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Research Interest
My research interests include creating stem cell niche with decellularized extracellular
matrix (dECM) for commitment of stem cells into tissue specific lineages and tissue printing
with dECM bioink that is capable of providing an optimized microenvironment conducive to
the growth of 3D structured tissue, where the intrinsic cellular morphologies and functions
can be reconstituted. I also wish to understand differential cell-cell and cell-material
interactions based on the structural and functional properties of the matrix.
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I would like to develop in vitro tissue/organ models by 3D bioprinting technique that
could provide an excellent alternative to current cell culture based or animal models for drug
discovery and as in vitro disease/cancer models

Technology/product developed
•
•

•

•

Developed and standardized decellularization protocol for processing of various
tissue ECM for application in tissue engineering
Developed 3D bioprinting methods including cells and biologicals using
decellularized tissue matrix (dECM) for tissue engineering and regenerative
medicine application
Isolated collagen from novel sources with substantial potential to bring down the
cost of this high-value product apart from generating economic value out of food
processing waste products
Designed and developed a laboratory scale wet spinning set up for rapid
fabrication of biopolymer fibers for wound dressing and tissue engineering
applications
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Brief description about Research work


Printing 3D tissues with decellularized extracellular matrix

Lipoaspirate adipose tissue

Cell printed construct using DAT
Live / Dead
Decellularized adipose tissue
(DAT)
Tissue printing through multi-head
tissue/organ building system
(MtoBS)
Live/Dead assay of cell printed
construct

Solubilized adipose tissue

The ability to print tissue analog structure by delivering living cells with appropriate
material in a defined and organized manner, at the right location, in sufficient numbers and
within the right environment is critical for several emerging technologies, including tissueengineering scaffolds, cell-based sensors, drug/toxicity screening, and tissue or tumor models.
However, the majority of published work to date has used a very limited range of materials:
sodium alginate, modified diblock copolymers, and photocured acrylates and these materials
cannot offer the array of interactions that cells encounter in their native extracellular matrix
(ECM). We developed a bioprinting method for printing of cell laden construct with tissue
specific dECM, which provides an optimized microenvironment conducive to the growth of 3D
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structured tissue. A key advantage of this methodology is the preservation of tissue-specific
ECM, providing crucial cues for cells engraftment, survival and long-term function.



Production of collagen from a novel source and their application in tissue
engineering
We have produced collagen from fresh water fish, which is a novel cost-effective source of
this highly useful protein having numerous utility in different fields. It is first time that these
species are used as sources of collagen. The isolated collagen was mainly type I. A major
characteristic of obtained collagen was its denaturation temperature (Td = 36.5 °C), which is
promising as an advantage for biomedical application due to closeness in Td to mammalian
collagen. The isolated collagen did not show any immunogenic responses when injected to mice
with incomplete Freund’s adjuvant, without significant dilution of sera. Further, they
encouraged enhanced cell attachment and proliferation.

Immunogenic responses
100 µm

Collagen sponge



Cellular responses

Development Development of chitosan-tripolyphosphate fibers through pHdepended ionotropic cross-linking
Chitosan can be cross-linked either by covalent or ionic bonding. Most of the covalent
cross-linkers are toxic in nature and thus not suitable for biomedical uses. We have developed
chitosan–tripolyphosphate fibers spun in sodium tripolyphosphate (STPP) bath, which capable
of transforming polycationic acidic chitosan solution into gel instantaneously through ionic
complexation with anionic tripolyphosphate (TPP). Further, chitosan fibers with varying
phosphate contents were prepared by modulating coagulation bath pH and comparative analysis
of mechanism of fiber formation was explained. Gelation kinetics and gel strength
measurements of chitosan with STPP at different pH was carried out and found that STPP has
pH dependent ionotropic cross-linking potential. Interestingly, ionotropic cross-linking causes
reduction in crystallinity of chitosan-TPP fibers and enhanced their degradation rate. However,
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the increase in degradation rate of chitosan-TPP fibers without compromising their mechanical
properties is advantageous for their use in tissue engineering.

Gelation mechanism of chitosan in STPP solution
at pH 3 and 8.6

Chitosan microfibers



Osteoblastic cellular responses on chitosan-tripolyphosphate fibrous 3-d mesh
scaffolds for bone tissue engineering
Although chitosan shows excellent biocompatibility, biodegradability and non-toxicity,
unmodified chitosan membranes were reported to exhibit poor cell adhesion. Chitosan
membrane modified by surface phosphorylation has been shown to promote the osteoblast cell
viability, attachment and proliferation. I have developed phosphate incorporated chitosan-TPP
fibers, which possess bioactivity, a prerequisite for bone tissue engineering application, when
incubated in simulated body fluid. Further, a significant improvement in cell attachment,
proliferation and differentiation was observed when osteoblast like cells were cultured on
chitosan-TPP scaffolds than that of chitosan scaffolds without incorporated phosphate groups.

Biomineralized chitosan-TPP fibers

Attachment of MG63 cells on
chitosan microfibers
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Collagen intermingled chitosan-tripolyphosphate nano/micro fibrous scaffolds for
tissue-engineering application

collagen nano/micro fiber

chitosan-TPP microfiber

Nano/Micro intermingled
scaffold

Proliferation rate of MG63
cells on scaffolds

Attachment of MG63 cells on
nano/micro fibrous scaffold

We have developed a novel structure which combines chitosan-TPP microfibers and
collagen nanofibers in the same construct that is aimed to serve as a scaffold and mimic the
physical structure of native extracellular matrix for tissue regeneration, where nanofibers
provide a favorable surface morphology for cell attachment and growth and microfibers provide
the structural environment. This nano/micro combined scaffold revealed remarkable cellular
activity and cytocompatibility and supported improved attachment and proliferation of MG63
cells than that of bare chitosan-TPP scaffolds owing to presence of bioactive molecule,
collagen, in the intermingled form with chitosan- TPP microfiber.


Electrospinning of collagen from aqueous solution
Collagen nanofibers were generally being elctrospun from
organic solvents like HFP, which is toxic in nature. Thus, the
developed nanofibrous scaffolds are not suitable for tissue
engineering. We prepared collagen nanofibrous scaffolds from
aqueous solution. The developed scaffolds supported excellent
cell attachment and function.



Attachment of MG63 cells on
nanofibrous elctrospun collagen
scaffold

Development of laboratory scale wet spinning setup
A laboratory scale wet spinning setup has been
developed by us. This has got a separate attachment for
holding the syringes and pressure application system.
This spinning setup works on pneumatic pressure as
opposed to the industrial use of pump for extrusion of
polymers.
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