
 

Departmental Research Activities 
 

 

Biotechnology 
 

Genetic profile and biomarker identification of OSCC patients through 

transcriptome analysis  

We are currently working in an extensive area of transcriptome analysis of tobacco-

addicted patients of oral squamous cell carcinoma. This study is being carried out on 

tumour samples taken from Gujarat population. The idea or importance of this work 

seems to lie within the fact that Gujarat has been reported to be having the highest 

number of oral cancer reports, which is increasing year-by-year. Transcriptome analysis is 

an aspect which comprises of whole genomic data of the affected patients. This data is 

ultimately being useful to find out the Up regulated and down regulated genes and 

significant biomarkers in the samples and their respective validation under process. The 

results obtained can pave the way for identifying better targeting approaches and the 

idea of personalized medicine which is presently in the boom. 
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Epigenetic modulation in diabetic nephropathy through miRNA 

We are currently working on emerging epigenetic mechanisms underlying Diabetic 

nephropathy, which involves micro vascular complications associated with both type 1 & 

type 2 Diabetes Mellitus It may be noted that Diabetes Mellitus is a leading cause of renal 

failure. Epigenetics plays a vital role in Diabetic Nephropathy comprises a study of 

heritable changes in gene expression without alterations in the underlying DNA 

sequences. Key epigenetic regulators are micro RNAs which are a family of small non-

coding RNAs. In the case of Diabetes Mellitus, due to engagement of cytokines & growth 

factors with their receptors trigger signal transduction cascades, these affect epigenetic 

states such as DNA methylation & chromatin histone modification to augment the 

expression of pro-fibrotic & inflammatory genes which further leads to Diabetic 

Nephropathy. Hence, miRNAs could serve as the new therapeutic targets for Diabetic 

Nephropathy. 
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A non-viral approach to induced pluripotent stem cells 

Induced pluripotent stem cells (iPSCs) are genetically modified by the integration of DNA-

transcription factors into the adult cell genome. iPS cells are mainly generated by viral 

based delivery of transcription factors. We are trying to develop a non-viral vector based 

method for delivering the transcription factors required for reprogramming a cell from 

the differentiated state to the undifferentiated stem cell. These non-viral vectors are free 

of bacterial DNA and thus capable of high expression in mammalian cells. The goal for 

iPSC research will be to use the iPSC technology for therapy after their re-differentiation. 

 

Targeting breast cancer stem cells using collateral lethality approach 

Collateral lethality, also known as synthetic lethality of housekeeping genes is a new trend 

for the discover cancer specific vulnerabilities caused by passenger deletions or deletions 

in non-tumor suppressor genes. It explains the concept that some of the genes are co-

deleted with tumour suppressor genes which perform housekeeping functions and can be 

targeted. Sometimes passenger gene deletions render non-essential pathways to become 

essential. We are working on enzymes from these pathways, which may act as specific 

target to sensitize cancer cells and mediate cellular death.  

 

Bioengineered three-dimensional stem cell niche for intervertebral disc repair 

and regeneration 

Low back pain (LBP) is a common health problem that affects 60−80% of the popula�on of 

developed countries at some stage in their lives. Degeneration of the intervertebral disc 

(IVD) is a major pathological process implicated in LBP, which is characterized by cellular 

apoptosis and senescence with reduced synthesis of extracellular matrix (ECM). A healthy 

disc is a cushion like material present between the two vertebras, function as essential 

shock absorbers, allows bending, flexion, and torsion of the spine. IVD is composed of 

central nucleus pulposus (NP) and peripheral concentric annulus fibrosus (AF) region. 

Recent advances in cellular and molecular biology have provided an exciting approach to 

regenerate IVD that focuses on the delivery of viable and therapeutically important cells 

to the degenerating disc. AF cell population has shown progenitor cell-like functions, 

which can differentiate in to osteogenic and adipogenic cell lineage. However, these stem 

cells reside in the highly specialized microenvironment in healthy IVD and tend to lose 

their phenotype in successive sub-culturing in vitro. The aligned collagen based 

biomaterial scaffold would mimic the IVD microenvironment by providing an artificial 

functional niche for maintaining progenitor cell function. Hence, my hypothesis is, a 

population of proliferative annulus fibrosis cells present in highly controlled IVD 

microenvironment, will help in regeneration of herniated AF region of IVD using 

functional biomaterial niche. This approach may also help in maintaining disc osmotic 

pressure and water retention. 



 

 
 

 

Lab-on-a-chip: Bioengineered three

degenerated tissues  

A biomaterial based in vitro three

inflammatory crosstalk in diseased conditions e.g. IVD degeneration, diabetes, 

etc. The model will be based

encapsulating key inflammatory molecules and maintaining physical prope

developed model (Srivastava et al., 2017, Biomaterials) will allow the study of paracrine 

crosstalk between cells and molecular changes at 

condition. The model also enables the investigation of modulation in the glycans 

expression to understand the inflammatory microenvironment. We are further evaluating 

the impact of the mechanical

pathways and cellular functions. 

 

 

 

chip: Bioengineered three-dimensional inflammatory disease model of 

A biomaterial based in vitro three-dimensional hydrogel model will enable us to

inflammatory crosstalk in diseased conditions e.g. IVD degeneration, diabetes, 

be based on controlling cell shape, mimicking extracellular matrix, 

encapsulating key inflammatory molecules and maintaining physical prope

developed model (Srivastava et al., 2017, Biomaterials) will allow the study of paracrine 

crosstalk between cells and molecular changes at a genetic level under inflammatory 

condition. The model also enables the investigation of modulation in the glycans 

expression to understand the inflammatory microenvironment. We are further evaluating 

mechanical stimulus on developed model to identify altered molecular 

pathways and cellular functions.  
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Medicinal Chemistry 

Construction of pharmaceutically important molecules through C–H bond 

activation 

The direct transformation of C–H bonds provides shorter approach than classical organic 

synthesis, thus rendering straightforward and atom-economical synthetic routes. Even 

more appealing is that this new approach enables previously unachievable synthetic 

disconnections. The employment of C–H bond activation protocol in chemistry does not 

simply represent a gradual synthetic advance; it has implications beyond organic 

chemistry and through the compounds made using this methodology it reaches other 

fields of science such as materials science, biology, physics, and energy research. Owing to 

the existence of C–H bonds in all kinds of organic molecules, a specific C–H bond opens 

the door for the almost unlimited exploitation of this strategy for the late-stage 

modification of various complex molecules. This enables a rapid diversification of 

chemical entities into a panel of closely related analogues. Our research group focuses on 

the designing, synthesis and functionalization of novel heterocyclic scaffolds by using C-H 

activation strategy. Particularly, towards the synthesis of fluorinated compounds by 

employing C-H activation for the treatment of cancer and neuropathic pain. 

 
 

Drug repurposing: Cancer is a multifactorial disease involving multiple pathways; 

simultaneously the anticancer drug discovery is also a multiyear process. In this scenario, 

repurposing of existing drugs is a very smart strategy to translate the drugs to market 

quickly. Here, we are modifying the Niclosamide, a well-known antihelminthic drug 

against anti-apoptoticbcl2 proteins. The strategy adopted is using isosteric and 

bioisosteric replicas with improved pharmacokinetic and pharmacodyanamic (PK/PD) 

profiles.  
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Reversible anticancer covalent inhibitors: Similarly, the boronic acid or boronates are 

having electrophillic nature by which it can coordinate with various cellular nucleophiles 

involved in cancer. We are also synthesizing boronic acid based molecules to target 

cancerous cells, and the strategy is providing promising preliminary results. The molecules 

are showing interactions with the electron rich sites of enzyme M2 pyruvate kinase 

(M2PK) which is regarded as sweet spot in glycolysis. Here a total of 22 derivatives were 

synthesized, purification was carried out using column chromatography, and 

characterization of these compounds was carried out using IR, MS, and NMR 

spectroscopy. Also, biologically evaluated for anti-cancer activity on various cell lines such 

as Colo-201, MCF-7, and Bcl-2-Jurkat some compounds are showing good inhibitory 

activity as compared with standard drug Doxorubicin. Four synthesized compounds 

showed activity on Colo-201, MCF-7 and Bcl-2-Jurkat cancer cell lines. 
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The designed Boronic acid based 
molecule showing interaction with 
ALA-387 of the M2PK enzyme with 
docking score of -14.375

The sulfonamide based standard 
showing cation-pi interactions with 
ALA-387 of the M2PK enzyme with 
docking score of -6 only

 
 

Alzheimers disease: In the case of neurodegenerative diseases, Alzheimer's disease 

involves multiple enzymes like GSK-3 Beta, Monoamine oxidase (MAO) and 

acetylcholinesterase (Ache). In the current scenario, it’s strongly emphasized that one 

molecule which can target multiple enzymes will be more effective rather than a cocktail 

of drugs. Here we are designing multi-target directed ligand (MTDL) to nail down the 

disease from across the corners. The molecule has shown potent inhibitory activity 

against acetylcholinesterase enzyme and currently being investigated against other 

enzymes for similar effects. 

  



 

 
 

Medical Devices 

Biomaterial Platforms: Applications in developing medical devices and 

biotechnology products 

New concepts in material fabrication methods have 

forms of hydrogel and particles for specific medical and biotechnological applications. The 

research work is focusing on designing new types of materials using physical concepts and 

chemical engineering tools. We develop materials a

separation of alarge particle such as mammalian cells, as 

mammalian cell bioreactor and as particles in various forms for the delivery of 

biomolecules. The advanced forms of materials 

biological properties for developing medical devices e.g. lab

and cell delivery vehicles. The appropriate type of biomaterial can be fabricated based on 

the desired application. We develop materials 

alginate and other GAGs) and synthetic (poly (N

polycaprolactone, etc.) polymers. 

 

 

Radical free, poly (methyl methacrylate) (PMMA) bone cement for joint 

arthroplasties 

Poly (methyl methacrylate) (PMMA) polymer

used bone cement because of its proven track record and efficacy. It is widely used for 

implant fixation and as space filler material in various orthopedics. The research 

focused on treating the vertebral injuries such as vertebral compression fractures, 

 

Biomaterial Platforms: Applications in developing medical devices and 

 

New concepts in material fabrication methods have been utilized in developing advanced 

forms of hydrogel and particles for specific medical and biotechnological applications. The 

research work is focusing on designing new types of materials using physical concepts and 

chemical engineering tools. We develop materials as chromatography matrix for the 

particle such as mammalian cells, as a three-dimensional

mammalian cell bioreactor and as particles in various forms for the delivery of 

biomolecules. The advanced forms of materials have been fabricated

biological properties for developing medical devices e.g. lab-on-a-chip, tissue repair patch 

and cell delivery vehicles. The appropriate type of biomaterial can be fabricated based on 

application. We develop materials from natural (collagen, hyaluronic acid, 

alginate and other GAGs) and synthetic (poly (N-isopropyl acrylamide), poly(acrylamide), 

polycaprolactone, etc.) polymers.  

Radical free, poly (methyl methacrylate) (PMMA) bone cement for joint 

Poly (methyl methacrylate) (PMMA) polymer-based bone cement is the most commonly 

used bone cement because of its proven track record and efficacy. It is widely used for 

implant fixation and as space filler material in various orthopedics. The research 

on treating the vertebral injuries such as vertebral compression fractures, 
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Radical free, poly (methyl methacrylate) (PMMA) bone cement for joint 

based bone cement is the most commonly 

used bone cement because of its proven track record and efficacy. It is widely used for 

implant fixation and as space filler material in various orthopedics. The research is 

on treating the vertebral injuries such as vertebral compression fractures, 
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vertebral hemangiomas, kyphosis, scoliosis, osteoporosis, and metastatic tumours by 

removing the residual monomer toxicity of polymethyl methacrylate bone cement. 

Appropriate natural antioxidants to scavenge the free radicals are identified by using, in 

silico studies at physiological conditions. Further, the optimized antioxidant will be 

evaluated by various assay methods. Physicochemical and mechanical characterization of 

bone cement with antioxidant will be examined for final applications. Moreover, the 

formulation can be useful for joint arthroplasty as well.  

Studies on photodynamic molecules loaded superparamagnetic nanoparticle for 

cancer theragnosis 

Conventional cancer treatments are facing long-standing obstacles lead to lowest 

mortality rate. The main motive of the research is to the synthesis of photodynamic 

molecules loaded for magnetic hyperthermia for cancer theragnosis. Initially, MRI 

contrasting magnetic nano particles will be synthesized by defined methodology.  Further, 

hyperthermia effect will be optimized for the photodynamic molecules loaded 

nanoparticles. The synergetic effect of the formulation will be determined and compare 

with the individually effect of hyperthermia and photodynamic effects.  

Smart biomaterials for tissue regeneration and repair 

Piezoelectric materials are smart materials owing to transduce the applied mechanical 

pressure into electrical signals and vice-versa.  The cartilage regeneration and repair is a 

major challenge till date due to its complex structure. The major intention of the study is 

the utilization of piezoelectric mechanism to stimulate the cartilage regeneration without 

addition of stimulating factors. The piezoelectric polymeric scaffold is prepared by electro 

spinning method. The scaffolds are exposed to corona poling to develop surface charge 

density by strong electric field. The poled scaffolds are subjected physical, chemical and 

biological evaluations to optimize the scaffold for cartilage regeneration and repair. 



 

 
 

Biodegradable polymeric stents for cardiovascular applications

Coronary artery disorders are the leading cause of morbidity and mortality. Development 

of bare metal stents answered the problem of acute 

angioplasty. In consequence, it leads to other problems such as thrombosis high rate of in

stent restenosis and unfavorable lumen late remodeling which leads to drug

stents (DES). The next advancement is biodegrada

implantation and leave behind only the healed natural vessel, with restored 

vasoreactivity. It eliminates the chances of late stent thrombosis and prolonged 

antiplatelet therapy. The limitations of newly synthesized biodegrad

mechanical strength,fracture stiffness and fast degradability of the polymers. A cylindrical 

polymeric scaffolds is developed in combination with biodegradable

polylactic acid and polycaprolactone. The objective is to

blend. Theblend illustrated no chemical interaction between polymers. The scaffold is 

coatedwith antiproliferative agent and sustained release profile is studied. The 

degradation of thescaffold is also evaluated.  The devel

scaffold may be used as for the cardiovascular application. 

 

 

Biodegradable polymeric stents for cardiovascular applications 

Coronary artery disorders are the leading cause of morbidity and mortality. Development 

of bare metal stents answered the problem of acute coronary occlusion due to balloon 

angioplasty. In consequence, it leads to other problems such as thrombosis high rate of in

stent restenosis and unfavorable lumen late remodeling which leads to drug

stents (DES). The next advancement is biodegradable stents which degrade after 

implantation and leave behind only the healed natural vessel, with restored 

vasoreactivity. It eliminates the chances of late stent thrombosis and prolonged 

antiplatelet therapy. The limitations of newly synthesized biodegradable stents are a low 

mechanical strength,fracture stiffness and fast degradability of the polymers. A cylindrical 

polymeric scaffolds is developed in combination with biodegradable

polylactic acid and polycaprolactone. The objective is to improve tensile strength of the 

blend. Theblend illustrated no chemical interaction between polymers. The scaffold is 

coatedwith antiproliferative agent and sustained release profile is studied. The 

degradation of thescaffold is also evaluated.  The developed hemocompatible polymeric 

scaffold may be used as for the cardiovascular application.  
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Coronary artery disorders are the leading cause of morbidity and mortality. Development 
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Coating for cardiac stent and balloon catheter 

There are various coating techniques used for cardiac stent coating namely, dipping, 

spraying, and nanofibrous coating. A comparative study has been done to evaluate the 

efficacy of each technique regarding change in mechanical properties of stents, contro

release of drug, degradability and biocompatibility. Balloon coatingas another approach 

to combat atherosclerosis has also been explored.Bioadhesive and biodegradable 

polymers are chosen for the application. The selected polymer further modified by am

fictionalization to improve the bio

 

Development of Cholesterol biosensor by amperometric method using carbon 

nanomaterial 

Cholesterol and hydrogen peroxide is the important markers in determining the cardiac 

problems like atherosclerosis an

the levels of cholesterol and hydrogen peroxide (H

electrochemical biosensors are having lack of sensitivity, selectivity and stability issues. 

There are several matrixes reported based on multiwall carbon nanotubs and polypyrrole. 

A matrix has been proposed to increases the stability, selectivity, and sensitivity measure 

the cholesterol and Hydrogen peroxide (H

been fabricated with carbon nanomaterials with polymer onto electrode and analysis is 

 

Coating for cardiac stent and balloon catheter  

There are various coating techniques used for cardiac stent coating namely, dipping, 

spraying, and nanofibrous coating. A comparative study has been done to evaluate the 

efficacy of each technique regarding change in mechanical properties of stents, contro

release of drug, degradability and biocompatibility. Balloon coatingas another approach 

to combat atherosclerosis has also been explored.Bioadhesive and biodegradable 

polymers are chosen for the application. The selected polymer further modified by am

fictionalization to improve the bio-adhesion.  

Development of Cholesterol biosensor by amperometric method using carbon 

Cholesterol and hydrogen peroxide is the important markers in determining the cardiac 

problems like atherosclerosis and oxidative stress. Therefore, it is important to determine 

the levels of cholesterol and hydrogen peroxide (H2O2) in blood samples. The available 

electrochemical biosensors are having lack of sensitivity, selectivity and stability issues. 

l matrixes reported based on multiwall carbon nanotubs and polypyrrole. 

A matrix has been proposed to increases the stability, selectivity, and sensitivity measure 

the cholesterol and Hydrogen peroxide (H2O2). Herein, an electrochemical biosensor has 

fabricated with carbon nanomaterials with polymer onto electrode and analysis is 
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done by electrochemical method.  The presence of carbon nanomaterial not only 

enhances the surface coverage but also exhibits a promising enhanced electrocatalytic 

activity.  

In-situ hydrogel for synovial joint 

Bone erosion by osteoclast is a key mediator effectors cells in the pathogenesis of bone 

and joint damage in Rheumatoid Arthritis. Osteoclast

maintained by RANKL, RANKL (receptor activa

expressed by verity of the cell such as T

rheumatoid arthritis is non

anti-inflammatory drugs, steroid ho

of rheumatoid arthritis they are producing unavoidable side effects likecardiotoxicity, 

gastrointestinal toxicity, and anaphylaxis. In

advantages over conventional dosage form, like easy formulation and maintain sterility, 

site specific delivery. Some of the example of in

thermogel, PEG basedco-

acylamide copolymer. In-

procedure.  

Fabrication of nanofibrous wound dressing loaded with carbon nanomaterial

The purpose of medical care in wound management is to prevent wound from infection 

by covering, increase the fibrobla

electrospun nanofiber scaffold made up of natural and/or synthetic polymer provides an 

extracellular matrix for support and initiates the growth, proliferation, and differentiation 

of fibroblast cells. The present study deals with the development of polymeric 

nanofibrous scaffold embeddedwith carbon nanomaterials and collagen. 

Electrospunnanofibrous could quickly start signaling pathway and attract fibroblasts to 

the dermis layer, which play an important 

matrix made up of Poly3-hydroxybutyric acid

offers several advantages like close structural resemblance to native extracellular matrix, 

good porosity and high surface

absorb wound exudates. 

 Artificial biocompatible corneal implant

Corneal defects are one of the important factors for 

blindness. The treatment options are corneal grafts and 

artificial cornea. The availability of corneal graft is very less. 

Therefore, artificial cornea is in demand. Artificial cornea or 

keratoprosthesis is a synthetic substitute to replace a 

diseased or damaged cornea to restore vision. 

Polymethylmetacrylate and poly hydroxyl methyl 

methacrylate are the polymers used for the development of the products. The 

 

done by electrochemical method.  The presence of carbon nanomaterial not only 

enhances the surface coverage but also exhibits a promising enhanced electrocatalytic 

situ hydrogel for synovial joint  

Bone erosion by osteoclast is a key mediator effectors cells in the pathogenesis of bone 

and joint damage in Rheumatoid Arthritis. Osteoclast-mediated bone reabsorptionthat is 

maintained by RANKL, RANKL (receptor activated nuclear factor (NF-ĸB) ligand. RANKL is 

expressed by verity of the cell such as T-cell and synoviocyte. Available treatment of 

rheumatoid arthritis is non-steroidal anti-inflammatory drugs (NSAIDs), disease modifying 

inflammatory drugs, steroid hormones and biological drugs are used in the treatment 

of rheumatoid arthritis they are producing unavoidable side effects likecardiotoxicity, 

gastrointestinal toxicity, and anaphylaxis. In-situ hydrogel or injectable gel offer some 

onal dosage form, like easy formulation and maintain sterility, 

site specific delivery. Some of the example of in-situ hydrogels are chitosan based 

-polymer, peptide based gel, poloxamers, and N

-situ or injectable material does not require any surgical 

Fabrication of nanofibrous wound dressing loaded with carbon nanomaterial

The purpose of medical care in wound management is to prevent wound from infection 

by covering, increase the fibroblast cell growth, and preserve function. The polymeric 

electrospun nanofiber scaffold made up of natural and/or synthetic polymer provides an 

extracellular matrix for support and initiates the growth, proliferation, and differentiation 

he present study deals with the development of polymeric 

nanofibrous scaffold embeddedwith carbon nanomaterials and collagen. 

Electrospunnanofibrous could quickly start signaling pathway and attract fibroblasts to 

the dermis layer, which play an important role in wound healing. Electrospunnanofibrous 

hydroxybutyric acid-co-3-hydroxyvaleric acid (PHBV) potentially 

offers several advantages like close structural resemblance to native extracellular matrix, 

good porosity and high surface area to volume ratio that can promote hemostasis and 

Artificial biocompatible corneal implant 

Corneal defects are one of the important factors for 

blindness. The treatment options are corneal grafts and 

artificial cornea. The availability of corneal graft is very less. 

Therefore, artificial cornea is in demand. Artificial cornea or 

is a synthetic substitute to replace a 

diseased or damaged cornea to restore vision. 

Polymethylmetacrylate and poly hydroxyl methyl 

methacrylate are the polymers used for the development of the products. The 
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enhances the surface coverage but also exhibits a promising enhanced electrocatalytic 

Bone erosion by osteoclast is a key mediator effectors cells in the pathogenesis of bone 

mediated bone reabsorptionthat is 

ĸB) ligand. RANKL is 

cell and synoviocyte. Available treatment of 

inflammatory drugs (NSAIDs), disease modifying 

rmones and biological drugs are used in the treatment 

of rheumatoid arthritis they are producing unavoidable side effects likecardiotoxicity, 

situ hydrogel or injectable gel offer some 

onal dosage form, like easy formulation and maintain sterility, 

situ hydrogels are chitosan based 

polymer, peptide based gel, poloxamers, and N-isopropyl 

or injectable material does not require any surgical 

Fabrication of nanofibrous wound dressing loaded with carbon nanomaterial 

The purpose of medical care in wound management is to prevent wound from infection 

st cell growth, and preserve function. The polymeric 

electrospun nanofiber scaffold made up of natural and/or synthetic polymer provides an 

extracellular matrix for support and initiates the growth, proliferation, and differentiation 

he present study deals with the development of polymeric 

nanofibrous scaffold embeddedwith carbon nanomaterials and collagen. 

Electrospunnanofibrous could quickly start signaling pathway and attract fibroblasts to 

role in wound healing. Electrospunnanofibrous 

hydroxyvaleric acid (PHBV) potentially 

offers several advantages like close structural resemblance to native extracellular matrix, 

area to volume ratio that can promote hemostasis and 

methacrylate are the polymers used for the development of the products. The 



 

 Page 13 
 

marketedAlphaCor™ has improved core skirt design compared with the Boston KPro, both 

of them have shown less tissue integration property.  To further improve the core-skirt 

design for better epithelialisation, a hydrogel core with graphite incorporated skirt was 

developed to act as corneal substitute.  

Natural Product 

Target oriented synthesis of New Chemical Entities (NCEs) of natural scaffolds as 

anti-cancer, antitubercular and anti-diabetic leads 

Higher plants continue to retain their historical significance as important sources of novel 

compounds useful directly as bioactive leads, model compounds for semisynthetic 

structure modifications and as a source of inspiration for drug discovery. Despite the 

attractive potency and selectivity, the limitations like toxicity, solubility, and stability of 

natural compounds prompt for chemical modification of the scaffolds.  

We pursue research in finding new and more effective chemotherapeutic agents against 

various types of cancers and infectious diseases, such as tuberculosis and diabetes. 

Our research efforts are directed towards the target oriented analogue synthesis and 

development of new chemical entities of pentacyclic triterpenoid, alkaloid, and quinone 

scaffolds as anti-tubercular, anti-cancer, and anti-diabetic leads. Also, we design and 

synthesisethiozolidinedione and thiophene analogues for drug development in these 

areas. Also, the In-silico and Structure-Activity Relation studies aimed at improving the 

therapeutic efficacy of lead compounds. 

Synthesis, Molecular Docking and In vitro Anticancer Activity of substituted 1,4-

Naphthoquinones  

The new series of 1, 4-naphthoquinones derivatives has been designed and synthesized 

by treating with different acids. The compounds have been characterized and evaluated 

for their anticancer activity against neuroblastoma (IMR32), Cervical (Hela) and colon 

cancer (Colo-201), breast (MCF-7) cancer cell lines. All the synthetic compounds produced 

a dose-dependent inhibition of growth of the cells. The IC50 values of all test compounds 

are found between 2.84 and 32.86 µM on IMR32 cell line. The most active compounds 

found with IC50value 0.20 & 1.69 on Colo-201 cell line and 2.00 on MCF-7 cells. The 

compounds are not toxic at 100 µM concentration. The activity iscomparable with 

Doxorubicin. The in vitro activity is further supported by their binding to the respective 

protein with very good binding.  

Design, Synthesis and In-silico studies of novel thiazole and thiazolidinedione 

analogues as glucose uptake activators 

Synthetic methodology for the synthesis of novel thiazole and thiazolidinedione analogues 

developed and 30 structurally diverse compounds are synthesized and characterized. 

They are not toxic to the 3T3L-1 cell line. Among all 15 analogues activated the Glucose 

uptake on 3T3L-1 cell line as compared to Pioglitazone up to 25μM concentration. 
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Molecular docking studies were performed on proteins with PBD id 4EMA and 2PRG 

which further supported the invitro activity of the compounds. 

 

Isolation, structural elucidation and biological evaluation of new natural products 

from terrestrial sources 

With an increasing incidence of cancer, diabetes in an ageing society and the steady 

spread of tuberculosis along with a growing resistance to current drugs, there is a 

continuous need for new and more effective drugs. Natural products chemistry is a 

principal area of research at the interface of the fields of chemistry and biology, and 

natural products are a prolific source of many life-saving drugs and functional ingredients 

and have played an important role in the development of pharmaceutical drugs for some 

diseases including cancer and infection. Ongoing drug discovery research requires a 

constantly expanding library of compounds with a wide range of molecular and chemical 

diversity. 

Our research in natural products encompasses the exploration of enormous terrestrial 

biodiversity for novel drug lead discovery, isolation and structure elucidation of various 

classes of natural products of medicinal significance followed by biological activity 

screening for cancer, diabetes and neuroprotection, cognition enhancement.  

Chemical screening and anticancer activity of some Indian medicinal plants 

We select plants based on the ethonopharmacological, tribal or Ayurvedic reports for 

anticancer activity of the plants and screen them chemically and invitro anticancer activity 

to identify the active compounds. The bioassay guided isolated compounds are exhibiting 

very good activity on neuroblastoma (IMR-32), Cervical(HeLa) and Breast (MCF-7) human 

cancer cell lines with IC50 value of 4 ± 0.06μg/ml on MCF7 and 45 ± 0.15 μg/ml but not 

toxic to normal cells.  
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Chemical screening and isolation of compounds from medicinal plants as glucose 

uptake activators 

The plants used in Ayurvedic antidiabetic formulatios are selected based and screen them 

chemically, and in vitro antidiabetic activity to identify the active compounds. They are 

not toxic to the 3T3L-1 cell line. Among eight selectedplants,  three are activating the 

Glucose uptake on 3T3L-1 cell line as compared to Pioglitazone. Further, the structures of 

pure compounds are to be identified. 

Development and screening of herbal based chewing gum formulation 

We are involved in conducting in vitro,in vivo pharmacokinetic study, plasma 

phytopharmacology studies of plant extracts and phytoconstituents with antidiabetic 

potential. Costus igneus plant has been reported In Ayurvedic treatment for diabetic 

patients and been advised to chew down 2-3 leaves twice a day for a month to cure 

diabetes. Considering this reports we have developed Costus igneus extract incorporated 

medicated chewing gum for diabetic patients. Extract loaded chewing gum batches were 

prepared and were evaluated for various organoleptic properties and mechanical 

properties. Prepared Chewing gum showed an optimal extract release in 30 minutes. 

Considering the results of this study, it can be confirmed that the Costus igneusextract can 

be formulated in the form of medicinal chewing gum. 

CYP-mediated herb-drug interaction studies 

Herbal medicines, whether used alone or in combination with conventional drugs, are 

increasingly thought of as attractive options for the treatment of chronic disease 

conditions such as diabetes, cancer, arthritis, and CNS related disorders. Many patients 

take herbal medicines without a physician consent. They believe that herbal drugs are 

safer than conventional drugs and can be helpful in reducing side effects associated with 

conventional drugs. However, the use of herbal drugs in combination with conventional 

drugs may have a range of effects, varying from beneficial to sub-therapeutic and even 

toxic effects. Like conventional drugs, these kinds of combination therapies should be 

tested for their herb-herb and herb-drug interactions in the early phases of herbal drug 

development. Taking into consideration the importance of such studies we have worked 

on the identification of cyp mediated herb-drug interaction studies for Insulin plant with 

antidiabetic potential. Aripiprazole is an antipsychotic drug, used in the treatment of 

schizophrenia and bipolar disorder. Perthe reports, treatment with antipsychotic drug and 

get eliminated with hepatic metabolism involving cyp2D6. It is associated with glucose 

impairment; it decreases the insulin action. The possibility of diabetes or high glucose 

level in plasma increases in antipsychotic patients. This balance the glucose level, and the 

patients are advised to take antidiabetic drugs (herbal extract or marketed drug). It can 

lead to the potent herb-drug interaction. Insulin plant is one of the extensively used 

plants for the management of blood glucose level. Leaf of this plant has been reported for 

antidiabetic potential. Per the Ayurveda, daily consumption of one leaf can bring normal 
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glucose level. And there might be cases patients will be under the prescription of 

mentioned drug i.e. Aripiprazole and taking Insulin plant leaves or extract without 

informing practitioners. The use of herb- drug combination may lead to synergistic or 

antagonistic or even toxic effects by altering its metabolic pathway used by cyp2D6.In one 

of our project, we have worked on the identification of the effect of Insulin plant extract 

on cyp isoenzyme system. 

Novel drug delivery formulations using plant extracts and phytoconstituents. 

One more research area we are exploring for the natural product is the development of 

novel drug delivery system incorporating plant extracts to address the problems 

associated with it. In the current research, we have worked on the development of 

herbosomal formulation development incorporating Aegle marmelos extract. 

Aegle marmelos (L.) Corr (Rutaceae) commonly known as the bale fruit is a highly reputed 

medicinal plant in the ayurvedic system of medicine. It has been known in folklore 

medicine as an antidiabetic. Various phyto-chemi-constituents like alkaloids, coumarins, 

and steroids have been isolated and identified from different parts of the tree. Leaf 

extract and fruit extract of Aegle marmelo shave shown potent antidiabetic effect. 

Despite being proved to be effective as antidiabetic extract is associated with few major 

challenges like less physical stability & less lipid solubility, to overcome this problem few 

novel approaches have been developed by researcher like development of gold 

nanoparticles. In the current research we have worked on development of Herbosomes 

incorporating Aegle marmelosfruit extract. The developed formulation has been 

evaluated for its physicochemical properties such as particle size, zeta potential, etc. The 

formulationwas evaluated for its stability and in vitro release study as well. Developed 

formulation showed significant results when compared with parent extract. 

Pharmaceutics 

Nasal to brain delivery: role of natural lipids 

The blood–brain barrier (BBB), a specialized interface between the systemic circulation 

and brain parenchyma, effectively attenuates and regulates the flux of chemicals between 

these two environments. This protective barrier poses a formidable obstacle to drug 

delivery as inability to achieve pharmacologically active central nervous system (CNS) 

concentrations leads to difficulties in development of effective pharmaco therapeutic for 

diseases of the brain and CNS. Intranasal delivery has come to the forefront as an 

alternative to invasive delivery methods to bypass the BBB and rapidly target therapeutics 

directly to the CNS utilizing pathways along olfactory and trigeminal nerves innervating 

the nasal passages.  We are exploring the role of butter oil from bovine origin reportedly 

known to be rich in omega 3 fatty acids and its role in membrane remodelling and 

neurogenesis. Additionally we are also investigating the potential of using butter oil as 

permeation enhancer for delivery of formulation to ocular compartments. The outputs of 

the work could be path breaking in terms of projecting butter oil in altogether new light as 
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till date it is rich source of cholesterol in food only (European Journal of Pharmaceutical 

Sciences 91, 196-207, 2016). 

 

Application of thermal analysis in Drug excipients interaction and blend 

uniformity analysis 

Assessing mixing uniformity of a powder blend in pharmaceutical formulation of a low 

dose potent drug is a very critical step, failing which the entire formulation needs to be 

reworked from the beginning. Thermal analytical methods like differential Scanning 

calorimetry [DSC] are rapid method requiring very lesser sample for quantification. In this 

project, we are using enthalpy values obtained from DSC for estimation of mixing 

uniformity in powder blend mixed using high shear mixture granulator. Influence of 

various parameters like melting behaviour of drug and excipients, bulk density of 

excipients and mixing time on the results of enthalpy values was also evaluated. The 

results from DSC analysis were further confirmed using HPLC analysis and a correlation 

was proposed between the two analytical methods. It was observed that at lower levels 

of drug i.e. 0.5%, 1% and2%, the relative standard deviation values obtained using DSC 

were higher than that using HPLC but at concentration above 5% of drug, the results of 

DSC and HPLC were quite similar. It was concluded that DSC could reliably predict the 

uniformity of powder blend where drug loading was above 5%, however results accuracy 

was somewhat less below this level. We are working further on exploring the use of DSC 

in assessing mixing uniformity during scale up studies and role of DSC in compatibility 

prediction especially in fixed dose combination (Powder Technology 276, 103-111, 2015). 

Impact of drying process on Solid state properties of drug Nanosuspenion 

Poor aqueous solubility is the leading hurdle for formulation scientists working on oral 

delivery of drugs and has led to use of novel formulation technologies. Size reduction in 

nano range can enhance the dissolution rate of the poorly water-soluble drugs and 

increase oral bioavailability. Currently use methods like “top-down” or “bottom-

up” approaches, decrease particle size but leads to enormous surface area and drastically 

amplified Gibbs free energy making it difficult to  retain the nanosize of the fresh 

precipitates due to physical (aggregation/particle fusion) and/or chemical instability 

(chemical reactivity of drug during storage) upon storage. We are at present involved in 

studying the complex interplay between stabilizers and cryoprotectant used during 

lyophilisation of nanosuspension to obtain nanocrystal. We are also investigating solid 

state properties of nanocrystals obtained using lyophilization and those obtained using 

electro spinning to evaluate their impact on bulk level properties of nanocrystals.  It is 

expected that this will help us in identifying markers of instability at earlier stages and 

reduce the overall time required for stability assessment of final dosage form (Recent 

patents on nanotechnology,2016). 



 

 
 

Development of novel polymeric nanomaterial for effective cytosolic delivery of 

anticancer bioactives 

The focus of this research is towards the successful delivery of therapeutic agents in a 

controlled and targeted manner and 

variety of applications. Projects ranging from fundamental science to industrially relevant 

applications are undertaken by postgraduate students and researchers within the cluster. 

The research interests include the use of biodegradable polymers for the micro and 

nanoparticle delivery of drugs and proteins particularly for cancer therapy. Specific 

examples of ongoing projects include the delivery of anti

interfering and microRNA.An ov

development of novel polymeric nanomaterial for effective cytosolic delivery of 

anticancer bioactives. The research is also focused towards designing a new generation of 

nanoparticles, which could 

drugs and genes to inhibit the growth of cancer while sparing healthy tissues. His research 

work involves the applications of polymer chemistry, nanotechnology, molecular biology, 

pharmacokinetics/pharmacodynamics and imaging techniques. Tekade lab is also involved 

in investigating the anticancer activity and molecular mechanism of several 

nanoformulations against cancer cell lines

 

Formulation Development of Injectable RNA interfering 

therapy of diabetic nephropathy

Diabetic nephropathy (DN) is chronic kidney disease with microvascular complications 

leads to renal dysfunction, podocytes effacement leads to proteinuria (albuminuria), 

glomerulosclerosis and tubul

towards the formulation development of novel nanotherapy for the treatment of the DN 

bearing a cocktail of the gene therapeutic cargo and drug. For development of this 

 

Development of novel polymeric nanomaterial for effective cytosolic delivery of 

The focus of this research is towards the successful delivery of therapeutic agents in a 

controlled and targeted manner and the development of advanced delivery systems for a 

variety of applications. Projects ranging from fundamental science to industrially relevant 

applications are undertaken by postgraduate students and researchers within the cluster. 

nclude the use of biodegradable polymers for the micro and 

nanoparticle delivery of drugs and proteins particularly for cancer therapy. Specific 

examples of ongoing projects include the delivery of anti-cancer drugs and small 

interfering and microRNA.An overarching goal of his current research interests encompass 

development of novel polymeric nanomaterial for effective cytosolic delivery of 

anticancer bioactives. The research is also focused towards designing a new generation of 

nanoparticles, which could identify the cancer cells and selectively deliver anticancer 

drugs and genes to inhibit the growth of cancer while sparing healthy tissues. His research 

work involves the applications of polymer chemistry, nanotechnology, molecular biology, 

s/pharmacodynamics and imaging techniques. Tekade lab is also involved 

in investigating the anticancer activity and molecular mechanism of several 

nanoformulations against cancer cell lines.  

Formulation Development of Injectable RNA interfering nanoparticle for targeted 

therapy of diabetic nephropathy 

Diabetic nephropathy (DN) is chronic kidney disease with microvascular complications 

leads to renal dysfunction, podocytes effacement leads to proteinuria (albuminuria), 

tubulointestinal fibrosis. In this context, research is focused 

towards the formulation development of novel nanotherapy for the treatment of the DN 

bearing a cocktail of the gene therapeutic cargo and drug. For development of this 
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Development of novel polymeric nanomaterial for effective cytosolic delivery of 

The focus of this research is towards the successful delivery of therapeutic agents in a 

the development of advanced delivery systems for a 

variety of applications. Projects ranging from fundamental science to industrially relevant 

applications are undertaken by postgraduate students and researchers within the cluster. 

nclude the use of biodegradable polymers for the micro and 

nanoparticle delivery of drugs and proteins particularly for cancer therapy. Specific 

cancer drugs and small 

erarching goal of his current research interests encompass 

development of novel polymeric nanomaterial for effective cytosolic delivery of 

anticancer bioactives. The research is also focused towards designing a new generation of 

identify the cancer cells and selectively deliver anticancer 

drugs and genes to inhibit the growth of cancer while sparing healthy tissues. His research 

work involves the applications of polymer chemistry, nanotechnology, molecular biology, 

s/pharmacodynamics and imaging techniques. Tekade lab is also involved 

in investigating the anticancer activity and molecular mechanism of several 

 

nanoparticle for targeted 

Diabetic nephropathy (DN) is chronic kidney disease with microvascular complications 

leads to renal dysfunction, podocytes effacement leads to proteinuria (albuminuria), 

fibrosis. In this context, research is focused 

towards the formulation development of novel nanotherapy for the treatment of the DN 

bearing a cocktail of the gene therapeutic cargo and drug. For development of this 
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podocytes targeted Nanotheraputics, novel polymers are being synthesized by 

bioconjugation to form protonation activepolymer. This novel polymeric bioconjugate 

were formulated in as nanoparticle loaded with genes and drugs. For the specific 

targeting purpose those nanoparticlesbears ligand that can recognize the site for binding 

to attain targeted delivery. It is hypothesized that prepared ligand gated nanoparticle 

could easily phagocytes via take up by cell, then endosome will be form and finally 

polymeric nanoparticle undergo proton sponge effect release the genetic material and 

drug.  Further formulation evaluation done for its physicochemical and biological 

properties. Cellular uptake studies would be performing via in-vitro podocytes cell line 

model and induced diabetes mouse model.  

Tripartite approach for treatment of triple negative breast cancer (TNBC) using 

graphene oxide wrapped polymeric nanoparticles 

The research interest of this cluster is to develop innovative strategies to tackle barriers 

associated drug delivery. This research project involves development of novel 

formulations for the treatment of cancer using nanotechnology based platform, which 

involves the development of polymeric nanoparticles (NPs) trenched with multiple 

approaches including hyperthermia and chemotherapy for effective and promising 

treatment of aggressive triple negative breast cancer (TNBC). One of the component is 

also to establish the effective correlation between the various approaches and their 

individual effects towards the treatment of TNBC.  For this, we consider to develop the 

anti-breast cancer formulation with greater in vitro and in vivo outcomes to render it 

liable for clinical trials and to explore the research area based on the use of RNAi 

mediated gene silencing, as a novel and very effective approach to treat various forms of 

cancer.  

Biodegradable polymeric microneedle arrays for the delivery of therapeutic 

biologics 

A systemic investigation was conducted for designing an efficient dosage form for 

transdermal delivery of α-choriogonadotropin and Salmon Calcitonin (high molecular 

weight biologic), through biodegradable polymeric microneedles. Polyvinylpyrrolidone 

based biodegradable microneedle arrays loaded with high molecular weight polypeptide, 

α-choriogonadotropin were fabricated for its systemic delivery via transdermal route. 

Varied process and formulation parameters were optimized for fabricating microneedle 

array which in turn was expected to temporally rupture the stratum corneum layer of 

skin, acting as a major barrier to drug delivery through transdermal route. The developed 

polymeric microneedles were optimized based on quality attributes like mechanical 

strength, axial strength, and insertion ratio and insertion force analysis. The optimized 

polymeric microneedle arrays were characterized for in vitro drug release studies, ex vivo 

drug permeation studies, skin resealing studies and in vivo pharmacokinetic studies. 

Results depicted that fabricated polymeric microneedle arrays with mechanical strength 
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of above 5N and good insertion ratio, exhibited similar systemic bioavailability of α-

choriogonadotropin in comparison to marketed subcutaneous injection formulation of α-

choriogonadotropin.  

Lymphatic targeting of drug substance using solid lipid nanoparticle based carrier 

system 

A systemic investigation was conducted for investigating the potential of solid lipid 

nanoparticles formulation as targeting carriers for lymphatic system. A highly lipophilic 

drug substance ritnovirwas targeted to lymphatic system with the aid of SLN as carriers 

exhibiting essential requirements for lymphatic targeting like logP value  in range of 3-5 

and particulate size range of 70-130nm. Ritonavir-SLNs were formulated with Precirol 5 

ATO, Tween 80 and Poloxamer 188 as lipid, surfactant and co-surfactant respectively. SLN 

were fabricated using high shear homogenizer(HSH) technique. QbD based Box Behnkan 

design will be employed for optimization of formulation with desired quality targets. 

Solubility enhancement of BCS class II drug substances using β-cyclodextrin based 

porous nanosponge and nanofiber formulation 

A systemic and comparative investigation was conducted on solubility enhancement 

exhibited by β - cyclodextrin based inclusion complex in different porous dosage forms 

like nanofibers and naosponge. Several techniques are explored and reported for 

improving the aqueous solubility and therapeutic efficiency of BCS class II drug substances 

which is a current major concern for pharmaceutical industries. Most the reported 

solubility enhancement techniques exhibits several limitations like poor drug loading 

efficiency, low drug dose requirement, final dosage form development problems to list a 

few. The β–cyclodextrin based drug inclusion complex is one of the solubility 

enhancement approaches  which has presented a great interest in 21stcentury. The 

research investigation was designed with a conceptual thought of utilizing dual 

approaches, (cyclodextrin complexation and nanotechnology) for enhancing the aqueous 

solubility of drug substances and to tackle the formulation related issues of cyclodextrin-

based inclusion complexes. The outcome was extrapolated to translate the solubility 

enhancement parameter into improved bioavailability and increased therapeutic 

efficiency of drug substances with poor aqueous solubility.  

Investigating the impact of formulation and process parameters on entrapment 

efficiency and physical stability of liposomal formulation 

Since the pioneering discovery of Bangham particles, bilayer spherical phospholipid based 

vesicle system, has become one of the most extensively investigated drug delivery 

systems. The use of phospholipids for creating vesicles not only facilitates large-scale 

industrial production but also offers a unique advantage of structural and chemical 

composition resemblance to biological membranes of the human body. Despite several 

advantages, some major concerns like low entrapment efficiency and leakage of 

entrapped drug substances limits the application of liposomal formulations. A systemic 



 

 
 

investigation was designed and conducted to evaluate the effect of several 

formulation parameters on entrapment efficiency and physical stability parameters of 

liposome formulation. QbD based statistical approach 

processes and formulation parameters that would significantly impact and increase the 

entrapment efficiency of hydrophilic and lipophilic drug substances in 

formulation.  The investigation also emphasized on different man

be employed for increasing the entrapment efficiency of hydrophilic and lipophilic drug 

substances in a liposomal formulation.

Pharmaceutical Analysis

Metabolite profiling of drugs by using HPLC and LC

Drugs are considered as xenobiotics, which are 

more polar compounds and eliminated easily.  These 

phase 2 reactions. Enzymes involved in the phase 1 reactions are Cytochrome P450s, 

flavin-containing monooxygenases and epoxide hydrolases.    In the 

oxidation, reduction and hydrolytic reactions were observed. In 

enzymes involved are sulfotransferases (SULT), UDP

glutathione-S-transferases (GST), N

these reactions addition of 

methyl group may take place.

Human liver microsomes and rat liver microsomes 

metabolism studies. Microsomes 

for phase II enzymatic reactions. S9 fractions contain both 

and used to study both metabolic reactions. Microsomal studi

suspending microsomes in 0.1 M phosphate buffer, add NADPH solution, d

and incubate at 37°C for 60 min.  Samples 

reaction was terminated 

 

investigation was designed and conducted to evaluate the effect of several 

formulation parameters on entrapment efficiency and physical stability parameters of 

liposome formulation. QbD based statistical approach was used for screening several 

and formulation parameters that would significantly impact and increase the 

entrapment efficiency of hydrophilic and lipophilic drug substances in 

formulation.  The investigation also emphasized on different manufacturing techniques to 

be employed for increasing the entrapment efficiency of hydrophilic and lipophilic drug 

formulation. 

Pharmaceutical Analysis 

Metabolite profiling of drugs by using HPLC and LC-MS/MS 

as xenobiotics, which are metabolizedin the body and converted to 

more polar compounds and eliminated easily.  These are metabolized

phase 2 reactions. Enzymes involved in the phase 1 reactions are Cytochrome P450s, 

ygenases and epoxide hydrolases.    In the 

oxidation, reduction and hydrolytic reactions were observed. In the phase

enzymes involved are sulfotransferases (SULT), UDP-glucuronosyltransferases (UGT), 

ses (GST), N-acetyltransferases (NAT), and methyltransferases.  In 

these reactions addition of sulphate, glucuronic acid, glutathione, an 

methyl group may take place. 

Human liver microsomes and rat liver microsomes are commonly used

metabolism studies. Microsomes are used for phase 1 metabolism studies. Cytosol 

for phase II enzymatic reactions. S9 fractions contain both phase I and phase II enzymes 

and used to study both metabolic reactions. Microsomal studies were performed by 

suspending microsomes in 0.1 M phosphate buffer, add NADPH solution, d

C for 60 min.  Samples were withdrawn at 0, 30 and 60 min. The 

 by adding few micro litres of cold methanol or
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investigation was designed and conducted to evaluate the effect of several processes and 

formulation parameters on entrapment efficiency and physical stability parameters of 

for screening several 

and formulation parameters that would significantly impact and increase the 

entrapment efficiency of hydrophilic and lipophilic drug substances in a liposomal 

ufacturing techniques to 

be employed for increasing the entrapment efficiency of hydrophilic and lipophilic drug 

the body and converted to 

metabolized by phase 1 and 

phase 2 reactions. Enzymes involved in the phase 1 reactions are Cytochrome P450s, 

ygenases and epoxide hydrolases.    In the phase I reactions, 

the phase II reactions, 

glucuronosyltransferases (UGT), 

acetyltransferases (NAT), and methyltransferases.  In 

an acetyl group and 

 
are commonly used for in vitro drug 

for phase 1 metabolism studies. Cytosol is used 

I and phase II enzymes 
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suspending microsomes in 0.1 M phosphate buffer, add NADPH solution, drug solution 

at 0, 30 and 60 min. The 

of cold methanol or acetonitrile, 
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centrifuge the sample and supernatant was injected into HPLC or LC-MS-MS. 

Simultaneously run blank (without drug), control 1 (without cofactor), control 2 (without 

microsomes), control 3 (without microsomes and cofactor). Control 1 is to determine 

whether the reaction is energy dependent or not; control 2 is to determine whether the 

reaction is protein dependent or not and control three is to determine the stability of the 

drug in phosphate buffer solution.  

Forced degradation and impurity profiling of drugs by HPLC and LC-MS-MS 

Forced degradation studies were performed by exposing the drug to acidic, basic, neutral, 

oxidative, photo and thermal stress conditions. After exposing drug to stress conditions, 

those samples were analyzed by HPLC and LC-MS-MS. This involves development and 

validation of HPLC method and application of that method to the analysis of stability 

samples. Degradants were characterized by analyzing the samples by LC-MS-MS. 

Degradants were isolated by preparative HPLC and were characterized by NMR, IR and 

mass.  Kinetic investigations were also performed by taking samples at different intervals 

during stress, and the samples were analysed by HPLC. Amount of drug remained after 

each time point is calculated and determine the order, rate constant and shelf life of the 

drug under each condition. Impurity profiling is performed by separating drug and its 

impurities, Impurities may be obtained from the official compendia source or synthesized 

in-house and characterized by MS, NMR, and IR spectroscopy. Identify different impurities 

generated under forced degradation conditions by comparing the retention time of 

standard impurities.   

Drug-excipient compatibility studies using isothermal stress testing  

Compatibility between drugs and various excipients is determined by isothermal stress 

testing. The HPLC method is developed and applied to the analysis of stressed samples. 

The drug content and percentage of the drug is remained and the degradants are 

characterizewd by using LC-MS-MS, NMR and IR. These studies can used for selection of 

suitable excipients in the formulations.  

 

Pharmacology and Toxicology 

Regulatory non-coding RNA-mediated mesenchymal stem cell engineering: 

Safety and efficacy study in rodent model of ischemic stroke 

Ischemic stroke is one of the most common neurological diseases which ranks third in the 

leading cause of death after heart disease and cancer. The poor prognosis of cerebral 

ischemia is contributed majorly to the acute irreversible loss of brain cells before the 

patient receives medical aid, which is exacerbated by the void in delayed clinical 

intervention, options to protect against secondary insult. Mesenchymal stem cells (MSCs) 

are an especially attractive therapeutic agent due to their ease of isolation, established 

safety, and potential to target multiple pathways involved in neuronal regeneration. 

Engineering of Mesenchymalstem cell by regulatory non –coding RNA and its 
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administration can be a tool to bring about desired benefits after ischemic insult. As per 

best of our knowledge, studies relating to the intra-arterial administration of regulatory 

non-coding RNA (rncRNA)- engineered MSCs in the early and late phase of brain stroke 

has not been reported yet. Most importantly, a late phase study of intra-arterial delivery 

of engineered MSCs are greatly needed as there is a need of therapy for those who 

already had a stroke in the past. Thus, we propose a study to evaluate the safety and 

efficacy of intra-arterial administration of rncRNA-engineered MSCs in rodent rMCAo. The 

primary objectives of the proposed project involves: (i) Bioengineering of MSCs using 

rncRNA-miR-210 followed by hypoxic preconditioning, (ii) to determine the optimal timing 

and efficacy of intra-arterial administration of engineered MSCs (eMSCs) in the early and 

late phase of cerebral ischemia Another major aim is to determine the extent of effective 

localization and integration of newly transformed eMSCs to neurons into the persistent 

neuronal circuitry leading to functional recovery. Next method is to elucidate the 

mechanism of action recruited by rncRNA-engineered MSCs on the post-ischemic brain. 

Our future plan shall be to explore the beneficial role of different long non coding RNAs in 

manoeuvring mesenchymal stem cell property that can be used for cell transplantation 

therapy in an animal model of ischemic brain stroke. 

Mitochondrial protection in ischemic stroke using intra-arterial mesenchymal 

stem cell treatment 

In last decade, laboratory studies suggest stem cell therapy as a prospective treatment for 

stroke. Studies demonstrate that the post-ischemic delivery of mesenchymal stem cells 

(MSCs) significantly reduces ischemic brain damage in the animal models of ischemic 

stroke. Furthermore, MSCs are delivered either by direct transplantation, intravenous or 

intra-arterial/carotid route. The intra-arterial (IA) administration of MSCs is promising for 

ischemic stroke treatment because it delivers cells directly to the site of injury as unlike 

systemic delivery of MSCs following traditional intravenousapproach. Additionally, IA MSC 

therapy is minimally invasive than direct transplantation. Post-ischemic mitochondrial 

dysfunction plays an important role in cerebral ischemic damage. This dysfunction 

involves a drastic change in the activity of mitochondrial respiratory chain complexes, 

increased production of reactive oxygen species (ROS), mitochondrial swelling, the release 

of mitochondrial pro-apoptotic molecules, and related cellular damage. Highly 

interconnected reticular mitochondrial networks continuously undergo cycles of fusion 

and fission as a part of performing normal physiological functions.  

Earlier studies have demonstrated that neuronal death following cerebral ischemia 

involves mitochondrial fission and preventing post-ischemic mitochondrial fission can 

lower cerebral ischemic damage. Protecting post-ischemic mitochondrial function by cell 

therapy can be an important strategy for post-ischemic neuroprotection. Therefore, we 

shall also dissect the mechanism for the same via mitochondrial dynamic studies. To 

achieve our purpose, we will first determine the optimal timing and efficacy of intra-



 

 
 

arterial administration of MSCs in the rodent model of MCAo in the early and late phases 

of cerebral ischemia for reducing tissue damage and improving functional and 

neurological outcome. Secondly, we will be 

mitochondrial functions using IA stem cells. Finally, we will study the extent of effective 

localization and look to elucidate the mechanism of mitochondrial protection in the post

ischemic brain by IA stem cells.

 

 

An in silico and in vitro evaluation of the role of small heterocyclic moiety in 

intervening cognitive dysfunction 

Mild cognitive impairment may eventually develop into Alzheimer's and other types of 

dementia. Alzheimer’s disease (AD) is a chronic neurodegenerative disorder that 

manifests into disturbances of cognitive functions such as amnesia. The present study is 

designed to investigate the anti

neurochemical changes in 

designed considering Lipinski’s rule of five. We 

lead compound. The parameters that were 

were docking score, site of metabolism, QikProp, DFT calculations. Further, the test 

compound was analyzed for cytotoxicity and 

compound exhibited an in vitro anticholinesterase activity in Ellman’s assay giving an IC50 

value of 12.5 µM.  

 

arterial administration of MSCs in the rodent model of MCAo in the early and late phases 

of cerebral ischemia for reducing tissue damage and improving functional and 

neurological outcome. Secondly, we will be considering neuroprotection by rescui

mitochondrial functions using IA stem cells. Finally, we will study the extent of effective 

localization and look to elucidate the mechanism of mitochondrial protection in the post

ischemic brain by IA stem cells. 

An in silico and in vitro evaluation of the role of small heterocyclic moiety in 

intervening cognitive dysfunction  

Mild cognitive impairment may eventually develop into Alzheimer's and other types of 

dementia. Alzheimer’s disease (AD) is a chronic neurodegenerative disorder that 

manifests into disturbances of cognitive functions such as amnesia. The present study is 

signed to investigate the anti-amnesic effect of a small heterocyclic lead compound on 

in in vitro model of cognitive impairment. All compounds were 

Lipinski’s rule of five. We firstly performed an in-

lead compound. The parameters that were analysed for determining in silico competence 

were docking score, site of metabolism, QikProp, DFT calculations. Further, the test 

for cytotoxicity and antioxidant properties on PC12 cells. The 

compound exhibited an in vitro anticholinesterase activity in Ellman’s assay giving an IC50 
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arterial administration of MSCs in the rodent model of MCAo in the early and late phases 

of cerebral ischemia for reducing tissue damage and improving functional and 

neuroprotection by rescuing 

mitochondrial functions using IA stem cells. Finally, we will study the extent of effective 

localization and look to elucidate the mechanism of mitochondrial protection in the post-

 

An in silico and in vitro evaluation of the role of small heterocyclic moiety in 

Mild cognitive impairment may eventually develop into Alzheimer's and other types of 

dementia. Alzheimer’s disease (AD) is a chronic neurodegenerative disorder that 

manifests into disturbances of cognitive functions such as amnesia. The present study is 

amnesic effect of a small heterocyclic lead compound on 

model of cognitive impairment. All compounds were 

-silico testing of the 

for determining in silico competence 

were docking score, site of metabolism, QikProp, DFT calculations. Further, the test 

properties on PC12 cells. The 

compound exhibited an in vitro anticholinesterase activity in Ellman’s assay giving an IC50 



 

 
 

Neuroprotective effect of nordihydroguaiaretic acid (NDGA) 

Parkinson’s Disease 

striatum along with the presence of protein 

Lewy neurites (LNs). Nordihydroguaiaretic acid (NDGA) is a polyphenol compound and has 

also shown to inhibit αS filament assembly by forming soluble, non

complexes with the αS protein. So we propose that NDGA may show 

the cause in rotenone-induced

(docking) of NDGA on αS protein molecule. NDGA has a good docking score of 

compared to that of curcumin which has a docking score of 

performed cell viability assays, antioxidant 

proves that NDGA may show 

further tested in in vivo. 

 

Neuroprotective effect of nordihydroguaiaretic acid (NDGA) in 

Parkinson’s disease (PD) 

associated 

dysfunction 

symptoms associated with the 

disease are tremors, bradykinesia, 

muscle rigidity, postural 

instability, and akinesia.The 

neuropathological hallmarks of 

PD are characterized

progressive and profound loss of 

dopaminergic neurons in the 

Substantia Nigra pars compacta 

(SNpc) and a depletion of 

postsynaptic dopamine within the 

striatum along with the presence of protein alpha-synuclein (αS) in Lewy bodies (LBs) and 

es (LNs). Nordihydroguaiaretic acid (NDGA) is a polyphenol compound and has 

also shown to inhibit αS filament assembly by forming soluble, non-cytotoxic, oligomeric 

complexes with the αS protein. So we propose that NDGA may show the 

induced Parkinson model. We have performed in silico test 

(docking) of NDGA on αS protein molecule. NDGA has a good docking score of 

compared to that of curcumin which has a docking score of -3.3. 

iability assays, antioxidant assays, and immunocytochemistry which 

proves that NDGA may show the neuroprotective effect by inhibiting αS and can be 
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in in vitromodel of 

Parkinson’s disease (PD) is 

 with motor 

 and clinical 

symptoms associated with the 

disease are tremors, bradykinesia, 

muscle rigidity, postural 

and akinesia.The 

neuropathological hallmarks of 

are characterized by 

progressive and profound loss of 

dopaminergic neurons in the 

Substantia Nigra pars compacta 

(SNpc) and a depletion of 

postsynaptic dopamine within the 

(αS) in Lewy bodies (LBs) and 

es (LNs). Nordihydroguaiaretic acid (NDGA) is a polyphenol compound and has 

cytotoxic, oligomeric 

the effect by treating 

Parkinson model. We have performed in silico test 

(docking) of NDGA on αS protein molecule. NDGA has a good docking score of -5.2 as 

3.3. Further, we have 

and immunocytochemistry which 

effect by inhibiting αS and can be 



 

 
 

Elucidating the effect of trigonelline in 

Ischemic stroke is caused due to obstruction in blood flow to a part of 

brain damage. Energy failure, excitotoxicity, acidosis, 

level, oxidative stress, mitochondrial dysfunction, inflammation, apoptosis and finally 

neurodegeneration are the outcome of such a cerebrovascular event. Although there are 

increasing evidence that trigonelline exhibits neuroprot

brain damage, little is to 

check the binding affinities of trigonelline to ASIC1a (4NYK), MMP2 (3AYU) and MMP9 

(5I12) and docking scores were found to be 

comparison to standards. We have also performed cell viability assays, antioxidant assays 

and western blotting which give evidence that trigonellinehas protective effects against 

hypoxia; and can be further tested

development of novel therapeutic strategies by exploring different 

mechanisms and pave ways for advanced research into this field.

 

Stroke-Parkinsonism complex: model validation and a systematic study 

the link between cerebral stroke & Parkinson’s disease

Stroke and Parkinson's disease have 

assays have been performed

transient stroke may devel

we plan to validate an animal model of stroke with Parkinson’s disease and further 

explore the associated molecular mechanism of such a transition. We will explore 

different biomarkers and 

 

Elucidating the effect of trigonelline in in-vitro model of hypoxia

due to obstruction in blood flow to a part of 

brain damage. Energy failure, excitotoxicity, acidosis, an increase in intracellular calcium 

level, oxidative stress, mitochondrial dysfunction, inflammation, apoptosis and finally 

neurodegeneration are the outcome of such a cerebrovascular event. Although there are 

that trigonelline exhibits neuroprotective effects against ischemic 

brain damage, little is to know about the mechanism.In silico work was performed to 

check the binding affinities of trigonelline to ASIC1a (4NYK), MMP2 (3AYU) and MMP9 

(5I12) and docking scores were found to be -2.982, -3.405 and -3.26 respectively in 

comparison to standards. We have also performed cell viability assays, antioxidant assays 

and western blotting which give evidence that trigonellinehas protective effects against 

be further testedunderin-vivo settings. This could lead to 

of novel therapeutic strategies by exploring different 

mechanisms and pave ways for advanced research into this field. 

Parkinsonism complex: model validation and a systematic study 

the link between cerebral stroke & Parkinson’s disease 

Stroke and Parkinson's disease have been studiedindividually, and their biochemical 

been performed in the past. Studies have reported that patients with 

transient stroke may develop Parkinson’s disease in the late stage. Hence, in our 

we plan to validate an animal model of stroke with Parkinson’s disease and further 

explore the associated molecular mechanism of such a transition. We will explore 

 perform a battery of behavioral tests to validate the model 
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model of hypoxia 

due to obstruction in blood flow to a part of the brain leading to 

in intracellular calcium 

level, oxidative stress, mitochondrial dysfunction, inflammation, apoptosis and finally 

neurodegeneration are the outcome of such a cerebrovascular event. Although there are 

ective effects against ischemic 

work was performed to 

check the binding affinities of trigonelline to ASIC1a (4NYK), MMP2 (3AYU) and MMP9 

3.26 respectively in 

comparison to standards. We have also performed cell viability assays, antioxidant assays 

and western blotting which give evidence that trigonellinehas protective effects against 

could lead to the 

of novel therapeutic strategies by exploring different pathophysiological 

 

Parkinsonism complex: model validation and a systematic study exploring 

and their biochemical 

in the past. Studies have reported that patients with 

op Parkinson’s disease in the late stage. Hence, in our proposal, 

we plan to validate an animal model of stroke with Parkinson’s disease and further 

explore the associated molecular mechanism of such a transition. We will explore 

tests to validate the model 



 

 
 

having both pathologies. Furthermore, our objective is to 

neurotransmitters in this study and explore their influence in either of the pathologies.

Exploring the influence of intra

the cardiac arrest model of global cerebral ischemia  

During ischemic insult, there is the generation of oxidative stress and inflammation which 

insidiously damage the cere

ischemic insult, many signa

exacerbate the rapid neuronal cell death. One of these endogenous 

calcineurin which is a calcium/c

maintaining many homeostatic processes for neurons in the CNS. In normal 

calcineurin regulates normal neuronal functions and is neuroprotective.  However, during 

ischemic insult, it has been observed that not only does calcineurin become overly

expressed during stroke but it also behaves in a dysregulated manner and switches over 

to triggering apoptotic signals and accelerates neuronal cell death. 

Past studies, both in vitro and

ischemic insult leads to attenuation of neuron degeneration and mitigates cell death and 

prolongs neuronal survival. 

effect, the current calcineurin blockers have shown undesired side

stem cells (MSCs) are hypothesized to modify and inhibit this neurotoxic effect of 

dysregulated calcineurin while also mitigating the associated side

effectively modify and regulate factors like calcineurin in a more judicious manner. MSCs 

have the unique capability 

of homing towards the 

infarct site and releasing 

neurotrophic factors 

which protect the neurons 

from apoptosis and 

stimulate neurogenesis to 

form new synapses and 

help regain and maintain 

lost functions of the 

damaged neurons in the 

brain after ischemic insult. 

 

 

 

having both pathologies. Furthermore, our objective is to 

neurotransmitters in this study and explore their influence in either of the pathologies.

Exploring the influence of intra-arterial mesenchymal stem cells on calcineurin in 

the cardiac arrest model of global cerebral ischemia   

During ischemic insult, there is the generation of oxidative stress and inflammation which 

insidiously damage the cerebral neurons, leading to various complications. During 

signaling pathways become abnormal in their processes and 

exacerbate the rapid neuronal cell death. One of these endogenous signa

calcineurin which is a calcium/calmodulin-dependent phosphatase having a vast role in 

maintaining many homeostatic processes for neurons in the CNS. In normal 

calcineurin regulates normal neuronal functions and is neuroprotective.  However, during 

it has been observed that not only does calcineurin become overly

expressed during stroke but it also behaves in a dysregulated manner and switches over 

to triggering apoptotic signals and accelerates neuronal cell death.  

Past studies, both in vitro and in vivo, have shown that inhibition of calcineurin post

ischemic insult leads to attenuation of neuron degeneration and mitigates cell death and 

prolongs neuronal survival. Although calcineurin inhibition displays this neuroprotective 

calcineurin blockers have shown undesired side-effects.  Mesenchymal 

stem cells (MSCs) are hypothesized to modify and inhibit this neurotoxic effect of 

dysregulated calcineurin while also mitigating the associated side-effects since they can 

dify and regulate factors like calcineurin in a more judicious manner. MSCs 

have the unique capability 

towards the 

infarct site and releasing 

neurotrophic factors 

which protect the neurons 

from apoptosis and 

stimulate neurogenesis to 

apses and 

help regain and maintain 

lost functions of the 

damaged neurons in the 

brain after ischemic insult.  
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having both pathologies. Furthermore, our objective is to analyze different 

neurotransmitters in this study and explore their influence in either of the pathologies. 

arterial mesenchymal stem cells on calcineurin in 

During ischemic insult, there is the generation of oxidative stress and inflammation which 

bral neurons, leading to various complications. During 

pathways become abnormal in their processes and 

signaling molecules is 

dependent phosphatase having a vast role in 

maintaining many homeostatic processes for neurons in the CNS. In normal conditions, 

calcineurin regulates normal neuronal functions and is neuroprotective.  However, during 

it has been observed that not only does calcineurin become overly-

expressed during stroke but it also behaves in a dysregulated manner and switches over 

in vivo, have shown that inhibition of calcineurin post-

ischemic insult leads to attenuation of neuron degeneration and mitigates cell death and 

calcineurin inhibition displays this neuroprotective 

effects.  Mesenchymal 

stem cells (MSCs) are hypothesized to modify and inhibit this neurotoxic effect of 

effects since they can 

dify and regulate factors like calcineurin in a more judicious manner. MSCs 
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Exploring myeloperoxidase inhibition by trigonelline therapy in tMCAo model of 

cerebral ischemia 

Cerebral ischemia is a condition in which there is insufficient blood flow to the brain to 

meet metabolic demand. Thisclinical situation leads to poor oxygen supply or cerebral 

hypoxia and thus to the death of brain tissue or cerebral infarction. It is the third most 

common cause of death in developed countries. As reported in the past, trigonelline 

prevents oxidative stress during reperfusion injury and attenuates the behavioral deficits 

with histopathological alterations secondary to hypoperfusion. The present study will also 

be done to find out the neuroprotective effect of trigonelline on transient cerebral 

ischemia (MCAo). Myeloperoxidase (MPO) is a hemoprotein, which is abundantly 

expressed by active neutrophils, monocytes, macrophages, and microglia. On the one 

hand MPO has been found to propagate the inflammatory cascade and delay resolution of 

inflammation, but on the other hand, MPO inhibition has been reported to decrease the 

infarct size after stroke markedly. Hence, a mechanistic relationship between 

inflammation and neurogenesis in stroke needs further exploration. As trigonelline plays a 

key role in addressing inflammation, we hypothesize that trigonelline may inhibit MPO to 

impact neurogenesis in ischemic stroke 

Role of melatonin to obviate interferon-β-mediated cortical and hippocampal 

monoamine turnover in rodent model of ischemic stroke 

Use of melatonin as a drug has been explored by many researchers in the past due to its 

intrinsic free radical scavenging potential and contributing role in modulating 

physiological processes including regulation of circadian rhythm, blood pressure, 

oncogenesis, retinal, physiology, seasonal reproduction, ovarian physiology, and 

osteoblast differentiation. The neuroprotective potential of melatonin and its possible 

involvement in the regulation of cerebral metabolism, antioxidant and anti-excitotoxic 

properties, neurotransmitter modulation, and influence on neuronal apoptosis also makes 

it a molecule of choice to intervene complex neurological disorders like a stroke. 

Interferon beta (IFN-β) therapy improves stroke outcome but has a downside of 

producing depression. Although interferon treatment in stroke is not so common, it still 

has a scope to evolve as one of the supplementary drugs of choice if the limitations are 

counteracted. Hence, to move further to study the spectrum of other beneficial effects of 

melatonin in stroke, we propose to explore its role in counteracting IFN-β-induced 

depression in the stroke which stands to be one of the limiting factors for IFN- β therapy 

in clinical settings. 

This present study is designed to understand the role of melatonin in modulating the 

interferon-β-mediated monoamine turnover that will be helpful in improving ischemic 

stroke outcome by using MCAo in the rat model. 

  



 

 
 

Modulating the expression of NLRP1 inflammasome by intra

therapy in rodent model of ischemic stro

The increasein extracellular proton concentrations in stroke activates ASIC1a in the brain. 

This activated ASIC1a increases the expression of 

dependant manner. This NLRP1 inflammasome is a key component that 

ischemic stroke. The NLRP1 inflammasome is a key player in the inflammatory mechanism 

and contributes to the progression of ischemic damage. This inflammasome worsens the 

pathology of stroke by the production of inflammatory cytokines. Intra

mesenchymal stem cells (MSCs) carry minimal risks and prove efficacious through the 

secretion of trophic, protective, neurogenic and angiogenic factors. We hypothesize that 

IA MSC therapy may inhibit the formation of inflammasomes to render neuropro

 

Potent and active GPR119 Agonists for the Treatment of Diabetes

Diabetes is a chronic metabolic disease, which 

glycosuria and hyperlipidemia that in long

diabetic complication such as macrovascular and microvascular complications which in 

turn increases mortality and morbidity. The number of people living with diabetes is 

expected to rise from 366 million in 2011 to 552 million by 2030, including nearly 183 

million people with undiagnosed diabetes for 

complications include diabetic cardiomyopathy, nephropathy, 

neuropath. Currently, available drug therapies like TZD (insulin sensitizers), 

sulphonylureas and insulin (ins

 

Modulating the expression of NLRP1 inflammasome by intra-

therapy in rodent model of ischemic stroke 

in extracellular proton concentrations in stroke activates ASIC1a in the brain. 

This activated ASIC1a increases the expression of the NLRP1 inflammasome in a pH

dependant manner. This NLRP1 inflammasome is a key component that 

ischemic stroke. The NLRP1 inflammasome is a key player in the inflammatory mechanism 

and contributes to the progression of ischemic damage. This inflammasome worsens the 

pathology of stroke by the production of inflammatory cytokines. Intra

mesenchymal stem cells (MSCs) carry minimal risks and prove efficacious through the 

secretion of trophic, protective, neurogenic and angiogenic factors. We hypothesize that 

IA MSC therapy may inhibit the formation of inflammasomes to render neuropro

Potent and active GPR119 Agonists for the Treatment of Diabetes

Diabetes is a chronic metabolic disease, which is characterized 

and hyperlipidemia that in long-term increases the probability of developing 

complication such as macrovascular and microvascular complications which in 

turn increases mortality and morbidity. The number of people living with diabetes is 

expected to rise from 366 million in 2011 to 552 million by 2030, including nearly 183 

people with undiagnosed diabetes for a long duration. Microvascular 

complications include diabetic cardiomyopathy, nephropathy, 

available drug therapies like TZD (insulin sensitizers), 

sulphonylureas and insulin (insulin secretagogue) have a major drawback of 
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-arterial stem cell 

in extracellular proton concentrations in stroke activates ASIC1a in the brain. 

inflammasome in a pH-

dependant manner. This NLRP1 inflammasome is a key component that is formed after 

ischemic stroke. The NLRP1 inflammasome is a key player in the inflammatory mechanism 

and contributes to the progression of ischemic damage. This inflammasome worsens the 

pathology of stroke by the production of inflammatory cytokines. Intra-arterial (IA) 

mesenchymal stem cells (MSCs) carry minimal risks and prove efficacious through the 

secretion of trophic, protective, neurogenic and angiogenic factors. We hypothesize that 

IA MSC therapy may inhibit the formation of inflammasomes to render neuroprotection. 

 

Potent and active GPR119 Agonists for the Treatment of Diabetes 

 by hyperglycemia, 

term increases the probability of developing 

complication such as macrovascular and microvascular complications which in 

turn increases mortality and morbidity. The number of people living with diabetes is 

expected to rise from 366 million in 2011 to 552 million by 2030, including nearly 183 

duration. Microvascular 

complications include diabetic cardiomyopathy, nephropathy, retinopathy, and 

available drug therapies like TZD (insulin sensitizers), 

ulin secretagogue) have a major drawback of 



 

 
 

hypoglycaemia and weight gain due to an insulin

GPR119 is one of the numerous candidates of G

modulators like GPR40, GPR41, 

potential target for elevating GLP

improvement in glucose handling and homeostasis in treating diabetes. 

 

 

Neuroprotective potential of pentacyclic triterpenoids

schizophrenia 

Schizophrenia is a heterogeneous chronic neurological disease that affects approximately 

1% of the world’s population making it the seventh most costly medical illness. It is 

characterized by severe behavioural

delusions, disorganized speech and thought), negative (e.g. blunted affect and social 

isolation), and cognitive symptoms (e.g. executive and memory dysfunction).The main 

pathophysiology of this disea

region of the brain. The severity of symptoms of schizophrenia depends on the 

antioxidant levels. Various antioxidants are related to the positive, negative and cognitive 

 

and weight gain due to an insulin-dependent mechanism of action. 

GPR119 is one of the numerous candidates of G-protein coupled receptors; many other 

modulators like GPR40, GPR41, GPR43, and GPR120 are currently under investigation as a 

potential target for elevating GLP-1. It can be used with a great added advantage of 

in glucose handling and homeostasis in treating diabetes. 

Neuroprotective potential of pentacyclic triterpenoids in animal model of 

Schizophrenia is a heterogeneous chronic neurological disease that affects approximately 

1% of the world’s population making it the seventh most costly medical illness. It is 

behavioural perturbations including positive (e.g., hallucinations, 

delusions, disorganized speech and thought), negative (e.g. blunted affect and social 

isolation), and cognitive symptoms (e.g. executive and memory dysfunction).The main 

pathophysiology of this disease includes dopaminergic over activity 

region of the brain. The severity of symptoms of schizophrenia depends on the 

antioxidant levels. Various antioxidants are related to the positive, negative and cognitive 
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dependent mechanism of action. 

protein coupled receptors; many other 

re currently under investigation as a 

with a great added advantage of the 

in glucose handling and homeostasis in treating diabetes.  

 

in animal model of 

Schizophrenia is a heterogeneous chronic neurological disease that affects approximately 

1% of the world’s population making it the seventh most costly medical illness. It is 

perturbations including positive (e.g., hallucinations, 

delusions, disorganized speech and thought), negative (e.g. blunted affect and social 

isolation), and cognitive symptoms (e.g. executive and memory dysfunction).The main 

 in the mesolimbic 

region of the brain. The severity of symptoms of schizophrenia depends on the 

antioxidant levels. Various antioxidants are related to the positive, negative and cognitive 
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symptoms, poor premorbid functions and computed tomography abnormalities since 

oxidative stress is considered a potent intracellular signalling mechanism that induces 

changes in the dopamine D2 receptor. Reactive oxygen species (ROS) produced in any 

tissue is directly proportional to its oxygen consumption. Since the brain is continuously 

under oxidation/antioxidant process, it is prone to oxidative stress. Aberration in the 

Akt/GSK3β pathway also partly contributes to the pathophysiology of schizophrenia. 

Currently, the anti-psychotics which are available in the market are successful in treating 

the positive and negative symptoms but not the cognitive symptoms. We still require 

alternative options to successfully treat the cognitive symptoms and reduce the side 

effects of the available antipsychotics. Therefore, in this project, we attempt to elucidate 

the neuroprotective potential of two pentacyclic triterpenoids, ursolic acid and masilinic 

acid in ameliorating the symptoms of schizophrenia by acting on the Akt/GSK3β pathway 

and oxido-inflammatory cascade. The objectives of the study are to perform insilico 

studies to determine the binding of these pentacyclic triterpenoids to GSK3β, PPARα, 

acetycholinesterase,D2 and D3 receptor, to perform invitrostudies to determine the effect 

of oxidative stress on PC-12 cell lines and to generate a subchronic model of 

schizophrenia by using MK-801.Insilico studies revealed encouraging results to move 

forward for in-vitro studies. In-vitro studies also revealed a neuroprotective effect against 

LPS-induced oxidative stress in PC-12 cell lines. Future studies will throw more light on the 

novel mechanisms and pathways which can be targeted to demonstrate the potential of 

pentacyclic triterpenoids in schizophrenia.  

 

MK-801
phosphorylation
of ser9 GSK3β

phosphorylation of ser9 
GSK3β

Ursolic acid and 
maslinic acid

Amelioration of symptoms

Akt /Gsk3β pathway
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Targeting neuroinflammatory signaling cascade using natural polyphenols for the 

treatment of neuropathic pain 

Neuropathic pain is a debilitating condition affecting millions of individuals worldwide. 

Current pharmacotherapeutic for neuropathic pain such as opioids and non-steroidal anti-

inflammatory drugs (NSAIDs) predominantly act on symptomatic relief lacking satisfactory 

efficacy owing to tolerance development and undesirable side effects. Contemporary 

studies have found that tissue injury activates glial cells in the peripheral and central 

cellular circuitry. Microglia, the immune and defence glia, respond very quickly to a 

noxious stimulus and enter an activated state. Histological analysis shows proliferation 

and hypertrophy of this activated microglia in neuropathic pain. These cells not only exert 

morphological changes but also exhibit some functional alterations when activated 

compared with when in a quiescent state.  p38 MAPK (p38 mitogen-activated protein 

kinase) activation plays a characteristic feature in the pathophysiology of pain leads to the 

activation of microglia and astrocytes present in the dorsal horn and dorsal root ganglia 

(DRG) and subsequent neuroinflammation cascade. Thus, in this project, we focus on 

suppressing the activation of glial cells targeting the p38 MAPK specifically to resolve the 

neuroinflammation cascade using natural polyphenols and thereby offering a better 

therapeutic alternative for the treatment of neuropathic pain. In-silico results have shown 

better affinity of silibinin (which is a flavanolignan obtained from Milk thistle 

(Silybummarianum, Asteraceae) seeds) with p38 MAPK as compared to purino-P2X4 

receptor and chemokine CX3CR1 receptors (The latter two receptors are also involved in 

the activation of glial cells). In-vitro results have shown a protective effect of silibinin 

against oxidative stress and decrease in p-p38 MAPK (phosphorylated p38 MAPK) levels in 

the LPS-induced C6 glial cells. In-vivo studies which are to be done using L5 spinal nerve 

ligation (SNL) will further justify the use of milk thistle’s active constituent, silibinin for the 

treatment of neuropathic pain. 

 
 



 

 
 

Neuroprotective effect of pentacyclic triterpenoid molecule in animal model

cognitive dysfunction 

Cognitive dysfunction is one of the most common hallmarks of several disorders including 

Alzheimer's, schizophrenia, chronic fatigue syndrome, multiple sclerosis, and 

that primarily affect learning, memory, perception, 

amnesia, dementia, and delirium. Most often it is associated with enhanced inflammation 

and neuronal cell death in brain regions associated with cognition. 

IntracerebroventricularStreptozocin 

dysfunction is widely used to study memory improvising effects of novel therapeutics. The 

objective of present study 

effect of Lupeol, a pharmacologically active

and neuroprotective properties in in

dysfunction. We performed in silico studies to evaluate the effect of 

of acetylcholinesterase activity, one of the biomarkers of cognitive dysfunction. Our 

preliminary findings suggest the inhibition of acetylcholinesterase activity by lupeol. The 

results obtained were encouraging

found the neuroprotective

cell lines. Further, in-vivo studies on rodents are on the way to investigate the effect of 

Lupeolon oxidative stress, mitochondrial dysfunction, neuroinflammation 

function. Therefore, this elucidates the neuroprotective potential of pentacyclic 

triterpenoid in cognitive function associated disorders.

 

 

 

 

Neuroprotective effect of pentacyclic triterpenoid molecule in animal model

Cognitive dysfunction is one of the most common hallmarks of several disorders including 

Alzheimer's, schizophrenia, chronic fatigue syndrome, multiple sclerosis, and 

that primarily affect learning, memory, perception, and problem solving, and include 

amnesia, dementia, and delirium. Most often it is associated with enhanced inflammation 

and neuronal cell death in brain regions associated with cognition. 

Streptozocin (ICV-STZ)-induced animal model 

dysfunction is widely used to study memory improvising effects of novel therapeutics. The 

objective of present study was designed with an aim to investigate the neuroprotective 

, a pharmacologically active triterpenoid, having potent anti

and neuroprotective properties in in-silico, in-vitro and in-vivo models of cognitive 

dysfunction. We performed in silico studies to evaluate the effect of 

etylcholinesterase activity, one of the biomarkers of cognitive dysfunction. Our 

preliminary findings suggest the inhibition of acetylcholinesterase activity by lupeol. The 

encouraging, and we moved further to in-vitro studies where w

neuroprotective effect of lupeol against H202 induced oxidative stress in PC

vivo studies on rodents are on the way to investigate the effect of 

on oxidative stress, mitochondrial dysfunction, neuroinflammation 

function. Therefore, this elucidates the neuroprotective potential of pentacyclic 

triterpenoid in cognitive function associated disorders. 
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Neuroprotective effect of pentacyclic triterpenoid molecule in animal model of 

Cognitive dysfunction is one of the most common hallmarks of several disorders including 

Alzheimer's, schizophrenia, chronic fatigue syndrome, multiple sclerosis, and depression 

and problem solving, and include 

amnesia, dementia, and delirium. Most often it is associated with enhanced inflammation 

and neuronal cell death in brain regions associated with cognition. 

induced animal model of cognitive 

dysfunction is widely used to study memory improvising effects of novel therapeutics. The 

with an aim to investigate the neuroprotective 

triterpenoid, having potent anti-inflammatory 

vivo models of cognitive 

dysfunction. We performed in silico studies to evaluate the effect of Lupeolon inhibition 

etylcholinesterase activity, one of the biomarkers of cognitive dysfunction. Our 

preliminary findings suggest the inhibition of acetylcholinesterase activity by lupeol. The 

vitro studies where we 

H202 induced oxidative stress in PC-12 

vivo studies on rodents are on the way to investigate the effect of 

on oxidative stress, mitochondrial dysfunction, neuroinflammation and cognitive 

function. Therefore, this elucidates the neuroprotective potential of pentacyclic 

 



 

 
 

Ameliorative effects of marine natural drug in animal model of neuropathic pain

The research studies focused on therapeutic targeting of 

mechanical and thermal hypersensitivity. 

developed by sciatic nerve ligation. The CCI

pro-inflammatory cytokines and nociceptive mediators which 

peripheral and central pain pathways by activating N

receptors. This model of nerve injury combined with pain hypersensitivity testi

a model system to investigate the effectiveness of potential therapeutic agents to modify 

chronic neuropathic pain. Many therapeutic options are 

to effectively cure the mechanical and thermal hypersensitivit

neuropathic pain. The study is proposed to elucidate the neuroprotective effect of 

Astaxanthin, a marine natural drug, having potent anti

activities,inanimal model of CCI

involvement of NMDA receptor up

injury. An attempt will be made to evaluate the effect of marine natural drug 

on oxido-inflammatory and NMDA receptor down

silico, in-vitro and in-vivo studies. 

to dock the test compound 

proteins.  

In-silico molecular docking study ascertains the binding affinity of 

receptor and shows antagonistic effects. The results obtained were encouraging enough 

to proceed further for in-vitro and in

marine natural bioactive Astaxanthin 

 

Ameliorative effects of marine natural drug in animal model of neuropathic pain

The research studies focused on therapeutic targeting of the marine natural drug against 

mechanical and thermal hypersensitivity. An animalmodel of neuropathic pain will be 

developed by sciatic nerve ligation. The CCI-induced nerve injury involves 

inflammatory cytokines and nociceptive mediators which increas

peripheral and central pain pathways by activating N-methyl-D-

receptors. This model of nerve injury combined with pain hypersensitivity testi

to investigate the effectiveness of potential therapeutic agents to modify 

. Many therapeutic options are available, but they still are unable 

to effectively cure the mechanical and thermal hypersensitivity associated with 

neuropathic pain. The study is proposed to elucidate the neuroprotective effect of 

, a marine natural drug, having potent anti-oxidant and anti

model of CCI-induced neuropathic pain. Reports 

involvement of NMDA receptor up-regulation in the spinal cord after chronic constriction 

injury. An attempt will be made to evaluate the effect of marine natural drug 

inflammatory and NMDA receptor down-regulation pathway by performing in

vivo studies. In in- silico studies, molecular modelling

to dock the test compound astaxanthin  into the active site of NR2A, and NR2B receptor 

silico molecular docking study ascertains the binding affinity of the 

receptor and shows antagonistic effects. The results obtained were encouraging enough 

vitro and in-vivo studies. We further investigated the effect of 

Astaxanthin in-vitro on neuroinflammatory eve
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Ameliorative effects of marine natural drug in animal model of neuropathic pain 

natural drug against 

model of neuropathic pain will be 

induced nerve injury involves the release of 

increase the sensitivity of 

-aspartate (NMDA) 

receptors. This model of nerve injury combined with pain hypersensitivity testing provides 

to investigate the effectiveness of potential therapeutic agents to modify 

but they still are unable 

y associated with 

neuropathic pain. The study is proposed to elucidate the neuroprotective effect of 

oxidant and anti-inflammatory 

induced neuropathic pain. Reports confirm the 

cord after chronic constriction 

injury. An attempt will be made to evaluate the effect of marine natural drug Astaxanthin 

regulation pathway by performing in-

modelling was performed 

the active site of NR2A, and NR2B receptor 

 
the drug to NMDA 

receptor and shows antagonistic effects. The results obtained were encouraging enough 

vivo studies. We further investigated the effect of 

events associated to 
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the production of reactive oxygen species (ROS) generation, nitric oxide (NO) release, 

MDA production, intracellular GSH level in LPS stimulated rat C6 astrocytoma cell line, and 

explored the regulation of cytokines. The in vitro protective effect of Astaxanthin against 

LPS-induced neuroinflammation in the C6 glial cell is duly supported by molecular docking 

studies. In-vivo studies include therapeutic targeting of marine natural drug Astaxanthin 

using various behaviour assessments, CNS toxicity assessments, ELISA tests for 

quantification of inflammatory cytokines (TNF-α, IL-1β), biochemical assays for oxidative 

and nitrosative stress assessment and further down-regulation of NMDA receptor using 

western blot analysis. This study may provide insight of the role of NMDA receptor, 

oxidative and nitrosative stress, and neuroinflammation involved in disease progression. 

Findings from the present study may open new therapeutic avenues for the prevention 

and treatment of neuropathic pain. 


