3D printing technique. Medical grade SS needles 
were used for the piercing needles. Preliminary animal trials were performed. 
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Abstract 

 
In recent days, Zirconium has increasing attention in the biomedical field, due to their favorable 
mechanical, physical and biological properties. However, Zirconium is bio-inert, it cannot directly bond 
with human bone. To overcome this problem the surface of zirconium has to be modified through 
electrochemical anodization to enhance its osseointegration and corrosion resistance. In the present 
work, we investigated the formation of self-ordered zirconia nanotube arrays (ZNTA) via anodization 
using fluoride containing electrolyte. The anodization parameters like voltage, time, electrolyte 
concentration and temperature were optimized. The coating of PEDOT was carried out by 
electropolymerisation. The fabricated ZNTA surface and polymer coated ZNTA surface were 
characterized using Attenuated Total Reflection Infrared spectroscopy (ATR-IR), Field Emission 
Scanning Electron Microscopy (FE- SEM) and contact angle studies. The in-vitro immersion studies 
were carried out by immersing ZNTA in Hanks’ solution for 7 days and 14 days to ensure the 
hydroxyapatite formation ability. The cell proliferation and cell viability of bare zirconium metal, ZNTA 
and PEDOT coated ZNTA were assessed by MTT assay. Collectively the current research work 
illustrates the significant role in orthopedics with excellent osseintergration in biological system. 
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Abstract 

 
Zirconium (Zr) are widely utilized in orthopedic, dental and replacement of hard tissue implants owing 

to their high biocompatibility, corrosion resistance and low elastic modulus. As zirconium is bioinert, 

surface modification of implant material is essential. In the present work, alkaline-heat treatment 

have been used to modify the surface of the zirconium metal which facilitate the formation of 

hydroxyapatite(HA) coating that provides rapid osseointegration. Various characterization techniques 

including Scanning Electron Microscopy (SEM), Attenuated Total Reflectance- Fourier Transform 

Infrared spectroscopy (ATR- FTIR), X-ray Diffraction (XRD), and Wettability measurement has been 

performed. The in-vitro bioactivity of Zr and alkali treated Zr has been studied by immersing in 

simulated body fluid (SBF) solution. The performance of the material were tested for 7th and 14th days 

confirming the formation of apatite layer through SEM-EDX analysis. The corrosion behaviour of 

surface modified test samples has been carried out by potentiodynamic polarization and 

electrochemical impedance spectroscopy in simulated body fluid (SBF) solution. Thus the alkaline 

surface heat treatment plays a positive role in bone implantation with favorable biocompatibility and 

corrosion behavior. 
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Abstract 
 

As per the world population data sheet [2011], there are more than 30.6 million people suffering from 
a locomotive disability. The National Limb Loss Information Center (NLLIC) reported that 87% of 
people suffer from lower extremity disability, and 38% among them are above-knee amputated 
persons, who are required to generate 60% higher metabolic energy and three times excess power 
and torque from the hip for walking compared to a healthy individual. Commercially available 
prosthetic devices can generate functional joint movements equivalent to the human lower limb with 
a few limitations, such as affordability and variable walking speed. To overcome the above, an attempt 
is made to design and develop an affordable semi-active polycentric knee joint, which is expected to 
mimic the near walking speed of its users. The 2nd generation knee joint developed by IITG is selected 
to incorporate the proposed work. To achieve this functionality, a hydraulic damper with a spring- 
integrated prosthetic knee, is designed. It is found to control the swing phase of the prosthetic knee, 
and it also allows individuals to vary the speed of walking. The developed mechanism is expected to 
provide stance phase stability and knee flexion with speed control without increasing the metabolic 
cost of the amputee. Nylon and hydraulic damper are chosen to develop the polycentric knee joint. 
The knee joint is expected to significantly impact the activities of the daily life of locomotive-disabled 
people due to its function, performance and near-sound leg kinematic pattern. 
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Abstract 

 
Several implant failures have been observed due to the low biocompatibility of metallic bone implants, 
which is common in medical industries. To eliminate this problem, many researchers have proposed 
effective mechanisms and approaches to enhance cell adhesion in the vicinity. But above all, a perfect 
base material proficient to uphold the osteointegration and In-vitro performance is needed. Presently 
magnesium alloys such as AZ31, which shows comparable density (1.77 g/cm3) and elastic modulus 
(44.8 GPa) to the bone, have been tremendously investigated. Herein, titanium dioxide nanoparticles 
were used to deposit over resorbable and biodegradable AZ31 through Radio Frequency Sputtering to 
enhance cell adhesion, mechanical and In-vitro performance. The composition and morphological 
analysis of the deposited surface was done through field emission scanning electron microscope (FE- 
SEM) and energy dispersive spectrometer (EDS); crystallographic structure and physical properties of 
a material were determined through X-ray diffractometer (XRD), and Fourier infrared spectrometer 
(FTIR). Bio-mineralization study of the above substrate in simulated body fluid for 7 and 14 days was 
also done, and their quantitative atomic composition over the period was analyzed through an X-ray 
photoelectron spectrometer (XPS) as well. Cell adhesion of the deposited substrates was done through 
live cell (MG63) staining. The hemolytic activity of the deposited substrates was in the biocompatible 

range of  5%. 
 

Keywords: Titanium dioxide, Magnesium alloy, Physical deposition technique, Cell adhesion, 
Hemolytic activity 

 

Fig 1: Hemolytic activity along with cell adhesion over TiO2 deposited AZ31 
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Abstract 
 

To repair damaged load-bearing bones, 3D porous cellular biomaterials (3D-PCBs) are the best choice 
to avoid the problems of stress shielding and osteointegration in bulk implants. To bear the multi- 
directional loading, the elementary 3D-PCB structures such as simple cubic (SC), face-centred cubic 
(FCC) and body-centred cubic (BCC) geometries lack loading bearing struts in multi-directions. 
Cuboctahedron (CH) with 14 faces is chosen as a base unit-cell for this study. Nevertheless, CH alone 
is incapable of enabling adequate load-bearing capacity. To address this issue and realize 
biomechanical performance, the FCC unit-cell is added along the principal loading direction. The 
numerical quasi-static compression tests were conducted on the modified-CH (MCH) lattice structures 
via FE simulation. At a relative density of 12% (for constant strut diameter and unit cell size), this MCH 
shows better load-bearing performance with an elastic modulus of 2400 MPa and a yield strength of 
13 MPa in line with native physiology of bones (E = 25-4500 MPa and Yield strength = 0.56-55 MPa). 
The MCH architecture possesses a combination of both small and large pores which is an essential 
design parameter for implant design. Systematic parametric analysis was performed on MCH to 
further optimize the biomechanical characteristics using input parameters of strut diameter and 
elastic modulus and yield strength as responses. The findings of this study provide guidelines for the 
optimal design of 3D-PCBs for bone implant applications. 
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Abstract 

 
In recent times, Additive manufacturing has picked up the pace in every industry and specifically in 

biomedical industries to fabricate very innovative and complex implants. Due to functional 

requirements, for a single implant, we look for different performance at different locations which can’t 

be realized by using single material. This issue can be short out by using multi-materials for printing a 

single implant where materials can be selectively used. Printing a high quality implants with multi- 

material is complex and challenging which needs to explore. In this study, Dual-material printing has 

been explored where focus has been given to printability of two materials together with decent 

mechanical properties and usability. Materials like ABS and TPU has been chosen to print 

simultaneously where ABS is served as stiff material and TPU is served as soft material. The influence 

of different printing process parameters such as temperatures, infill densities, and orientations on 

mechanical performance has been studied and optimized through Box–Behnken SRM technique. This 

study helps in finding out a set of parameters that unable best print quality in terms of mechanical 

performance. 
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Abstract 
 

Alzheimer’s Disease (AD), a neurodegenerative disorder is one of the most prevalent forms of 
dementia, characterized by gradual memory loss, and impairment of other cognitive functions. To 
date, the pathogenesis mechanism of AD is poorly understood, and pharmacological treatment 
options are limited. Approximately 3 drugs have been approved in the clinical trial citing as one of the 
lowest success percentages in drug development. Conventional animal models for AD are restricted 
to accurately simulate the disease progression due to interspecies differences. Three-dimensional (3D) 
in vitro disease models which are fabricated to mimic the in vivo niche and the cellular cross-talk are 
found to be promising. However, the pre-existing in vitro models cannot reproduce the complex 
physicochemical microenvironments of AD effectively, thus leading to a dearth of an accurate model 
to mimic the disease. Herein we aim to develop a 3D-printed triculture scaffold model that can closely 
recapitulate the multistage intercellular interactions of the brain physiology in the diseased condition. 
We seek to fabricate a new AD triculture model using neuronal stem cells (NSCs), astrocytes, and 
microglial cells in a 3D printed scaffold platform that manifests AD-like pathology, indicating a 
potentially significant inflammatory mechanism of neurodegeneration. Primarily a healthy model 
needs to be developed, which upon infliction with the disease-inducing biomarkers such as beta- 
amyloid (Aβ), and phosphorylated tau (ptau) invokes a disease model for AD. In addition, the 
application of the induced AD model can be preliminarily demonstrated in the prevention and 
reversibility of promising drugs. Subsequently, this model can be used as a platform to study the 
disease progression pathway and drug screening for neural regeneration. 

 
References: 

1. Park, J., Wetzel, I., Marriott, I. et al. A 3D human triculture system modeling neurodegeneration 
and neuroinflammation in Alzheimer’s disease. Nat Neurosci 21, 941–951 (2018). 
https://doi.org/10.1038/s41593-018-0175-4 

2. Ranjan, V.D., Qiu, L., Tan, E.K., Zeng, L. and Zhang, Y., 2018. Modelling Alzheimer's disease: 
Insights from in vivo to in vitro three‐dimensional culture platforms. Journal of tissue engineering 
and regenerative medicine, 12(9), pp.1944-1958. https://doi.org/10.1002/term.2728 

mailto:s.sreemoyee@iitg.ac.in
mailto:subrata.pramanik@iitg.ac.in
mailto:biman.mandal@iitg.ac.in
https://doi.org/10.1038/s41593-018-0175-4
https://doi.org/10.1002/term.2728


Development of a Silk based 3D bioprinted in vitro skin model as high 

497 

 

 

throughput drug screening platform 
 

Eshani Das1, Bibrita Bhar1, Kodieswaran M and Biman B. Mandal 1,2,3* 
 

1 Department of Biosciences and Bioengineering; Indian Institute of Technology Guwahati, Guwahati- 
781039, Assam, India, 

2 Centre for Nanotechnology, Indian Institute of Technology Guwahati, Guwahati-781039, Assam, 
India, 

3 Jyoti and Bhupat Mehta School of Health Sciences and Technology, Indian Institute of Technology 
Guwahati, Guwahati-781039, Assam, India, 

1Email: eshani.das@rnd.iitg.ac.in; *Email: biman.mandal@iitg.ac.in 
 

Abstract 
 

A crucial step in designing and optimizing skin formulations intended for topical or systemic drug 
effects is the assessment of percutaneous permeation of molecules. For a long period of time, the use 
of animal models has been the primary approach for the pre-clinical development of novel drugs and 
optimization of drug formulation for topical application. However, the increasing regulatory hurdles 
related to the use of animal models stimulated for the development of in vitro screening platform for 
topical applicants in cosmeceutical and pharmaceutical industries. Collagen, the primary component 
of extracellular matrix is generally used for the development of 3D in vitro skin model. There are, 
however, certain drawbacks of using collagen gel such as exorbitant expenses associated with 
fabrication, poor mechanical properties, and fibroblast-mediated contraction. The physiological 
properties of skin model depend on the matrix in which the cells are cultured. Herein, we used a 
bioactive composite formulation comprising of methacrylated silk and methacrylated gelatin as the 
bioink to fabricate a a 3D bioprinted bilayered in vitro skin model. The bioink exhibited suitable 
physicochemical and rheological attributes which supported the proliferation of fibroblasts and 
endothelial cells in the bioink construct and promoted fibroblast spreading under in vitro condition. 
The dermal layer was bioprinted using an extrusion based bioprinting approach. The keratinocytes 
were seeded on a basement membrane of in-house transwell system that separates the epidermis 
from the underlying dermis. Immunostaining assessment after 14 days of ALI culture confirmed a well- 
defined epidermal layer and a dermal part with distributed human dermal fibroblasts. The improved 
barrier function of the skin model was quantified by a barrier function test and permeability assay. 
Furthermore, the skin model was evaluated for skin irritation test using different irritative and non- 
irritative substances. These results demonstrated that the fabricated skin model is affordable and 
would aid pharmaceutical and cosmeceutical companies to accelerate drug development process and 
provide a robust platform for high throughput drug screening. 
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Abstract 
 

Liver fibrosis is an aftereffect of chronic liver injury, caused by infections, autoimmune disorders, 
alcohol, drugs and even cancer. Development of fibrosis is a consequence of complex immunological 
reactions orchestrated by hepatic stellate cells (HSC) paired with other liver specific non-parenchymal 
cells like kupffer cells, endothelial cells and even parenchymal hepatic cells. The already available in 
vitro liver fibrosis models are inadequate to precisely mimic the complexity of the immune system and 
crosstalk among parenchymal and non-parenchymal cells in fibrotic condition. Furthermore, the 
commercially available drugs majorly work by targeting the symptoms of inflammation, impart 
protection to the hepatic cells from further injury or necrosis, prevents the activation of hepatic 
stellate cells, its crosstalk with other cells and degradation of ECM. Even the progression and reversal 
of liver fibrosis is still unclear. Hence, there is a crucial need to develop 3D in vitro liver fibrosis models, 
to understand the pathophysiology of disease progression for development of efficient drugs. There 
have been numerous attempts to mimic the fibrotic models using various strategies, the most 
advanced being the inclusion of microfluidic technology with triculture of hepatic cells, stellate cells 
and hepatic endothelial cells. There are several studies that have portrayed kupffer cells playing a 
crucial role in modulation and governance of the whole immune system and overall hepatic toxicity. 
Liver fibrosis is a complex immunological reaction, therefore introduction of kupffer cells in diseased 
fibrotic models is of prime importance. We aim to summarize the recent advancements in 
development of 3D in vitro liver fibrosis models with focus on the key aspects of model fabrication 
alongside the establishment of a quad-culture model utilizing hepatic macrophage kupffer cells with 
other hepatic cells. 
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Abstract 

 
Commercially pure titanium (Cp-Ti) is a significant biomaterial for load-bearing implant applications. 
However, it has lesser mechanical strength than titanium alloys, which needs to be addressed for its 
use as an orthopaedic implant material. Grain refinement of materials as per the Hall-Petch relation 
leads to the mechanical strengthening of metallic biomaterials. The severe plastic deformation 
method offers an opportunity for grain refinement of bulk materials to produce bulk nanostructured 
materials. In this study, Cp-Ti sheets were subjected to repetitive corrugation and straightening (RCS) 
technique for up to 4 passes. This study focused on the evaluation of the mechanical strength and in- 
vitro bioactivity of the processed samples. The RCS-processed samples were further characterized to 
evaluate their average grain size, wettability and protein adsorption properties. The reduction in grain 
size from 50 µm to 15 µm was observed after 4 passes in the optical micrographs. The hardness and 
tensile strength also increased proportionally for the processed sample. The reduced contact angle 
value ascertained the increase in hydrophilicity thereby enhancing the amount of protein adsorption 
due to the increase in surface energy of the material. The in-vitro bioactivity study of the RCS sample 
immersed in simulated body fluid (SBF) for 21 days resulted in dense hydroxyapatite formation as 
compared to the as-received samples. The Ca/P ratio of the apatite was found to be 1.67, which is 
equal to the stoichiometry of human bone. From this study, it can be concluded that RCS techniques 
result in enhanced bioactivity and mechanical strength of Cp-Ti sheets which can be used as medical 
implants. 
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Abstract 
 

Hematopoiesis is the process via which all the blood cells in our body is produces, impairment of 

hematopoiesis leads to hematological disorders, which can be further classified into hematological 

disease and hematological malignancies. Treatment today is majorly based on blood transfusion and 

chemotherapy which may or may not be accompanied by bone marrow transplantation, among which 

bone marrow transplantation with chemotherapy address the root problem, removal of faulty 

hematopoietic stem cells and supply of the healthy ones where as blood transfusion is only a 

temporary solution which requires regular administration and chemotherapy only get rid of majority 

of the faulty cells. Bone marrow transplant though in practice has it's own set of disadvantages which 

prompted reasearchers to look for alternate sources hematopoietic stem cells, one such being 

umbilical cord blood derived hematopoietic stem cells. Only limitation in it's way is the fact that in 1 

unit of cord blood number of hematopoietic stem cells are not sufficient enough to undergo timely 

engraftment. To tackle that current practice is to administer 2 units instead of 1 unit but then that 

leads to the deficit in cord blood units available. With the rise of regenerative medicine, various ways 

to perform ex vivo expansion of hematopoietic stem cells were explored. Few made it to clinical trials 

and among them few were partial successful, prompting the researchers to look for ways to establish 

a clinically approved protocol to successfully expand umbilical cord blood derived hematopoietic stem 

cells which were in turn capable of fully restoring the hematological functions of the recipient. Herein 

a comparitive study between the methods to successfully expand umbilical cord blood derived 

hematopoietic stem cell ex-vivo is current treatments of hematological disorders, treatments that are 

in showing promises in clinical trials and the methods that are known to show improved rate of HSC 

proliferation. 
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Abstract 
 

Researchers are now advocating the creation of porous titanium implants to enhance the interaction 
between implants and bones, which can help increase stability and lower the chance of implant loss. 
Also, the porous implants ensure better osseointegration with the implant. To make a porous scaffold, 
some lattice structures must first be computationally developed. The existing lattice structures used 
for making porous bone implants are incompatible to maintain certain morphological and 
biomechanical features of bone for example local diversity in structural form and porosity, day-to-day 
dynamic physical environment experienced by bones, natural stiffness of bones etc. This study has 
examined some novel lattice structure designs with certain favourable features, for example variable 
pore architecture which duplicates the variable trabecular pattern present in our natural bones. These 
unique designs have been developed to fill in the limitations of the widely used lattice structures. The 
lattice designs are derived using simple 3D structures e.g. hollow cylinders, paraboloid and then 
implementing certain Boolean operations on them. Since the struts of every scaffold are curved or 
slanted, the lattice structure is kept from becoming stiff. Moreover, the scaffolds' distinct unique 
structural qualities will also cause them to have almost uniform strain distribution. The Visual Scripting 
was used to create each model in the CAD program Rhinoceros (7.19, Robert McNeel, America), which 
also has a built-in Grasshopper plugin. The names of 3 scaffolds designed are, variation in star pattern, 
curved pillar-like pattern and floral pattern. 
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Abstract 

 
Hip fractures accounts for large number of hospitalizations in road accidents. Intertrochanteric 
fractures are a major form of such hip fractures. Operative interventions include extramedullary or 
intramedullary fixation devices. But the success of implantation depends on how well the implant fits 
to a patient, as the geometry of the human body varies around the world. One such extramedullary 
fixation device, DODO (Double Oblique Device for Osteosynthesis), was proposed by Nag et al. The 
size and shape of that implant were varied and newer implant models were designed in the present 
study and their biomechanical stability was analyzed by predicting stress and displacement and 
calculating the stress shielding and the change in deformation relative to intact bone. Best results 
were shown by an increase in length and decrease in thickness of the implant, along with the 900 angle 
of the distal most screw. Reduced base plate model proved to be an ideal alternative. Lastly, the 
osteoporotic bone model showed more stress and a significant maximum axial displacement 
compared to a healthy bone femoral model. 

Fig. 1: Generation of the CAD 

models and FE results: (a) 3D 

CAD model of design variation 

of DODO, (b) FE model of 

implanted femur subject to 

progressive loading, (c) stress 

distribution contours of DODO 

implanted   healthy   and 

osteoporotic Northeast femur under static loading, (d) Force vs Displacement graph for intact bone 

and different femoral constructs under progressive loading. 
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Abstract 
 

Osteochondral tissue is an important part of musculoskeletal system that protects and supports the 
human body. Osteoarthritis (OA) is a multifaceted musculoskeletal disorder that affects both the 
articular joint and underlying subchondral bone, hence affecting its functionality and compromising 
patient’s quality of life. Currently, there are no cure for osteoarthritis as the underlying mechanisms 
that lead to the onset and maintenance of osteoarthritis are still not well understood. In search for a 
new therapeutic option and for better understanding of pathophysiology of osteoarthritis, animal 
models have been used for clinical trials. However, due to differences in joint anatomy, genetic 
variables, and the immune system, the translatability of research findings into the human condition 
is frequently limited when adopting animals as in vivo model systems. Therefore, the development of 
an in vitro model system that can overcome the limitations of animal models and serve as a more 
effective drug testing platform is of prime importance. Recent in vitro studies have adopted three- 
dimensional (3D) tissue models of OA, which retain the advantages of 2D models and are able to 
mimic physiological conditions, thereby allowing investigation of additional variables including 
interactions between the cells and their surrounding extracellular matrix. Furthermore, microfluidics 
is an emerging platform which has been combined with tissue engineering for fabrication of pre- 
clinical in vitro human microphysiological systems. The microfluidic devices could be applied to create 
emerging organ-on-a-chip technology to recapitulate multifaceted osteochondral microenvironment. 
These models could address the need for advanced, dynamic in vitro models that mimic the in vivo 
tissue environment through joint-relevant biomechanical or fluidic integration, an aspect that existing 
in vitro OA models lack. Herein, we review the state-of-the-art of pre-clinical in vitro OA models as 
high throughput drug screening platform for osteoarthritis therapeutics. 
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Abstract 

 
Acoustic emission (AE) is a non-destructive testing (NDT) method that has been widely used in 
tribological failure analysis but in the past decade, it commenced more towards in-vivo bio tribological 
applications, especially in disease detection like osteoarthritis (OA). The existing methods for OA 
diagnosis like X-Ray/ MRI are frequently used but they have their limitations. The objective of this 
research is to find the frequency features from the Knee joint acoustic emission signals to detect knee 
osteoarthritis and its comparison with radiological findings. A total of 14 human subjects, who were 
diagnosed with osteoarthritis are recruited for this study. KL grade and WOMAC scale are evaluated 
for all the subjects. The frequency feature is also extracted from AE measurement during repeated 
sit–stand–sit movements in all individuals. A 2D histogram is obtained to visualize the differences and 
similarities between AE and radiographic findings (KL Grade). Also, the findings of the WOMAC scale 
are compared with the AE features. A significant observation is made between KL-grade and joint 
frequency feature but there is no significant observation seen between WOMAC and AE features. 
From these results, acoustic emission is identified as a novel diagnostic tool for osteoarthritis 
detection. Although a strong basis is formed to use acoustic emission for the quantitative assessment 
of knee OA however, several other signal features are also needed for evaluation in future studies. 
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Abstract 

 
Immunoengineering has shown remarkable success for treatment of various pathological diseases but 

certain limitations like complex elaborate protocols and cost keeps this therapy out of reach of many 

patients. Moreover, the ex vivo engineered cells undergo terminal differentiation, which affects their 

function, viability and persistence in vivo upon transplantation. In our study, we illustrate a proof of 

concept to in vivo engineer immune cells that would waive the need for large-scale in vitro generation 

and culture of engineered immune cells. Polyethylene glycol (PEG) based cryogels were fabricated and 

modified to immobilize genetic vectors onto it. The cryogel was found to be biocompatible and 

hemocompatible and its implantation in C57BL/6 mice was observed to be conducive to angiogenesis 

and infiltration of immune cells without any systemic toxicity. C57BL/6 mice subcutaneously 

implanted with luciferase-expressing genetic vector-loaded cryogel showed higher transduction 

efficiency when compared to bolus-mediated genetic vector delivery. Further, significant reduction in 

tumor was observed when the cryogel carrying genetic vector was implanted in C57BL/6 mice bearing 

solid tumor as compared to no treatment control group. We demonstrate a practical, low-cost, 

localized and broadly applicable gene delivery strategy that can genetically program immune cells 

without the requirement for ex vivo manipulation of host cells as opposed to allogeneic cell products. 

This strategy can be engineered for its use in other pathological condition where gene delivery to host 

cells is needed. 

mailto:prakriti@iitb.ac.in


506 

 

 

 

Tissue Engineering Application for the Development of 3D in vitro Cancer 
Models for Drug Screening 

 
Anushka Srivastava1 and Biman B. Mandal 1,2,3,* 

 
1 Department of Biosciences and Bioengineering; Indian Institute of Technology Guwahati, Guwahati- 

781039, Assam, India, 
2 Centre for Nanotechnology, Indian Institute of Technology Guwahati, Guwahati-781039, Assam, 

India, 
3 Jyoti and Bhupat Mehta School of Health Sciences and Technology, Indian Institute of Technology 

Guwahati, Guwahati-781039, Assam, India, 
1Email: anushkasrivastava@iitg.ac.in; *Email:biman.mandal@iitg.ac.in 

 
Abstract 

 
Cancer research requires various pre-clinical trials prior to human clinical trials, 2-dimensional (2-D) 
cultures and animal trials being the most common. Using 2D models for studying cancer progression 
and drug screening is not sufficient as the tumor microenvironment (TME) present at the site of the 
cancer has a complex spatial arrangement that cannot be mimicked in a 2D set-up. Animal models are 
also not favored as the drug interactions and mechanism of action in the species used are substantially 
different from those occurring in human bodily tumors, rendering the model less reliable. They also 
raise ethical concerns. The development of 3D in vitro models which accurately depict the in vivo TME 
become increasingly necessary for these studies. The cellular and extracellular components of the 
tumor need to be replicated in these models which account for the in vivo biology of the TME. 
Different approaches are used for the design of such 3-dimensional (3-D) structures to provide better 
disease models for the pre-clinical screening of drugs. The number of studies carried out for the 
development of these models has seen a steep upward trend over the past 15 years, however 2D 
models are still largely preferred due to the relative inexpensiveness and ease of the method. While 
3D models offer a better depiction of the TME, accounting for a more accurate mimicking of the 
tumor-stromal interactions and cellular signalling, they show variable results due to the lack of 
standardized protocols which would ensure reproducibility and reliability. The existing expertise in the 
3D in vitro models is not enough to substitute the use of in vivo animal models and hence more 
research in this prospect needs to be conducted for the establishment of standardized practices for 
the development of more sophisticated 3D models. 
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Abstract 

 
Direct cardiac reprogramming attracts major attention because of the low or nil regenerative ability 
of cardiomyocytes, resulting in permanent cell loss in various heart diseases. In the field of cardiology, 
balancing this loss of cardiomyocytes was highly challenging, even in the modern medical world. Soon 
after the discovery of cell reprogramming, direct cardiac reprogramming became a promising 
alternative for heart regeneration. We here highlight the various integrative and non-integrative direct 
cardiac reprogramming approaches as well as other strategies for derivation of induced autologous 
cardiomyocytes from different sources. Existing methods for the generation of functional 
cardiomyocytes involve the usage of viral vectors, which eventually integrate with the genome of 
resulting myocytes, rendering them unfit for therapeutic applications. The quest for a minimal yet 
efficient cardiac reprogramming cocktail has thus motivated us to investigate the efficacy of using 
transcription factors in the form of recombinant proteins to generate transgene-free functional 
cardiomyocytes by reprogramming human fibroblasts. In the near future, this will pave the way for 
the generation of patient-specific autologous cardiomyocytes with no immune rejection chances since 
functional cardiomyocytes will be transplanted back to the same patient from whom fibroblasts were 
isolated for direct reprogramming. In addition, the knowledge gained about the crucial transcription 
factors and signalling pathways would provide a better understanding of the detailed molecular 
mechanisms of the cardiac reprogramming process. 
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Abstract 

 
The self-assembling peptides are emerging as the interesting candidates for the development of 
scaffolds for applications in tissue engineering, drug delivery, wound healing, etc. Self-assembled 
materials developed from these bio-inspired building blocks are highly sensitive to the environmental 
changes since the molecules are associated through weak non-covalent interactions. In this context, 
several structural and functional proteins are identified in biology, which can play a major role in the 
structural integrity of the extracellular matrix (ECM). Considering the importance of ECM in tissue 
engineering, the development of these matrices is highly essential for in-depth understanding for the 
cellular microenvironment but there are some challenges in mimicking the complete ECM 
microenvironments via peptide based biomaterials. In this context, peptides-sugar based complex 
biomaterials have started gaining importance for achieving the structural hierarchy and biofunctional 
complexity of the native ECM. In this direction, the composite scaffold can provide essential biological 
signaling required for cellular growth and survival in vivo. In our work, we aim to develop an advanced 
biomimetic scaffold by employing Cardin-motif binding based minimalistic peptide sequence and 
heparin interactions at the molecular level. Interestingly, it has been observed that the Cardin-motif 
peptide formed hydrogel at physiological pH after the addition of heparin. It is worth mentioning that 
the addition of heparin has modulated the supramolecular structure of the peptide and the 
mechanical strength of the scaffold. Additionally, the interaction between heparin and Cardin-motif 
peptide demonstrated superior bioactivity and it displayed a crucial role in cellular proliferation and 
adhesion. To this end, we have also explored a new class of conjugated hydrogel based on 
carbohydrate polymer consisting of biomass derived nanocellulose and peptides. Interestingly, this 
conjugated hydrogel was constructed by non-covalent interactions between cellulose and peptide. 
These intermolecular interactions helped to form unique biomolecular matrix with variable physical 
properties like mechanical stiffness and porosity etc. This tunable porous network has been stabilized 
by a combination of hydrogen bonding interactions and electrostatic interactions presenting a scaffold 
that offers a superior replica of the native ECM by combing peptide and sugar leading to significant 
cellular adhesion and proliferation. These multicomponent supramolecular assemblies inspired from 
natural biomacromolecules may open up a new avenue to fabricate advanced functional materials for 
tissue regeneration. 
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Abstract 
 

Supramolecular hydrogels are emerging as advanced functional materials fabricated via classical 
molecular self-assembly strategy. In particular, peptide-based hydrogels received exclusive attention 
due to their inherent biocompatibility and biodegradability. The well-defined fibrillar structures of 
these hydrogels provide an excellent three-dimensional environment for cellular growth and 
proliferation. The non-covalent interactions within the fibrils become crucial in tuning the mechanical 
properties and pore size matching to the physical attributes of different cell types that can be 
employed for evaluating diverse cellular responses such as cellular adhesion, proliferation, and 
differentiation. In our work, we attempted to design suitable peptide scaffolds to effectively mimic 
the structural and functional aspects of the native extracellular matrix (ECM). These ECM-mimicking 
scaffolds can prove to be highly effective for tissue regeneration applications in case of injury or other 
chronic diseases. Herein, we used a minimalistic approach for designing short peptide-based hydrogels 
derived from ECM-based proteins, like, collagen and N-Cadherin. The design strategy includes the 
involvement of appropriate aromatic moieties that could provide an optimum balance between the 
hydrophilic and hydrophobic interaction, thus assisting the process of hydrogelation. These advanced 
biomaterials displayed emergent properties at the nanoscale including enhanced fiber density, 
mechanical properties, and biocompatibility. Furthermore, a co-assembly approach was employed to 
fabricate composite nanostructures mimicking the ECM by using pathway-dependent self-assembly. 
The gelation triggered by utilizing distinct pathways resulted in differential fiber morphology which 
further proved the diversity of the hydrogels. These diverse supramolecular structures play a major 
role in governing cellular behavior. In this direction, we explored metal-ligand coordination by 
employing cations of variable valency to trigger gelation within a pentapeptide derived from N- 
cadherin, which mediates cell-cell adhesion, migration, and differentiation. Further, the interaction 
between collagen-mimetic peptide and cartilage-specific sulfated glycosaminoglycan was studied to 
evaluate cellular response on the hydrogel scaffold designed based on ionic-complementary peptide 
and protein. These highly tunable multi-component hydrogels attained by incorporating different 
external stimuli and diverse designing approaches can be crucial in expanding their potential in various 
biomedical applications. 
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Abstract 

 
Glucose homeostasis is essential for normal function of the human body. A highly sophisticated 
interplay of hormones and substrate within the various tissues maintain glucose homeostasis. Insulin 
produced by the beta cells of pancreatic islets play a key role in this metabolism. Impaired ability of 
the beta cells by decline or destruction result in diabetes and its dreaded complications. Insulin 
replacement is a lifelong exogenous therapy which is cumbersome & expensive with high rate of non 
compliance.Beta cell regeneration is a fascinating potential and gives hope for cure and relief from life 
long multiple injections and infusions. Various options for beta cell regeneration include insitu 
adaptive cell conversion of alpha cells and delta cells to beta cells, genetic and epigenetic modulation 
to enhance adaptive competence and boost tissue regeneration. Use of sodium glucose co-transporter 
type 2(SGLT2) also improve pancreatic beta cell function. 
In our review we explore the current options for regenerating pancreatic beta cells. 
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Abstract 
 

Functionally graded materials (FGMs) are advanced materials in which final properties gradually vary 
with dimensions. They are increasingly finding applications as prosthetic joint materials with improved 
performance and high biocompatibility in the field of biomedical engineering. Here the end product 
needs to be customized according to the individual's needs. Additive manufacturing (AM) method 
provides the flexibility to achieve such customization. Among the AM, wire arc additive manufacturing 
(WAAM) provides a higher deposition rate at an economical price. Metal inert gas (MIG) based 
techniques in WAAM offer uniform properties owing to their omnidirectional nature but have been 
less explored in comparison with tungsten inert gas (TIG) based methods. Difficulty in feeding the 
second material in a controlled manner is the key challenge in the case of employing MIG. In the 
current study, an innovative method of employing grooves for the improved mixing with the deposited 
material. The proposal was investigated with the aid of low-carbon steel as a deposition material and 
SS-316 powder as a secondary material. SS-316 powder was consolidated in a groove with the help of 
5% polyvinyl alcohol as the binder. Experiments were done with varying currents, deposition speeds, 
and gas flow rates. Uniform beads with good fusion were observed indicating the stability of the 
deposition. Austenitic phases were observed in the bead indicating the proper dissolution of the 
powder phase with the deposited material. Porosities were observed owing to the powder nature of 
the secondary materials. 
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This society, one of the world’s largest biomaterials societies was founded in 1986 by Dr. 

C.P. Sharma as a non-profit professional organization and was registered under the 

Travancore-Cochin Act XII of 1955 (act for registration of literary, scientific, and charitable 

societies) with the name Society for Biomaterials and Artificial Organs - India, (SBAOI). 

SBAOI is a member of the International Union of Societies for Biomaterials Science and 

Engineering (IUS-BSE) since 2003. The Society is administered by its office 

bearers consisting of the President, two Vice Presidents, the General Secretary, Treasurer and 

members of the executive committee, elected during the general body meeting of the society. 

 
Society’s website: http://https://biomaterials.org.in/ 

 

President’s message 

As the current president of society, it is my proud privilege and honor to welcome you all 

to the SBAOI Newsletter. SBAOI works at the forefront of biomaterials science and 

technology, while providing an interdisciplinary platform to stimulate innovation and 

translation of biomaterials, implants, and biomedical devices. My vision is, (a) to enhance 

the global outreach of SBAOI particularly to nurture biomaterials activities in South Asian 

countries; (b) to promote diversity and inclusiveness in SBAOI activities; (c) to make 

SBAOI a more useful platform to young researchers and biomaterials professionals; (d) to 

establish stronger linkages with stakeholders, industry professionals, and clinicians. 

 

 

 

 

 

 

 
C.P. Sharma 

Founder 

 

 

 

 

 

 

 

 
Bikramjit Basu 

President (2021-24) 

 
 

 

Forthcoming Activity: 
SBAOI XXVIII National Conference & next Annual General Meeting 
at Manipal University (Online), December 2021. 

 

 

Condolence Message 
Prof. Rinti Banerjee 

 

Executive Committee (EC) 

President: Bikramjit Basu, Indian Institute of Science, Bangalore 

Vice President: Ashok Kumar, IIT Kanpur 

Vice President: T.M. Sridhar, University of Madras 

Secretary: Willi Paul, SCTIMST Thiruvananthapuram 

Jt. Secretary: A. Balamurugan, Bharathiar University, Coimbatore 

Treasurer: R.S. Jayasree, SCTIMST Thiruvananthapuram 

EC members 

T.S. Sampath Kumar, IIT Madras, 

Neetu Singh, IIT Delhi 

S. Kanagaraj, IIT Guwahati 

H.K. Varma, SCTIMST, Trivandrum 

R. Jayakumar, AMRITA, Kochi 

A. Siddharthan, Anna University 

K. Kaladhar, AMRITA, Kochi 

T.V. Anilkumar, SCTIMST, Trivandrum 

V.P. Shrivastava, CBEAS, Nepal 

Lakshmi S. Nair, Univ. of Connecticut, USA 

With a heavy heart and profound sadness, SBAOI condoles the passing away of Professor 
Rinti Banerjee, Department of Biosciences and Bioengineering, IIT Bombay (https:// 
www.bio.iitb.ac.in/people/faculty/banerjee-r/). She was the Chairperson of the 
Department of Biosciences and Bioengineering during 2016-2019 and has been lately 
steering the 'Digital Health' program at IIT Bombay. 
A clinician-scientist by training, she is globally known for her pioneering research in the 
area of Biomaterials, Nanomedicine, and Drug Delivery. She is an elected fellow of the 
Indian Academy of Sciences and Society for Biomaterials and Artificial Organs India 
(SBAOI). She is also the recipient of the National Bioscience Award from the 
Government of India. She has contributed significantly to the advisory committees of 
various governmental funding agencies as well as professional societies, like SBAOI. She 
was in ICU for the last few weeks due to post-covid complications and succumbed to a 
massive heart attack on 08 July 2021. 
On my personal behalf and on behalf of the SBAOI, I express my deepest condolences to 
the members of the bereaved family. May God gives them the strength to bear such a 
loss. 

 

With deep sorrow, 
Bikramjit Basu 

http://iusbse.org/societies/
http://www.bio.iitb.ac.in/people/faculty/banerjee-r/)


 

 

Society for Biomaterials 

and Artificial Organs 

 

 

 

 

http://biomaterials.org.in 

President’s Message 
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I am deeply honored to welcome you to the second edition of our Newsletter. Our 

society has presently more than 900 members, including Life Members (Indian and 

Foreign), Fellows, Honorary and Regular members. Under the aegis of Society for 

Biomaterials & Artificial Organs India (SBAOI) and Society for Tissue Engineering 

and Regenerative Medicine India (STERMI), International Virtual Conference 

“Biomaterial-Based Therapeutics, Engineering and Medicine (BIOTEM- 

2021)” is recently organized by Departments of Biotechnology, Biomed 

Engineering and Chemical Engineering, Manipal Institute of Technology 

during December 16-20, 2021. This conference is preceded by two 

workshops, Bioelectronic Medicine and 3D Graphy Worksho 
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New Initiatives of SBAOI 

 

 

 
Vol.1, Issue 3, December 2021 

Translational collaborators of SBAOI members 

 

❑ Restructuring functional strategy of SBAOI - Constituting new committees 

(e.g. Award Committee) and defining their roles 

❑ Liaising with international societies (IUSBSE, American Ceramic Society, 

ESB, UKSB, Henry Royce Institute, UK) 

❑ Active Interactions with Indian National Academies (INAE, INSA, NASI, 

IAS, NAMS) 

❑ Introducing new awards to recognize young researchers/ enterpreneuers (Best 

Undergraduate Project award, Best Masters’ thesis award, Innovative PhD 

thesis award, Rinti Banerjee Young Entrepreneur award) 

❑ Initiating our global membership drive in North America, Europe, South Asia 

❑ Active participation of companies and clinicians in SBAOI activities 

❑ Stronger involvement of young researchers 

 

 

 

Chandra P. Sharma 

Award - 2021 

Our Pride 

 

 
 

Prof. Rohit Srivastava 

IIT Bombay 

 
Dr. Sujoy K. Guha 

IIT Delhi 

Prof. Kantesh Balani 

IIT Kanpur 

 

 

 

 
 

Dr. James M. Anderson 

 

The Society of Biomaterials and 

Artificial Organs India presented 

the Chandra P. Sharma Award 

for the year 2021, honoring James 

M. Anderson, Case Western 

Reserve University, USA; for his 

outstanding contributions to 

establishing the immunology 

concepts in the field of 

Biomaterials Science, enabling the 

development of the new 

generation of implantable 

materials and devices for human 

healthcare. 

SBAOI Distinguished Biomaterials Scientist award 

SBAOI distinguished Biomaterials scientist award recognizes the outstanding global contributions made by a 

biomaterials scientist, who has made significant contributions to the area of Biomaterials science and 

bioengineering for human healthcare. Nominations are invited from the candidates, who have made internationally- 

recognized contributions, while working in academia, industry, or government-funded national laboratory, based in 

India. The award winner will present an award lecture at the SBAOI/STERMI annual conference. The award 

consists of a cash award, a citation certificate, and complimentary registration at SBAOI annual meeting. 

A nominee must be older than 40 years and should be an active biomaterials scientist/ biomedical engineer at the 

time of award presentation and is required to be a member of the SBAOI for at least 10 preceding years. 

Nominations are to be recommended by a sponsor, who should be the past presidents of SBAOI. The deadline for 

nomination submission is July 1, in the year preceding the next SBAOI conference. Please send your 

nominations (preferably by email), including a written statement of the nominee’s qualifications, CV and five best 

papers (PDF file) and two-page research contributions, to The President, SBAOI. The nominations will be 

evaluated by five fellows, to be chaired by the current SBAOI Academy of Fellows. 

Honorable President Ramnath 

Kovind presented Padma Shri, 

the fourth highest civilian 

award to Dr. Sujoy K. Guha 

(Science and Engineering 

category) in 2020. 

India’s most coveted Science 

and Engineering Award, 

Shanti Swarup Bhatnagar 

Prize for outstanding 

contributions towards the 

development of affordable 

medical devices in 2021. 
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❖ Chandra P. Sharma Award 

❖ SBAOI Distinguished Scientist Award 

❖ MAHE "Young Scientist Award" 

❖ Bajpai-Saha "Student Award“ 

❖ Young Woman Innovator Award 

❖ Best PhD thesis award 

❖ Best Masters thesis award 

❖ Best undergraduate project award 
(Nomination forms are available on website 

https://biomaterials.org.in/index.htm ) 

Actively participate in Bio- 

Remedi 2022 at IIT 

Guwahati (Dec 14th - Dec. 

18th, 2022). The theme of this 

international conference is 

Translation for Healthcare. 

https://bioremedi2022.org/index.h 
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Chandra P. Sharma Award – 2022 

 
Professor Kam W. Leong 

Columbia University, USA 

Editor-in -Chief, BIOMATERIALS 

 

The Society of Biomaterials and Artificial Organs India 

presents the Chandra P. Sharma Award for the year 

Upcoming Biomaterials Conferences 

 

 

 

 

 

 

 

Mimicking Native Liver Lobule 

Microarchitecture in vitro with Parenchymal 

and Non-parenchymal Cells Using 3D 

Bioprinting for Drug Toxicity and Drug 

Screening Applications 

2022, honoring Professor Kam W. Leong, Samuel Y. 

Sheng Professor of Biomedical Engineering and Systems 

Biology at Columbia University, USA in recognition of 

his distinguished contributions toward the innovative 

design of polymeric biomaterials and to exploiting the 

interactions of cells with nanostructures for delivery of 

antigen, protein, siRNA, and DNA to cells for drug, gene, 

and immunotherapy. 

 

Recent highlights of the work of 

Indian Biomaterials researchers 

Biomaterialomics: Data science-driven pathways to 

develop fourth-generation biomaterials 

 

 

 

 

 

 

 
B Basu, et. al., Acta Biomaterialia, 2022 

 
 

 

 

 

G Janani et. al., ACS Appl Mater Interfaces, 2022 

 
Oxygen releasing and antioxidant breathing 

cardiac patch delivering exosomes promotes 

heart repair after myocardial infarction 

β-Cyclodextrin-Based Ultrahigh Stretchable, Flexible, 

Electro- and Pressure-Responsive, Adhesive, 

Transparent Hydrogel as Motion Sensor 

 
Arpita Roy et. al., ACS Appl. Mater. Interfaces 2022 

 

 

 

 

 

 

 

 

 

PA Shiekh et. al., Chemical Engineering Journal, 2022 

SBAOI goes on social media, Twitter and LinkedIn. SBAOI Awards 

❖ BIO-Remedi 2022 “Translation for Healthcare”, International Conference on 

"Biomaterials, Regenerative Medicine and Devices, IIT Guwahati, India 

(December 14-18, 2022) 

❖ International Conference on POLYMERS FOR ADVANCED TECHNOLOGY 

, Goa, India (February 23-25, 2023) 

❖ International conference on biomaterials science and tissue engineering, Osaka, 

Japan (July 24-26, 2023) 

❖ 12th World Biomaterials Congress, WBC2024 at Daegu, Korea (May 26-31, 

2024 ) 

❖ Micro and Nanotechnology in Medicine, Hawaii (December 5-9, 2022) 

https://biomaterials.org.in/index.htm
https://bioremedi2022.org/index.html
https://bioremedi2022.org/index.html
https://twitter.com/SBAOIndia
https://www.linkedin.com/company/society-for-biomaterials-and-artificial-organs-india/?viewAsMember=true

