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OVERVIEW OF CSIR-IIIM  
 

The Laboratory was established in 1941 as a research and production centre, known as Drug Research Laboratory of J&K State and 

was later taken over by Council of Scientific & Industrial Research (CSIR) of Govt. of India in December 1957 as Regional Research 
Laboratory, Jammu. In view of its core strength in natural products based drug discovery, the mandate of Institute was redefined in 
2005 and its name changed to Indian Institute of Integrative Medicine (IIIM). The current mandate of IIIM is to discover new drugs 

and therapeutic approaches from natural products, both of plant and microbial origin, enabled by biotechnology, to develop 
technologies, drugs and products of high value for the national and international markets. 

 
 

  
 

Mission 
To become a Centre of Excellence in natural 

products chemistry and biotechnology driven 
drug discovery, integrating modern biology with 

chemistry 

Vision 
The vision of the Institute is to position IIIM as an International 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 systems 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 of secondary metabolites from plants 
and microbial biodiversity, at the same time generating awareness for their 

conservation and protection. 

 
 
 
 

 

Mandate 
The mandate of IIIM is to be an internationally competitive 

centre of excellence in all facets of natural products research 
and technology, including (a) discovery of novel 

pharmacologically active natural products from plants and 
microbial species and translating them into drug leads and 

candidates by medicinal chemistry, preclinical pharmacology 

and clinical development.  This  approach  is  pursued  both 
in NCE as well as botanical  herbal  mode;  (b)  Preclinical 

and clinical validation and establishment of mechanism of 
action of drugs used in various Indian systems of Medicines 

(Ayurveda, Unani, Siddha and other Indigenous systems of 

medicine); (c) develop agro-technologies and commercial 
cultivation of high value medicinal and aromatic plants from 

Western Himalayas including Kashmir Valley  and  Laddkh 
for national and international markets; and (d) to work with 

Indian and global pharmaceutical industry to out-license new 

products and technologies. 

 

Current Focus Areas: 
Å Medicinal  Chemistry  (Hit  to  pharmacokinetics,  formulation    and 

Preclinical development) 

Å Biotechnology of  plants and microbial secondary metabolites 

Å Fermentation based technologies of  Industrial products 

Å Phytopharmaceutical drug discovery   (GAP,GLP,GMP,GCP) 

Å NABL accredited QC/QA of drugs, foods, essential oils etc. 

Å Pharmacology    of Cancer,    Inflammation,    Infection    (Clinical 
microbiology) and Neurodegenerative disorders 

Å Societal outreach programme in cultivation of Medicinal and 
Aromatic crops for better income and lively hood to rural poor and 

employment generation. 
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ORGANISATIONAL SETUP  
 

  DIRECTOR GENERAL, CSIR  
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From the Directorõs Desk.. . 

 
It gives me immense pleasure to present the annual report of CSIR- 

IIIM for the year 2020-21. This report summarizes the achievements in 

all facets of Natural Products Research, Covid-19 Pandemic, 

Technologies including discovery of Novel Pharmacologically Active 

Natural Products from plants and Microbial species and translating 

them into drug leads, Preclinical Pharmacology and Clinical 

development in both NCE as well as botanical herbal mode. Based on 

our research performance, innovation outputs and societal impact, 

CSIR-IIIM, Jammu has been ranked seventh within the country as the best Indian institutes as released by 

Scimago Institutions ranking-2020. CSIR-IIIM Jammu has been ranked third among CSIR laboratories, and 

ranked first within biology cluster of CSIR. Due to the pendamic situation we were only able to file 07 

patent applications and 09 patents were granted to CSIR-IIIM. During this calender year 2020, IIIM 

published a total of 149 scientific publications with an average impact factor of 3.24. 

 
Several important events took place during this financial year. Firstly, institute has licenced two technologies, 

one with M/s Anphar Pharma Pvt. Ltd., Jammu on Process Development of Favipiravir and the other with 

M/S Hemp Street Medicare Private Limited, Delhi on Development of Trans-dermal patches using bacterial 

cellulose. Secondly, CSIR-Indian Institute of Integrative Medicine, Jammu has launched CSIR-Aroma 

Mission Phase-II on 9th February 2021 for development and extension of Aromatic and Medicinal plants in 

J&K and other parts of country in tandem with our Honourable Prime Ministerõs vision of doubling of 

farmers income.  Thirdly, CSIR-Indian Institute of Integrative Medicine, Jammu has entered into an 

agreement with National Institute of Sowa Rigpa, Leh, an autonomous organization under the Ministry of 

AYUSH, Govt of India. Another agreement was signed between CSIR-IIIM and National Dope Testing 

Laboratory (NDTL), Ministry of Youth Affairs & Sports, Government of India on 11th January 2021 for 

research collaboration by combining their respective research capabilities in the areas of synthesis of 

reference standards and in-vitro and in-vivo studies (PK studies) on the metabolites with main emphasis on the 

national goals in area of Dope testing and Global positioning. With the aim to explore potential in medicinal 

and aromatic plants in Ladakh, CSIR-IIIM is Nodal lab for implementation of CSIR Technologies for 

Ladakh initiatives. 

 
  I wish to thank the Research and Management Council of CSIR-IIIM,  for their constant support and 

cooperation. Lastly, I 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.  MAJOR COVID -19 

CONTRIBUTIONS  
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1.0 MAJOR COVID -19 CONTRIBUTIONS 

 

1.1. Novel Coronavirus (2019-nCov) Testing in human clinical samples at CSIR-IIIM 

(Jammu) 
           Kuljit Singh and Rashmi Sharma, Inshad Ali Khan*, Saurabh Saran*, GD Singh*and  

           Sumit G. Gandhi* 

 

Diagnostic testing is the hallmark to track community transmission of virus and prevent 

its transmission. In response to the Covid19 pandemic, CSIR-Indian Institute of 

Integrative Medicine (IIIM), Jammu was amongst the first few CSIR labs that started 

COVID-19 testing. The facility started RT-PCR testing since 6
th
 April, 2020, in 

collaboration with Government Medical College, Jammu. These samples were mostly 

received from various sample collection centres and mobile units operating through 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 spread of infection at CSIR-IIIM 

campus, active contact tracing was carried our and samples from staff, students and 

families were also tested through RT-PCR. So far, we have tested more than about 95000 

samples, among which 1900 samples were collected from CSIR-IIIM.  

Figure 1.1.1: An overview of the total samples tested at CSIR-IIIM since 6
th

 April, 2020 
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1.2 Optimization and validation of RT-LAMP assay for diagnosis of SARS-CoV2 
Vijay Lakshmi Jamwal, Natish Kumar1, Rahul Bhat, Piyush Singh Jamwal, Kaurab Singh, 
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 (SARS-CoV2), the causative agent of 

COVID-19 pandemic, has infected millions of people worldwide, 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. Presently, Taqman
TM

 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. We developed and optimized a method for alternate molecular testing of 

COVID-19, through a two step Reverse Transcription Loop-mediated isothermal 

AMPlification (RT-LAMP). Primers for LAMP were carefully designed for 

discrimination from other closely related human pathogenic coronaviruses. Care was also 

taken that primer binding sites are present in conserved regions of SARS-CoV2 so that its 

variants including fast-spreading UK B117 strain, can be diagnosed. Various DNA 

polymerases with strand displacement activity were evaluated and 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 Transcription Real Time PCR Assay for  

       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 infected millions of people worldwide leading to death of a very large 

numbers of individuals. The socio-economic impact of COVID-19 pandemic is manyfold, 

with one of the components being the cost involved in testing of suspected individuals. 

Several scientific and medical organizations around the world have 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 COVID-

19 is carried out using Taqman
TM

 reverse transcription real time PCR (rt-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 testing numbers. SYBR Green I dye based rt-RT-PCR assays 

for sensitive and accurate testing of COVID-19 were developed in this study. Several 

primer sets were designed and tested experimentally and finally two sets of primers with 

binding sites in two different genes of the SARS-CoV2 genome were optimized. 

Calibration curves were plotted, reproducibility of assays was ascertained and the results 

of SYBR Green I assays were validated on patient samples and compared with the results 

of Taqman
TM

 rt-RT-PCR assays. SYBR Green I assays developed by us showed a 100% 

match with the results from Taqman
TM

 assays for COVID-19 diagnosis. 

 

 
 

 

 

 



 

10  

1. 4 Organization of COVID-19 sero-survey camp at CSIR-IIIM  

Rekha Chouhan, Sajad Ahmed, Vijay Lakshmi Jamwal, Nitika Kapoor, Piyush Singh 

Jamwal, Sumit G. Gandhi* and Shantanu Sengupta* 
 

Under the ñPhenome India- A long term longitudinal observational cohort study of health 

outcomesò project, blood samples were collected from staff and students working at 

CSIR-IIIM and their families, as well as contractual workers working at CSIR-IIIM, who 

volunteered for the study. Sampling was done two times (at Jammu) during the reporting 

period (11 September 2020 ï 124 participants; 2
nd

 February 2021 ï 154 participants). This 

survey helped initially in identifying individuals who had already developed antibodies 

against SARS-CoV2, and eventually other parameters such as SGOT, SGPT, Albumin, 

Bilirubin, Creatinine, Folate, Urea, Uric acid, Vit B12, Vit D were also measured. With 

respect to sero-survey for anti-COVID19 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, this also helped the individuals in deciding when to get 

vaccinated. 

 

                         
 

1. 5 Development of Zinc gluconate-Vitamin C formulation for immunity improvement 

and    management of Corona Virus Disease (COVID-19) 

CSIR-IIIM 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 supplements. Zinc has 

been shown to contribute to a number of innate and adaptive immune signaling pathways. 

Ionic zinc possesses unique and distinct antiviral properties against a number of human 

viruses. High Zn
2+

 has been found to inhibit the replication of various RNA viruses, 

including influenza virus and other respiratory viruses. Vitamin C is also known as an 

essential antioxidant and enzymatic co-factor for many physiological reactions in the 

body, such as hormone production, collagen synthesis and immune potentiation. It is not 

only necessary for cell-mediated 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 vitamin-C may support immune function for better 

potential for defense against viral infections. CSIR-IIIM has developed a formulation of 

natural vitamin C and Zinc gluconate with the aim to improve immunity for prevention 

and management of COVID-19.  
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The main constituents include Malpighia emarginata (Acerola cherry), a rich natural 

source of Vitamin C and Zinc gluconate, and an organic source of zinc. The formulation 

may be used as a promising immuno booster and modulator during the current COVID-19 

pandemic.  

 

Nutritional Information per Capsule (approx.)  

Energy 1.12 kcal 

Protein 0.00g 

Carbohydrate (Sugar as sucrose) 0.28g 

Fat 0.00g 

 

           
 

 
 

        

1.6 Development of Processes for Active Pharmaceutical Ingredients towards COVID-19  

The last financial year started with Lockdown and pandemic fear, however, the 

commitment of CSIR towards society has 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 CSIR-IIIM was led by Dr. P P Singh, Principal Scientist and 

taken the responsibility of development of four APIs namely Molnupiravir (EIDD-1931), 

Niclosamide, Nafamostat and Ribavirin and fragment of Remdesivir (Structure shown in 

Fig 1. 6.1). During this period, know-how was developed for all the five molecules and 

two non-infringing routes were developed for Molnupiravir and Nafamostat (One patent 

was filed and other is in process). 

 

 

 

 

 

Figure 1.5.1: Zinc gluconate-Vitamin C Capsule formulation 
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                                                       Figure 1. 6.1: Structure of Proposed API 

 

Dr Parviner Pal Singh (Principal Scientist) and Dr Ravi Shankar (Senior Scientist) group 

worked towards the synthesis of Nafamostat and successfully developed know-how and 

non-infringing route (details given in Fig 1. 6.2). 

   

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

 

Dr Parvinder Pal Singh group developmed a process for favipiravir. Favipiravir (RNA 

Polymerase inhibitor) originally developed by Toyama Chemical pharmaceutical 

company (subsidiary of the Fujifilm) known for  treatment of influenza and viral strains 

which are untreatable, and been found as one of the most promising candidate working 

against the COVID-19 infections. The favipiravir has been recommended in China and 

Japan against COVID-19 infection. CSIR-IIIM in collaboration with M/s Anphar (a 

Jammu based API manufacturing company) has worked on its know-how process by 

following a multi-steps shown in Figure 1. 6.3. CSIR-IIIM has successfully optimized the 

conditions and transferred the process to M/s Anphar . 
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                                                               Figure 1. 6.3: Synthesis of Favipiravir. 
 

Dr. Sandip Bharate group developed the process for synthesis of niclosamide. 

Niclosamide is currently being investigated in numerous clinical trials in COVID-19 

patients. Thus, Bharate Lab developed a gram scale synthesis of niclosamide, and using 

this process and 50 g niclosamide was synthesized. The synthesized niclosamide was 

evaluated for anti-COVID-19 activity at Prof.Satyajit Mayor Lab at NCBS Bangalore. 

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

work has recently been published in ñPLOS Pathogensò. 

 

Fluvoxamine Maleate was discovered in 1975 by Kali-Duphar, part of Solvay 

Pharmaceuticals, Belgium, now Abbott Laboratories), is an antidepressant of the selective 

serotonin reuptake inhibitor class and used for Treatment of obsessiveïcompulsive 

disorder. Major depressive disorder Anxiety disorders (panic disorder, post-traumatic 

stress). It is under clinical trials for Covid-19 treatment (5 No.). The investigational use of 

fluvoxamine for the treatment of COVID-19 is approved by the South Korean Ministry of 

Food and Drug Safety. Fluvoxamine is a selective serotonin reuptake inhibitor; 

fluvoxamine also activates sigma-1 receptors present intracellularly in the endoplasmic 

reticulum, thereby decreasing cytokine production. PP Singh group has developed the 

know-how for the synthesis of Fluvoxamine Maleate shown in Figure 1. 6.4 and 

transferred the technology to M/s Anphar. 

 

 

 

 

FDA approval: 1982  
Therapeutic indication: to treat tapeworm 
infections
Mode of action: uncoupling of the electron 
transport chain to ATP synthase
Route of admin.: oral
Known antiviral effects: SARS-CoV, MERS-
CoV, ZIKV, HCV, HSV-2, being investigated in 
SARS-CoV-2 clinical trials.
Clinical dose: 2000 mg/day

COVID-19 clinical 
candidate

Å IIIM
Developed a process
(under API COVID19 
Mission)
Å IIIM-NCBS:
Joint publication in 
PLOS Pathogens
Å CSIR:
Started phase II clinical 
trial in COVID-19 
patients
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                                        Figure 1. 6.4: Synthesis of Fluvoxamine Maleate. 

 

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

CSIR Labs Involved: CSIR-IIIM and CSIR-IICT; Industry partner: M/S Laxai Life 

Sciences, Telangana; CRO: M/S Insignia Clinical Services Pvt. Ltd 

 

Clinical study title: A prospective, pilot, clinical trial to evaluate the efficacy and safety of 

Colchicine for improvement of clinical outcomes during Coronavirus (COVID-19) 

disease treatment in high-risk Indian patients (CTRI/2021/04/032555) 

Brief Summary: One of the important host-specific events in COVID-19 patients in 

"cytokine storm". Several studies have shown that one of the primary reasons for 

mortality of COVID-19 infected patients is cytokine storm driven complications. Thus, 

the management of cytokine storm by potent anti-inflammatory drugs is also being 

investigated. One such potential FDA approved drug is "colchicine". Colchicine is a 

natural product isolated from meadow saffron (Colchicum autumnale); and is a FDA 

approved drug for treatment of inflammatory diseases ógoutô and óBeh­et's diseaseô. It 

exhibits anti-inflammatory effects via inhibiting the activation and migration of 

neutrophils to sites of inflammation. It also inhibits pro-inflammatory cytokines IL-6 and 

IL -1beta. Besides, it has also been reported to possess antiviral activity (in-vitro) against 

DENV, ZIKV [ DENV: EC50 = 150 nM; ZIKV: 89% reduction at 5 µM). Worldwide, 

there are more than 24 clinical trials currently ongoing on colchicine in COVID-19 

because of its potent anti-inflammatory 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 Life Sciences 

have started phase II clinical trial in COVID-19 patients. 

 

 

 

Colchicine

Å 24 clinical trials ongoing worldwide in COVID-19
Å Possess dual anti-inflammatory / antiviral activity

Colchicumautumnale

LLLaΩǎ ǊƻƭŜ
V Project funded to the IIIM
V Coordination/ monitoring of trial
V To provide regular updates to the 

CSIR (CSG group)
V To manage the financial 

component of the trial
Current Status of the trial:
April 2021- The phase II clinical trial 
started in COVID-19 patients
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1. 8   Computational Screening for Covid-19 targets 

Dr. Amit Nargotra group has established the in-silico models for selected Covid targets 

viz., M
PRO

, RdRP and Spike-ACE2 interface. The in-house compound library was 

screened on these targets, and 38 compounds were sent for in vitro evaluation at CDRI. 

Out of the 11 compounds that showed better affinity for M
PRO

, 4 compounds showed IC50 

in micromaolar range (11 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 identified 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 for 734 phytoconstituents and network construction on these was initiated. 

This would help us in identifying the gene-disease network, and exploring the possibility 

of combination drug. 

 

1.9 Development of CUReD Web portal.: Developed a website CUReD, which contains the 

latest updates about Covid related CSIR partnered clinical trials in the area of i) 

Drugs/Vaccines/Therapeutics, ii) AYUSH Prophylactics / Therapeutics and iii) 

Diagnostics / Devices. The website was launched by the Honôble S&T minister Dr. Harsh 

Vardhan on 20th October 2020. 
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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. 

 

 Under CSIR-AYUSH Joint initiative for the clinical studies on traditional  

                       Ayurveda formulations, CSIR-IIIM has undertaken following clinical studies  

in Sixteen reputed hospitals of the country. 

(i) Ayurvedic formulation-1 for the Prophylaxis against SARS-COV-2 in  

subjects with increased risk during the COVID 19 Pandemic. A  

             comparison with Hydroxychloroquine/SOC in the health care providers. 

(ii)  A Randomized, Open Label, Parallel Efficacy, Active Control, Multi- 

             Centre Exploratory Drug Trial to Evaluate Efficacy and Safety of  

             Ayurvedic formulation-2 as Adjunct Treatment to Standard of Care for  

             the management of Mild to Moderate COVID-19 Patients. 

(iii)  A Randomized, Open Label, Parallel Efficacy, Active Control, Multi- 

              Centre Exploratory Drug Trial to Evaluate Efficacy and Safety of an  

              Ayurvedic Formulation-3 as an Adjunct Treatment to Standard of Care  

              for the management of Mild to Moderate COVID-19 Patients. 

 

 For the management of the disease in critically ill, hospitalized and high risk  

               Patients, CSIR-IIIM Jammu has evaluated the safety and efficacy of  

               Mycobacterium W in critically ill, hospitalized and high risk patients at the  

               dedicated COVID-19 hospitals of the country in collaboration with M/s Cadila  

               Pharmaceuticals Limited, Ahmedabad as an industry partner. 

 

 Under Covid-19 management team of IIIM, 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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The continuously increasing 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 novel therapies to co-target viral infections and cancer. However, little is 

known about novel SARS-CoV-19 biology and very limited to no research has been done 

in the context of whether and how SARS-CoV-19 infection impacts cancer cells. 

Realizing the impact of spike protein in Covid infection, it is imminent to examine the 

role of spike protein of SARS-CoV-19 virus which binds to ACE2 in cancer emergence 

and treatment, and highlight the emerging need to study the role of COVID-19 infection 

in cancer progression and treatment. 

 

1.11 Procedure for extraction of Glycyrrhiza glabra for 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 with purified water and 

alcohol in 1:1 ratio (180 L). Extract was refluxed for 3 hrs the marc was again extracted 

twice sequentially for two hours. Total 8.3 Kg of extract was obtained after lyophilisation 

which was used for standardization and further processing. 

 The Standardization of Glycyrrhiza glabra Aqueous Extract Prepared at cGMP Plant, 

CSIR-IIIM, Jammu Using HPLC. 

 

Standard  
Retention time 

(min.)   

Plant extract 

(%w/w)   

Glycyrrhizic Acid  12.520  7.48  

Liquiritin   10.558  0.53  

Glabridin  14.272  0.16  

Quercetin  11.697  0.06  
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1.12  Rapid determination and optimisation of berberine from Himalayan Berberis lycium by 

soxhlet apparatus using CCD-RSM and its quality control as a potential candidate for 

COVID -19 

 

SARS-CoV-2 (COVID-19) has become a global risk and scientists are attempting to 

investigate antiviral vaccine. Berberis is important plant due to the presence of bioactive 

phytochemicals, especially berberine from the protoberberine group of benzylisoquinoline 

and recent studies have shown its potential in treating COVID-19. B. lycium Royle 

growing in subtropical regions of Asia had wide applications in Indian system of 

medicine. Rapid determination and novel optimisation method for berberine extraction 

has been developed by Soxhlet extraction utilising central composite design-response 

surface methodology (CCD-RSM). Berberine was detected by high-performance liquid 

chromatography (HPLC), and the highest yield (13.39%) was obtained by maintaining 

optimal extraction conditions i.e., extraction time (7.28h), ethyl alcohol (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 a potential candidate for developing pharmaceutical 

products for human health care. 

 

1.13 Preparation and Distribution of Hand Sanitizer and sanitization in CSIR-IIIM 

Campus and Residential Complex 

The world is facing a medical crisis amid the COVID-19 

pandemic and the role of adequate hygiene and hand 

sanitizers is inevitable in controlling the spread of 

infection in public places and healthcare institutions 

during first wave of COVID-19 infection in 2020. There 

has been a great surge in demand for hand sanitization 

products leading to shortages in their supply. As per the 

instructions from DG, CSIR, IIIM Jammu has prepared and still preparing Isopropyl 

alcohol based hand sanitizer according to WHO guidelines (WHO Guidelines on Hand 

Hygiene in Health Care: First Global Patient Safety Challenge Clean Care Is Safer Care 

(Geneva: World Health Organization; 2009). 

Almost 10,000 litters of Isopropyl alcohol based hand 

sanitizer was distributed to CSIR-IIIM employees and 

different organizations of Jammu like Govt. Medical 

and associated hospitals, Jammu and Kashmir police, 

CRPF hospital and Air Force hospital during the Covid-

19 pandemic in 2020 and still distributing to CSIR-IIIM 

employees. Hand Sanitizer was prepared and distributed   

as well as sanitization drive was done in IIIM campus and residential colony.  

 

 

   

 

http://www.who.int/publications/guidelines/en/
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1.14 Analysis of single nucleotide polymorphisms between 2019-nCoV genomes and its 

impact on codon usage 

Suruchi Gupta; Ravail Singh* ; Prosenjit Paul 

 
The spread of COVID-19 is a global concern that has taken a toll on entire human health. 

CSIR-IIIM Scientists performed the bioinformatics analysis to understand the genetic 

variability necessary to design effective drugs and vaccines. The study entails information 

regarding the genome-wide mutations detected in the 108 SARS CoV-2 genomes worldwide. 

Genomic sequences from different Indian states have been phylogenetically analyzed to gain 

insight into the genetic variation prevalent in India (Figure 1.14.1). Based on the 

phylogenetic tree scientists grouped the 2019- nCoV genome sequences of Indian states into 

13 major groups (Figure 1.14.2). These 13 representative groups (states) of India were then 

phylogenetically analyzed and SARS CoV-2 genomes (95 coronavirus sequences) from 

different countries worldwide. Scientists identified a few hypervariable regions localized in 

orf1ab, spike, and nucleocapsid gene. Our findings revealed the existence of high mutation 

rates in 2019-nCoV genomes sequenced from different parts of the world. Phylogenetic 

analysis confirms the migratory context of 2019-nCoV and its spread. Based on phylogeny, 

69 states of India were assembled into 13 groups and finally 95 countries along with Indian 

states into 27 groups. The presence of hypervariable region was discovered in genomic 

locations coding for three genes namely orf1ab, S and nucleocapsid N gene. In orf1ab gene, 

we found two hypervariable amino acid changing region (1068 and 11092 genomic 

locations) worldwide and three 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 non-synonymous mutation in S protein where methionine 

was replaced by tyrosine. Non-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 transmission of 2019-nCoV.These nucleotide polymorphisms demonstrated their effect 

on both codon usage as well as amino acid usage pattern. 

The analysis confirms high variability among 2019 nCoV sequenced quasispecies, 

highlighting hypervariable positions within three key protein coding regions. Such variability 

in proteins might have affected the patient's clinical outcomes because the viral genome that 

infects them is slightly different. Nevertheless, there is a chance that these mutational variants 

might have modulated the disease's spread. The results provide positive light on the prospect 

of developing 2019-nCoV therapy for patients from different locations. Altogether the present 

study provides valuable information that would be helpful to ongoing research on 2019-nCoV 

vaccine development. 
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Fig.1.14.1:  GSAID database was used to fetch 164 SARS CoV-2 genomic sequences, which 

comprised of 69 genomic sequences from India and 95 from other countries of the World  
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Fig.1.14.2 Multiple sequence alignment 65 world SARS CoV-2 genomes (including 5 Indian States) 

representing the hypervariable regions across the entire genome. (Mutations at 1068bp, 3046bp and 

11092bp genomic positions are localized in gene orf1ab), (Mutations at 23412 bp and 25572bp are 

localized in spike gene), (Mutations at 28320 bp are localized in Nucleocapsid (N) gene) 
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TECHNOLOGY ACTIVITIES  
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2.1 Serine-glycine-betaine, a novel dipeptide from an endophyte Macrophomina  

phaseolina: Isolation, bioactivity and biosynthesis 

Endophytes are a rich source for structurally complex chemical scaffolds with interesting 

biological activities. Endophytes associated with Brugmansia aurea L. (family: 

Solanaceae), a medicinal plant, have not yet been explored for the bioactive metabolites. 

M. phaseolina, a fungal endophyte, was isolated from the roots of the plant. Its methanolic 

extract was found active against human cancer cell lines with IC50 <20 µg/mL. In the 

present study, the isolated fungal strain from the roots of B. aurea was identified as M. 

phaseolina based on the sequence of internal transcribed spacer regions, and it was 

deposited in GenBank with the accession number KX098325 (Fig. 1.2.1.1). A di-peptide 

compound, serine-glycine-betaine was isolated and characterized. Serine-glycine-betaine 

consists of a unit of an N-trimethyl glycine attached to serine. Compound 1 was isolated as 

a reddish-brown solid, which gave molecular ion peaks at m/z 206.3 [M + H] + in the 

positive ESIMS, corresponding to a molecular formula C8H17N2O4, and this was fully 

supported from its NMR data. Assignments of all the 
13

C and 
1
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 PaCa-2 and HCT-116 cell lines with 

IC50 8.9 and 15.16 ɛM, respectively. Further, it induced apoptosis in MIA PaCa-2 cells 

confirmed by microscopy. The apoptotic cell death in MIA PaCa-2 cells was evidenced 

biochemically with the generation of intracellular reactive oxygen species (ROS) level and 

leading to loss of mitochondrial membrane potential (MMP) due to activation of the 

intrinsic pathway. This study describes the plausible biosynthesis of serine-glycine-betaine 

based on genomics (genome sequencing, annotation and genes alignment). A novel di-

peptide, serine glycine betaine isolated from M. phaseolina induced apoptosis in MIA-Pa-

Ca-2 cells. This study confirms that dipeptides like serine-glycine-betaine and tyrosine-

betaine might be specific to fungal genera, hence being used for diagnostic purposes. 

              Table 2.1.1 Cytotoxic activity of compounds (1) against human cancer cell lines IC50 (µM) 

 

 

 

 

 

 

 

 

 

Molecule MIA 

PaCa-2 

HCT-116 MDA -MB-231 PC-3 FR2 

(Normal) 

Serine-glycine-

betaine 

8.9±0.0

5 

15.16 

±0.15 

34.6±0.03 22.4±0.16 >50 

Paclitaxel 0.750 0.120 <0.01 0.065 - 
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Figure 2.1.1:   Morphology, microscopy (sequence) of M. phaseolina at 400x and phylogenetic tree   
(based on ITS-5.8S rDNA sequence) of M. phaseolina.   

 

                               
                     Figure 2.1.2:   Selected 2D NMR (HMBC) correlations for compound (1) 

 

 

                          
Figure 2.1.3:  Change in nuclear morphology of MIA PaCa -2 using DAPI after treatment with 

different concentrations (4, 8, and 12) µM of compound Serine glycine betaine (1). Paclitaxel (1 ɛM) 

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 compound (1) 

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

Penicillium oxalicum 

Diethyl sulphate (DES) based chemical mutagenesis were applied on different fungal 

strains with an aim to diversify the secondary metabolites. The mutant strain (VRE-MT1) 

of Penicillium oxalicum was subjected to the dereplication (LCMS based) and isolation of 

natural products, resulting to obtain ten molecules of bioactive potential. Metabolites viz 

tuckolide, methylpenicinoline, 2-acetyl-3,5-dihydroxy-4,6-dimethylbenzeneacetic acid, 

penicillixanthone A, brefeldin A 7-ketone, antibiotic FD 549 were observed for the first 

time from Penicillium oxalicum. The results of antimicrobial activity reveals that the 

compounds N-[2-(4-hydroxyphenyl) ethenyl] formamide, methylpenicinoline, penipanoid 

A have potent antibacterial activity against Bacillus subtilis (ATCC 6633) with MIC of 16 

ɛM, 64 ɛM and 16 ɛM respectively and the compounds N-[2-(4hydroxyphenyl) ethenyl] 

formamide, methylpenicinoline, penipanoid A were found active against Escherichia coli 

(ATCC 25922), with MIC of 16 ɛM, 64 ɛM and 16 ɛM respectively. Also, the metabolites 

N-[2-(4-hydroxyphenyl) ethenyl] formamide, tuckolide showed effective antioxidant 

activity in DPPH and ABTS scavenging assays. The mutant VRE-MT1 was found to have 

8.34 times higher quantity of N-[2-(4-hydroxyphenyl) ethenyl] formamide as compared to 

the mother strain. The DES based mutagenesis strategy has found to be the potent tool to 

diversify the secondary metabolites in fungi. 

 

                 

         Figure 2.2.1: Schematic diagram showing isolation of Natural products from Penicillium oxalicum 

 

2.3   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 insulin-independent diabetics, and as a natural food sweetener. 

Xylitol is currently produced on an industrial scale by a catalytic reduction 

(hydrogenation) of xylose obtained from wood sources such as white birches. However, 

alternative processes have been extensively explored because of the high production cost 

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 production from spent 

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 xylose-utilizing yeasts. Therefore, to evaluate the feasibility 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 xylose to 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 to 24-36 h for obtaining yeast growth. The 

observations 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 

estimation of xylitol production will be carried out for 15-35 yeast cultures. Preliminary 

qualitative analysis of yeast strains (Figure 1.2.3.1). On the basis of VK 035 was selected 

further study. 

 

                            
               Figure 1.2.3.1: HPLC chromatogram of standards Xylose, Xylitol, and xylitol production  

 

2.4  Purification and characterization of Serratiopeptidase from Serratia marcescens AD-W2 

Serratiopeptidase is a proteolytic enzyme, extensively used as an anti-inflammatory and 

analgesic drug. Present work reports a thermoactive serratiopeptidase from Serratia 

marcescens AD-W2, a soil isolate from North-Western Himalayan region. The 

extracellular metalloprotease has been purified by a simple two-step procedure resulting in 

a specific activity of 20,492 Units/mg protein with 5.28 fold purification. The molecular 

mass of metalloprotease, as determined by SDS-PAGE, was ~51kDa.  

The purified serratiopeptidase presented optimum activity at pH 9.0, temperature 50
o
C and 

with stability in wide pH and temperature range. Critical temperature of 50
o 

Cconfirmed 

the thermoactivity of the purified serratiopeptidase. The kinetic studies of the purified 
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serratiopeptidase revealed Vmax and Km of 57,256 Units/mL and 1.57 mg/mL, respectively, 

for casein. The purified serratiopeptidase from S. marcescens AD-W2 was found to be 

100% identical to serralysin from Serratia marcescens ATCC 21074/E-15. 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. 

 
Figure 2.4.1: Purification of Serratiopeptidase from Serratia marcescens  

 

 

 

 

 
                       Figure  2.4.2: Characterization of Serratiopeptidase from Serratia marcescens  AD-W2 
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2.5 Translational Research: 

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

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

developed at IIIM under 12
th
 FYP BSC-205 and CSIR-FTT (MLP-5008) projects. It is a 

potent inhibitor of Cdk-1/A, Cdk-2/A, Cdk4/D3 Cdk5/p25, Cdk-6/D1 and Cdk-9/T1 with 

IC50 values in the range of 1.9 to 50 nM. It possesses promising in-vitro cytotoxicity in 

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

cells (IC50< 1 µM). It displays an excellent in-vivo efficacy in human xenograft models of 

pancreatic cancer and leukemia. The regulatory pharmacology of the lead has been 

completed as a part of CSIRôs FTT grant (MLP-5008), and the IND application was filed 

to DCGI in January 2020. The approval was received from DCGI on 28
th
 May 2020, for 

this IND application, for conducting Phase I/ II clinical trial in locally advanced or 

metastatic pancreatic cancer patients.  

 

 

2.5.2. IND application of IIIM -160 (Bergenia ciliata based phytopharmaceutical lead): Under 

the CSIR-phytopharmaceutical mission I (2017-2020), Bergenia ciliata based 

phytopharmaceutical lead IIIM-160 was developed. The preclinical pharmacology, 

regulatory Tox., and CMC documentation was completed. The lead is positioned for the 

management of pain in rheumatoid arthritis. The IND application has been filed to DCGI 

on 20
th
 April 2020. 

 

 

 

 

 

Dysoxylumbinectariferum
(Indian Medicinal Plant)

IIIM-290

Rohitukine (Cdk9 inhibitor)
Int. J. Pharm. 2019, 570, 118683
J. Pharm. Biomed. Anal.2019, 166, 1-5
WO202012498A1

Oral Dosage Form for Clinical Trial

J. Med. Chem.2018, 61, 1664-1687
US9932327B2;WO2014170914A1 IND approved by DCGI (May 2020)

Bioorg. Med. Chem. Lett.
2016, 26, 3457-3463

IIIM-160
(Bergenin-rich

extract)

Bergeniaciliata aerial parts

9% w/w bergenin

Gastro-retentive 
SR formulation

HO

OCH3

OH

O

O OHO

OH

HO

Bergenin

J. Integr. Med.
2019, 17, 192ς204

WO2019077620A1
WO2014188440A1

ÅOutlicensedto M/S 
ViridisBiopharma (as 
nutraceutical) 

(June 2021)

ÅIND application filed 
to DCGI (in 
phytopharmaceutical
route) ςApril 2020
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2.6 Basic research 

      2.6.1 Total Synthesis of Phospholipomannan of Candida albicans: PLM is composed of a 

mannose-inositolphosphoceramide lipid anchor (embedded in the cell wall) on which an 

unusual oligomeric (1 Ÿ 2)-ɓ-mannan is linked through an anomeric phosphodiester 

linkage. Interestingly, the PLM anchor is quite distinct from the more widely occurring 

glycosylphosphatidylinositol (GPI) anchors in human biology in terms of the following: 

(a) (1 Ÿ 2)-ɓ-mannan in place of the (1 Ÿ 2)-Ŭ-mannan motif of GPI anchors; (b) (1 Ÿ 

2)-Ŭ-mannose linked to myo-D-inositol in place of the (1 Ÿ 6)-Ŭ-glucosamine-inositol 

motif, and (c) the presence of an unusual phytoceramide in place of the glycerolipid. More 

importantly, the PLM anchor is highly immunogenic due to its (1 Ÿ 2)-ɓ-mannan 

structural motif, which is absent in human host and presented a good opportunity for the 

vaccine programme and moreover, its full synthesis is not reported till date, here, we have 

reported the first synthesis of the cell surface phospholipomannan anchor [ɓ-Manp-(1 Ÿ 

2)-ɓ-Manp]n-(1 Ÿ 2)-ɓ-Manp-(1 Ÿ 2)-Ŭ-Manp-1 Ÿ P-(O Ÿ 6)-Ŭ-Manp-(1 Ÿ 2)-

Inositol-1-P-(O Ÿ 1)-phytoceramide of Candida albicans is reported. The target 

phospholipomannan (PLM) anchor poses synthetic challenges such as the unusual 

kinetically controlled (1 Ÿ 2)-ɓ-oligomannan domain, anomeric phosphodiester, and 

unique 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 appropriately protected building blocks: (1 Ÿ 2)-ɓ-tetramannan repeats, 

pseudodisaccharide, and phytoceramide-1- H-phosphonate. The most challenging (1 Ÿ 2)-

ɓ-tetramannan domain was synthesized in one pot using the preactivation method.  

The phytoceramide1-H-phosphonate was synthesized through an enantioselective A3 three 

component coupling reaction. Finally, the phytoceramide-1-H-phosphonate moiety was 

coupled with pseudodisaccharide followed by deacetylation to  produce the acceptor, 

which on subsequent coupling with tetramannosyl-H-phosphonate provided the fully 

protected PLM anchor. Final deprotection was successfully achieved by Pearlmanôs 

hydrogenation. Synthesis of phospholipomannan of candida albicans shown in Figure 

2.6.1.1 

                   

                                                  Figure 2.6.1.1: Synthesis of phospholipomannan of candida albicans. 
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2.6.2 Functionalization of Alkynes and Alkenes Using a Cascade Reaction Approach: 

Synthesis of ɓ-Keto Sulfones under Metal-free Conditions: Here, we are reporting a 

multicomponent cascade reaction approach for the synthesis of ɓ-keto sulfones by 

exploiting differential reactivity pattern of substrates under open-atmosphere and metal-

free conditions. The coupling partners are aryldiazonium salts, unsaturated compounds, 

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 

controlled liquid chromatographyīmass spectrometry and 18O-labelled experiments 

suggested that air is a source of the incoming oxygen atom of the keto group of ɓ-keto 

sulfones which is shown in Figure 2.6.2.1. 

                               

                                                          Figure 2.6.2.1: Synthesis of ɓ-keto sulfones 

 

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

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 target the bacterial 

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 2690 in-house 

compound library. Hits identified after in silico screening were validated by experimental 

validation under various incubation conditions using Malachite green phosphate assay. 

Thereafter, we identified two hits 3772-9534 and D396-0012 as MurA inhibitors. Among 

the hits identified, compound 3772-9534 showed significant changes 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 3772-9534. It was 

also inferred from the MD studies that the binding of ligand induces conformational 

changes in enzyme, which leads to inhibition of enzymatic activity.  
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2.6.4 Discovery of a new donepezil-like acetylcholinesterase inhibitor for targeting 

Alzheimer's disease. Alzheimer's disorder is one of the most common world-wide 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 donepezil-like natural compound derivative (D1) as a 

convincing AChE inhibitor. The in silico studies suggested that D1 exhibits a dual-binding 

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 levels but also reduces the accumulation of Aɓ 

plaques in C. elegans. In fact, 5 ɛM of D1 was seen more potent in elevating the 

acetylcholine expression than 15 ɛM of donepezil. While most of the noncholinergic 

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 

agonistic effect on the Ŭ7 nicotinic acetylcholine receptor. 
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2.6.5 Coronarin K and L: Two Novel Labdane Diterpenes from Roscoea purpurea: An 

Ayurvedic Crude Drug  

Roscoea purpurea commonly known as kakoli belongs to the 

family Zingiberaceae is abundantly available in alpine grassland, 

grassy hillsides and stony slopes of central to eastern Himalaya 

from Uttarakhand to North East states, up to an altitude of 

3300m. It is an essential ingredient of an important Ayurvedic 

preparation known as Astavarga, which is a group of eight plants 

claimed to be useful in promoting seminal weakness, body 

overweight, curing fractures, high-fever, diabetic situation and as 

a heal for vata, pitta, raktadoshas. The groups of Astavarga plants are considered as a very 

excellent Rasayana with health-promoting and rejuvenating properties, and are recognized 

to support our immunity and have capacity of cell renewal. Astavarga plants are also 

known to restore human health and work as strong anti-oxidants in our body. Amongst 

eight Astavarga plants Roscoea purpurea is one of the essential ingredients of several 

herbal formulations like tonic and Chyawanprash. Traditionally it is used for the cure of 

diabeties, diarrhea, hypertension, fever, immunostimulant and inflammation etc. In Nepal, 

its tubers are boiled for edible purpose and also used in traditional veterinary medicine.In 

the view of its significance in Ayurvedic medicinal system, substantial pharmacological 

and phytochemical works have not been carried out. Previous phytochemical studies on R. 

purpurea have described 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 Singh and co workers, and they are 

presumed to be associated with its potent antioxidant activity.  

Alcoholic extract of the plant have shown in-vitro anti-cancer, anti-oxidant and 

immunomodulatory activities. In our preliminary pharmacological study, cytotoxic activity 

was found for the methanol extract of R. purpureaa gainst lung cancer cell line at IC50 

25.71 (µg/ml).  

On bioassay-guided fractionation, activity was localized in a chloroform-soluble fraction. 

Bioactivity guided purification of n-chloroform soluble fraction of Roscoea purpurea 

resulted in the identification of two new labdane diterpenes, coronarin K (1) and coronarin 

L, (2) along with eight known compounds, coronarin A (3), bisdemethoxycurcumin (4), 

kaempferol 3-O-methyl ether (5), kaempferol (6), fenozan acid (7) 3-(3-methoxy,4-

hydroxyphenyl)-2-propenoic acid (ferulic acid, 8), caffeic acid (9) and gallic acid (10). 

The structural identification of new compounds (1 and 2) were determined by thorough 

analysis of 1D (
1
H and 

13
C) and 2D 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 labdane diterpenes with 

established stereochemistry, while structure of known compounds were established by 

direct comparison of their NMR data with those reported in literature. 
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This is the first report of isolation of this labdane diterpenes and phenolic classes of 

secondary metabolites in Roscoea purpurea. In the preliminary screening the methanol 

extract and its fractions were tested for the cytotoxic activity against a panel of four cancer 

cell lines (A549, HCT-116, Bxpc-3 and MCF-7), extract and its chloroform fraction were 

found to be active against lung cancer cell line, A-549 with IC50 value of <25 ɛg/mL. 

Owing to the notable cytotoxic activity of the chloroform fraction, the compounds (1-5) 

were screened for their cytototoxicity against all the cell lines by MTT assay. Coronarin K, 

1 showed significant cytotoxic potential against lung cancer cell lines (A-549), with IC50 

value of 13.49 ɛM, while other compounds did notshow activity below 22 ɛM.  

 

 

 

 

Cytotoxicity of extract, fraction and isolated compounds (1-5)a 

Compound 
IC50, µM, in different human cancer cell lines 

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

MeOH extract 

(µg/ml) 

25.71±0.21          90.92±0.46                 62.72±1.23          48.96±2.36 

CHCl3 fraction 

(µg/ml)            

21.35±0.83               >100                     68.95±3.21          46.64±0.42 

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                   5.46±0.74              3.81±0.32              

a
 Data are mean±SD 
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2.6.6 Triazole based anticancer agents 

A series of triaryl-1,2,3-triazoles, in order to check cytotoxicity on breast cancer 

cell lines have results indicated that most of the compounds possessed comparative 

anti-proliferative activities in both ER+ve (MCF-7) and ERīve(MDA-MB-231) 

breast cancer cell lines been synthesized with pendent benzyl ring to mimic the 

phenolic A ring of Tamoxifene. Among synthesized derivatives, five compounds 8f, 

8i, 8j, 8n and 8p showed anti-proliferative activities at <5ɛM against MCF-7 cell 

line and three compounds 8e, 8f and 8j show IC50 value greater than 30ɛM in FR-2 cells 

(normal cell). Moreover, to understand the mechanistic behavior of the selective 

compound 8f, various studies performed viz. surface morphological changes by 

bright field microscopic examination, nuclear morphological alteration by DAPI 

staining, measurement of intracellular ROS level and determination of change in 

mitochondrial membrane potential. It was observed that, the selective compound 8f 

associated with higher ROS generation along with decrease in mitochondrial 

membrane potential in addition to surface and nuclear morphological alterations 

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 the interaction of 8f with ER-Ŭ which 

favors its possible mode of anticancer action. 

 

 

 

 

                         
Figure 2.6.6.1: Structural resemblance of 1,2,3-triazole based molecule to tamoxifen, estradiol and 

propylpyrazoletriol(PPT) 

 

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

of computationally energy minimized conformation of active compound 8f with 

structurally related drug moiety, 4-hydroxy tamoxifen (OHT) in ER Ŭ. Infact, compound 

8f displayed strong binding at the active site with the dock score of -9.97 while the co-

crystallized ligand 4-hydroxytamoxifen has a dock score of -13.61. The overlay image of 

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

each other as shown in Figure 9. The N-benzyl and phenyl ring of 8f were precisely 

superimposed over phenolic and phenyl ring of 4-hydroxytamoxifen, respectively and the 

triazole moiety of 8f occupied the junction of three aryl rings containing C=C bond. 
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The key H-bonding interaction with Thr-347 of 4-hydroxytamoxifen was also observed in 

8f. The favorable interaction of 8f with ER-Ŭ may be indicating that modulation of ER-Ŭ 

activity could be its possible mode of anticancer action. 

        
Figure 2.6.6.2: Interaction of 4-hydroxytamoxifen (grey) and 8f (purple) with ER-Ŭ (PDB: 3ERT). (A) 

Surface view of ER-Ŭ protein showing the active site; (B) Overlay of 4-hydroxytamoxifen and 8f in the 

active site of ER-Ŭ; (C) Interactions of 4-hydroxytamoxifen with ER-Ŭ active site; and (D) Interactions of 8f 

with ER-Ŭ active site 

 

The designed derivatives (6a-6e) and (8a-8p) were investigated for antitumoral activity 

and results indicated that most of the compounds possessed comparative anti-

proliferative activities in MCF-7, MDA-MB-231 and HCT-116 cancer cells using 

SRB assay. Most synthesized compounds inhibited the growth of cancer cells at IC50 of 

less than 50 µM. Among synthesized derivatives, six compounds 8f (3.5 ɛM), 8i (4.  

7 ɛM), 8j (3.5 ɛM), 8n (3.9 ɛM), 8p (4.5 ɛM) and 8q (3.3 ɛM) showed anti-

proliferative activities at less than 5 ɛM against MCF-7 cell line and three 

compounds 8e (30.8 ɛM), 8f (34.8 ɛM) and 8j (29.0 ɛM) showed IC50 value >30 ɛM in 

FR-2 cells. Five of these, 8e, 8f, 8g, 8i and 8j inhibited the growth of both MCF-7 as well 

as MDA-MB-231 cell lines at IC50 below 20 µM (Table 1). Three of these, 8b, 8m and 8n 

were active against MCF-7 cell line selectively. Dimethoxy derivative of compound 8q 

was also synthesized and evaluated against MCF-7 cell line but no improvement was 

observed therefore, its activity against another cell line was not evaluated. N-debenzylated 

compound 8q also showed decrease in activity which confirmed the importance of N-

benzyl group in biological action. Activity of compound 8f was evaluated towards MCF-7, 

MDA-MB-231 as well as HCT-116 tumor cells at different concentrations of 0.1, 1, 10, 50 

and 100 µM. Selective destruction of tumor cells while guarding development of healthy 

cells plays a pivotal characteristic among cytoprotectives. Nine active derivatives were 

investigated against FR-2 (normal breast epithelial) cell line at density of 10,000 cell/well 

for possible cytotoxicity. As shown in Table 1, the IC50 values of compounds 8e, 8f and 8j 

were found to be greater than 30 ɛM in FR-2 cell line which further showed remarkably 

higher activity as compared to MCF-7 (5.7, 3.5 and 3.5 ɛM), and MDA-MB-231 (15.28, 

15.54 and 9.61 ɛM respectively), demonstrating that these molecules 8e, 8f and 8j having 

reduced toxicity towards healthy human cells compared to tumor cells.  

In this research work, we have synthesized triaryl-substituted 1, 2, 3-triazoles in 

B A A 

C D 
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order to check cytotoxicity on breast and colon cancer cell lines. The biological 

results indicated that among all the compounds screened against different cell lines, 

compound 8f induced apoptosis at IC50 dose chosen at 3.5 µM concentration in MCF-7 

cells.  Moreover, this diethyl amine substituted 8f molecule inhibited cell proliferation 

effectively in both breast and colon cancer cell line variants. As per the screening of 8f 

against normal breast epithelial cell line FR-2, the study observed the lack of cytotoxic 

effect at 3.5 µM concentration nearly indicating it to be 10-fold safer from their IC50 value 

against MCF-7 cells and far better than the tamoxifen. The mechanistic studies revealed 

that the compound 8f triggered apoptosis in breast cancer cells which is a mechanism of 

autolysis of cells. Therefore, this work displays an important prospective towards futuristic 

approaches and possibilities for target molecule 8f as a suitable chemotherapeutic agent. 

(For more information please visit Eur J Med Chem., 207, 2020, 112813; 

doi.org/10.1016/j.ejmech.2020.112813.) 

 

2.7 Advances in the possible treatment of COVID-19: A Review (European Journal of 

Pharmacology. Elsevier. 883 (2020) 173372. DOI: 10.1016/j.ejphar.2020.173372) 

Pankaj Chibber, Syed Assim Haq, Irfan Ahmed, Nusrit Iqbal Andrabi, Gurdarshan Singh.  

The emergence of the global pandemic caused by novel severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) has put a challenge to identify or derive the therapeutics for 

its prevention and treatment. Despite the unprecedented advances in the modern medicinal 

system, currently, there are no proven effective therapies. However, rapid research on 

SARS-CoV-2 epidemiology help unveiling some new targets for potential drug therapies. 

Many drugs have been screened, and even their clinical trials are going on at an 

exceptional pace. Amongst these RNA-dependent RNA polymerase inhibitors (favipiravir 

and remdesivir) and steroids especially dexamethasone showed promising effects. The 

biological agents like tocilizumab, interferons, and convalescent plasma prove to be 

beneficial in viral clearance. Moreover, many immunomodulatory and viral S protein 

targeting vaccines have their ongoing clinical trials. The establishment of various in 

vitro and in vivo models for preclinical studies can additionally help the current research. 

The volume and the pace of the clinical trials launched to evaluate the safety and efficacy 

of various agents against corona virus disease 2019 (COVID-19) reflect the need for high-

quality evidence for various therapies to be practiced by clinicians. This study aims to sum 

up all the current advances in the global medicinal system against the COVID-19  
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2.8 Glabridin ameliorates methotrexate-induced liver injury via attenuation of oxidative 

stress, inflammation, and apoptosis (Life Sciences, 2021, 278, 119583, 1-10) 

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 in modern medicine, no safe and effective drug is 

available till date for oral administration to combat drug-induced liver injury, which is a 

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

glabridin, a key phytoconstituent from Glycyrrhiza glabra with mechanistic investigations 

using an in-vivo methotrexate-induced 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 given on the 7
th
 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 parameters (SGPT, & SGOT), pro-inflammatory cytokine (TNF-Ŭ) as 

compared to methotrexate alone. Oxidative stress markers (MDA, GSH, SOD, & CAT) 

were significantly ameliorated by glabridin as compared to methotrexate alone. Alterations 

in methotrexate-induced 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 necrosis) and SEM investigation. As compared to the control group, MTX 

treatment caused significant down-regulation of Nrf2 protein expression, which was 

significantly up-regulated by glabridin treatment. We observed that glabridin treatment 

exhibits significant down-regulation of the NF-əB & IəBŬ which was markedly activated 

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

Glabridin significantly down-regulated the BAX expression which is near to the control 

level. In parallel, we also explored the full PARP1 expression which considerably declined 
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due to MTX treatment. Overall, glabridin is found to protect against MTX-induced liver 

injury by improving crucial factors for oxidative stress, inflammation, and apoptosis. 

 

          

 

 

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, 14542-14550) 

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 management 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 date. In vivo pharmacokinetic studies of HU 

in rats showed that rutin can be safely co-administered 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 

IC50 value of 780 µM and 635 µM, respectively, towards inhibition of urease activity. 

Rutin and gallic acid exhibited 40-64% and 53-70% inhibition of HRP at the concentration 

range of 250-1000 µM, respectively. Results displayed that there was no noteworthy effect 

(Ò 5%) of rutin or gallic acid to exhibit RBCs lysis up to the experimental concentration of 

1 mg/ml. Gallic acid markedly enhanced the HU-induced decrease in lymphocytes 

proliferation. Both rutin and gallic acid exhibited a significant effect for the improvement 

in RBC as well as Hb level. Additionally, HU-mediated 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 both IL-6 and 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.   



 

39  

        

 

2.10 Procedure for development of extract from Cannabis sativa:  

An authenticated, dried and ground plant material was received from Chattha farm of IIIM, 

Jammu and used for extraction in Non-GMP pilot plant for R&D purpose. 25 kg of this 

plant material was used  for extraction with 250 litres of solvent (ethanol: 95-99% pure). 

Overnight maceration was followed by transferring the liquid strain into the distillation 

tank after filtration. Concentrated portion was collected after distillation. Extraction 

process was 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 semi-concentrated material into 

stainless steel containers after vacuum tray drying. Silica (100-200 mesh size) was added 

into semi-solid extract in ratio of 1: 2.5. Solvent mixture of Hexane & Ethyl acetate (9:1) 

was added in mixture of semi-concentrated extract & silica in 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 residue to extract 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 extraction from Bergenia ciliata:  

The well authenticated plant material was dried under shade and ground to coarse powder 

in cGMP plant. Sifted powder (25 kg) was used for extraction with purified water and 

alcohol in 1:1 ratio (250 L, 95-99% 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 the extract into the Distillation Vessel.  

After distillation collected the distillate into S.S container and repeated the extraction 

thrice. Combine the collected three distillate of material and dried into spray drier. Total 8 

kg dried extract powder received from two batches and samples submitted for CMC 

studies. 
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2.12 Procedure for Rhododendron extract:  

Rhododendron liquid solution was loaded in SS trays and dried in Lyophilizer. After 

drying and grinded with the help of Heavy duty mixture grinder, the free flow poweder in 

aseptic condition was collected and samples of same were submitted CMC study for 

Quality Control Analysis.   

 

 

Cannabis sativa 

 

Cannabis sativa semisolid extract 

Bergenia ciliata Bergenia ciliata lyophilized extract 

Rhododendron 

 

Rhododendron lyophilized powder 

 

 

2.13 Anti -inflammatory activity of culinary herb: Oreganum vulgare 

Dried leaves of Oreganum vulgare, the culinary herb, was subjected 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 anti-inflammatory activity in RAW 264.7 cells. All three of them showed 

inhibition of LPS induced nitric oxide, cytokines IL-6 and TNF-Ŭ in in vitro condition. 

 

2.14 Anti -diabetic activity of fruits of Ficus semicordata 

Three samples of Ficus semicordata ï hydro-alcoholic extract, aqueous extract and an 

enriched fraction ï were evaluated for their blood glucose lowering activity. 
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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 14 days to 

streptozotocin induced diabetic rats. 

 

2.14 Establishment of in vitro model of obesity using 3T3L-1 cells 

Mouse embryonic fibroblast cells (3T3-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. Lipid droplet 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 

an in vitro screening test for anti-adipogenic/obesity substances. 

 

2.16 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 elevating the 

propensity of cardiac diseases. In order to facilitate the evaluation of natural products/plant 

extracts for their utility in obesity conditions Scientists have developed short duration 

animal model of obesity. Subcutaneous administration of progesterone 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 (BMI), feed 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 resulted in increased 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 inhibited the weight gain, BMI, serum TC and TG levels. 

The test extract also showed encouraging results in line with orlistat and needs further 

investigations to confirm its beneficial effects. 

 

 

2.17  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 variability in sweroside, 

swertiamarin, and gentiopicroside contents. Additionally, the concentrations of these 

phytoconstituents varied for cytotoxicity potential among different screened cytotypes. 

This quantitative difference of active bio-constituents was in correspondence 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 potential. 
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2.18 Discovery of a Secalonic Acid Derivative from Aspergillus aculeatus, an Endophyte 

of Rosa damascena Mill., Triggers Apoptosis in MDA -MB-231 Triple Negative Breast 

Cancer Cells. 

 

A new secalonic acid derivative(1) was isolated from the endophytic Aspergillus 

aculeatus associated with Rosa damascena. The planar structure of 1 was established on 

the basis of 1D and 2D NMR and ESI-TOF-MS spectra. The relative configuration 

of 1 was determined applying a combined quantum mechanical/NMR approach and, 

afterward, the comparison of calculated and experimental electronic 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 scanning electron microscopy and phase contrast 

microscopy. Furthermore, flow cytometry analyses demonstrated that 1 induced 

mitochondrial damage and reactive oxygen species mediated apoptosis, arresting the G1 

phase of the cells in a dose-dependent manner. Also, the compound causes significant 

microtubule disruption in TNBC cells. Subsequently, 1 restricted the cell migration 

leading to the concomitant increase in expression of cleaved caspase and PARP. 

 

2.19  Selective Spectrum Antibiotic Modulation of the Gut Microbiome in Type 2 Diabetes 

with Inflammatory Bowel Disease. 

Currently, group of scientist are working on an objective to determine the role of   

gastrointestinal microbiome in Type 2 Diabetes Mellitus (T2DM) mice model with 

Inflammatory Bowel Disease (IBD). Our aim 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 fat diet [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 water (3 % DSS w/v) for 

5 days (Day1- Day 5) to induce the colitis. Mice were randomly assigned to 2 

experimental groups: DSS treatment group (control group with normal diet), DSS 

treatment 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 microbiome assessments.  

 

2.20 Identification of a cross-talk between EGFR and Wnt/beta-catenin signalling 

pathways in HepG2 liver cancer cells 

The epidermal growth factor receptor (EGFR) is a membrane-bound receptor tyrosine 

kinase (RTK) ubiquitously expressed on all cells. Among all RTKs, EGFR was the first 

discovered, the first 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 tyrosine residues present at its C-terminal domain 

followed by the activation of downstream signaling pathway.Activation of the EGFR 

triggers downstream signal transduction cascades like RAS/MAPK and PI3/AKT 

signaling in order to promote cell proliferation and differentiation. Apart from regulating 

many physiological activities, EGFR is a driver of tumorigenesis in many cancers 

particularly in lung and breast cancer, and in glioblastoma. Gene amplification, activating 

point mutations, deletions of the extracellular domain, and transcriptional upregulation of 

EGFR resulting in unregulated cell proliferation has been reported in many cancers. This 

makes EGFR an attractive candidate for anti-cancer drug discovery. In this study, we 

generated GFP fusion constructs of EGFR and its mutants to analyze their subcellular 

localization in normal and cancer cells and impact of their sub-cellular location on its 

various activities using immunoblotting, confocal microscopy, reporter assays, loss-of-

function EGFR  mutants, and EGFR specific small molecule inhibitors. Interestingly, 

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 shown to be involved in modulating TCF dependent 

ɓ-catenin transcriptional activity in a similar fashion as IGF1R tyrosine kinase (as was 

reported earlier from our jam Jamwal etal 2018). More importantly, we show that 

cytoplasmic and nuclear functions are two independent activities of EGFR. Thus we 

showed the kinase independent functions are involved in regulating the nuclear activities 

of EGFR through its association with Wnt/beta-catenin signalling pathway - one of the 

most critical signalling pathways involved in regulating proliferation and differentiation of 

stem cells.  

 

2.21 Evaluation of the immunomodulatory and anti-inflammatory activity of Bakuchiol 

using RAW 264.7 macrophage cell lines and in animal models stimulated by 

lipopolysaccharide (LPS) 

Bakuchiol (BAK) has been reported to have a diverse pharmacological property as an 

antibiotic, anti-cancer, anti-hypolipidemic, anti-inflammatory and anti-convulsant agent. 

This study aimed to elucidate the immunomodulation and anti-inflammatory mechanism 

of bakuchiol using lipopolysaccharide stimulated RAW 264.7 macrophages and various 

animal models. The present study has shown that BAK significantly suppressed the pro-

inflammatory cytokine expression in a dose-dependent manner and its oral administration 

significantly decreased delayed hypersensitivity responses 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 other hand, it 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 responses in sheep RBCs in 

sensitized mice by significantly decreasing circulating antibody titer. Molecular studies 

revealed that BAK inhibited the activation of upstream mediator nuclear factor-əB by 

suppressing the phosphorylation of IəBŬ and p65. The responses were statistically 

significant as compared with the control (*p < 0.05, **p < 0.01). 

http://en.wikipedia.org/wiki/Protein_domains
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2.22 Development of RT-PCR based genotyping of Sickle Cell Anemia Transgenic mice 

(Berkeley model) for future breeding and R & D activities at CSIR-IIIM  

 

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. Hba
tm1paz 

Hbb
tm1Tow 

Tg (HBA-HBBs) 41Paz/J transgenic mice from the Jackson 

Laboratory (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 Ŭ and ɓ globin genes and incorporating human transgene which carries the mutation 

which causes sickling in humans. The mice homozygous for the Ŭ and ɓ globin null allele 

(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 

major genetic, hematologic profile and histopathologic features which are observed in 

human SCA. The mice heterozygous for Ŭ and ɓ globin null allele masks the expression of 

the transgene leading the production of non-sickling mice. The genotyping of all the three 

genes helps in identifying the sickling and non-sickling 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 fluorescence probe 

based quantitative PCR (qPCR), fluorescence probe-based allele discrimination and high-

resolution melting (HRM) analysis to find the hemizygous and homozygous transgene . 

 

Using copy number variation (ȹCq) and homozygous and heterozygous alleles in mouse 

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 CSIR-IIIM for 

Regulatory Toxicology studies as per National GLP Compliance Monitoring 

Authority (NGCMA)  

 

Good Laboratory Practice (GLP) is a quality system concerned with the organizational 

process and condition under which non-clinical health and environmental safety studies 

are planned, performed, monitored, recorded, archived and reported (OECD Doc. No. 1). 

Any chemicals, pharmaceuticals products and biomedical materials that are developed for 

the human health and environmental safety should not cause any hazard to human, animals 

and environment. The non-hazardous nature of the compounds 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 Co-operation and Development (OECD).  

 

India is the member of OECD working group on GLP for Mutual Acceptance of Data 

(MAD) w.e.f. 3
rd

 March 2011. The data generated on the non-clinical health and 

environmental safety studies in India are accepted by 36 OECD member countries and 6 

non-member MAD adherent countries.  With respect to GLP facility development at 

CSIR-IIIM, 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 studies has been developed. The required SOPôs and 

Formats related to Quality Assurance Unit and Animal House Facility has been established 

in the facility. Four on-line lecture programs i.e., Genesis/Principles of GLP, Quality 

Assurance (QA) in GLP (OECD GLP Document No.4), Role and Responsibilities of 

TICO (Test Item Control Office) and Roles and responsibilities of study director and study 

personnel in GLP studies has 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 calibrations 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 proper reproducibility of research data and health monitoring of the laboratory 

animals using robust PCR and RT-PCR techniques.  

 

2.24 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 Nutlin-3a restores p53 function in p53 wild type 

contexts only, P4 works in both wt and mutated (R273H) contexts.  Survival of APC 

knockout mice (inducible colon cancer model) is significantly enhanced upon P4 

administration.  
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2.25 Area expansion under Lavender and Clarysage at Field Station Bonera. 

 

An area of 25 acres was developed and brought under new plantation of lavender (Lavendula 

angustifolia) at field station. The new plantation will augment the generation of quality 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 oil. 

An area of 2.5 acres of land was developed for the production of Salvia sclarea nursery at farm 

to be utilized under CSIR AROMA MISSION, CSIR Ladakh Initiative and other projects. Salvia 

sclarea, Rose Scented Geranium and Mentha arvensis were also introduced for crop production 

on an area of 05 acres at Farm. 

  

2.26 Introduction of Saffron at Field Station Bonera. 

Saffron (Crocus sativus) 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 to multiple factors predominantly 

biotic stress due to corm rots. Saffron 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 enhanced corm size and corm rot 

management. 
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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 Nargotra, Prashant 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 tabacum is an important plant species owing to its 

academic and applied value. However, comprehensive genome-wide identification and 

characterization of MATE genes have not been carried out in this plant species so far. In 

the present study, we, for the first time, have carried out genome-wide identification of 

MATE gene family members in N. tabacum.  

 

We identified 138 MATE genes from N. tabacum, which were grouped into four major 

clades (Fig. 2.27.1). Based on the homology with the characterized MATE transporters, 

the functions of some of the N. tabacum MATE transporters have been predicted. A 

majority of the NtMATE transporters were predicted to be localized on the cell 

membrane. Based on the tissue-specific transcriptome data, the expression of NtMATE 

genes was reported to be differential in different tissues, with some genes showing highly 

tissue-specific expression (Fig. 2.27.2). The analysis of the upstream regions 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 methyl-jasmonate treatment (Fig. 2.27.3). The co-expression 

analysis suggested the involvement of MYB, HDG, WRKY, ERF, and NAC family 

transcription factors in the regulation of selected NtMATE genes. Some of the MATE 

genes (NtMATE81, NtMATE82, NtMATE88, and NtMATE89) were predicted to be 

targeted by microRNAs nta-miR167a, nta-miR167b, nta-miR167c, nta-miR167d 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 hyocyamine could be a 

preferred substrate for the selected set of transporters. Taken together, our study develops 

a solid foundation for further research work on MATE transporter genes in N. tabacum. 
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           Fig. 2.27.1. Phylogenetic analysis of MATE proteins from  N. tabacum.  (Gani et al. 2021, Gene) 

 

Fig. 2.27.2. QRT-PCR for expression analysis of NtMATE genes in different tissues of tobacco. YL: Young 

leaf, ML:  Mature leaf, ST: Stem, RT: Root, MF: Mature Flower (Gani et al. 2021, Gene) 
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Fig. 2.27.3. The expression analysis of selected NtMATE genes in response to MeJA treatment. The relative 

expression of the eight NtMATE genes in response to MeJA (150 ɛM) was analyzed by qRT-PCR, using 

the expression of NtUbiquitin gene as the normalization control. C, control, MJ, methyl-jasmonate treated 

plant (Gani et al. 2021, Gene) 

 

2.28 Flavonol specific R2R3 MYB family of transcription factor regulates expression of 

MATE transporter genes in Nicotiana tabacum 

Umar Gani, Abhishekh Kumar Nautiyal, Prashant Misra 

 

The promoter regions of the NtMATE21 and NtMATE22 genes were reported to display a 

putative binding site for P-type MYB transcription factors. The GUS staining in the 

leaves of transgenic GUS fusion lines with NtMATE21 and NtMATE22 was highly 

enhanced following constitutive transient expression of Nicotiana tabacum MYB12 gene 

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

expression of NtMATE21 and NtMATE22. 

Fig.2.28.1 Transient constitutive expression of NtMYB12 in NtMATE21-pro-GUS and NtMATE22- pro-

GUS transgenic lines. 

 

 

2.29 Characterization of Cannabis sativa MYB transcription  factors 

Maridul Kundan, V.P. Rahul, Sumeet Gairola and Prashant Misra 

Two R2R3 MYB family transcription factor genes, namely CsMYB33 and CsMYB78 have 

been characterized in the context of their role in the regulation of the secondary 
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metabolism in C. sativa. The expression of these genes was up-regulated in the pigmented 

leaves as compared to the non-pigmented leaves, suggesting their involvement in the 

regulation of anthocyanin biosynthesis. Further, transient overexpression of CsMYB33 in 

Nicotiana benthamiana leaves led to the activation of anthocyanin biosynthesis, 

testifying to the role of CsMYB33 as an activator of the anthocyanin biosynthesis (Fig. 

2.29.1). Further studies through the development of stable transgenic lines of N. tabacum 

are underway. 

            
 

Fig. 2.29.1: Transient overexpression of CsMYB33 in Nicotiana benthamiana leaf through agroinfiltration. 

 

Agrobacterium tumefaciens harboring plant expression construct for the overexpression 

of CsMYB33 was agroinfiltrated in N. benthamiana leaf. For control, empty vector 

agroinfiltrated and non-agroinfiltrated leaves were taken. The anthocyanin pigmentation 

in the leaves infiltrated with CsMYB33 suggests the role of CsMYB33 in the regulation of 

the anthocyanin pathway. In the last lane, the centrifuge tubes with the acidic methanolic 

extract of the corresponding leaves have been shown. 

 

2.30 Paclobutrazol Induces Photochemical E ciency in Mulberry (Morus alba L.) Under 

Water Stress and A ects Leaf Yield Without Inþuencing Biotic Interactions 

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

Vyas* 

 

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

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

of the mulberry cultivation in India is under the risk of either intermittent or terminal 

drought, as 50% of the Country's mulberry acreage falls under arid and semi-arid 

conditions. Triazole-induced abiotic stress tolerance has been used successfully in many 

horticultural crops, including planted trees. In order to understand the underlying 

mechanism, the e ect of paclobutrazol (PBZ), a triazole, was studied on physiological 

tolerance in mulberry under water stress and rainfed conditions. During pot experiment, 

PBZ improved the photosynthetic accumulation of CO2 under water stress conditions, 

thus improving survival percentage. Di erent concentrations of PBZ (5, 10, 25, 50, 100, 

and 500 mg Lī1) were applied in ýeld during rainfed conditions. A lower concentration 

(10ï25 mg Lī1) of PBZ signiýcantly (p Ò 0.05) improved leaf biomass by increasing net 

photosynthetic rates. An increase in the photochemical e ciency of PSII and higher NPQ 
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mediated through the xanthophyll cycle was found to be the mechanism for these 

physiological e ects. PBZ also reduced lipid peroxidation by inducing enzymatic 

antioxidants and redox metabolites. Bioassays do not suggest any negative interactions 

on silkworm or on downstream processing of silk.  

This study, therefore, 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. 

 

 
                (Rajat Mohan et al., (2020) Journal of Plant Growth Regulation 39: 205ï215.) 
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2.31 Photochemical e ciency is negatively correlated with the ȹ9 tetrahydrocannabinol 

content in Cannabis sativa L.  

Manu Khajuria, Vishav Prakash Rahul and Dhiraj Vyas* 

 

Cannabis sativa L is an important plant source of durable fibers, nutritious seeds, and 

medicinally important phytocannabinoids, including æ9-tetrahydrocannabinol (THC) 

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 levels of metabolic THC on the 

photochemical efficiency in Cannabis. The chlorophyll a fluorescence kinetics, 

photosynthetic pigments, immuno-detection of the photosynthetic machinery was 

analyzed on seven accessions from different environments, in conjunction with the 

cannabinoid content. All the accessions were clearly divided into three groups based on 

their relative content of CBD and THC. Group I with (CBD/THC > 1) had a clear 

advantage in terms of the damage to the D1, RbCL and Lhc1 protein holo-complex. 

Performance indicators of photochemistry based on the OJIP kinetics suggested a 

stoichiometrically negative correlation with the THC content. Zeaxanthin- dependent 

quenching is primarily responsible for lower NPQ in Group III with high THC content 

(THC > 6%). The THC treatment on Arabidopsis thaliana also suggested a dose- 

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 free radicals, thereby compromising the yield. The study opens a new        

screening method for Cannabis, based on cannabinoid content. 

    

(Khajuria et al., (2020). Plant Physiology and Biochemistry 151: 589ï600.) 
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2.32 Neural network model approach for automated benthic animal identification  

Ravail Singh* and Varun Mumbarekar 

 

Benthos consists of the organism which lives near the bottom of the aquatic ecosystem. 

Based on the size, they are divided into megabenthos, macrobenthos, and meiobenthos. 

Invertebrates/ benthic fauna are recognized worldwide as one of the essential sources of 

secondary metabolites with promising bioactivities. These organisms possessed 

numerous biological activities like antibacterial, antioxidant, anti- acetylcholinesterase. 

The most tedious and hectic job is to identify the tiny benthic animals by spending 

thousands of hours under the microscope. All the fauna need to be counted, sorted, 

picked and permanently mounted on glass slides for taxonomic identification. All  faunal 

identifications need a lot of pre-processing and it consumes a lot of time to identify a 

single specimen. Therefore, to reduce the complexity of many such procedures, 

combined with the desire to identify larger datasets, we came up with new software based 

on artificial intelligence, automatically identifying the benthic fauna through 

microscopic images. In this paper, we propose a machine learning method for automatic 

visual identification through the images of the benthic fauna. To this end, we propose a 

neural network model, where we demonstrate that the proposed approach differentiates 

the fauna based on images. However, it works well with vast amounts of image data and 

significant computational resources. 

 

    

          
Fig 2.32.1: Sample images of each of the organisms for classifier and detector 

(ttps://doi.org/10.1016/j.icte.2021.03.003) 
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Fig. 2.32.2 : standard convolution and Depthwise Separable convolution (depthwise convolution followed 

by pointwise convolution) 

 

2.33 Comparative study of codon usage profiles of Zingiber officinale and its associated 

fungal pathogens 

Suruchi Gupta, Ravail Singh * 

 

Codon usage bias influences the genetic features prevalent in the genomes of all the 

organisms. It also plays a crucial role in establishing the host-pathogen relationship. The 

present study elucidates the role of codon usage pattern regarding the predilection of 

fungal pathogens Aspergillus flavus, Aspergillus niger, Fusarium oxysporum and 

Colletotrichum gloeosporioides towards host plant Zingiber officinale. We found a 

similar trend of codon usage pattern operative in plant and fungal pathogens. This 

concurrence might be attributed to the colonization of fungal pathogens in Z. officinale. 

The transcriptome of both plant and pathogens showed bias towards GC-ending 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 pathogens inside 

the Z. officinale. We also established that the coding sequences of Z. officinale and the 

pathogens have a bias towards GC-ending codons more profoundly to C- ending codons. 

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

forces i.e, mutational and translational selection on codon usage patterns. Some 

preferred codons unique to a particular genus like A. flavus, F. oxysporum, Z. officinale 

were also identified that could be considered as the signature codons for the 

identification of the respective genera. The information regarding preferred codons 

avoided codons, unique codons 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 with Z. officinale and plants belonging to Zingiberaceae family. 
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(10.1007/s00438-021-01808-8) 
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2.34 Transcriptome-wide mining of ABC gene family members and their  role in 

secondary metabolism in Glycyrrhiza glabra. 

Pooja Goyal, Ritu Devi, Suphla Gupta 

 

Transcript mining, identification and characterization of putative ABC gene family 

members from G. glabra. ABC gene family expression analysis based screening to 

identify the transporter gene sub-families involved in biotic and abiotic 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 processes at both the cellular and 

organizational levels, assigning a functional role to individual transporter proteins. 
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2.35 Functional and biochemical characterization of glycyrrhizin biosynthetic pathway in 

Glycyrrhiza glabra L. 

Malik Muzaffar Manzoor, Pooja Goyal, Ajai P Gupta, Suphla Gupta 

 

Establishment of tissue culture system for the genomic studies in G. glabra plant. The 

developed culture lines of different morphogenetic nature (root culture, stolons and in vitro 

raised plants) were utilized for the molecular cloning and expression analysis of key 

regulatory genes involved in the biosynthesis of glycyrrhizin. All  the full -length genes of the 

glycyrrhizin biosynthesis pathway have been isolated and cloned from Glycyrrhiza 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 of Glycyrrhiza glabra plantlet from the leaf explants, demonstrating the 

presence of glycyrrhizin in the underground (7.0ï29.8 ɛg/g) & aerial (7.3ï23.4 ɛg/g) tissues 

of the in vitro regenerated plants, which was otherwise not detected in the aerial tissues of 

the field plant. Further, spatio- temporal relative gene expression analysis of aerial tissues of 

in-vitro regenerated G. glabra showed expression of all the known genes committed to 

glycyrrhizin pathway. In the shoot system, maximum expression of squalene epoxidase (7.9 

fold), ɓ-amyrin synthase (21.8 folds), Licorice ɓ-amyrin 11-oxidase (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 field grown plant. Also, a correlation was found 

between the expression patterns of Licorice ɓ- amyrin 11-oxidase with glycyrrhizin 

accumulation. 
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2.36 Transcriptome wide analysis of WRKY  transcription  factors in Glycyrrhzia glabra and 

elucidation of role of selected genes in abiotic stress. 

Pooja Goyal, Ajai P Gupta, Suphla Gupta 

 

This study identifies 147 full-length WRKY genes based on the transcriptome analysis of 

Glycyrrhiza genus (G. glabra and G. uralensis). Based on the number of WRKY domains, 

sequence alignment and phylogenesis, the study identified GuWRKY27 comprising of 3 

WRKY domains in G.uralensis and a new subgroup-IIf  (10 members), having novel zinc finger 

pattern (C-X4-C-X22-HXH) in G.glabra. Multiple WRKY binding domains (1ï11) were 

identified in the promoter regions of the GgWRKYgenes indicating strong interacting network 

between the WRKY proteins. Tissue-specific expression of 25 GgWRKYs, under normal and 

treated conditions, revealed 11 of the 18 induction factor-triggered responses corroborating to 

the response observed in AtWRKYs. The study identified auxin-responsive GgWRKY 55 & 

GgWRKY38; GA3 responsive GgWRKYs15&59 in roots and GgWRKYs8, 20, 38, 57 &58 in the 

shoots of the treated plant. GgWRKYs induced under various stresses included GgWRKY33 

(cold), GgWRKY4 (senescence), GgWRKYs2, 28 & 33 (salinity), and GgWRKY40 (wounding).  
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Overall, 23 GgWRKYs responded to abiotic stress, and hormonal signals induced 17 WRKYs. 

Of them, 13 WRKYs responded to both, suggesting an inter-connection between hormone 

signaling and stress response. The present study will help understand the transcriptional 

reprogramming, protein-protein interaction and cross-regulation during stress and other 

physiological processes in the plant. 

 

2.37 Screening of lemongrass genotypes for their essential oil and herb yield potential 

VP Rahul Sougata Sarkar, Indrapal Verma, Jyoti, Shazia Paswal, Sheetal, Amit Kumar, 

Ayushman, Rishi Kesh Meena, Amit Kumar 1 , SR Meena, Chandra Pal Singh, Sumeet 

Gairola, Dhiraj Vyas, and DSR Readdy (Project- HCP 007) 

 

A total of ten genotypes of lemongrass, including varieties, were screened for essential oil 

under field and screen house conditions at CSIR- IIIM experimental farm Chatha, Jammu. 

Among them, one selection LG 7 showed a positive response for their herb yield and 

essential oil. The remain two best Cymbopogon selections were identified for further 

essential oil studied and LG 7 were grown in yield trails for stability analysis. 

Preliminary characteristics of the lemongrass selection 7 

Plant height: - 170 - 190cm 

Clump diameter: - 40 - 45cm 

Slips count per clump: 80-90 

         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 type apparatus. Herb yield: - 65-70 tonnes/ ha/year 
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Field view of LG 7 

 

 

 

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

 
 


