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OVERVIEW OF CSIRIM

The Laboratory was established in 1941 as a research and production centre, known as Drug Research Ldfstatgnof J&
was later taken over by Council of Scientific & Industrial Research (CSIR) of Govt. of India in December 1957 asR®gional Res
Laboratory, Jammu. In view of its core strength in natural products bashbscduegythe mandat of Institute wasedefined in
2005 and its name changed to Indian Institute of Integrative Medicine (IlIM). The current mandate of IlIM is to didooygr new
and therapeutic approaches from naturatiycts, both of plant and microbial origin, enablediotechnology, to develop
technologies, drugs and products of high value for the national and intematlatal

To become a Centre of Excellence in natural
products chemistry and biotechnology driven

drug discovery, integrating modern biolgi
chemistry

-

s

e

Vision

The vision of the Institute is to position I1IM @sInternational center of
excellence for natural products chemistry, chemical biology, pharmacology
and biotechnology to discover new chemical entities (NCEs) as drugs for
unmet medical needs and provide scientific rationale and validity to various
Indian gstems of medicine. The institute aspires to achieve leadership
position as a research Institute for creating a broad knowledge base, a work
force of dedicated and trained scientists and a technology development
center through scientific exploration ofoséary metabolites from plants

and microbial biodiversity, at the same time generating awareness for their
conservation and protection.

Mandate

The mandate of IlIM is to be an internationally competitive
centreof excellence in all facets of natural products research
and technology, including (a) discovery of naqvel
pharmacologically active natural products from plants|and
microbial species and translating them into drug leads an'&i
candidates by medicinal chemigbreclinical pharmacolog[

and clinical development. This approach is pursued |both
in NCE as well as botanical herbal mode; (b) Preclinicdl
and clinical validation and establishment of mechanism of
action of drugs used in various Indian systérvedicines
(Ayurveda, Unani, Siddha and other Indigenous systems
medicine); (c) develop agechnologies and commercial A
cultivation of high value medicinal and aromatic plants from
Western Himalayas including Kashwfalley and Laddkh A
for national ad international markets; and (d) to work with
Indian and global pharmaceutical industry tdicerise new A
products antechnologies.

Currenftocud\reas:

Medicinal Chemistry (Hit to pharmacokinetics, formulatom
Preclinical development)

Biotechnology of plants and microbial secondary metabolites
Fermentation based technologies of Industrial products
Phytopharmaceutical drug discovéBAP,GLP,GMP,GCP)
NABL accredited QC/QA of drugs, foods, essentiattuls

Pharmacology of Cancer, Inflammationnfection (Clinical

microbiology) and Neurodegeneratigorders

Societal outreach programme in cultivation of Medicinal and
Aromatic crops for better income and lively hood to rural poor and
employmengeneration.
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From t he .Directoros Desk

It gives me immense pleasure to present the annual report of
IIIM for the year 202@1.This report summarizes the achievement
all facets of Natat Products Research, Cdl&d Rndemic,
Technologiedncluding discovery of Novel Pharmacologicadtived
Natural Products from plants andcMbial species and nsdating 2
them into drug les, Preclinical Pharmacology andnical
development in both NCE as well as botanical herbal mode. Ba
our research performance, innovation outputs and societal i
CSIRIIM, Jammu has been ranksel/enthwithin the country as the basdlanlnstltutes as released by
Scimago Institutions rankiag@0. CSIRIIM Jammu has been rankigird among CSIR laboratories, and
ranked first within biology cluster of CSIRe to the pendamic situation we were only able to file 07
patent applications and 09 patents were granted tellBSIRuring this calender year 2020, IlIM
published a total of 149 scientific publications with an average impact factor of 3.24.

Several important events took place during this financial yearinstigiiy, has licenced two technologies,

one with M/s Anphar Pharma Pvt. Ltd., JanunuWProcesBevelopment of Favipiravir and the other with

M/S Hemp Street Medicare Private Limiielhi on Development of Traigermal patches using bacterial
cellulose SecondlyCSIRIndian Institute of Integrative Medicine, Jammu has laun@i€Ama
MissionPhasdl on 9t February 2021 falevelopment and extension of Aromatic and Medicimds [

J&K and other parts of country in tandem with ¢
farmers income Thirdly, CSIRIndian Institute of Integrative Medicine, Jammu has entered into an
agreement with National Institute of Sowa Rlgga, an autonomous organization under the Ministry of
AYUSH, Govt of India Anotheragreement was signed between -GBIRand National Dope Testing
Laboratory (NDTL), Ministry of Youth Affairs & Sports, Governmenhdit on11h January 20Zbr

research collaboration by combining their respective research capabilities in the areas of synthesis of
reference standards anditrcandinvivastudies (PK studies) on the metabolites with main emphtss on

national goals in area of Dope testimy@lobal positioning. With the aim to explore potential in medicinal

and aromatic plants in LadakBIRIIM is Nodal lab for implementation of CSIR Technologies for
Ladakh initiatives.

| wish to thank the Research and Management Council ofll®@5IRor their constant support and

cooperation. Lastly, | acknowledge the role of stakeholders, the scientists, staffs and the students of CSIR
IIIM who made possible this outstanding output for inclusion in this annual report.

(D. Srinivasa Reddy)
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1.0MAJOR COVID -19 CONTRIBUTIONS

1.1. Novel Coronavirus (2019nCov) Testing in human clinical samples at CSIRIIM
(Jammu)
Kuljit Singh and Rashmi Sharma, Inshad Ali Khan*, Saurabh Saran*, GD Singh*
SumitG. Gandhi*

Diagnostic testing is the hallmark to track community transmission of virus and prevent
its transmission. In response to the Covidl9 pandemic, Q8l&n Institute of
Integrative Medicine (IlIM), Jammu was amongst the first f€SIR labs that started
COVID-19 testing. The facility started RFCR testing since "6 April, 2020, in
collaboration with Government Medical College, Jammu. These samples were mostly
received from various sample collection centres and mobile units mpethtough the
Directorate of Health Services (Jammu). Samples were also received from the Air Force
Station (Satwari, Jammu) and Military Hospital (Satwari, Jammu). Apart from this, in
order to carry out regular surveillance and prevent the spreadectior at CSIRIIM
campus, active contact tracing was carried our and samples from staff, students and
families were also tested through #fCR.So far, we have tested more than about 95000
samples, among which 1900 samples were collected from-CIBIR
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Figure 1.1.1: An overview of the total samples tested at CSHRIM since 6™ April, 2020




1.2 Optimization and validation of RT-LAMP assay for diagnosis of SARSCoV2
Vijay Lakshmi Jamwal, Natish Kumarl, Rahul Bhat, Piyush Singh JamwalSiKghrab
Sandeep Dogra, Abhishek Kulkarni, Bhaskar Bhadra, Manish R Shukla, Saurabh Saran,
Santanu Dasgupta, Ram A Vishwakarma and Sumit G. Gandhi*

Severe Acute Respiratory Syndrome Coronavirus 2 (S8RB%2), the causative agent of
COVID-19 pandemichas irfiected millionsof peopleworldwide, leading to deaths of 3.5
million people. India is the second most affected country due to the pandemic. Testing of
infected individuals is crucial for identification and isolation, thereby preventing further
spread of the disease. Presentlygifiad™ Reverse Transcription Real Time PCR is
considered gold standard, and is the most common technique used for molecular testing of
COVID-19, though it requires sophisticated equipments, expertise and is also relatively
expensive. Wedevelopedand optinized a method for alternate molecular testing of
COVID-19, through a two step Reverse Transcription l-owgiated isothermal
AMPlification (RT-LAMP). Primers for LAMP were carefully designed for
discrimination from other closely related human pathogenicr@aviruses. Care was also
taken that primer binding sites are present in conserved regions of-SARS so that its
variants including fasspreading UK B117 strain, can be diagnosed. Various DNA
polymerases with strand displacement activity were evaluated conditions were
optimized for LAMP amplification and visualization. Different LAMP primer sets were
also evaluated using synthetic templates as well as patient samples.
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1.3 Development of Dye based Reverse Trangation Real Time PCR Assayfor
Molecular Diagnosis of COVID-19
Vijay Lakshmi Jamwal, Piyush Singh Jamwal, Rahul Bhat, Kaurab Singh, Sandeep Dogra,
Saurabh Saran, Ram A Vishwakarma and Sumit G. Gandhi*

COVID-19 has infectednillions of people worldwide leado to death of a veryarge
numbersof individuals. The socieconomic impact of COVIEL9 pandemic is manyfold,

with one of the components being the cost involved in testing of suspected individuals.
Several scientific and medical organizations around tbedahave stressed on the fact

that increased testing rate, contact tracing and isolation of infected individuals is critical
to the control of infection. Presently most of the molecular diagnostic testing for GOVID

19 is carried out using Tagmahreversetranscription real time PCR (RT-PCR). The

test is very sensitive and accurate, but at the same time, expensive. For developing and
underdeveloped countries with a very large population this could be one of the major
constraints in increasing the tegtinumbers. SYBR Green | dye base®RM-PCR assays

for sensitive and accurate testing of COVID were developed in this study. Several
primer sets were designed and tested experimentally and finally two sets of primers with
binding sites in two differenigenes of the SARE0V2 genome were optimized.
Calibration curves were plotted, reproducibility of assays was ascertained and the results
of SYBR Green | assays were validated on patient samples and compared with the results
of Tagman" rt-RT-PCR assays. SR Green | assays developed by us showed a 100%
match with the results from Tagni&dhassays for COVIEL9 diagnosis.

Standard curve using SYBR Green 1

Figure =a: The primer binding sites are well - —
conserved in the genomes of SARS-CoVv2 while e
they are quite divergent in the genomes of
other betacoronoaviruses, thus permitting
specificity of amplification.

Standard curve using Tagman probes =

- Figure 3c: Preparation of synthetic templates
= == : T by cloning the primer binding regions from

- reverse-transcribed SARS-Cow2 RMNA and
Standard curves plotted using SARS-CovZ>2
primers designed in this study, using different
dilutions of synthetic template

Figure 3b: Standard curves plotted using
commercial SARS-Cov2=2 Tagman Primer-
Probes, using different dilutions of synthetic
template




1.4 Organization of COVID-19 seresurvey camp at CSIRIIM
Rekha Chouhan, Sajad Ahmadjay Lakshmi JamwalNitika Kapoor, PiyusiSingh
Jamwa) Sumit G. Gandhi* and Shantanu Sengupta*

Under thefiPhenomdndia- A long term longitudinal observational cohort study of health
outcomes project, blood samples were collected from staff and students working at
CSIR-IIIM and their families,as well as contractual workers working at CSIiM, who
volunteered for the study. Sampling was done two times (at Jammu) during the reporting
period (11 September 2020124 participants2™ February 2021 154 participants). This
survey helped initially in identifying individuals who had already develogatibodies
against SARSCoV2, and eventually other parameters such as SGOT, SGPT, Albumin,
Bilirubin, Creatinine, Folate, Urea, Uric acidit B12, Vit D were also measured. With
respect to sersurvey for aniCOVID19 antibodies, correlates were drawn with respect
to usage of public transport, smoking, blood group, etc., thus identifying groups that are
more prone to infection. Further, shalso helped the individuals in deciding when to get
vaccinated.

1.5 Developmentof Zinc gluconate Vitamin C formulation for immunity improvement
and management of Corona Virus Disease (COVIEL9)

CSIR1IIIM Jammu has established fermentation based technology for production of
various gluconate salts including Zinc gluconate, which has been reported to
demonstrate higher bioavailability as compared to other zinc supplen®ntshas

been shown to adribute to a number of innate and adaptive immune signaling pathways.
lonic zinc possesses unique and distinct antiviral properties against a number of human
viruses. High ZA" has been found to inhibit the replication of various RNA viruses,
including ifluenza virus and other respiratory viruses. Vitamin C is also known as an
essential antioxidant and enzymatic-factor for many physiological reactions in the
body, such as hormone production, collagen synthesis and immune potentiasarot

only necessary for celmediated immune responses including leucocyte & macrophage
functions, neutrophils motility and phagocytosis, but also for antimicrobial activity,
interferon synthesis and antihistamine properties.

A combination of zinc gluconate and vitamthmay support immune function for better
potential for defense against viral infectio@SIR-IIIM has developed a formulation of
natural vitamin C and Zinc gluconate with the aim to improve immunity for prewventio
and management of COVHDO.
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The main constituents includdalpighia emarginata(Acerola cherry), a rich atural
source of Vitamin C andinc gluconateand anorganic source of zinc. The formulation
may be used as a promising immuno booster and modulatimg the current COVIEL9

pandemic.
Nutritional Information per Capsule (approx.)
Energy 1.12 kcal
Protein 0.00g
Carbohydrat€¢Sugar as sucrose) 0.28g
Fat 0.00g

Each Capsule contains

Zinc {As Zinc gluconate)..... 10 mg
AcerolaCherry ... 160 mg
{contains 25% Vitamin C)

Each Sml syrup contains
Zinc{As Zinc gluconate ).... S mg
AcerolacCherry ....40 mg
{contains 25% Vitamin C)

Figure 1.51: Zinc gluconateVitamin C Capsule formulation

1.6 Development of Processes for Active Pharmaceutical Ingredients towards COWiD9

The last financial year started with Lockdown and pandemic fear, however, the
commitment of CSIR towards societyas gathered all the labs across country and started
a mission towards the development of COVID related APIs. In this direction, teams were
build up in each lab, where CSIRM was led byDr. P P SinghPrincipal Scientisand

taken the responsibility of development of four APIs namely Molnupiravir (E1IBBL),
Niclosamide, Nafamostat and Ribavirin and fragment of Remdesivir (Structure shown in
Fig 1. 6.1). During this period, knovhow was developed for all the five molecules and
two noninfringing routes were developed for Molnupiravir aNdfamostat (Ongatent

was filed and other is in process).

11



R= NOZ

o HO =N

NHOH o)

H = (o]

xH Rio o e cl N/Q/ N‘N/}\(
~ 'y i

cl
;\[ - o OH HO OH
o HO OH I

Ribavirin
Niclosamide (By Roche)
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(By Niao Ju Pharma) Phosphoramide based fragment for Remdesivir (By Gilead)

Figure 1.6.1: Structure of Proposed API

Dr Parviner Pal Singh(Principal Scientistand Dr Ravi ShankaiSenior Scientistgroup
worked towards the synthesis of Nafamostat and successfully developeehkmoand
norrinfringing route (details given in Figy. 6.2).

& Nafamostat(brand name: Fusan), synthetic protcasc
NH, sars.Covz
i ul . inhibitor and is approved in Japan for improvement of &te ~ [Watamosiat %‘:’? %
b e il 2CH;SO5H acute symptoms of pancreatitis and treatment of DIC g‘? % % %
HaN {\: 5 = = \’m/-’:n | entry
Nafamostat mesylate Recently, Sun Pharmaceutical Industries, received @ T Saven 0 ,;.,i‘g\g = “1
Cost of API- approval from the DCGI to initiate clinical trial [ @ I @ I @ J: @ I @"*
5 1o 6 lac/kg (Indian market) for Covid-19 paticnts.

Fragment 1
9 Bii Fragment 2

il » 0:8:0 KaCOs, H20 = ~OH 1) Bry, AcOH, 1t e -OH
AR S O .
1A —_— ~ Br
it — I = Qverall yeld 38 %
,/’ iy
J//j)kOH A HoN" ‘N/ ~F Done at 40 gm scale
= e A OH
HoN~ 2 N Hel, meoH  -HCI Y ¥ 1) MeOH, HCI
2 ) ZAENN T N AL 2) MeOH, NH3
s $ Pyridineirefiux T —_ Il
M —— 5 « NH 3) MeOH, MSA NC™ Z
HaN" NHz -90% HaN"NH CH3SO3H

~ YNH /CQ)L
| +
HoN = NH,
HoOC - 2CHaSO3H 1
T - H2N

Nafamostat Mesylate

NH
6-Hydroxy-2 imidami p acid

Known Coupling Conditions: DIC, Pyridine; NaHCO3; CH2SO3H, MeOH New Coupling Conditions: TCT, NMM; NaHCO3; CH3SOzH, MeOH
(35% yield) (70% yield)
Achievement: Gram Scale Synthesis of both the fragment has been completed
Nafamostat has been synthesized both known and new conditions
Successfully synthesized in gram scale; Patent Writing is in progress

Figure 1. 6.2: Brief description regarding the synthesis of Nafamostat

Dr ParvinderPal Singh group developmed a process for favipirakavipiravir (RNA
Polymerase inhibitor)originally developed by Toyama Chemical pharmaceutical
company (subsidiary of the Fujifilm) known fdreatment of influenza and viral strains
which areuntreatable, and been found as one of the most promising candidate working
against the COVIEL9 infections. The favipiravir has been recommended in China and
Japan against COVH29 infection. CSIRIIM in collaboration with M/s Anphar (a
Jammu based APl mafacturing company) has worked on its knbaw process by
following a multisteps shown in Figurk. 6.3. CSIRIIIM has successfully optimized the
conditions and transferred the process to M/s Anphar .
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Figure 1. 6.3: Synthesis of Favipiravir.
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Sandip Bharate group developed the process for synthesis of niclosamide.

Niclosamide is currently being investigated in numerous clinical trials in C@\D
patients. Thus, Bharate Lab developed a gram scale synthesis of niclosamide, and using
this processand 50 g niclosamide was synthesized. The synthesized niclosamide was
evaluated for antiCOVID-19 activity at Prof.Satyajit Mayotab at NCBS Bangalore.

The niclosamide was identified as a promising inhibitor of the endocytosis step. The joint

nPLOS

work has recently been published in
oC'jQ/NOZ FDA approvall982 A M
cl N Therapeutic indicatiorto treat tapeworm ’m‘j“w - Developed a process
H infections \ (under API COVID19
Nicls:ami de Mode of action uncoupling of the electror L—i .S.=. = Mission) _
~ transport chain to ATBynthase A MS )
Swater = ~8.0 ng/mL Routeof admin: oral Joint publication in
ClLogP: 4.34 L .I ff, PLOS Pathogens
Oral bioavailability = ~10% Known antiviral e ect§AR$oVMERS | nictosausoo A CSIR:
Mild inhibitor of 3CL protease ~ COY ZIKVHCV, HSZ, being investigated i e saboris =2 .
COVIBLY clinical SARSC0V2 clinical trials. = Started phase |1 clinic
. Clinical dose2000mg/day trial in COVIEL9
candidate patients

Q

Fluvoxamine Maleate wagliscmovered in 1975 by KalDuphar,

disorder.

part of Solvay
Pharmaceuticals, Belgium, now Abbott Laboratoriespn antidepressaat the selective
serotonin reuptake inhibitor class and used for Treatment of obdesswpulsive

Major depressive disorder ety disorders (panic disorder, pdstumatic

stress)lt is under clinical trials for Covid 9 treatment (5 No.). The investigational use of
fluvoxamine for the treatment of COVHD9 is approved by the South Korean Ministry of
Food and Drug SafetyFluvoxamine is a selective serotonin reuptalkibitor;
fluvoxamine also activates sigriareceptors present intracellularly in the endoplasmic
reticulum, thereby decreasing cytokine production. PP Singh group has developed the
know-how for the synthesiof Fluvoxamine Maleate shown in Figure 6.4 and

transferred the technology MV¥s Anphar.
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Figure 1. 6.4: Synthesis offluvoxamine Maleate

1.7 Repurposing ofcolchicine for management of COVID-19 patients[MLP110002].

CSIR Labs InvolvedCSIRIIIM and CSIRIICT; Industry partner M/S Laxai Life
Sciences, Telangan@RO: M/S Insignia Clinical Services Pvt. Ltd

Clinical study title A prospective, pilotglinical trial to evaluate the efficacy and safety of
Colchicine for improvement of clinical outcomes during Coronavirus (COY9D
disease treatment in higfsk Indian patients§TRI/2021/04/032555

Brief Summary One of the important hospecific evens in COVID-19 patients in
"cytokine storm". Several studies have shown that one of the primgasonsfor
mortality of COVID-19 infected patients is cytokine storm driven complications. Thus,
the management of cytokine storm by potent -arfltammatory dugs is also being
investigated. One such potential FDA approved drug is "colchici@elchicine is a
natural product isolated from meadow saffr@@olchicum autumna)e and is a FDA
approved drug for treat ment of i nfl Emmat o
exhibits antiinflammatory effects via inhibiting the activation and migration of
neutrophils to sites of inflammatioit also inhibits preinflammatorycytokines I1L.-6 and
IL-1beta. Besides, it has also been reported to possess antiviral activitlydjragainst
DENV, ZIKV [DENV: EGsp = 150 nM; ZIKV: 89% reduction at 5 pMMWorldwide,
there are more than 24 clinical trials currently ongoing on colehich COVID-19
because of its potent aatiffammatory properties. Two CSIR Laboratories namely,
Indian Institute of Integrative Medicine Jammu and Indian Institute of Chemical
Technology Hyderabad in collaboration with an industry partner M/S Laxai titn&es
have started phase Il clinical trial in COI® patients.

LLLaQa&a NRfS

V Projectfunded to the I1IM

V Coordination/ monitoring of trial
V To provide regular updates to the

Colchicine Tablets IP
(o]

o
H5CO
ReOTs
-Lcho H \

2colclin Tbios R CSIR (CSG group)
e V To manage the financial
Colchicine L component of the trial
- . . y Current Status of the trial:
Colchicunautumnale A 24 clinical trials ongoing worldwide COVIEL9 April 2021 The phase II clinical trial
A Possesdual antiinflammatory / antiviragctivity started in COVIDO patients
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1.8 Computational Screening for Covid19 targets

Dr. Amit Nargotra group hasstablished the isilico models for selected Covid targets
viz., MPR° RdRP and SpikeACE2 interface. The Hmouse compound library was
screened on these targets, and 38 compoweds sent for in vitro evaluation at CDRI.

Out of the 11 compounds that showed better affinity f6F%14 compounds showed 46

in micromaolar rangel(l to 60). Besides that at the initial stage we had carried out
CMAP analysis of the 15 shortlisted antiviral drug molecules and identified 463
compounds having similar gene expression profiles, and this can be used further for drug
repurposing. The iderited compounds have been further classified based on their
antiviral properties, and also based on the clinical trial stage of the compounds. Under the
third vertical of network pharmacology, we have identified 9 plants for which we have
collected data for34 phytoconstituents and network construction on these was initiated.
This would help us in identifying the geudésease network, and exploring the possibility

of combination drug.

1.9 Development of CUReD Web portal. Developed a website CUReD, which cangathe
latest uplates about Covid related CSlpartnered clinical trials in the area of i)
Drugs/Vacines/Therapeutics, ii) AYUSHProphylactics / Therapeutics and iii)
Diagnostics / Devices.lle website was launched bytHo n 6 bl e S &T mi ni st e
Vardhan on 20th October 2020.

€« = C | @ htps:/fiiimres.in/oured/ | =

not touching your face

India Covid-18 ~  CSIR Partnered Clinical Trials ~  Industry partners ~  Associated Hospitals ~  ContactUs
Fight Against COVID-19

CUReD: CSIR Ushered Repurposed Drugs - A website that provides information
on CSIR Partnered Clinical Trials.

CSIR partnered clinical trials on COVID-19:

There are no specific drugs available against the coronavirus SARS-Cov-2 that has caused the
ongoing COVID-19 pandsmic. However, developing new drugs against this coronavirus and
testing for their efficacy and safety will take several years. Hence, efforts are an globally to fast

track and test the drugs approved or tested for other viral diseases such as HV or Ebola (called
as repurposing). India is also participating some of these global trials, and is also carrying out its
own clinical trials. CSIR is exploring all possible options ranging from repurposed drugs to new
drugs to AYUSH products and biological therapeutics including vaccines. Collectively, CSIR has
partnered in many such trials including AQCH - the first ever phytopharmaceutical drug under

Ay A
4*_;\*;5(*,? trial.
e
e %
R
* | 2|CSIR partnered clinical trials on COVID-19: details
1 |
News,Updates
Dr Harsh Vardhan launches CUReD CSIR begins clinical trial of CSIR-IICT aided pharma firm in making

website phytopharmaceutical AQCH Favipiravir drug
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1.10 Clinical research studies on Ayurveda interventions as prophylaxis and as an add
on to standard care in the management of COVID 19.

>

(i)

(ii)

(i)

Under CSIRAYUSH Joint initiative for the clinical studies on traditional

Ayurvedaformulations, CSIRIIM has undertaken following clinical studies
in Sixteenreputed hospitals of the country.

Ayurvedic formulationl for the Prophylaxis against SARS0OV-2 in
subjectswith increased gk during the COVID 19 Pandemia.
comparisonwith Hydroxychloroquine/SOC in the health care providers.
A Randomized, Open Label, Parallel Efficagygtive Control, Multk
Centre Exploratory Drug Trial to Evaluate Efficacy and Safety of
Ayurvedic formulation2 as Adjunct Treatment to Standard of Care for
themanagement of Mild to Moderate COWI® Patients.

A Randomized, Open Label, Parallel Efficacy, Active Control, Multi
Centre Exploratory Drug Trial to Evaluate Efficacy and Safety of an
Ayurvedic Formulatiom8 as an Adjunct Treatment to Standard of Care
for the management of Mild to Moderate COVID Patients.

For the management of the disease in critically ill, hospitalized and high risk
Patients CSIRIIIM Jammu has evaluated the safety and efficacy of

MycobacteriunWV in critically ill, hospitalized and high risk patients at the
dedicatedCOVID-19 hospitals of the country in collaboration with M/s Cadila
Pharmaceuticals Limited, Ahmedabad as an industry partner.

Under Covid19 managenrd team of 11IM, Jammu around 1000 liters of WHO

recommended Sanitizer was prepared for distribution among front line workers

from hospitals and security forces located in Jammu.
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1.11

The continuouslyincreasing numbers of cancer patients and the increase in numbers of
COVID-19 infections in cancer patients either undiagnosed, diagnosed, under treatment
or under remission, have provided a sense of urgency to understand the interconnection
and develop ovel therapies tao-targetviral infections and cancer. However, little is
known about novel SARE0V-19 biologyand very limited to no research has been done

in the context of whether and how SAR®V-19 infection impacts cancer cells.
Realizing the impet of spike protein in Covid infection, it is imminent to examine the
role of spike protein of SARE0V-19 virus which binds to ACE2 in cancer emergence
and treatment, and highlight the emerging need to study the role of GO¥ibfection

in cancer progresion and treatment

Procedure for extraction of Glycyrrhiza glabrafor Covid-19 national project

The well authenticated plant material was dried under shade and ground to coarse powder
in cGMP plant. 20 kg of this powder was used for extraction withfipdriwater and
alcohol in 1:1 ratio (180 L). Extract was refluxéa 3 hrsthe marc was again extracted
twice sequentidy for two hours. Total 8.3 Kgf extract was obtained after lyophilisation
which was used for standardization and further processing.

The Standardization ofGlycyrrhiza glabraAqueous Extract Prepared at cGMP Plant,
CSIR-IIIM, Jammu Using HPLC.

Standard Re_tention time Plant  extract
(min.) (Yow/w)
Glycyrrhizic Acid 12.520 7.48
Liquiritin 10.558 0.53
Glabridin 14.272 0.16
Quercetin 11.697 0.06

Glycyrrhiza glabra Glycyrrhiza glabralyophilized extract
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1.12

1.13

Rapid determination and optimisation of berberine from Himalayan Berberislycium by
soxhlet apparatus using CCBRSM and its quality control as a potential candidate for
COVID-19

SARSCoV-2 (COVID-19) has become global risk and scientists are attempting to
investigate antiviral vaccin®erberisis important plant due to the presence of bioactive
phytochemicals, especially berberine from the protoberberine group of benzylisoquinoline
and recent studies have shows potential in treating COVIEL9.B. lyciumRoyle
growing in subtropicalregions of Asia had wide applications in Indian system of
medicine. Rapid determination and novel optimisation method for berberine extraction
has been developed by Soxhlet extr@ctutilising central composite deskgesponse
surface methodology (CGBSM). Berberine was detected by higérformance liquid
chromatography (HPLC), and the highest yield (13.39%) was obtained by maintaining
optimal extraction conditions i.e., extractioni me h), &hyl2a&ohol (52.21%) and
solvent to sample ratio (21.78 v/w). Investigation of two geographic regions (Ramnagar
and Srinagar) showed high berberine content in lower altitude. This novel optimisation
technique has placed berberine as el candidate for developing pharmaceutical
products for human health care.

Preparation and Distribution of Hand Sanitizer and sanitization in CSIR-IIIM
Campus and Residential Complex

The world is facing a medical crisis amid tGOVID-19
pandemic andhe role of adequate hygiene and ha
sanitizers is inevitable in controlling the spread
infection in public places and healthcare institutiof
during first wave ofCOVID-19 infection in 2020There
has been a great surge in demand for hand sanitiza
products leading to shortages in their supply. As per
instructions from DG, CSIR, [lIM Jammu has prepared and still prepdsogropyl
alcohol based hand sanitizer according to WHO guideliddd@ Guidelines on Hand
Hygiene in Health Care: First Qdal Patient Safety Challenge Clean Care Is Safer Care
(GenevaWorld Health Organizatigr2009).

Almost 10,000 litters of Isopropyl alcohol based hand
sanitizer was distributed to CSIIRM employees and
different organizations of Jammu like Govt. Medical
and associated hospitals, Jammu and Kashmir police,
CRPF hospital and Air Force hospital during the Cevid
19 pandemic in 2020 and still distributing to CSIRV
employeesHand Sanitizer was ppared and distributed

as well as sanitization drive was danéllIM campus and residential colony
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1.14 Analysis of single nucleotide polymorphisms between2019nCoV genomesand its
impact on codonusage
SuruchiGuptg Ravail Singht; ProsenjitPaul

The spread of COVIELY is a global concern that has taketolh on entire human health.
CSIRIIIM Scientists performed the bioinformatics analysis to understandthe genetic
variability necessaryo design effective drugs and vaccines. The stadiails information
regarding the genomside mutations detected in the 108 SARS €Yenomes worldwide.
Genomic sequences from different Indian states have been phylogenetically analyzed to gain
insight into the genetic variation prevalent in Indigiglre 1.14.). Based on the
phylogenetic tree scientisggouped the 20ENCoV genome sequences of Indian states into

13 major groupsKigure 1.14.9. These 13 representative groups (states) of India were then
phylogenetically analyzed and SARS G&Vgenomes(95 coronavirus sequences) from
different countries worldwide. Scientisidentified a few hypervariableegionslocalizedin

orflab, spike,and nucleocapsicdgene.Our findings revealed the existence of high mutation
rates in 2019CoV genomes sequencerbrh different parts of the world. Phylogenetic
analysis confirms the migratory context of 26d@oV and itspread. Basedn phylogeny,

69 statesof India wereassemblednto 13 groupsandfinally 95 countries along with Indian

states into 27 groups. Thaeresence of hypervariable region was discovered in genomic
locations coding for three genes namely orflab, S and nucleocapsid N gene. In orflab gene,
we found two hypervariable amino acid changing region (1068 and 11092 genomic
locations) worldwide and tee hypervariable regions (6312, 11083, and 13730 genomic
locations) in Indian states when compared with the Wuhan strain. In addition, across the
Indian states, we found another rRgymonymous mutation in S protein where methionine
was replaced by tyrosinédNon-synonymous mutation affects the overall conformation of
proteins. S protein plays a crucial role in viral infection and pathogenesis. We may, therefore,
believe that this altered amino acid may have made a major contribution to the pathogenesis
and transmissionof 2019nCoV.Thesenucleotidepolymorphismsdemonstratedheir effect

on both codon usage as well as amino acid ugsatgern.

The anal ysi s confir ms hi gh variability amon
hi ghlighting hypervariable positions within
in proteins might have affected the patient's clinical outcomes because the voalegérat

infects them is slightly different. Nevertheless, there is a chance that these mutational variants
might have modiated the disease's spread. Thsults provide positive light otihe prospect

of developing 2019 CoV therapy for patients from défent locations. Altogether tipeesent

study provides valuable information that would be helpful to ongoing research omeo@l”
vaccinedevelopment
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164 Genome sequences were retrieved

From GSIAD database

69 Sequences 95 seguences
from India from world

108 sequences were
combined and analysed for

phylogenetic relationship

13 groups were selected
based on phylogenetic Clustered into 27 groups

analysis

Genetic Codon and Genetic Codon and

Variations Amino acid \ariations Amino acid

analysis analysis

Fig.1.14.1: GSAID database was used to fetch 164 SARS CéMgenomic sequences, which
comprised of 69 genomic sequences from India and 95 from other countries of the World
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1. hCoV-19/Belarus/ChVir2073/2020{EP|_ISL_419693[2020-03

2. hCoV-19/Hong_Kong/HKU-904a/2020(EP|_ISL_450412{2020-01-30
3. hCoV-18/Slovakia/SK-BMC2/2020{EP|_ISL_417878{2020-03-07

4. hCoV-19/Ghana/1659_S14/2020iEPI_ISL_422405{2020-03-25

5. hCoV-19/Paki 45090/2020/EP|_ISL_468161[2020-06-02
6. hCoV-19/Australias/WWASS/2020[EPL_ISL_47087212020-03-22

7. hCoV- ico/CDMX-INDRE_13/2020{EPI_ISL_45543712020-03-21
8. hCoV-19/Kenya/PS72/2020(EP|_ISL_45791512020-04-13

9. hCoV- SPB_847/20201EPI_ISL_469022/2020-03-20

10. hCoV-1 1/2020[EPL_ISL_41030112020-01-13

11. hCoV-19/ran/KHGRC-2-2162/2020[EPI_ISL_442044/2020-03-26
12. hCoV-19/Nigeria/OY 008-CV29/2020(EP|_ISL_45542912020-03-27

13. hCoV-19/lsraelCVL-n-7465/2020/EP|_ISL_475025[2020-04-11

14. hCoV-19/India/DehifMaxCov0038_CSR-IGIB/2020/EP]_ISL_4599402020-05-10
15. hCoV-19/USA/CA-CSMCS7/2020{EPL_ISL_475714i2020-04-02

16. hCoV-19/Argentina/Heritas_HG015/2020[EP|_ISL_476567]2020-05-18

17. hCoV- a/CA3002-04/2020/EPI_ISL_455480/2020-04-07

18. hCoV-19/France/40002VJ/2020(EPL_ISL_447733;2020-03

19. hCoV-19/Latvia/019/2020{EPL_ISL_45051912020-04-14

20. hCoV-19/Japan/TKY 3583/2020/EPI_ISL_462446/2020-03

21. hCoV-19/Bangladesh/JUST-GC40.86/2020EP_ISL_475573{2020-06-11

22. hCoV-19/Vietnam/\VNHN_301/2020iEP]_ISL_45571412020-03-09

23, hCoV-19/Brazil/AP164082-EC/2020(EP]_ISL_45814312020-04-15

24 hCoV-19/United_Arab_Emirates/L5857/2020(EP|_ISL_46927912020-03-31
25. hCoV-19/Wuhan/WHUH011/2020(EP|_ISL_44948412020-01-22

26. hCoV-19/Sri_Lanka/COV486/2020)EPI_ISL_4286732020-03-31

27. hCoV-19/C a/0012/2020[EPL_ISL_41190212020-01-27

28. hCoV-19/Turkey/IMU-SP-01/2020(EP|_ISL_46061812020-04-15

29. hCoV-19/Poland/Wro-02/2020EP|_ISL_43762512020-03-18

30. hCoV/-19/Norway/2466/2020{EPI_ISL_47117312020-04-21

31. hCoV-19/Czech_ _2312/2020(EP|_ISL_471544[2020-03-14
32. hCoV-19/Netheriands/ZuidHolland_223/2020iEP]_ISL_461395[2020

33. hCoV-19/Gambia/1264/2020/EP|_ISL_47116912020-05-07

34. hCoV-19/Morocco/HMIMV-Rabat1462-04/2020(EPI_ISL_471460/2020-04-13

35, hCoV- in/86_17/2020{EPL_ISL_46299812020-05-30
36. hCoV-19/Saudi_Arabia/86327/2020{EPI_ISL_469248{2020-03-15
37. hCoV-19/My -4385/20201EPI_ISL_43470912020

38. hCoV-19/Slovenia/MB0329/2020{EP|_ISL_426379{2020-03-29
39. hCoV-19/Tunisia/COV1663/2020{EPI_ISL_463004j2020-04-01

40. hCoV-1 ia_and_Herzegovina/01-Livno/2020{EPI_ISL_462753j2020-05-2
41. hCoV-19/Croatia/1146_Spit/2020/EP|_ISL_454581/2020-03-18

42. hCoV-1 i YNCDC-02310/2020fEPI_ISL_435085{2020-03-29

43. hCoV- DC-4155/2020EPI_ISL_43644912020-04-12

44, hCoV- i €/403/2020{EPI_ISL_469152{2020-04-17

45. hCoV-19/Georgia/Tb-1352/2020/EP|_ISL_420140j2020-03-28
46. hCoV-19/Jamaica/JM-CDC-6729/2020[EPI_ISL_450798/2020-03-16

47 hCoV- iratiGBRC228a/20201EP|_ISL_4768652020-06-1
48. hCoV-19/Senegall611/2020[EPL_ISL_42007612020-03-20

49. hCoV- jum/UGent-117/20201EPI_ISL_47507712020-03-23

50. hCoV-19/Hungary/MBL-465/2020iEPI_ISL_435423/2020-03-27

51. hCoV-19/Panama/328677/2020/EPL_ISL_41515212020-03-06

52. hCoV-19/ndi j /S25/20201EPI_ISL_455655/2020-04-30
53. hCoV-19/D \LAB-HH-99/2020{EP|_ISL_452100{2020-03-07

54. hCoV-19/Austria/CelM0635/2020(EPL_ISL_47593412020-04-06

55. hCoV-19/Sweden/20-08608/2020/EPI_ISL_4761442020-03-27

56. hCoV-19/K; 126562/2020[EPL_ISL_45459912020-04-26

57. CoV-19/Jordan/SR-0336/2020(EPI_ISL_450188/2020-04-06

58. hCoV-19/0man/RESP-20-6081/2020/EP|_ISL_457995/2020-03-26

59. hCoV-19/England/IC19/2020[EPI_ISL_475572:2020-03-17

60. hCoV-1 ia/ChVir4301/2020iEPI_ISL_45773712020-03

61. hCoV-19/PortugallPT0627/2020(EP|_ISL_454350{2020-03-31

62. hCoV-19/Th CONH OjEPL_ISL_4580242020-03-30
63. hCoV-19/india/Tamil_nadu/CCMB_CB8/2020(EP| ISL_45803212020-04-27
64. hCoV/-19/Philippi 03/2020[EPI_ISL_434555/2020-03-26

65. hCoV-19/AIgeria/G0640_2265/2020/EP|_ISL_41824212020-03-08

ORFlab N

Fig.1.14.2 Multiple sequencealignment65 world SARS CoV-2 genomeqincluding 5 Indian States)
representinghe hypervariableregionsacrossthe entire genome.(Mutations at 1068bp,3046bp and
11092bp genomic positions are localized in gene orflab), (Mutations at 23412 bp and 2&f72bp
localizedin spikegene),(Mutationsat 28320bp arelocalizedin NucleocapsidN) gene)
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2. SIGNIFICANT SCIENCE AND

TECHNOLOGY ACTIVITIES
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2.1Serine-glycine-betaine, a novel dipeptide from an endophyte Macrophomina
phaseolina:lsolation, bioactivity and biosynthesis

Endophytes are a rich source for structurally complex chemical scaffolds with interesting
biological activities. Endophytes associated wiBrugmansia aureal. (family:
Solanacege a medicinal plant, have not yleeenexplored for the bioactive metabokte

M. phaseolinaafungal endophyte, was isolated from the rootthefplant Its methanolic
extract was found active against human cancer cell lines wigh<20 pg/mL. In the
present study, the isolated fungal strain from the root8. dureawas identified adM.
phaseolinabased on the sequence of internal transcribed spacer regions, and it was
deposited in GenBank with the accession humber KX098325 (Fig. 1.2.1.1)pdptiile
compound, erineglycine-betainewas isolated and characterizegbrineglycine-betaine
consists of a unit of aN-trimethyl glycine attached to serine. Compounaas isolated as

a reddiskbrown solid, which gave molecular ion peaks at m/z 206.3 [M]+ kh the
positive ESIMS, corresponding to a molecular formukd&N.O,, and this was fully
supported from its NMR data. Assignments of all tf@ and*H NMR signals for two

spin systems suggested that the molecule could be a conjugate of two compounds.

The compound exhibited potent activity against MIA P2Gand HCF116 cell lines with

ICs0 8.9 and15.16eM, respectively. Further, itnduced apoptosis in MIA Pacacells
confirmed by microscopy. The apoptotic cell death in MIA P&Czells was evidenced
biochemically with the generation of intracellular reactive oxygen species (ROS) level and
leading to loss of mitochondrial membranetgntial (MMP) due to activation of the
intrinsic pathwayThis study describes the plausible biosynthesienheglycine-betaine
basedon genomics (genome sequencing, annotation and genes alignmerayel dr
peptide, serine glycine betaine isolafeaim M. phaseolinanduced apoptosis in MI&a

Ca2 cells. This study confirms thalipeptides likeserineglycine-betaineand tyrosine
betaine might be specific to fungal genera, hence being used for diagnostic purposes.

Table 2.1.1Cytotoxic activity of compoundsl] against human cancer cell linesd@M)

Molecule MIA HCT-116 | MDA-MB-231 PC-3 FR2
PaCa?2 (Normal)
Serineglycine- 8.9+0.0| 15.16 34.6t0.03 |22.4+0.16 >50
betaine 5 +0.15
Paclitaxel 0.750 0.120 <0.01 0.065 -
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KF766195 M. phaseolina CBS 22733

KMO030327 M. phaseolina NRRL 66020
KU729030 A. alternata ATCC 6663

e |
0.05

Figure 2.1.1: Morphology, microscopysequencedf M. phaseolinaat400xand phylogenetic tree
(basedon ITS5.8SrDNA sequencedf M. phaseolina

N
HO N
e Ln\CHg,
H\f HO CH3
OH

<«— Key HMBC Correlations

Figure 2.1.2 Selected 2D NMR (HMBC) correlations for compouidl (

O H/HH
< ®_CHj

Control

4 puM 8 uM 12 uM
Figure 2.1.3 Change in nuclear morphology of MIA PaCa using DAPI after treatment with
different concentrations (4, 8, and 12) uM of compound Sejfliyene betainel) . Paclitaxel

was used as positive control and untreated cells as a negative control. A significant increase in
nuclear condensation and apoptotic bodies was observed with increase in comfdund (
concentration.
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2.2

2.3

Mutation, Chemo-profiling, Dereplication and Isolation of Natural products from

Penicillium oxalicum

Diethyl sulphate (DEpbased chemical mutagenesis weygplied on different fungal
strains with an aim to diversify the secondary metabolites. The mutant strairNNRE

of Penicillium oxalicumwas subjected to the dereplication (LCMS based) and isolation of
natural products, resulting to obtain ten moleswé bioactive potential. Metabolites viz
tuckolide, methylpenicinoline, -Acety}t3,5-dihydroxy-4,6-dimethylbenzeneacetic acid,
penicillixanthone A brefeldin A 7ketone antibiotic FD 549 were observed for the first
time from Penicillium oxalicum.The resillts of antimicrobial activity reveals that the
compounds N2-(4-hydroxyphenyl) ethenylformamide methylpenicinoline, penipanoid

A have potent antibacterial activity agailscillus subtilisS]ATCC 6633 with MIC of 16

e M, 6 4

e M a n dively &d theMompeurds 2 4hydroxypheny) ethenyl]

formamide methylpenicinoline, penipanoid A were found active agaistherichia coli

(ATCC 25922) ,

Wi

t h

Ml C

of 16 &M, 6 4

eM and

N-[2-(4-hydroxyphenyl ethenyl] formamide tuckolide showed effective antioxidant
activity in DPPH and ABTS scavenging assays. The mutant-VRE was found to have
8.34 times higher quantity of f2-(4-hydroxypheny) ethenyl] formamides compared to
the mother strain. The DES based mutagenstrategy has found to be the potent tool to
diversify the secondary metabolites in fungi.

Mutation by
Di-ethyl Sulphate

HO A -
NN HNT
g

o
I

tr -11.8 min

8 times increased production
as compare to mother strain

Difference in HPLC profile, |

Penicinoline
Exact Mass: 268.08 Es
Molecular Weight: 26827  ole

ne
78.15

iy ExactMass: 2
Al olecular Weight: 278 34

Expression of six metabolites, reported first time from

Penicillium oxalicum

Figure 2.2.1 Schematic diagram showing isolation of Natural products ffemicillium oxalicum

Fermentative production of xylitol from aromatic spent lignocellulosic biomass:

Xylitol has attracted considerable attention in the food and pharmaceutical industries
because it has useful characteristics, including its use for the prevention of dental caries, as
a sugar substitute for insulindependent diabetics, and as a natucaldf sweetener.

Xylitol

is currently produced on an

industrial

scale by a catalytic

reduction

(hydrogenation) of xylosebtainedfrom wood sources such as white birches. However,
alternative processes have been extensively explored because of the higtigmochst

and environmental impact associated with the excessive utilization of natural wood
sources. Microbial xylitol production from aromatic spent biomass wastes containing
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hemicellulose could be a possible entrant. In microbial xylitol productiom fspent
biomass (lemon grass) is first hydrolysed using dilute acid hydrolysis for extraction of
xylose from hemicellulose further xylose rich hydrolysed used as the medium for xylitol
production by xyloseutilizing yeasts. Therefore, to evaluate the fedity of microbial
xylitol production from spent biomass.

Research progress:This work deals with the development of an improved process for
xylitol production from spent aromatic biomass hydrolysate by biotechnological routes.
The bioconversion of xylasto xylitol is efficiently brought about by yeasts. Screening for
xylitol producers was carried out by point inoculation of the yeast isolates on MGYP plate.
These plates were incubated at 28 + 1°C up t@&4h for obtaining yeast growth. The
observatios with respect to xylitol synthetic producing medium and further HPLC
analysis. However, in order to select the most potent isolate, it was necessary to quantify
the amount of xylitol being produced by each of these isolates. Therefore, quantitative
estimdion of xylitol production will be carried out for 135 yeast cultures. Preliminary
gualitative analsis ofyeaststrains(Figure1.2.3.9. On the basis oVK 035 was selected
further study.
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Figure 1.2.3.1:HPLC chromatogram of standards Xylose, Xylitol, and xylitol production

2.4 Purification and characterization of Serratiopeptidase fromSerratiamarcescen®\D-W2

Serratiopeptidase is a proteolytic enzyme, extensively used as anflamimatory and
analgesic drug. Present work reports a thermoactive serratiopeptidaseSé&oatia
marcescensAD-W2, a soil isolate from NorthVestern Himalayan region. The
extracellular metalloprotease has been purified by a simplest®poprocedure resulting in
a spedfic activity of 20,492Units/mg protein with 5.28 fold purification. The molecular
mass of metalloprotease, as determined by-8BBSE, was ~51kDa.

The purified serratiopeptidase presented optimum activity at pH 9.0, temperdiGrartsD
with stability inwide pH and temperature range. Critical temperature 8C86nfirmed
the thermoactivity of the purified serratiopeptidasée kinetic studies of the purified
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serratiopeptidase revealed,\and Ky of 57,256 Units/mLand 157 mg/mL, respectively,

for ca®in. The purified serratiopeptidase froBn marcescen8D-W2 was found to be
100% identical to serralysin froi@erratia marcescen8TCC 21074/E15. The catalytic
domain comprising of Zn coordinated with three histidine residues (His192, His196,
His202), along with glutamate (Glu193) and tyrosine (Tyr232) residues further confirmed
that the purified protein identical to serralysin.

175KDa
130kDa
95kDa
70kDa

62kDa
51kDa

42kDa

His.192

22kDa

Figure 2.4.1 Purification of Serratiopeptidase from Serratiamarcescens
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2.5Translational Research:

2.5.1. Grant of IND Application for NCE lead, IlIM -290: IlIM-290 is an orally

bioavailable NCE lead based on a natural product rohitukine. It was discovered and

developed at [IIM under f2FYP BSG205 and CSIRFTT (MLP-5008) projects. It is a
potent inhibitor of CdkL/A, Cdk-2/A, Cdk4/D3 Cdk5/p25Cdk-6/D1 and CdKO/T1 with
ICsp values in the range of 1.9 to 50 nM. It possesses promistagrancytotoxicity in

different types of cancer tissues, with most potent cytotoxicity in pancreatic and leukemia

cells (IGo< 1 uM). It displays an excellent wvivo efficacy in human xenograft models of

pancreatic cancer and leukemia. The regulatory pharmacology of the lead has been
-5008), ah& theRNDsapdhchtibn veas fded t

compl et ed

as a p

art

to DCGI in January 2020. Ehapproval was received from DCGI on'"28lay 2020, for
this IND application, for conducting Phase I/ Il clinical trial in locally advanced or

metastatic pancreatic cancer patients.
- . . OH O

Dysoxylunbinectariferum
(Indian Medicinal Plant)

Bioorg Med. ChemLett
2016, 26, 34573463

Rohitukine

11IM-290
(Cdkdnhibitor)

J. Med. Chen2018 61,16641687
US9932327B2)§/02014170914A1

Oral Dosage Form for Clinical Trial

Int. J. Pharm2019, 570, 118683

J. Pharm. Biomed. AnaD19 166, 15
W0202012498A1

INDapproved by DCGI (M&3020)

2.5.2. IND application of 1lIM -160 (Bergeniaciliata based phytopharnsautical lead)Under

the CSIRphytopharmaceutical

mission |

(202D020), Bergenia ciliata based

phytopharmaceutical lead IlIM60 was developedThe preclinical pharmacology,
regulatory Tox., and CMC documentation was completed. The lead is positionin for
management of pain in rheumatoid arthritis. The IND application has been filed to DCGI

on 20" April 2020.

Bergenin

lIM-160
(Bergenin-rich
extract)

9% wi/w bergenin

Gastroretentive
SRformulation

“

{

J.Integr. Med.
2019 17,192204

WO02019077620A1
W02014188440A1

AOutlicensedo M/S
ViridisBiopharma (as
nutraceutical)

® (June 202)
AIND application filed

to DCGI (in
phytopharmaceutical
route)c April 2020
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2.6 Basic research

2.6.1 Total Synthesis of Phospholipomannan @andida albicans PLM is composed of a
mannoseanositolphosphoceramide lipid anchor (embedded in the cell wall) on which an
unusual ol i g @©mannan ds likdd thiougl2 an anomeric phosphodiester
linkage. Interestingly, the PLM anchor is quite distinct from theemaeidely occurring
glycosylphosphatidylinositol (GPI) anchors in human biology in terms of the following:

(a) (-bm&nm®gdn in pladmaohanhheo{(lf YoR) GPI an

2)-U-mannose linked to myB-i nosi t ol i n pl-lguesamifenositble ( 1
motif, and (c) the presence of an unusual phytoceramide in place of the glycerolipid. More
i mportantly, the PLM anchor i s -maphahy i mr

structural motif, which is absent in human host and presenteddaapportunity for the

vaccine programme and moreover, its full synthesis is not reported till date, here, we have
reported the first synthesisbfh e cel | surface ph-Manphbl| Y po ma
2)-b-Manp]n( 1 Y-b-Madp( 1 Y-UManpl Y-(©® Y-UMapp( 1 VY- 2)
Inositol-1-P-( O Y -phyitoceramide ofCandida albicansis reported. The target
phospholipomannan (PLM) anchor poses synthetic challenges such as the unusual
kinetically c éwoligomanndneddmaif, Janonveric 2ohosphodiester, and
uniqgue phytoceramide lipid tail linked to the glycan through a phosphate group. The
synthesis of PLM anchor was accomplished using a convergent block synthetic approach
using three main appropri at étertamannamtepeats,ed b
pseudodisaccharide, and phytoceranfidel-p hos phonate. The most <ch
b-tetramannan domain was synthesized in one pot using the preactivation method.

The phytoceramideH-phosphonate was synthesized through an enantioselective A3 three
component coupling reaction. Finally, the phytocerardledg-phosphonate moiety was

coupled with pseudodisaccharide followed by deacetylation to producethe acceptor,

which on subsequent coupling with tetramanna$yphosphonate provided the fully

protected BM anchor . Final deprotection was su
hydrogenation. Synthesis of phospholipomannartasfdida albicansshown inFigure
2.6.1.1
oy A
...... e xe " Y-
A2 coupling : Lo
P
[ =2y
R - Ome pol ay m-:\.ﬁ‘z\.‘:-?. 5 B‘?K‘E‘Ef';".’ \\\_‘ m'}hf:;c
I-E;LE_ ;"'.,.;':\.--u H%LL\:} Opece

Figure 2.6.1.1 Synthesis of phospholipomannancahdida albicans
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2.6.2 Functionalization of Alkynes and Alkenes Using a Cascade Reaction Approach:
Sy nt he sKetse Sutfones binder Metalfree Conditions: Here, weare reporting a

mul ti component cascade react i-keta suléopep my a c h

exploiting differential reactivity pattern of substrates under eggemosphere and metal
free conditions. The coupling partners are aryldiazonium salts, wasstucompounds,

and DABSO. The optimized conditions worked well with both alkenes and alkynes.
Moreover, the reaction also works with metabisulfite for the source of sulfone. The

controll ed l'i quid chr omat o g-lalzeled expenmatss
suggested that air is a source of 4etoe
sulfones which is shown iRigure 2.6.2.1.

[ oL
R (o]
R4 = Ph

25 examples

"S0O," = DABCO(SO0;); and NayS;0s
*Metal-free *Multi-component *Cascade reactions *Open atmosphere

Reference: J. Org. Chem. 2020, 85, 2, 716—725

Figure 2.6.2.1Sy nt h e-ketosulfands b

2.63 Elucidation of mode of inhibition of E. Coli MurA inhibitors. UDP-N-

spe
nc

acetylglucosamineenolpyruvyl transferase (MurA) is an important enzyme involved in the

first cytosolic step of bacterial cell wall synthesis. MurA has no mammalian homolog;

therefore, an emerging strategy for fighting bacterial diseases is to thegbacterial

MurA enzyme. We employed a combination of ligand based and structure based in silico

screening methods for screening 50,000 drug like (commercial source) and 2G8Gén
compound library. Hits identified after in silico screening were eaéid by experimental

validation under various incubation conditions using Malachite green phosphate assay.

Thereafter, we identified two hits 37-8534 and D39®012 as MurA inhibitors. Among
the hits identified, compound 37-8534 showed significant chaeg in the value of IC50

across different assay conditions. The MD simulation study suggested a novel hit binding

site (allosteric site) in MurA enzyme as a binding site for compound-9%332. It was
also inferred from the MD studies that the binding @ahd induces conformational
changes in enzyme, which leads to inhibition of enzymatic activity.
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2.64 Discovery of a new donepezilike acetylcholinesterase inhibitor for targeting
Alzheimer's diseaseAlzheimer's disorder is one of the most common waride health
problems and its prevalence continues to increase thereby straining the healthcare budgets
of both developed and developing countries. Using computational studies and biological
validation, we identified a new donepedike natural compound derivative (D1) as a
convincing AChE inhibitor. The in silico studies suggested that D1 exhibits ebtheahg
mode of action and interacts with both the catalytic anionic site and PAS of human AChE.
The biological studies confirm the dual binding site character of D1 and revealed that D1

not only enhances the acetylcholine | evel
plaques inC. elegans.n fact, 5¢e M o f D1 was seen more pot
acetytholine expression than 16 M o f donepezil . Whi |l e most

functions of donepezil associated with the PAS of AChE were gradually lost at higher
concentrations, D1 was more functional at similar doses. Promisingly, D1 also exerted
agonistt ef fect on the U7 nicotinic acetyl chol

O/ \
D1 - °
O

AChE inhibitor
/ \ Alpha-7 nicotinic agonist

ey anti-amyloidogenic activity

— O
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2.65 Coronarin K and L: Two Novel Labdane Diterpenes from Roscoeapurpurea: An
Ayurvedic Crude Drug

Roscoeapurpurea commonly known as kakoli belongs to th
family Zingiberaceae is abundantly available in alpine grassland, w2
grassy hillsides and stony slopes of central to eastern Himalaya ;

3300m. Itis an essentiaingredient of an important Ayurvedic
preparation known aAstavarga which is a group of eight plants %
claimed to be useful in promoting seminal weakness, body%t”
overweight, curing fractures, higlver, diabetic situation and as
a heal for vata, pitta, raktadoshas. The groups of Astavarga plants are considered as a very
excellent Rasayanawith healthpromoting and rejuvenating properties, and are recognized

to support our immunityand have capacity of cell renewdstavargaplants are also

known to restore human health and work as strongaxdiants in our body. Amongst

eight Astavarga plant®Roscoeapurpureais one of the essential ingredients of several
herbal formulations like tonic and Chyawanprash. Traditionally it is dieethe cure of
diabeties, diarrheanhypertensionfever, immunostimulant and inflammation ett.Nepal,

its tubers are boiled for edible purpose and also used in traditional veterinary médicine

the view of its significance in Ayurvedic medicinal system, substantial pharmacological
and phytochemical works have not been carried out. Previousgbieytocal studies oR.
purpureahavedescribed the isolation of two principal groups of compounds, steroids and
phenolic derivatives. To date, only few compounds have been identified and quantified
through HPLC analysis from tubers of this plant by Singd ao workers, and they are
presumed to be associated with its potent antioxidant activity.

Alcoholic extract of the plant have showm-vitro anti-cancer, antoxidant and
immunomodulatory activities. In our preliminary pharmacological study, cytotatieity

was found for the methanol extract Bf purpureaa gainst lung cancer cell line at 4€

25.71 (ug/ml).

On bioassayguided fractionation, activity was localized irchloroformsoluble fraction.
Bioactivity guided purification ofn-chloroform soluble fraction oRoscoeapurpurea
resulted in the identification of two new labdatiterpenes, coronarin KLY and coronarin

L, (2) along with eight known compounds, coronarin 3), (cisdemethoxycurcumii),
kaempferol 30-methyl ether %), kaempferol §), fenozan acid ) 3-(3-methoxy,4
hydroxyphenyB2-propenoic acid (ferulic acidB), caffeic acid 9) and gallic acid 10).

The structural identification of new compoundsand 2) were determined by thorough
analysis of 1DH and**C) and2D NMR (COSY, HSQC and HMBC) spectroscopic data.

The relative configurations of 1 and 2 were determined with the help of NOESY
correlations and comparison of optical rotations with known labdi#iteepenes with
established stereochemistiyhile structureof known compounds were established by
direct comparison of their NMR data with those reported in literature.
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— Key HMBC (1)

--- Key NOESY (1)

— Key HMBC (2)

--- Key NOESY (2)

This is the first report of isolation of this labdadi#erpenes and phenolic classes of
secondary metabolites iRoscoeapurpurea.In the preliminary screening the methanol
extract and its fractions wetested for the cytotoxic activity against a panel of four cancer
cell lines (A549, HCT116, Bxpe3 and MCF7), extract and its chloroform fraction were
found to be active against lung cancer cell line54® with 1G, value of <25eg/mL.
Owing to the notale cytotoxic activity of the chloroform fraction, the compounti<)
were screened for their cytototoxicity against all the cell lines by MTT assay. Coronarin K,
1 showed significant cytotoxic potential against lung cancer cell lineS4@, with 1Go

value of 13.4%M, while other compounddid noshow activity below 22 M.

Cytotoxicity of extract, fraction and isolated compounds (5)2

ICs0, UM, in different human cancer cell lines

Compound
A-549 HCT-116 Bxpc-3 MCF-7

MeOH extract 25.71+0.21 90.92+0.46 62.72+1.23 48.96+2.36
(Hg/ml)
CHCI; fraction 21.35+0.83 >100 68.95+3.21 46.64+0.42
(Hg/mli)
1 13.49+0.62 26.03+1.46 56.70+2.17 56.24+0.83
2 33.78+1.37 >50 56.83+£1.92 49.84+2.61
3 61.80+2.82 >50 22.83+1.47 >50
4 >50 >50 68.15+2.41 >50
5 >50 >50 >50 >50
Paclitaxel 6.2+0.20 8.6+0.04 5.46x0.74 3.81+0.32

2Data are meanzSD
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2.6.6Triazole based anticancer agents
A series of triaryll,2,3triazoles, in order to check cytotoxicity on breast cancer
cell lines have results indicated that most of the compopodgsessed comparative
anti-proliferative activities in both ERve (MCF-7) and ER vg MDA-MB-231)
breast cancer cell lines been synthesized with pendent benzyl ring to mimic the
phenolicA ring of TamoxifeneAmong synthesized derivatives, five compou8is
8i, 8j, 8n and8p showed antproliferative activities at <6 Magainst MCF7 cell
line and three compoun@sg, 8f and8j showICspv al ue gr eat er-2cellban 30
(normal cell). Moreoverto understand the mechanistic behavior of the selective
compound8f, various studies performed viz. surface morphological changes by
bright field microscopic examination, nuclear morphological alteration by DAPI
staining, measurement of intracellular RG&dl and determination of change in
mitochondrial membrane potential. It was observed that, the selective com@ound
associated with higher ROS generation along with decrease in mitochondrial
membrane potential in addition to surface and nuclear morpicaloglterations
such as reduction in number and shrinkage of cells coupled with nuclear blabbing
indicating sign of apoptosis. Further, molecular docking study in comparison to
tamoxifen was also carried out to investigate ititeraction of8f with ER-U which
favors its possible mode of anticancer action.

Estradiol

Tamoxifene

Figure 2.6.61: Structural resemblance of 1,2t8azole based molecule to tamoxifen, estradiol and
propylpyrazoletriol(PPT)

In order torationalize the activity profile, next we carried out the molecular docking study

of computationally energy minimized conformation of active compd@frwith

structurally related drug moiety;dy dr oxy tamoxi fen (OHT) i n E
8f displayedstrong binding at the active site with the dock score9d7 while the ce
crystallized ligand 4ydroxytamoxifen has a dock score-28.61. The overlay image of

8f with 4-hydroxytamoxifen has indicated the perfect alignment of these two ligands with

eaxh other as shown in Figure 9. Thebdnzyl and phenyl ring o8f were precisely
superimposed over phenolic and phenyl ring -tfydroxytamoxifen, respectively and the

triazole moiety oBf occupied the junction of three aryl rings containing C=C bond.
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The key Hbonding interaction with ThB47 of 4hydroxytamoxifen was also observed in

8f. The favorable interaction &f with ER-U

may

be

indicati n4g

activity could be its possible mode of anticancer action.

B

Glu 353

&

S

Figure 2.6.62: Interaction of 4hydroxytamoxifen (grey) an@f (purple) with ERU
s h o wiB) @verlayhoé 4hyalroxytamoxdfen andf ia the (

Surface view of ERJ pr ot ei n

(PDB:

active site of ERJ ;C) Ifiteractions of dydroxytamoxifen with ERD active site; and@) Interactions oBf

WithERU active site

The designed derivative$4-6€) and 8a-8p) were investigated for antitumoral activity
and results indicated that most of the compounds possessed comparative anti
proliferative activities in MCF7, MDA-MB-231 andHCT-116 cancer cells using
SRB assay. Most synthesized compounds inhibited the growth of cancer cells at IC
less than 5uM. Among synthesized derivatives, six compoudig3.5¢ M,)8i (4.

7¢M)8) (356 M)8n (3.9¢ M)8p (4.5¢ M)
proliferative activities at less than & Magainst MCF7 cell line and three

compounds3e 30.8¢ M)8f,(34.8¢ M and8j (29.0¢ N showedCsov a | u e

a8gn(8.3 ¢ M)showed anti

>30

FR-2 cells. Five of thesege, 8f, 8g, 8i and8] inhibited the growth of both MG as well
as MDA-MB-231 cell lines at 16y below 20uM (Table 1). Three of thes8p, 8m and8n
were active against MGF cell line selectively. Dimethoxy derivative of compouiBdg,
was also synthesized and evaluated against VIQEIl line but no improvement was
observed therefore, its activity against another cell line was not evaluatibdxzylated
compound8q also showed decrease activity which confirmed the importance of-N
benzyl group in biological action. Activity of compouBtiwas evaluated towards MEF

MDA-MB-231 as well as HCL16 tumor cells at different concentrations of 0.1, 1, 10, 50

and 100 pM. Selective destruati of tumor cells while guarding development of healthy
cells plays a pivotal characteristic among cytoprotectives. Nine active derivatives were
investigated against FR (normal breast epithelial) cell line at density of 10,000 cell/well
for possible cyttoxicity. As shown in Table 1, the igvalues ofcompoundse, 8f and8;

i 2 celt e which further showed remarkably

werefound to be greater than 30M
higher activity as compared to MEF
1554and 956 ¢ M

(5.7,

35

3.
respectively),

5

a n dMB223151528/1) ,

d e m&g BfsahdBjahaving g
reduced toxicity towards healthy human cells compared to tumor cells.
In this research work, we have synthesized triapfstituted 1 2, 3triazoles in

t hat

ABERT) .
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order to checkcytotoxicity on breast and colon cancer cell lines. The biological
results indicated thaamong all the compounds screened against different cell lines,
compound8f induced apoptosis at kg dose chosen at 35M concentration in MCH

cells. Moreover, tis diethyl amine substitute8f molecule inhibited cell proliferation
effectively in both breast and colon cancer cell line variants. As per the screer8hg of
against normal breast epithelial cell line -BRthe study observed the lack of cytotoxic
effed at 3.5uM concentration nearly indicating it to be-16ld safer from their g value
against MCF7 cells and far better than the tamoxifen. The mechanistic studies revealed
that the compoun@8f triggered apoptosis in breast cancer cells which is a amesim of
autolysis of cells. Therefore, this work displays an important prospective towards futuristic
approaches and possibilities for target mole@flas a suitable chemotherapeutic agent.
(For more information please visit Eur J Med Chem., 207, 20202813;
doi.org/10.1016/j.ejmech.2020.112813.)

2.7 Advances in the possible treatment of COVIEL9: A Review European Journal of
Pharmacology.Elsevier.883 (2020) 173372. DOI: 10.1016/}.ejphar.2020.173372)
Pankaj Chibber, Syed Assim Hagq, IrfAhmed,Nusrit IgbalAndrabi,Gurdarshan Singh.

The emergence of the global pandemic caused by novel severe acute respiratory syndrome
coronavirus 2 (SAR&0V-2) has put a challenge to identify or derive the therapeutics for

its prevention and treatment. Despite the unprecedented advances in the mediernal
system, currently, there are no proven effective therapies. However, rapid research on
SARSCoV-2 epidemiology help unveiling some new targets for potential drug therapies.
Many drugs have been screened, and even their clinical trials are goirag an
exceptional pace. Amongst these RId@pendent RNA polymerase inhibitors (favipiravir

and remdesivir) and steroids especially dexamethasone showed promising effects. The
biological agents like tocilizumab, interferons, and convalescent plasma fwole
beneficial in viral clearance. Moreover, many immunomodulatory and viral S protein
targeting vaccines have their ongoing clinical trials. The establishment of various
vitro andin vivo models for preclinical studies can additionally help the ciirresearch.

The volume and the pace of the clinical trials launched to evaluate the safety and efficacy
of various agents against corona virus disease 2019 (CQ9)Deflect the need for high
quality evidence for various therapies to be practiced byc@ims. This study aims to sum

up all the current advances in the global medicinal system against the CX®VID
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Graphical Abstract: Advances in the possible treatment of COVID-19: A review.
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2.8 Glabridin ameliorates methotrexate-induced liver injury via attenuation of oxidative

stress, inflammation, and apoptosig¢Life Sciences, 2021, 278, 119583,10)

Ashish Dogra, Divya Gupta, Swarnendu Bag, Irfan Ahmed, Shipra Bhatt, Ekta Nehra,

Shakti Dhiman, Amit Kumar, Gurdarshan Singh, Sheikh Tasduq Abdullah, Payare Lal

Sangwan, Utpal Nandi.

Despite unprecedented advances modern medicine, no safe and effectishg is
available tilldate for oral administration to combat dsmgluced liver injury, which is a

vital concern nowadays. The present study deals with the hepatoprotective effect of pure

glabridin, a key phytocotisuent fromGlycyrrhiza glabrawith mechanistic investigations

using anin-vivo methotrexatenduced liver injury model as there is no such precedent.
The study was performed in the Swiss mice model where a single dose of methotrexate (40
mg/kg) was giveron the 7' day through an intraperitoneal route to induce hepatotoxicity,
and glabridin as a test compound was administered orally for eleven consecutive days at

10 to 40 mg/kg of dose levels. Glabridin treatment significantly improved serum
biochemical prameters (SGPT, & SGOT), pnaflammatory cytokine (TNFJ)
compared to methotrexate alone. Oxidative stress markers (MDA, GSH, SOD, & CAT)

as

were significantly ameliorated by glabridin as compared to methotrexate alone. Alterations
in methotrexatenduced liver architecture were considerably prevented by glabridin

treatment as suggested by liver histopathological examination (inflammatory infiltration,

RBC congestion, nuclear necrosis, hepatocyte ballooning, sinusoidal dilation, and
hepatocyte necrosisind SEM investigation. As compared to the control group, MTX
treatment caused significant dowegulation of Nrf2 protein expression, which was

significantly upregulated by glabridin treatment. We observed that glabridin treatment

exhibits significant dowstegulation of the NF® B

by MTX treatment. MTX treatment also induces apoptosis in the liver via escalating BAX.

&

|l @aBU whi

c h

wa s

Glabridin significantly dowrregulated the BAX expression which is near to the control

level. In parallelwe also explored the full PARP1 expression which considerably declined
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due to MTX treatment. Overall, glabridin is found to protect against Nhidkiced liver
injury by improving crucial factors for oxidative stress, inflammation, and apoptosis.

MDA t

e X s Stress CAT
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2.9 Integration of PK & PD approaches to assess the effect of rutin and gallic acid for
concomitant therapy with hydroxyurea (ACS Omega, 2021, 6, 145424550)
Abhishek Gour, Ashish Dogra, Dilpreet Kour, Gurdarshan Singh, Ajay Kumar, Utpal
Nandi

Hydroxyurea (HU) is the first ever approved drug by USFDA for sickle cell anemia
(SCA). However, its treatment is associated with severe side effects like
myelosuppression. Current research has been focussed on supplementation therapy for
symptomatic managment of SCA. The aim of present research work was to explore the
individual effect of rutin and gallic acid for concomitant therapy with HU using PK & PD
approaches as there is no such precedent till tkatdvo pharmacokinetic studies of HU

in rats shawved that rutin can be safely -e@lministered with HU but gallic acid
significantly raised the overall oral exposure of HU by around 1.7 fold. HU is substrate of
urease and horseradish peroxidase (HRP) enzyme. Rutin and gallic acid demonstrated an
ICso value of 780 uM and 635 pM, respectively, towards inhibition of urease activity.
Rutin and gallic acid exhibited 44% and 5370% inhibition of HRP at the concentration
range of 251000 uM, respectively. Results displayed that there was no noteworthy effect
(O 5%) of rutin or gallic acid to exhibit
1 mg/ml. Gallic acid markedly enhanced the dtduced decrease in lymphocytes
proliferation. Both rutin and gallic acid exhibited a significant effect for the avgment

in RBC as well as Hb level. Additionally, Hbhediated lessening of platelet count was got
better due to the treatment with both rutin and gallic acid where the effect of rutin was
statistically significant in comparison to HU. Serum level of batk6land IL-17A was
reduced by combined treatment of HU with rutin or gallic acid. Overall, both rutin and
gallic acid are found to have phytotherapy potential along with HU and should be explored
further to be phytotherapeutics for SCA.
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PHYTOTHERAPEUTICSFOR SUPPLEMENTATION THERAPY WITH HYDROXYUREA

2.10 Procedure for development of extract fromCannabis sativa
An authenticated, dried and ground plant matesiatreceivedirom Chattla farm of 111M,
Jammu andised for extraction in Ne@MP pilot plant for R&D purpose. 25 kg of this
plant material was usde for extraction with 250 litres of solvent (ethanol:-99% pure).
Overnight maceration was followed by transferring the liquid strain into the distillation
tank after filtration. Concentrated portion was collected after distillation. Extraction
processwas repeated thrice and final distillate was dried in vacuum tray drier. Total 4.791
kg semi solid extract received from the plant material. The percentage of yield achieved
was 19%.

Enrichment of Extract: First, collected and weighed all seooncentratéd material into
stainless steel containers after vacuum tray drying. Silica-2000mesh size) was added
into semisolid extract in ratio of 1: 2.5. Solvent mixture of Hexane & Ethyl acetate (9:1)
wasadded inmixture of semiconcentrated extract & silica ratio of 6:1. Transferred it

into Vacuum pan dryer and mixed properly. Filtered the soluble extract portion and
collected the first filtrate. Repeated this process of fractionation three times with same
solvents in same ratio into same extract restduextract the maximum soluble fraction.
Combined all four filtrate and concentrated on distillation vessel and transferred in
Vacuum Tray dryer for drying. Thus enriched fraction was handed over for further
processing and standadisation.

2.11 Procedure for exraction from Bergenia ciliata
The well authenticated plant material was dried under shade and ground to coarse powder
in cGMP plant. Sifted powder (25 kg) wased forextraction withpurified water and
alcohol in 1:1 ratio (250 L, 999% Purity). Left coarsely powdered crude material dipped
into solvent over night at room temperature in the Extraction Vessel. Filtered the liquid
extract through the filter cloth and transferred theraettinto the Distillation Vessel.
After distillation collected thdistillate into S.S container anepeated the extraction
thrice. Combine the collected three distillate of material and dried into spray drier. Total 8
kg dried extract powder receivedom two batches and samples submitted for CMC
studies.
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2.12 Procedure for Rhododendron extract:
Rhododendron liquid sotion wasloadedin SS trays and dried in LyophilizeAfter
drying and grindedvith the help of Heavy duty mixture grindehe free flowpoweder in
aseptic condition was collected and samples of same were subiGiM study for
Quality Control Analysis.

Cannabis sativa Cannabis sativasemisolid extract

Rhododendron Rhododendrorlyophilized powder

2.13 Anti-inflammatory activity of culinary herb: Oreganum vulgare

Dried leaves oOreganum vulgarethe culirary herb, wasubjected to ethanol extraction
(OVEE). Rosmarinic acid (OVRA) has been isolated from the ethyl acetate fraction
(OVEAF) of this extract. The extract, fraction and isolated compound were investigated
for their anttinflammatory activity in RAW 264.7 cellsAll three of them showed
inhibition of LPS induced nitric oxide, cytokines-B.and TNFU in vitro condition.

2.14 Anti-diabetic activity of fruits of Ficus semicordata

Three samples oFicus semicordatd hydro-alcoholic extract, aqueous extract asal

enriched fraction were evaluated for their blood glucose lowering activity.
40



2.14
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The investigations revealed a significant or promising blood glucose lowering activity of
enriched fraction at 150 mg/Kg dose when administered as once daily dose for 1d days
streptozotocin induced diabetic rats.

Establishment ofin vitro model of obesity using 3T3L1 cells

Mouse embryonic fibroblast csli@T3-L1 cell line) were cultured in DMEM medium
supplemented with 10 % calf serum. After attaining full confluence, these cells were
differentiated from preadipocytes to adipocytes using an adipogenic cocktail and specific
treatment protocol for a period of 13 days. Ligitbplet accumulation was observed as
identified by Oil red O staining followed by conventional microscopy. The ability of test
extract/fraction/compound/standard to alter the lipid droplet accumulation could serve as
anin vitro screening test for artidipogenic/obesity substances.

Establishment of progesterone induced obesity model in mice

Obesity being recognized as a disorder/disease by FDA has enormous influence on
lifestyle of affected individuals along with changes in insulin sensitivity and ahevtte
propensity of cardiac diseases. In order to facilitate the evaluation of natural products/plant
extracts for their utity in obesity conditions Scientists hadevelopedshort duration

animal model of obesity. Subcutaneous administration of prege® at 10 mg/kg dose to
female Balb/c mice resulted in body weight gain and associated lipid profile disturbances.
We used the well known lipid lowering drug orlistat as standard drug and evaluated the
effect of a test extract. The body mass index (BNBed consumption and weight gain
were monitored over a period of 28 days. Total cholesterol (TC) and triglyceride (TG)
levels were also measured at the end of treatment period. Our investigations revealed that
administration of progesterone resultednoreased body weight, BMI, serum TC and TG
levels. Progesterone only treated group of animals showed increased feed consumption
compared to any other group confirming the development of obesity. Administration of
orlistat along with progesterone inhibitdte weight gain, BMI, serum TC and TG levels.

The test extract also showed encouraging resaligne with orlistat andneed further
investigations taonfirm its beneficial effects.

Ethnopharmacological relevance of endangered medicinal herb Gentiana kurroo
Royle.

The chemical evaluation of major bioactive compounds in diverse cytotypes from different
plant parts along different altitudes presented an appreciable variabilgywenoside,
swertiamarin, and gentiopicroside contents. Additionally, the concentrations of these
phytoconstituents varied for cytotoxicity potential among different screened cytotypes.
This quantitative difference of active boonstituents was in correspence with the
growth inhibition percentage of different tested cancer cell lines. Thus, the present
investigation strongly alludes towards a prognostic approach for the identification of elite
cytotypes/chemotypes with significant pharmacological paénti
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2.18 Discovery of a Secalonic Acid Derivative fromAspergillus aculeatus an Endophyte

2.19

2.20

of Rosa damascen#lill., Triggers Apoptosis in MDA -MB-231 Triple Negative Breast
Cancer Cells.

A new secalonic acid derivatifl® was isolated from the endophyfspenqillus
aculeatusassociated witliRosa damascend.he planar structure dfwas established on

the basis of 1D and 2D NMR and EBDF-MS spectra. The relative configuration
of 1 was determined applying a combined quantum mechanical/NMR approach and,
afterward, the comparison of calculated and experirhex&gtronic circular dichroism
spectra determined the assignment of its absolute configuration. The compound possesses
strong cytotoxic activity against triple negative breast cancer (TNBC) cells. It was found
to induce apoptosis, as evidenced by scaneilegtron microscopy and phase contrast
microscopy. Furthermore, flow cytometry analyses demonstrated 1 ithdticed
mitochondrial damage and reactive oxygen species mediated apoptosis, arresting the G1
phase of the cells in a dedependent manner. Alsthe compound causes significant
microtubule disruption in TNBC cells. Subsequentlyestricted the cell migration
leading to the concomitant increase in expression of cleaved caspase and PARP

Selective Spectrum Antibiotic Modulation of the Gut Microbiome in Type 2 Diabetes
with Inflammatory Bowel Disease

Currently group of scientistare working onan objective to determine the role of
gastrointestinal microbiome in Type 2 Diabetes Mellitus (T2DM) mice model with
Inflammatory Bowel Disease (IBD). @waim is to observe whether high fat diet induced
T2DM, affects IBD pathogenesis. Further we are also exploring the role of gut microbiota
as well as antibiotic treatment on T2DM and/or IBD. For the induction of T2DM,
C57BL/6 mice were fed with high fateti[HFD (60% fat)] up to 16 weeks. Controls were

fed with standard rodent food [Normal food diet (NFD)] for the same duration as the
respective to HFD group. At the end of 16 weeks blood glucose were measured from the
tail vain for the confirmation of T2DM

After 16 weeks group of mice were received DSS in sterilized tap wa¥em{$Sw/v) for

5days (Dayt Day 5) to induce the colitis. Mice were randomly assigned to 2
experimental groups: DSS treatment group (control group with normal diet), DSS
treatmem group (T2D mice with HFD) At day 5, the solution of DSS were replaced by
normal water until evaluation. On the 7th day of the experiment mice were sacrificed.
Colon tissue, blood and stool samples were collected for histopathological, biochemical
and micobiome assessments.

Identification of a crosstalk between EGFR and Wnt/betacatenin signalling
pathways inHepG2 liver cancer cells

The epidermal growth factor receptor (EGFR) is a membbmuad receptor tyrosine
kinase (RTK) ubiquitously expressed on all cells. Among all RTEIKGFRwas thefirst
discovered thefirst one linked to cancer development, and the most intensively studied
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RTK member. Upon ligand binding, EGFR gets dimerized which results in the
autophosphorylation of its conserved tyrosmesidues preserdt its Gterminal domain
followed by the activation of downstream signalimpmthwayActivation of the EGFR
triggers downstream signal transduction cascades like RAS/MAPK and PI3/AKT
signaling in order to promote cell proliferation and differentiation. Apart fregulating

many physiologicalactivities, EGFR is a driver of tumorigenesis in many cancers
particularly in lung and breast cancer, and in glioblastdBene amplificatiopactivating

point mutationsdeletions of the extracellular domaendtranscriptional upregulatioof

EGFR resulting in unregulated cell proliferation has been reported in many cafiuiers
makes EGFR an attractive candidate for -eaticer drug discoveryn this study, we
generated GFP fusion constructs of EGFR and its mutants to analyze their $abcellu
localizationin normal and cancer cells and impact of their-saltular location on its
various activities using immunoblotting, confocal microscopy, reporter assayspfioss
function EGFR mutants, and EGFR specific small molecule inhibitors. Ititeglys
EGFR was seen to be exclusively present at the membrane of normal cells and many
cancer cells, however, in HepG2 cells EGFR showed predominant nuclear localization. In
HepG2 cells, the nuclear EGFR was showibéanvolvedin modulating TCF depende
b-catenin transcriptional activity in a similar fashion as IGF1R tyrosine kifesavas
reported earlier from our jam Jamwal etal 201BYore importantly, we show that
cytoplasmic and nuclear functions are two independent activities of EGRES we
showed the kinase independent functions are involved in regulating the nuclear activities
of EGFR through its association with Wnt/begtenin signalling pathway one of the

most critical signalling pathways involved in regulating proliferation and difteaton of

stem cells

Evaluation of the immunomodulatory and antrinflammatory activity of Bakuchiol
using RAW 264.7 macrophage cell lines and in animal models stimulated by
lipopolysaccharide (LP9

Bakuchiol (BAK) has been reported to have a diversmnmacological property as an
antibiotic, anticancer, anthypolipidemic, antinflammatory and artconvulsant agent.

This study aimed to elucidate the immunomodulation andiaftdimmatory mechanism

of bakuchiol using lipopolysaccharide stimulated RA64.7 macrophages and various
animal models. The present study has shown that BAK significantly suppressed-the pro
inflammatory cytokine expression in a deggpendent manner and its oral administration
significantly decreased delayed hypersensitivity oasps as compared to control group.
The assessment of immunomodulatory activity was carried out by the testing
Hemagglutinating antibody (HA) titer, delayed type hypersensitivity (DTH) responses and
phagocytic index by carbon clearance test. On the othad,hit showed significant
decrease in circulating antibody titer and carbon clearance assay in a concentration
dependent manner. BAK has significantly potentiated the cellular immunity as well as
humoral immunity by facilitating the footpad thickness wwsges in sheep RBCs in
sensitized mice by significantly decreasing circulating antibody titer. Molecular studies
revealed that BAK inhibited the activation of upstream mediator nuclear fadBor by
suppressing t he phosphor yl anses avare stafisticdllye B U
significant as compared with the controp(¥ 0.05, **p <0.01).
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2.22 Development of RFPCR based genotyping of Sickle Cell Anemia Transgenic mice
(Berkeley model) for future breeding and R & D activities at CSIRIIIM

Transgenic mice model for sickle cell anemia (SCA) helps in understanding the
pathophysiology of the disease and aids in the development of disease specific drug
discovery. HbE"'P2?Hpph™ " Tg (HBA-HBBS) 41Paz] transgenic mice from the Jackson
Laboratoy (also known as Berkeley model) is the commonly used transgenic model to
study sickle cell anemia disease. This mouse model is developed by knocking out the
mouse U and b globin genes and incorporati.
whichcas es sickling in humans. The mice homoz
(mutant) with sickle transgene are able to express human sickle hemoglobin and are called
sickle cell anemia mice which not express the mouse Hba or Hbb. These mice mimic the
mgor genetic, hematologic profile and histopathologic features which are observed in
human SCA. The mice heterozygoustta nd b gl obi n nul | all el e
the transgene leading the production of4sarkling mice. The genotyping of all three

genes helps in identifying the sickling and mokling mice for the selection of animal

for future breeding and research activities. The mice are genotyped by isolating the
genomic DNA from tail and ear samples and analyzed using real time fteasprobe

based quantitative PCR (gPCR), fluorescence phatsed allele discrimination and high
resolution melting (HRM) analysis to find the hemizygous and homozygous transgene

Usingcopy number variation (Cqg) aspohmbusemozyg
Hbb genes. The melt curve analysis differentiates the homozygous and heterozygous
alleles in Hba genes.

2.23 Development of GLP (Good Laboratory Practices) Facility at CSIRIIM for
Regulatory Toxicology studies as per National GLP ComplianceMonitoring
Authority (NGCMA)

Good Laboratory Practice (GLP) is a quality system concerned with the organizational
process and condition under which admical health and environmental safety studies
are planned, performed, monitored, recorded, archéiwetireported (OECD Doc. No. 1).

Any chemicals, pharmaceuticals products and biomedical materials that are developed for
the human health and environmental saftould not cause any hazaochuman, animals

and environment. The nemazardous nature of tt®@mpounds are to be validated through
various studies and data generated by the studies, which will be monitored by the
regulatory authorities of the concerned nation through GLP system developed by
Organization for Economic Goperation and Developmer®@ECD).

India is the member of OECD working group on GLP for Mutual Acceptance of Data
(MAD) w.e.f. 39 March 2011. The data generated on the -clamical health and
environmental safety studies in India are accepted by 36 OECD member countries and 6
nonmember MAD adherent countries. With respect to GLP facility development at
CSIR-11IM, the organogram for the GLP facility has been established with test facility
management. The Standard Operation Procedures (SOP) concern to Quality Assurance
Unit (QAU), Animal House Facility (AHF) and Documentation Control (DC) in
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conducting regulatory toxicity studi es
Formats related to Quality Assurance Unit and Animal House Facility has been established
in the facility. Four o-line lecture programs i.eGenesis/Principles of GLPQuality
Assurance (QA) in GLP (OECD GLP Document No.Role and Responsibilities of
TICO (Test Item Control Office) andoles andesponsibities of sudy director and study
personnel in GLP studséhas been delivered by renowned speakers in the field of GLP to
the members. Few instruments for the GLP facility are procured and installed, the list of
instruments with unique instrument code has been developed for the instruments procured
and calibratbons are documented as per GLP requirements. Molecular biology laboratory
has been established in the Animal House Facility for undergoing routine genetic
monitoring of different inbred (BALB/c, C57BL/6J, DBA2, 129J) and transgenic mice
strains for properaproducibility of research data and health monitoring of the laboratory
animals using robust PCR and ffCR techniques.

h a

Restoration of p53 functionality in wt and mutant p53 (R237H) cells by hybrid
octapeptide P4.

P4 induced p53 expression in a dose and time dependent manner in colon cancer cells.
Concomitantly up regulation of MDM2 is observed due to the negative feedback loop that
exists between MDM2 and p53.While Nutda restores p53 function in p53 wild type
contexts only, P4 works in both wt and mutated (R273H) contefgsrvival of APC
knockout mice (inducible colon cancer model) is significantly enhanced upon P4

administration.
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A. Representative image of mice based on there diet NFD or HFD) and
DSS Induction. B. Picture represents that HFD mice showed higher level
of anal bleeding after DSS induction compared to mice fed with NFD. C.
Comparison of colon length shortening after DSS induction between HFD
and NFD mice.

Figure 2: Morphological and physiological measurements in DSS induced
HFD mice. A. Body weight, B. Blood glucose, C. Visceral fat, D. Liver weight,
E. Colon length and F. DAT score.
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2.25Area expansion under Lavender and Clarysage at Field Station Bonera.

An area of 25 acres was developed and brought under new plantation of lavendsrdula
angustifolia)at field station. The new plantation will augment the generatiquality planting
material of the crop required to be extended to the farmer fields under different extension and
mission projects. The crop plantation will also generate Lavender oll.

An area of 2.5 acres of land was developed for the producti8aleh sclareanursery at farm

to be utilized under CSIR AROMA MISSION, CSIR Ladakh Initiative and other proj8elsia
sclareg Rose Scented Geranium akiéntha arvensisvere also introduced for crop production

on an area of 05 acres at Farm.

2.26 Introduction of Saffron at Field Station Bonera.

Saffron Crocus sativup is a highly priced spice crop commercially grown under
temperate conditions of Pampore in Kashmir Valley. Since last many decades the crop
production and productivity has seen stagnation due uttiple factors predominantly
biotic stress due to corm rotSaffron was successfully introduced at F/S Bonera in
August, 2020 to diversify the crop production at Farm owing to its high marketable value
and to develop agrotechnological protocols for ewkdncorm size and corm rot
management.




2.27 Comprehensive identification and characterization of MATE gene family in
Nicotiana tabacum
Umar Gani, Priyanka Sharma, Abhishekh Kumar Nautiyal, Maridul Kundan, Wajid,
Harshita Tiwari, Amit NargotraRrashant Misra

The MATE family of transporters is involved in the transportation of diverse molecules,
including metal ions and small organic molecules, and therefore, it plays an important
role in plant biology.Nicotiana tabacumis an important plant species owing to its
academic and applied value. However, comprehensive gewndeeidentification and
characterization oMATE geneshavenot beencarriedoutin this plant speciessofar. In

the presentstudy, we, for the first time, have carried out genomie identification of
MATE gene family memberis N.tabacum

We identified 138 MATE genes froM. tabacumwhich were grouped into four major
clades (Fig2.27.]). Based on the homology with the characterized MATE transporters,
the functions of some of thd. tabacumMATE transporters have been predicted. A
majority of the NtMATE transporters were predicted to be localized on the cell
membrane. Based on the tisspecific transcriptome data, the expressiomNtVATE

genes was reported to be differential in different tissues, with some genes showing highly
tissuespecific expression (Fig2.272). The analysisof the upstreamregions of the
NtMATE genes predicted several cis-acting elements associated with hormonal,
developmental, and stress responses. Some of the genes were found to show induced
expression following methyasmonate treatment (Fig2.273). The ceexpression
analysis suggested the involvement oY 8 HDG, WRKY, ERF, and NAC family
transcription factors in the regulation of selectMATE genes. Some of th®IATE

genes NtMATE81 NtMATE82 NtMATE88 and NtMATE89 were predicted to be
targetedby microRNAs ntamiR167a, ntamiR167b, ntamiR167c, ntamiR167d and
ntamiR167e). The homology modeling followed by molecular docking of the selected
MATE transporters provided insights into key amino acid residues involved in the
binding of the alkaloids (Fig. 4). The analysis also predicted that hyocyamire: lwea
preferred substrate for the selected set of transporters. Taken together, our study develops
a solid foundation for further research work on MATE transporter gerfdgatacum
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Fig. 2.27.1 Phylogenetic analysis of MATE proteins fromN. tabacum (Gani et al. 2021, Gene)
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2.28 Flavonol specific R2ZR3 MYB family of transcription factor regulates expressiorof
MATE transporter genes inNicotiana tabacum
UmarGani, Abhishekh Kumar Nautiyal, Prashant Misra

The promoter regions of tidtMATE21andNtMATE22genes were reported to display a
putative binding site for #ype MYB transcription factors. The GUS staining in the
leaves of transgeniGUS fusion lines withNtMATE21 and NtMATE22 was highly
enhanced following constitutive transient expressioNiobtiana tabacunMYB12 gene

(Fig. 2.28.1). These results demonstrated that NtMYB12 could directly regulate the
expression oNtMATE21andNtMATE22.

35S-NtMYB12 agroinfiltrated
NtMATE21pro-GUS transgenic
line

35S-NtMYB12 agroinfiltrated
NtMATE22pro-GUS
transgenic line

0.

Mockinfiltrated  Mockinfiltrated  Mock infiltrated WT
NtMATE21pro-GUS  NtMATE22pro-GUS
transgenic line transgenic line

Fig.2.281 Transient constitutive expression NIMYB12in NtMATE21pro-GUS andNtMATE22 pro-
GUStransgenic lines.

2.29 Characterization of Cannabis sativaMYB transcription factors
Maridul Kundan, V.P. Rahul, Sumeet Gairola &rdshant Misra

Two R2R3MYB family transcriptionfactorgenesnamelyCsMYB33andCsMYB7&ave
been characterized in the context of their role in the regulation of the secondary
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metabolism inC. sativa.The expressiorof thesegenesvasup-regulatedn the pigmented
leavesas comparedto the nompigmented leaves, suggesting their involvement in the
regulation of anthocyanin biosynthesis. Further, transient overexpressisivifB33in
Nicotiana benthamianaleaves led to the activation of anthocyanin biosynthesis,
testifying tothe role of CsMYB33 as an activator of the anthocyanin biosynthesis (Fig.
2.291). Further studies through the development of stable transgenic lifkegaifacum

areunderway.

Contrel: = = Emp

Fig. 2.291: Transient overexpression 6G6MYB33n Nicotiana benthamiankeaf through agroinfiltration.

Agrobacterium tumefaciensarboring plant expression construct for the overexpression
of CsMYB33was agroinfiltratedin N. benthamianaleaf. For control, empty vector
agroinfiltrated and noagroinfiltrated leaves were taken. The anthocyanin pigmentation
in the leaves infiltrated witsMYB33suggests the role @sMYB33n the regulation of

the anthocyain pathway. In the last lane, the centrifuge tubes with the acidic methanolic
extract of the corresponding leaves have stenvn.

Pacl obutrazol | nduces Phot oMadius atbak.)dJnderE ci en
Water Stress and A elcntpsu elneca fintghactiensodt i Wi t hou't

Rajat Mohan, Tarandeep Kaur, Hilal A. Bhat, Manu Khajuria, Sikander Pal and Dhiraj
Vyas*

Mulberry (Morus spp.) is an important plant used for rearing silkworiBenibyx mori

L.). Its fruit is also used for human consumptieith several medicinal properties. Most

of the mulberrycultivation in India is underthe risk of either intermittentor terminal

drought, as 50% of the Country's mulberry acreage falls under arid and-sedi
conditions. Triazolenduced abiotic stress tolerance has been used successfully in many
horticultural crops, including planted trees. In order to understand the underlying
mechanism, the e ct of pacl obutrazol (PBZ) , a tri
tolerance in mulberry under water stress and rainfed conditions. During pot experiment,
PBZ improved the photosynthetic accumulationCéd2 under water stress conditions,

thus improvig sur vi val p e coneemrationgePBZ (1) 10,26,602100,

and500 mgLT }wereappliedin y e dutingrainfed conditions. A lower concentration
aoi2smgl!' } of PBZ signiycantly (p O 0.05) i mp
photosynthetic rates. An i nodRPSHandhgheiNRQ t he p
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mediatedthrough the xanthophyll cycle was found to be the mechanism for these
physi ol ogi cal e ects. PBZ al so reduced
antioxidants and redox metabolites. Bioassays do not suggest any negative interactions
on silkworm or on downstream processing of silk.

This study, theefore, provides a mechanism of physiological tolerance and recommends
the use of PBZ to mitigate stressful environments in planted trees under water stress and
rainfed conditions. Results have been discussed in the context of improving commercial
silk yield.

Table 1 Morphological and moisture characteristics in leaves of mulberry treated with various PBZ (0, 5, 10, 25, 50, 100, and 500 mg L™") con-
centrations
Control PBZ-5 PBZ-10 PBZ-25 PBZ-50 PBZ-100 PBZ-500
New shoots/tree 15.0+£2.0 15.3+0.57 17.0+£2.0 17.3+1.54 19.0+2.0 16.3+0.57 160£1.0
Internodal distance (cm) 4.34+0.19 3.61+0.07* 2.99+0.50* 3.19+0.15% 3.54+0.27* 3.57+0.13*  3.29+0.16*
100 leaf weight (g) 260+5.60 330+5.57* 372+4.15% 307 +5.04* 327+5.00% 32743.01%  243+4.35%
Leaf yield (kg) 1.41£0.07 140£0.01*  1.60£0.10*  173+£0.03*  1.93+£0.07*  1.46+0.02 1.13£0.02*
Moisture (%) 67404021  6843+0.79  68.68+1.78  68.62+0.19  70.08+0.12  70.04+1.33  70.29+0.61
MRC (%) 77.82+4.61  8387+149  7850+2.74  79.50+091  80.85+229  81.50+2.46  81.07+2.20
Ten-year-old trees of variety S-146 were used in randomized block design and PBZ treatment was given as soil drench application. Each value is
a mean of at least nine independent readings (n>9). * represents statistically significant differences over control (0 PBZ) after one-way analysis
of variance followed by a Tukey HSD post hoc test (p <0.05)
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231Photochemical e ciency isqogrteﬂraghy\dtoi:amnahinyl corre

content in Cannabis sativa..
Manu Khajuria, Vishav Prakash Ralarid DhirajVyas*

Cannabis sativd. is an important plant source of durable fibers, nutritious seeds, and

medicinally I mportant pgqutrahydcoaannabinbli('ﬁ-l@j ds,
and cannabidiol (CBD). Light has been shown to be a key modulator of biomass and
cannabinoid yield suggesting responsive photochemical machinery. The present study
was envisaged to understand the effect of the increasing @veistabolic THC on the
photochemical efficiency inCannabis The chlorophyll a fluorescence kinetics,
photosynthetic pigments, immustetection of the photosynthetic machinery was
analyzed on seven accessions from different environments, in conjunctibnthei
cannabinoid content. All the accessions were cladislyed into threegroupsbasedon

their relative contentof CBD and THC. Group | with (CBD/THC > 1) had a clear
advantage in terms of the damage to the D1, RbCL and Lhcl proteircdrolgex.
Performance indicators of photochemistry based on the OJIP kinetics suggested a
stoichiometrically negative correlation with the THC content. Zeaxanttipendent
guenching is primarily responsible for lower NPQ in Group Il with high THC content
(THC > 6%). The THC treatment orArabidopsis thalianaalso suggested a dese
dependent decrease in the photochemical efficiency suggesting the exclusivity of THC in
causing the response. This resulted in the damage of photosynthetic machinery and the
generation of fee radicals, thereby compromising the yield. The study opens a new
screening method faLannabis based on cannabinotdntent.
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2.32 Neural network model approach for automated benthic animalidentification
Ravail Singh* and Varun Mumbarekar

Benthos consists of the organism which lives near the bottom of the aquatic ecosystem.
Based orthe size,they aredivided into megabenthosnpacrobenthosand meiobenthos.
Invertebrates/ benthic fauna are recognized worldwide as one of the essential sources of
secondary metabolites with promising bioactivities. These organisms possessed
numerous biological activitielke antibacterialantioxidant,anti- acetycholinesterase.

The most tediousand hectic jobis to identify the tiny benthicanimalsby spending
thousandsof hoursunderthe microscope. All the fauna need to be counted, sorted,
picked and permanently mounted on glass slides for taxoridemtfication.All faunal
identificationsneeda lot of pre-processingandit consumes a lot of time to identify a
single specimen. Therefore, to reduce the complexity of many such procedures,
combinedwith thedesireto identify largerdatasetsywe cameup with newsoftware based

on artificial intelligence, automatically identifying the benthic fauna through
microscopicimages.In this paper,we proposea machinelearningmethodfor automatic

visual identificationthroughthe imagesof the benthicfauna.To this end,we proposea
neuralnetwork model, where we demonstrate that the proposed approach differentiates
the fauna based on imagéwever,it workswell with vastamountsof imagedataand
significantcomputational resources.

Polycheata

Nemertea Isopoda

Bivalvia Nematoda

Fig 2.321: Sample images of each of the organisms for classifier and detector
(ttps://doi.org/10.1016/).icte.2021.03.003)
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Fig. 2.322 : standard convolution and Depthwise Separable convolution (depthwise convolution followed
by pointwiseconvolution)

2.33 Comparative study of codon usage profiles oZingiber officinale and its associated
fungal pathogens
Suruchi Gupd, Ravail Singh *

Codonusagebias influencesthe geneticfeaturesprevalentin the genomesof all the
organisms. It also plays a crucial role in establishing the pettsiogen relationship. The
present study elucidates the role of codon usage pattern regarding the predilection of
fungal pathogensAspergillus flavus, Aspergillusiiger, Fusarium oxysporum &n
Colletotrichum gloeosporioidesowards host planZingiber officinale We found a
similar trend of codon usage pattern operative in plant and fungal pathogens. This
concurrence might be attributénl the colonization of fungal pathogens4nofficinale

The transcriptome of both plant and pathogens showed bias towardaditg codons.
Natural selection and mutational pressure seem to be accountable for shaping the codon
usage pattern of host and pathogen. Based on different analyses like RSCU, preferred
codon usage, amino acid composition, codon context, and correspondence analysis, we
observed a similar pattern in all the selected pathogens and hosts' codon usage. This
coincidence might be the reason for the successful colonization of these pathsgkns in

the Z. officinale We also established that the coding sequencés officinaleand the
pathogens have a bias towards-&zling codons more profoundly te €nding codons.

The ENC and neutrality plot results revealed the influence of both the ievalt

forces i.e, mutational and translational selection on codon usage patterns. Some
preferred codons unique to a particular genusAikélavus, F. oxysporum, Z. officinale

were also identified that could be considered as the signature codons for the
identification of the respectivgenera.The information regarding preferred codons
avoidedcodons,uniqguecodons present in the host and pathogens would be helpful to
manipulate the codons using targeted mutational studies to combat the pathogenesis.
Moreover, this study would lay a foundation for future research on other pathogens
associated wit#. officinak and plants belonging @ingiberaceadamily.
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2.34 Transcriptome-wide mining of ABC gene family members and their role in
secondary metabolism inGlycyrrhizaglabra.
Pooja GoyalRitu Devi, Suphla Gupta

Transcript mining, identification and characterization of putative ABC gene family
members fromG. glabra. ABC gene family expression analysis based screening to
identify the transporter gene stdmilies involved in biotic and abtic stress. Further,

the functional characterization of selected transporters using knockdown mutants/over
expression in homologous and heterologous systems. The research will help identify
transporter functions for understanding the biological procestsbsth the cellular and
organizational levels, assigning a functional role to individual tramepproteins.

N Armmonism transporter B Down regulated

G family

[ e t

B lysine histidine transporter

= polyol transporter
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2.35 Functional and biochemical characterization of glycyrrhizin biosynthetic pathway in

Glycyrrhiza glabra L.
Malik Muzaffar Manzor, Pooja Goyal, Ajai P Gupt&uphla Gupta

Establishment of tissue culture system for the genomic studi€s iglabra plant. The
developed culture lines of different morphogenetic nature (root culture, stoloms it

raised plants) were utilized for the molecular cloning and expressionanalysis of key
regulatory genemvolvedin thebiosynthesi®f glycyrrhizin. All thefull -lengthgenesof the
glycyrrhizin biosynthesis pathway have been isolated and clonedGigayrrhiza glabra

Their in-silico characterization and promoter studies have been completed, which will be
utilized for metabolic engineering experiments. The study reports a protocol for the
regeneration ofGlycyrrhiza glabra plantlet from the leaf explants, demonstrgtithe
presence of glycyrrhizin in the underground (2@ . 8 €9/ g)i2&. deecigalg) (7
of the in vitro regenerated planishich wasotherwisenot detectedn the aerialtissuesof
thefield plant. Further,spatic temporal relative gene expsegn analysis of aerial tissues of
in-vitro regenerateds. glabra showed expression of all the known genes committed to
glycyrrhizin pathway. In the shoot systemaximumexpressiorof squaleneepoxidas€7.9

fold), b-amyrin synthasg?21.8 folds), Licorice b-amyrin 1toxidase (5.9 folds) and UDP
glucosyltransferase (1.7 folds) was observed in different months. However, no expression
was detected in the aerial tissues of the faggidwn plant. Also, a correlationwas found
betweenthe expressionpatternsof Licorice b- amyrin 1toxidase with glycyrrhizin
accumulation.

o e b ' Bee e o n 2
— | | e -

Glycyniuzn detectasn n the aenal tissaes of frvifro regenexated Giyoyrrkiza glabra xevealed
e of auanin midncny cxpeesaen of grnes commetted to glycyndizn baosyntheses
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2.36 Transcriptome wide analysis of WRKY transcription factors in Glycyrrhzia glabra and
elucidation of role of selected genes in abiotgtress.
Pooja Goyal, AjaP Gupta Suphla Gupta

This study identifies 147 fullength WRKY genes based on the transcriptome analysis of
Glycyrrhiza genusG. glabraand G. uralensi3. Based on the number of WRKY domains,
sequence alignment and phylogenesis, the study identified GUWRKY27 comprising of 3
WRKY domaindn G.uralensisanda newsubgroupllf (10 members)havingnovelzincfinger
pattern (GX4-C-X22-HXH) in G.glabra Multiple WRKY binding domains (111) were
identified in the promoter regions of tllgWRKgenes indicating strong interactingtwerk
between the WRKY proteins. Tissispecific expression of 26gWRKYs under normal and
treated conditions, revealed 11 of the 18 induction faciggered responses corroborating to
the response observed AtWRKYs The study identified auxinesponsre GgWRKY55 &
GgWRK™88; GA3 responsiv&gWRKY&5&59 in roots and5gWRKYS, 20, 38, 57 &58 in the
shootsof the treatedplant. GgWRKYsinducedunder various stressesncluded GgWRK83
(cold), GgWRKM (senescencelzgWRKYZ&, 28 & 33 (salinity),andGgWRKY0 (wounding).
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Overall, 23GgWRKYgesponded to abiotic stress, and hormonal signals induced 17 WRKYSs.
Of them, 13WRKYsresponded to both, suggesting an irgennection between hormone
signaling and stress response. The present studyhefl understand the transcriptional
reprogramming, proteiprotein interaction and crosegulation during stress and other
physiological processes in th&ant.
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2.37Screening of lemongrass genotypes for their essential oil and herb yield potential
VP Rahul Sougata Sarkar, Indrapal Verma, Jyoti, 8haswal, Sheetal, Amit Kumar,

Ayushman,Rishi KeshMeena,Amit Kumar 1 , SR Meena,ChandraPal Singh, Sumeet
Gairola, Dhiraj Vyas, and DSR Readdy (Proj¢¢€P007)

A total of ten genotypes of lemongrasgluding varieties, were screened ésisential oll
under field and screen house conditions at CHIRI experimental farm Chatha, Jammu.
Among them, one selection LG 7 showed a positive response for their herb yield and
essential oil.The remaintwo best Cymbopogonselectionswere identified for further
essentiabil studied and LG 7 were grown in yield trails for stabisibalysis.

Preliminary characteristics of the lemongrass selection 7

Plant height- 170- 190cm

Clump dianeter:- 40- 45cm

Slipscount per clump30-90

Plant habit- Erect, light green leaf sheath; stem colour purple to green, clumps tough,
dense and leaves spreading.
Citral content - 76.00% (approx).
Oil recovery:1.2 to 1.3% in Clevenger ty@pparatis.Herb yield - 65-70 tonnes/ halyear
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Field view of LG 7

Picture: - LG 7 Plant picture Picture: - clump of LG 7  Picture: - LG 7 slips
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