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Vice Chancellor

It gives me immense pleasure to bring out a publication that summarizes the
externally funded research projects being presently handled by the faculties of
Central University of Punjab, Bathinda (CUPB). As one of the fourteen new
Central Universities established by the government of India in 2009, though
CUPB had to confront with myriad issues of infancy, about five years down the
line it has made firm and steady strides in the direction of making itself a world
class educational institution. It is enabled with the state of the art facilities and
expertise for learning and research and offers some of the best innovative
academic programmes designed in tune with challenges of present time.

This university, in a very short time, has become the beacon of higher education
in Punjab. The university has been successful in attracting exceptionally
qualified, highly motivated and dedicated teachers in its various faculties of
study. In a short span of nearly five years of its existence, the faculty of CUPB has
clearly demonstrated its commitment to excellence. I am proud to state that
within a short time the faculty could garner an impressive number of externally
funded research projects from several national and international agencies in
diverse areas of science and humanities. This report takes you down the details of
each centre, the faculty and the projects won individually and jointly by the
faculty members of the university. It is my pleasure to state that several more
applications for new research projects have been submitted to various funding
agencies for support.

These projects will certainly reinforce the commitment of university to cutting
edge research in various fields of knowledge. I am confident that we will
continue to strive hard to gain more projects and funds for conducting socially
committed research in our larger endeavour of making CUPB a globally
renowned institution of higher learning. I solicit the support, more ideas and
constructive criticisms as well in this important mission.

Sa R G

(Jai Rup Singh)
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Hroreward
The Central University of Punjab, Bathinda (CUPB), established by an Act of
Parliament in 2009, is amongst the fastest growing newly established universities

in the country. Situated in an educationally backward region, the university
contributes not only to the advancement of knowledge but also to inclusive growth
and development in the field of education and beyond. The development and
expansion of the university since its inception has been steadfast. The academic
programmes commenced with the establishment of the Centres for Biosciences,
Centre for Environmental Science and Technology, Centre for South and Central
Asian Studies and Centre for Comparative Literature in 2010, to be quickly
followed by the Centre for Chemical and Pharmaceutical Sciences, and Centre for
Environmental Law in 2011. Subsequently ten more centres of study have been
established namely Computer Science and Technology, Physical and
Mathematical Sciences, Computational Sciences, Human Genetics, Museology,
Archaeology and Conservation, Economic Studies, Genetic Diseases and
Molecular Medicine,, Bioinformatics, Punjab Language, Literature and Culture
and Education making a total of sixteen operationalized centres within a short
span of nearly five years.

CUPB has been committed to attract highly qualified teachers to it, recruitment
for which has been taking place from 2010 onwards with highest priority to
research. The university has fifty highly talented committed teachers with national
and international exposure, working in different centres of study now. The faculty
of CUPB has shown their commitment to excellence and advanced knowledge
production by engaging themselves in avant-garde research. The thrust area of
research of the university is Environment and health in relation to local needs of
the Bathinda region. In a short span of time the faculty could garner twenty eight
externally funded research projects from several funding agencies in diverse areas
of science and humanities and many more applications for new research grants
have been submitted to different funding agencies for support. This report gives a
glimpse of such externally funded research projects won by the teachers of the
university which exemplifies the commitment of the university to socially
relevant research. This will certainly be a continuous and unwavering process in
our dedication to cutting edge research in various fields of knowledge.

Bolls.

(P. Ramarao)

Dean Academic Affairs

The Central University of Punjab established by an Act of Parliament in 2009 at Bathinda is amongst the fastest
growing newly established central universities of the country situated in an educationally backward region of Punjab. It
offers some of the most innovative non-conventional academic programmes designed in tune with the challenges of 21st
century. Within a short span of nearly five years of existence, the university has demonstrated its commitment to
excellence and it is emerging as a hub of advanced learning through its unique interactive and experiential approaches. The
university at present is functioning from its 37 acre transit campus called “City Campus”, located just 5 km away from the
heart of Bathinda city. The campus has lush green lawns, beautiful trees, enchanting landscape and has state of the art air-
conditioned lecture rooms furnished with latest audio-visual devices, well equipped science laboratories, a conference
room with video-conferencing facilities, a 100-seater seminar hall and a 300-seater air-conditioned auditorium to support
academic activities. Semi furnished transit faculty hostels accommodate the newly appointed faculty free of cost for first
three months of their joining the university. It has a guest house, and separate hostels for boys and girls. The banking
facilities including an ATM are available at the Campus.

The science laboratories are equipped with facilities like 96 capillary DNA sequencer, RT-PCR, several DNA
thermocyclers, Gel Documentation System, Ultra Low Deep Freezers, High Speed Cooling Centrifuges, CO2 incubators,
Milli Q Water Purification System, Automated Karyotyping System, Fluorescence Microscope, Vacuum Concentrators,
Accelerated solvent extractor, Muffle furnance, Trace Metal Analyser, Fourier Transform Infra Red Spectrometer,
Atomic Absorption Spectrometer, UPLC system, Gas Chromatographic Mass Spectrometer etc. for training of students
and research in the disciplines of Biosciences, Chemical and Pharmaceutical Sciences, Environmental Science and
Technology, Genetics and Molecular Medicine.

Excellent facilities for plant tissue culture, culturing and genetic transformation of animal and human cell lines have
been created in addition to the availability of cold rooms for long term storage of experimental materials.

The air-conditioned Computer Centre is equipped with 170 Dell and 15 Apple Macintosh desktop computers and six
high end computing machines with graphic card, 8GB RAM and 42”” LCD monitors for academic pursuits of faculty and
students. All the laboratories, class rooms, offices, guest houses, residents have 1 GB connectivity. The entire campus is
Wi-Fienabled.

The air-conditioned University Library is equipped with elegant modular furniture, Radio Frequency Identification
(RFID) and electromagnetic security systems to facilitate self-issue, return and renewal. A security arrangement
comprising of 20 CCTV cameras has been provided in the library. The library has over over 20,000 book titles on its racks
and subscribes to 85 national and international peer-reviewed print journals. Apart from these, over 9000 full text online
journals are available under several bibliographic databases and full text resources, including 'UGC INFONET'
programme, Science Direct, Springer, J-STOR, Wiley-Blackwell, SAGE, Taylor & Francis, Project Muse, Science
Online, IEEE/IEL online, ACS, Cambridge University Press, Oxford, Indiasat.com and PROWESS. Library providing
access to periodical collections of 22 university libraries in India through JCCC UGC INFONET, World Bank E-Library
and has institutional membership of DELNET. A reprographic service, with latest photocopying machines and
sophisticated scanners like V-cradle planetary scanner for automated scanning is available to readers. The library has its
entire bibliographic collection in online electronic database (OPAC).

The university has established its sixteen Centers of Studies under nine schools offering twelve unique and innovative
M.A./M.Sc./M.Tech./M.Pharm. /LL.M./ and M.Phil.-Ph.D. integrated programmes. This publication is an attempt to
introduce the research initatives of the faculty of its different Centres of Studies so that the students choose their area of
research for dissertation work which is compulsory for all students pursuing post graduate and research programmes.

Admission to all the academic programmes offered by the university is carried out through National Level Online
entrance examination that is held every year at selected examination centers located in important cities across the country.
The students are provided excellent study environment and world class education by enthuistic faculty having wide
international experience. Consequently of the nearly 400 students, 51 have qualified NET or JRF conducted by
UGC/CSIR/ICMR etc.

The main campus of the university is coming up on a 500 acre site located at village Ghudda on Bhatinda-Badal road
and construction of boundary wall has been completed.
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SCHOOL OF BASIC AND APPLIED SCIENCES
CENTRE FOR CHEMICAL AND PHARMACEUTICAL SCIENCES (ESTABLISHED 2011)

FACULTY
Name Designation Qualification/Training Expertise
Dr. R.G.Saini Invited Professor | Ph.D. Punjab Agricultural

and
Centre Coordinator

University, Ludhiana.
Training in Genetics of
host parasite interactions
at Sydney University,
Australia

Genetics of host-parasite interactions

Dr. Felix Bast

Assistant Professor

Ph.D. Graduate School
of Kuroshio Sciences,
Kochi University, Japan

Phycology, marine biology, aquatic
botany, evolutionary biology,
biogeography

Dr. Sanjeev Kumar

Assistant Professor

Ph.D. Panjab University,
Chandigarh.

Experience aborad:
Visiting Scientist at the
Centre for Enviroenment
and Life Sciences, CSIRO
Perth, WA (2008-2009)

Stress biology, reproductive biology,
molecular biology, functional
genomics

Dr. Anil Mantha

Assistant Professor

Ph.D. Jawahar Lal Nehru
University, New Delhi.

Experience abroad:
Postdoctoral fellow at
Department of
Biochemistry and
Molecular Biology,
University of Texas,
Medical Branch (UTMB),
Galveston, TX, USA
(2006-2011)

Assistant Profesor at
Department of Biochemistry
and Molecular Biology,
University of Texas, Medical
Branch (UTMS), Galveston,
TX, USA (2011-2012)

Alzheimer's disease drug discovery,
molecular biology

Dr. Pankaj Bhardwaj

Assistant Professor

Ph.D. Panjab University,
Chandigarh. Training at
Institute of Himalayan
Bioresource Technology
(CSIR), Palampur

Genomics and plant molecular
biology

PROGRAMMES OFFERED
1. M.Sc. Biosciences

2. M.Sc. Molecular Genetics
3. M.Phil.-Ph.D. Integrated Programme in Biosciences
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Genotoxicity Detection in Drinking Water
from Malwa Region, Punjab

Principal Investigator: Dr. Felix Bast

Funding agency: University Grants Commission, New Delhi
Year of sanction: 2012

Budget: Rs.6,00,000

Duration: Two years

Objectives of the project

. To quantify physicochemical properties of ground water, namely: conductivity, pH, concentration of
various pesticide residues and heavy metals, including Arsenic (As), Lead (Pb) and Uranium (U), from
Malwa Region, Punjab.

. To evaluate genotoxicity of ground water by Ames testand Comet Assay.

. To find correlation between physicochemical properties and genotoxicity level - if any by rigorous
statistical analyses.

PROJECT SUMMARY

INTRODUCTION: Incidence of cancer in Malwa region of Punjab is reported to be significantly higher than the national
average and therefore, this region is often called as “cancer belt” by the mass media. While several potential factors
involved with high cancer prevalence in Malwa region were often hypothetically attributed, including increased use of
groundwater leaching pesticides and chemical fertilizers fuelled by green revolution for high agricultural productivity as
well as by coal based power plants that throw out high levels of fly ash, high concentration of Uranium, Thorium and
Radon in drinking water due to unknown reasons etc., but about this no consensus exists.

METHODOLOGY:
(i). Sampling

Groundwater, as retrieved by hand pumps, will be sampled across identified locations in Malwa region. These locations
will include cotton fields (GM as well as non-GM), wheat fields, paddy and those situated near canals. Negative control
will be type 1 ultrapure water (Milli-Q Reference, available in the laboratory). Detailed reports on the samples collected
from different locations will be entered in the database and tested for statistical significance for further analysis.

(ii). Physicochemical assessment of water

Collected water will be analyzed for electrochemical conductivity, pH and HPLC quantification of organo-pesticide
residues as well as [CP-MS quantification of heavy metals Arsenic (As), Lead (Pb) and Uranium (U) will be done.

Genotoxicity detection will be conducted for the samples of ground water by using Ames testand Comet Assay
(iii). Data analysis

Means of'the groups will be compared for differences and by rigrous statistical analyses using XLSTAT.

Research Initiatives| 9
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(iv). Significance of the study 0 o . . . .
. o | - | | | Title: Chemical and Phylogenetic Diversity of Seaweeds in
roposed project will involve primary data acquisition by environmental sampling methods, analysis of water by

physicochemical methods and genotoxic assessment by biomedical methods, including comet assay and Ames test. In dian Sub continent
Therefore, the interdisciplinary framework of the proposed project is expected to bring out novel findings that would help
to address this regions health problems.

Proposed study would be first ever attempt to assess genotoxic effects of ground water from the Malwa region, Punjab - an Principal Investigator: Dr. Felix Bast
area under limelight lately because of high prevalence of breast cancer. While there had been studies to determine
physicochemical attributes of drinking water in this region, none are statistically robust and no studies have been

attempted to test “out of cotton-field” hypothesis as proposed here. If detected, differential levels of genotoxicity at Funding ager%cy. Department of Science and Technology, Government of India.
locations within and out of cotton fields in this region would be the first direct evidence for the origins of current Year of sanction: 2012
environmental crisis and might clue the reasons behind high incidents of cancer. Budget: Rs. 35,00,000

Duration: Five years

WORKACCOMPLISHED SO FAR

Ground water samples were collected from 120 locations throughout Punjab in GPS-aided scientific explorations.

Samples were tested for electrical conductivity, TDS, salinity and pH. Samples with highest 20 EC values were selected

for analysis for heavy metals with Atomic Absorption Spectrometer. Genotoxicity analysis of these samples using comet

assay and Ames test are expected to complete within two months. o To compare the anticancer potential of selected plant and algal species isolated from various geographical
regions in northern and southern India.

Objectives of the project

e To find out any correlation of morphology, genetic and karyotypic diversity, alkaloid profiles and
phylogeography of plant and algal species with cancer prevalence in India.

o To find out existence of any correlation between phylogeography data and anticancer potential data i.e., do
monophyletic clades of geographical isolates of anticancerous plants correspond to comparable anticancer
potentials?

o To find out existence of any correlation between phylogeography/anticancer potential data and cancer
prevalence data. i.e., do certain taxa of plants/plants with higher anticancer potentials more prevalent in cancer
prone area?

PROJECT SUMMARY

INTRODUCTION: In the wake of competing demands during the world food crisis, seaweeds (marine macroalgae) have
attracted much attention lately from the researchers and environmentalists alike as a future food source. Multitude of
environmental crises such as human population explosion that lead to the shortage and overexploitation of cultivable
land, chemical and genetic pollutions due to yield oriented agricultural practices, and ever increasing shortage of
freshwater have been encouraging farming of edible seaweeds as a sustainable alternative to the conventional agriculture.
Farming of seaweeds as food has a number of definitive advantages. Seaweeds can be readily cultivated nearshore or
offshore without fertilizers and drugs and its cultivation do not require land or freshwater resources. Seaweeds have been
widely utilized in a number of industries, including hydrocolloid industry, pharmaceuticals, nutraceuticals, agriculture
and as an energy source. Nutritional and pharmaceutical potentials of a number of seaweed natural products have been
comprehensively reviewed. Seaweed-derived bioactive substances that have multitude of biomedical applications
including fucoidans, lectins, sulphated polysaccharides and aplysiatoxins.
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METHODOLOGY: (iii). Amplification and sequencing of Genomic DNA

A summary of the methodology is presented in the schematic illustration in Fig. 1 and explained below: Total genomic DNA will be extracted from the collected specimens following standard protocols. Universal primers for at
least three target genomic regions will be used for PCR amplification. Loci will be (i) Internal Transcribed Spacer (ITS1-
5.8S-1TS2) region of ntDNA (ii) trnL intron of cpDNA and (iii) Microsatellites. PCR amplicons will be sequenced by

= Specied Otcurence . capillary electrophoresis.

Data (iv). Phylogeny Reconstruction

| Sequence fragments will be assembled and contigs will be constructed using computer program Geneious (available at

Distribution MHFI http://www.geneious.com). Sequences will be correctly annotated, aligned using an appropriate algorithm like MUSCLE
* or Clustal X and edited using eye. Phylogenetic analyses using Bayesian Inference (BI) and Maximum Likelihood (ML)
will be conducted for the dataset. For BI analysis, appropriate MrBayes plug-in will be used. Analysis by ML algorithm

will be conducted following PhyML plug-in with starting tree generated by BioNJ. Neucleotide substitution bias will be

Taxon Sunpilﬂg modeled by an appropriate model like general time-reversible model with invariable sites and rate heterogeneity will be
modeled using the gamma distribution method. Heuristic searches will be performed with tree bisection-reconnection,
MULTREES and steepest descent options in effect.

ol Plant Tissue Extract Ethanol extracts of plants will be obtained and assayed for their activity on the growth and initiation of crown-gall tumors
l‘ on potato disks, the Crown Gall Tumor Assay (CGTA). In summary, surface sterilized potato discs (1.5 x 1.0 cm) will be
inoculated with Agrobacterium tumefaciens. The discs will be placed into a petri disc containing 1.5% agar with solvent-
dissolved samples. A standard anti-cancer drug like Vincristine will be used as positive control. After a period of
incubation, discs will be stained with Lugol's solution and microscopically checked for the number of developed crown-
gall tumors. The crude extracts will also be subjected to sulforhodamine B (SRB) calorimetric cytotoxicity assay for
anticancer activity profiling. In summary, after incubating the adherent cancer cell lines with the plant extract for a
specified period of time, monolayers are fixed with 10% (wt/vol) trichloroacetic acid to stain the protein contents. After
the washing step, protein-bound dye is dissolved in 10mM Tris base solution and absorbance is determined at 510 nm
using a microplate reader. Immortalized cell lines needed for this study will be procured from reliable sources and cultured
using a standard protocol.

(V). Anticancer Assay

¥ ¥

(vi). Genetic Diversity Analysis

Distribution patterns and genetic diversity for each of the locus will be thoroughly investigated for each target taxon in

] ] order to draw general conclusions about the ecological habitat selection. Levels of genetic diversity will be calculated for
(i). Taxon Sampling

populations with a sample size of N 2 4. Gene diversity (H) calculated on haplotype frequencies and heterozygosity (HO
and HE) calculated on nuclear microsatellite allele frequencies will be calculated using the ARLEQUIN software package
(http://cmpg.unibe.ch/software/arlequin3/).

Target taxa will include green, brown and red intertidal seaweeds. Samples will be collected from >500 target
geographical regions in collaboration with regional universities and fishermen. Species occurrence data will be
downloaded from Global Biodiversity Information Facility data portal (http://www.gbif.org). From the distribution maps

of target taxa, one-degree cell density overlay for Google Earth® (available at http://www.google.com/earth/index.html) (vi). Significance

will be designed to assist taxon sampling expeditions. Care will be taken to randomize the target regions and to cover most While global seaweed diversity documentation is still in the infancy, seaweeds distributed in Indian subcontinent have

ofthe species range. never been subjected to extensive scrutiny and none of the modern tools of algal taxonomy, including phylogenetics and
(ii). Morphometry chemical systematics; have ever been applied to this biological group. Simple tools such as field identification keys based

on morphology do not exist for seaweeds in India, further complicating correct identification and thereby its utilization.
Apart from some preliminary studies on antimicrobial properties, Indian Seaweeds have never been scrutinized for
chemical diversity in terms of phytochemical profiles. Ambitious “Drugs from the sea” program of Government of India
have been making some efforts to identify antimicrobial and antiviral compounds from marine algae. Except one that
documented anticancer activities of lipid extracts of marine alga Sargassum marginatum, extensive studies on anticancer
potentials of marine or terrestrial algae from India have never been conducted as well.

Morphological features will be documented for each collected specimen to aid in the identification, which include shape
and size of plant body and cells. A landmark-based geometric morphometrics will be performed to ensure reproducibility
of the data. Principal Component Analysis (PCA) will be performed to normalize the data and to reduce it to low-
dimentional form. Comparative morphometric analyses will be carried out using computational geometric morphometry
and phylogenetic relationships will be tested using clustering analysis. Statistical hypothesis testing will be performed
using multivariate analysis.
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WORKACCOMPLISHED SO FAR . . . o
Investigating the Mechanisms Associated

Two research expeditions have been completed in this project for the collection and identification of seaweeds in Indian

Subcontinent. First expedition concentrated on Western coast from Goa to Ponnani, Kerala covering coasts of Goa, 3 :

Karnataka and Northern Kerala. Second Expedition targeted on Eastern Coromandel Coast, from Ennore, North of Wlth Temperature Stress TOlerance lmposed

Chennai to Rameswaram, Tamil Nadu. In both the expeditions, 200 individual algal samples were collected and these were by Non_leth al Stl'eSS con ditions . Un d erstan ding
subjected to morphometric and DNA analysis. Photographs were taken, pressed herbaria vouchers were prepared and total ?

genomic DNA was extracted. PCR amplification of extracted DNA was carried out at three plant DNA barcoding loci 1 1 1

(nucleoribosomal DNA Internal transcribed Spacer (ITS1-5.8S-ITS2), Plastid DNA rbcL gene and trnL-trnF Spacer MetabOllc RelathHShlp between Drought -

region). PCR amplicons were subjected to DNA sequencing through capillary electrophoresis. Forward and reverse COld and Drought X Heat stress in Chickpea
sequences were assembled to make contigs. Currently the project is in the final stage of contig assembly, submission of

sequences to GenBank and further analysis. ( Cicer a rieti num L.) |

PUBLICATIONS OF THE PRINCIPAL INVESTIGATOR

Bast, F. (2013). Sequence similarity search, multiple sequence slignment, model selection, distance matrix and phylogeny

reconstruction. Nature Protocol Exchange. Nature Publishing Group. doi: 10.1038/protex.2013.065 Principal Investigator: Dr. Sanjeev Kumar

Bast, F. (2012). Systematics and taxonomic keys for the marine green algal family monostromataceae. In Algae: Ecology,

: ; : Funding agency: University Grants Commission, New Delhi
Economic Uses and Environmental Impact Eds: Dagmar Krueger and Helga Meyer, Nova Publishers, New York, pp. 105- Year of sanction: 2012
120. Budget: Rs. 6,00,000
Bast, F. (2012). Cancer Phylogenetics: Computational Modeling of Tumor Evolution. In: Bioinformatics: Genome Duration: Two years
Bioinformatics and Computational Biology. Eds.: Renu Tuteja, Nova Publishers, New York, pp. 211-230.
Bast, F. and Okuda, K. (2010). Gametangial Ontogeny in Intertidal Green Alga: Monostroma latissimum (Kiitzing) Objectives of the project

Wittrock. International Journal of Plant Reproductive Biology 2:11-15.

, , | . , . Evaluation of cultivated varieties for assessment of the damage caused by stress.
Bast, F., Hiraoka, M. and Okuda, K. (2009). Spatiotemporal Sex Ratios of a Dioecious Marine Green Alga: Monostroma

latissimum (Kiitzing) Wittrock. International Journal of Algae 11: 141-150. e  Metabolic characterization in terms of alterations in carbohydrates, proteins aminoacids and cryoprotectants
. . ol 1 . o i.e. Glycine Betaine, Proline and Trehalose.

Bast, F., Shimada S., Hiraoka M. and Okuda, K. (2009). Asexual life history by biflagellate zoids in Monostroma —— ‘ — _ '

latissimum (Ulotrichales). Aquatic Botany 91: 213-218. . Exogenous application/foliar application of cryoprotectants, osmoprotectants during different stages of

. _ _ ) growth and development to ameliorate the impact of temperature and drought stress.
Bast, F., Shimada, S., Hiraoka, M. and Okuda, K (2009). Seasonality and thallus ontogeny of edible seaweed Monostroma

latissimum (Kiitzing) Wittrock, (Chlorophyta, Monostromataceae) from Tosa Bay, Kochi, Japan. Hydrobiologia 630: ° Organ wise distribution of cryoprotectants and osmoprotectants by HPLC analysis establishing a cross talk
161-167. between source and sink.
PROJECT SUMMARY

Introduction: All the plant species are exposed to various adverse environmental constraints during their life cycle. These
environmental adversities are known as “environmental or abiotic stresses”, which limit the crop productivity. Under
these limiting conditions crop plants suffer maximum loss in yield. Being sessile, these crop plants have capability to sense
and adjust to abiotic stresses. The degree of adaptability to specific stress varies from species to species. This study is
focusing on two major limiting environmental factors, water stress and temperature stress (Low & high) on chickpea,
which is a major pulse crop of India, accounts for 75-80% of total world production. This crop suffers a drastic yield loss of
up to 50% due to these major abiotic stresses world over.

The ultimate damage occurs due to stress at cellular and sub-cellular level is oxidative damage. Apart from other changes
in the cellular processes, the production of free radical species is more damaging for membranes, electron transport chain
and photosynthesis. To combat these stresses, the internal defense system provide a backup of certain endogenous
chemical substances whose presence/ accumulation protects plants from these damages also called compatible solutes and
regarded as cryoprotectant and osmoprotectant solutes.

Alot have been studied regarding the metabolic mechanism underlying chilling injury in this crop but still there is enough
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gaps which are not well understood. It is hypothesized whether a single variety can handle the multiple stresses because
understanding the stress tolerance for one single factor (cold) is not sufficient to counter the simultaneous unexpected
stress factor like heat which is unexplored at moment. Since, it is very well documented that drought provides resistance
to the cold stress, therefore, imposing the crop varieties (sensitive) to simultaneous drought would give a definite insight to
new horizons. Hence, it is imperative to understand the drought induced cold tolerance responses and drought induced
heat tolerance in chickpea. The basic idea is to activate the plant immune system well in advance for unexpected stressed
environment.

SIGNIFICANCE OF THE STUDY AND ITS POTENTIAL CONTRIBUTION TO KNOWLEDGE IN THE
FIELD OF SOCIALRELEVANCE ORNATIONALIMPORTANCE:

Reason behind selecting this crop is that; once Punjab was the largest grower in India. But now farmers have stopped
cultivating chickpea for other reasons like biotic and abiotic stresses. With global increase in the temperature and terminal
drought, this crop has lost its hold in this area. On the other hand Andhra Pradesh has taken the number one place. Selection
and giving the improved varieties for cultivation in Punjab may increase the interest of the farmers in this crop and also it
can be added as soil conditioning crop to get rid of the extra use of fertilizers which are spoiling the soil habitat. Studying
the mechanisms of tolerance would surely open the way to combat with the global climate change in terms of temperature.

METHODOLOGY:

Stress injury shall be measured as electrolyte leakage with other associated parameters like lipid peroxidation, relative leaf
water content (%), various pigments contents. The main focus shall be given to the alteration in the carbohydrate
metabolizing enzymes, sugars and other cryoprotectant solutes. Also the antioxidant system shall also be studied during
and after preconditioning of chickpea genotypes.

WORKACCOMPLISHED SO FAR

Collected the germplasm from PAU and standardized the sensitivity of the germplasm. Work is under progress to assess
the drought induced cold tolerance and associated mechanisms in terms of membrane damage, lipid peroxidation and
mitochondrial dysfunctioning.

PUBLICATIONS OF THE PRINCIPALINVESTIGATOR

Suresha, G. S., Kumar, S. and Santha, I. M. (2013). Functional expression of Brassica juncea oleate desaturase gene
(Bjfad2) in Escherichia coli. Biologia 68 : 599-605.

Kumar, S., Thakur, P., Kaushal, N., Malik, J. A., Gaur, P. and Nayyar, H. (2013). Effect of varying high temperatures
during reproductive growth on reproductive function, oxidative stress and seed yield in chickpea genotypes differing in
heat sensitivity. Archives of Agronomy and Soil Science 59 : 823-843.

Kumar, S., Kaushal, N., Nayyar, H. and Gaur, P. (2012). Abscisic acid induces heat tolerance in chickpea (Cicer arietinum
L.) seedlings by facilitated accumulation of osmoprotectants. Acta Physiologiae Plantarum 34 : 1651-1658.

Berger, J., Kumar, S., Nayyar, H., Street, K., Sandhu, J. S., Henzell, J. and Clarke, H. (2012). Temperature-stratified
screening of chickpea (Cicer arietinum L.) genetic resource collections reveals very limited reproductive chilling
tolerance compared to its annual wild relatives. Field Crops Research 126 : 119-129.

Kumar, S., Gupta, D. and Nayyar, H. (2012). Comparative response of maize and rice genotypes to heat stress: status of
oxidative stress and antioxidants. Acta Physiologiae Plantarum 34 : 75-86.

Kaushal, N., Gupta, K., Bhandhari, K., Kumar, S., Thakur, P., and Nayyar, H. (2011). Proline induces heat tolerance in
chickpea (Cicer arietinum L.) plants by protecting vital enzymes of carbon and antioxidative metabolism. Physiology and
Molecular Biology of Plants 17 : 203-213.

Kumar, S., Kaur, R., Kaur, N., Bhandhari, K., Kaushal, N., Gupta, K. and Nayyar, H. (2011). Heat-stress induced
inhibition in growth and chlorosis in mungbean (Phaseolus aureus Roxb.) is partly mitigated by ascorbic acid application
and is related to reduction in oxidative stress. Acta Physiologiae Plantarum 33 : 2091-2101.
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Kaur, G., Kumar, S., Thakur, P., Malik, J. A., Bhandhari, K., Sharma, K. and Nayyar, H. (2011). Involvement of proline in
response of chickpea (Cicer arietinum L.) to chilling stress at reproductive stage. Scientia Horticulturae 128 : 174-181.

Kumar, S., Malik, J., Thakur, P., Kaistha, S., Sharma, K. D., Upadhyaya, H. and Nayyar, H. (2011). Growth and metabolic
responses of contrasting chickpea (Cicer arietinum L.) genotypes to chilling stress at reproductive phase. Acta
Physiologiae Plantarum 33 : 779-787.

Malik, J. A., Kumar, S., Thakur, P., Sharma, S., Kaur, N., Kaur, R. and Singh, K. (2011). Promotion of growth in Mungbean
(Phaseolus aureus Roxb.) by selenium is associated with stimulation of carbohydrate metabolism. Biological Trace
Element research 143 : 530-539.

Kumar, S., Bhanwara, R.K., Upadhyaya H.D. and Nayyar. H. (2010). Cold stress effects on reproductive growth in
Chickpea. Journal of SAT Agricultural Research 8 : 28-37.

Thakur, P., Kumar, S., Malik, J. A., Berger, J. D. and Nayyar, H. (2010). Cold stress effects on reproductive development
in grain crops: an overview. Environmental and Experimental Botany 67 : 429-443.

Kumar, S., Kaur, G. and Nayyar, H. (2008). Exogenous application of abscisic acid improves cold tolerance in chickpea
(Cicer arietinum L.). Journal of Agronomy and Crop Science 194 : 449-456.

Kaur, G., Kumar, S., Nayyar, H. and Upadhyaya, H. D. (2008). Cold stress injury during the pod-filling phase in chickpea
(Cicer arietinum L.): effects on quantitative and qualitative components of seeds. Journal of Agronomy and Crop Science
194 :457-464.

Nayyar, H., Kaur, G., Kumar, S. and Upadhyaya, H. D. (2007). Low temperature effects during seed filling on chickpea
genotypes (Cicer arietinum L.): probing mechanisms affecting seed reserves and yield. Journal of Agronomy and Crop
Science 193 : 336-344.

Nayyar, H., Singh S., Kaur, S., Kumar S. and Upadhyaya. H.D. (2006). Differential sensitivity of macrocarpa and
microcarpa types of chickpea (Cicer arietinum L.) to water stress: association of contrasting stress response with oxidative
injury. Journal of Integrative Plant Biology 48 : 1318—1329.

Nayyar, H., Bains, T. and Kumar, S. (2005). Low temperature induced floral abortion in chickpea: relationship to abscisic
acid and cryoprotectants in reproductive organs. Environmental and Experimental Botany 53 : 39-47.

Nayyar, H., Bains, T. and Kumar, S. (2005). Chilling stressed chickpea seedlings: effect of cold acclimation, calcium and
abscisic acid on cryoprotective solutes and oxidative damage. Environmental and Experimental Botany 54 : 275-285.

Nayyar, H., Bains, T. S., Kumar, S. and Kaur, G. (2005). Chilling effects during seed filling on accumulation of seed
reserves and yield of chickpea. Journal of the Science of Food and Agriculture 85 : 1925-1930.

Nayyar, H., Chander, K., Kumar, S. and Bains, T.S. (2005). Glycine betaine mitigates cold stress damage in Chickpea.
Agronomy for Sustainable Development 25 : 381-383.

Kaur, S., Nayyar, H., Bhanwra, R. and Kumar, S. (2005). Precocious germination of pollen grains in anthers of soybean
(Glycine max (L.) Merr.). Soybean Genetics Newsletter 32 : 1-10.

Nayyar, H., Satwinder, K., Kumar, S., Singh, K. and Dhir, K. (2005). Involvement of polyamines in the contrasting
sensitivity of chickpea (Cicer arietinum L.) and soybean (Glycine max (L.) Merrill.) to water deficit stress. Botanical
Bulletin of Academia Sinica 46 : 333-338.
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APE1/Ref-1's Dual Functions Countering
Beta Amyloid Induced Genotoxicity.

Mitochondrial Oxidative DNA Damage-Repair in Alzheimer's
disease: AP-endonuclease (APE1/Ref-1) as a Potential

Principal Investigator: Dr. Anil K. Mantha Therapeutlc Target.

Principal Investigator: Dr. Anil K. Mantha

Funding agency:  Alzheimer's Association, USA

Year of sanction: 2011
. __.h"/ Budget: US $ 99990 (approximately Rs. 54 Lakhs) Funding agency: Department of Science and Technology, Government of India
- Duration: Two years Year of sanction: 2013
Objectives of the project Budge.:t: Rs. 51,00,000
Duration: Three years

o Toelucidate the APE1-dependent repair of AB-induced DNA-damage in terminally differentiated SH-SY 5Y neurons.

o Toestablish physical and functional association of APE1 with ADO for controlling altered REDOX states of TFs. Objectives of the project

PROJECT SUMMARY . To characterize the physical and functional association of APE1 with ADO, and its significance in countering

Introduction: Human genome is constantly damaged due to intrinsic and extrinsic genotoxic agents that contribute Ap-challenge.

towards oxidative DNA base damage. These oxidative DNA base lesions often mutagenic and toxic are repaired via the . To determine APEl and ADO role in mitochondrial integrity and correlate with synaptic
base excision repair pathway (BER) in which the abasic (AP) endonuclease, APE1, a multifunctional essential protein, functionality/integrity.

plays a central role. APE1 also functions as a transcriptional co-regulator reductively activating several transcription

factors (TFs, e.g.,AP-1, NF-kB, and named Ref-1).

Amyloid beta (AB) protein deposition in Alzheimer's disease (AD) brains induces oxidative damage in neuronal genomes PROJECT SUMMARY

causing their death. APE1/Ref-1 and ADO's (cysteamine [2-aminoethanethiol ] dioxygenase, ADO found to be associated
with APE1/ref-1 upon A-stress) protective mechanism against AP - induced damage is poorly understood.

The central hypothesis “APE1 plays a key role in countering AB-mediated genotoxicity and associated with controlled
regulation of TFs and down-stream genes” will address the gaps in current understanding of oxidative stress elicited
neurodegeneration in response to Af toxicity during AD. As proposed, ADO is a novel candidate “thiol exchanger” that
partakes in REDOX function of APE1, and also maintains APE1's repair function intact by maintaining Cys-SH groups.
Knowledge gained from the successful completion of this project will define the molecular mechanisms involving APE1
in neuronal cell survival. Eventually may help design new therapeutic interventions to treat AD utilizing APE1's
interacting inter-phase the “N-terminal” region involved in its divergent functions.

METHODOLOGY:

The current project aimed to understand the oxidative genome damage and role of APE1 towards neuro-protection against
amyloid beta toxicity would be studied using SH-SYS5Y neuronal cells as an in vitro study. This project also utilizes
recombinant APE1 and ADO proteins along with siRNA technology to understand the mechanism(s) involved.

WORKACCOMPLISHED SO FAR

The studies conducted so far have suggested that differentiated neurons have limited availability of APE1 a key enzyme
involved in BER-pathway and transcriptional regulation of key TFs as compared with that of undifferentiated neuronal cells.

Model AD studies with AP accumulated AP sites and increased APE1's endonuclease activity. In addition, prolonged
exposure of AP to SH-SY5Y neurons have accumulated AP sites, while decreased endonuclease activity of APE1 has been
observed. AB-stress also activated binding of AP-1 and NF-kB to their cis elements, which may be associated with
uncontrolled gene expression.

AP further enhanced ADO's association with APE1, and furthermore, siRNA-mediated combined down-regulation of
ADO and APE1 sensitized SH-SY5Y cells to AB-stress, whose physiological significance is under investigation.

18| Research Initiatives

Introduction: Deposition of amyloid-beta (AB) in Alzheimer's disease (AD) induces oxidative damage in neuronal
genomes. Oxidative DNA base lesions, often mutagenic are repaired via BER-pathway utilizing APE1. Using 2-D
proteomics ADO (mammalian thiol dioxygenase and key enzyme in mitochondria) has been identified as one of the
binding partners of APE1. ADO is highly expressed in brain, and is up-regulated significantly upon Ap-stress in PC12 and
SH-SYS5Y cells. In addition, AB-oligomers are identified to attack the mitochondria in the AD (human brain samples).
Based on these compelling preliminary results, the central hypothesis is that “physical interactions between APE1 and
ADO are important in countering oxidative stress-induced by AB and maintaining the mitochondrial genome integrity”,
which is altered/damaged in case of progressive AD.

METHODOLOGY:

The current project is aimed to understand the oxidative mitochondrial genome damage upon Ap-toxicity that might be
one of the underlined mechanism (s) for AD occurrence. Using cultured SH-SY5Y neuronal cells, rat brain slice culture,
recombinant APE1 and ADO proteins including their phosphorylated forms along with siRNA technology, the proposed
objectives will be studied to understand the neuro-protective mechanism (s) involved which might be exhausted in case of
progressive disease state in AD.

WORKACCOMPLISHED SO FAR

The preliminary results have demonstrated that oligomeric A is more toxic than the thought fibrillar form. APE1 along
with ADO is countering Ap-toxicity and found to be essential for neuronal cell survival. Other studies will be initiated
uponreceipt of funds from the funding agency.
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Apurinic/Apyrimidinic Endonuclease (APE1) as an
Anti-cancer Therapeutic Agent for Glioblastoma Therapy.

Principal Investigator: Dr. Anil K. Mantha

Funding agency: University Grants Commission, New Delhi
Year of sanction: 2013

Budget: Rs.6,00,000

Duration: Two years

Objectives of the project

o To Evaluate the Extent of Oxidative Damage by Pesticides (MCP and CP) on Human Glioblastoma (U-87 MG) Cell Line.
o To Study the Pesticide-Mediated Altered Cellular Functions of APE1/Ref-1.

PROJECT SUMMARY

Introduction: In this proposal, at first it is hypothesized that altered APE1/Ref-1's activities are associated with risk for
glioblastoma progression in presence of organo phosphorus (OP) pesticides, namely Monocrotophos (MCP) and
Chlorpyriphos (CP). Secondly, it is concerned with therapeutic point of view as most of the current chemotherapeutic
approaches in use are failing due to complexity of the tumor microenvironment and other governing factors. Being a
versatile key enzyme involved in repair of oxidized base damage (including AP sites and single stranded breaks, SSBs)
and also in transcriptional regulation of various TFs, inhibition of these two activities of APE1/Ref-1 will provide key
therapeutic strategy to combine with some of the chemotherapeutic agents for effective glioblastoma therapy. Moreover,
screening of phytochemicals from ethnobotanical plant parts for anti-APE1 or Ref-1 activities can also help to design new
anti-cancer therapeutic strategies.

METHODOLOGY:

The current project aimed to understand the role of APE1 towards cell proliferation in U-87 MG cells. It is proposed to
understand how cancer cells employ the key repair and redox enzyme, APE1 to overcome the oxidative stress produced
with in the microenvironment. This project utilizes recombinant and mammalian expression forms of APE1 and siRNA
technology. Studies are designed to understand the mechanism(s) that are involved.

WORKACCOMPLISHED SO FAR

With the available data on polymorphism (SNP) and brain cancer, this project is aimed to understand how pesticides
ameliorate the toxicity of the polymorphic variant reported in APE1, i.e. D148E in connection with glioblastoma. Further
studies will be carried out upon receipt of funds from the funding agency.

PUBLICATIONS OF THE PRINCIPALINVESTIGATOR

Mantha, A. K. (2013). APE1: A Molecule of Focus with Neuroprotective and Anti-Cancer Properties. Journal of
Biotechnology & Biomaterials d0i:10.4172/2155-952X.1000e120.

Tsutakawa, S. E., Shin, D. S., Mol, C. D., Izumi, T., Arvai, A. S., Mantha, A. K., Szczesny, B., Ivanov, I. N., Hosfield, D. J.,
Mait, 1. B., Pique, M. E., Frankel, K. A., Hitomi, K., Cunningham, R. P., Mitra, S. and Tainer, J. A. (2013). Conserved
Structural Chemistry for Incision Activity in Structurally Non-homologous Apurinic/Apyrimidinic Endonuclease APE1
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and Endonuclease [V DNA Repair Enzymes. Journal of Biological Chemistry 288 : 8445-8455.

Sengupta, S., Chattopadhyay, R., Mantha, A. K., Mitra, S. and Bhakat, K. K. (2012). Regulation of mouse renin gene by
AP-endonuclease 1(APE1/Ref-1) via recruitment of HDAC]1 co-repressor complex. Journal of Hypertension 30 : 917-
925.

Hegde, M. L., Mantha, A. K., Hazra, T. K., Mitra, S. and Szczesny, B. (2012). Oxidative genome damage and its repair:
Implications in aging and neurodegenerative diseases. Mechanism of Aging and Development 133 : 157-168.

Mantha, A. K., Dhiman, M., Perez-Polo, J. R. and Mitra, S. (2012). Proteomic Analysis Unravels APE1/Ref-1 Regulation
of Beta Amyloid-Induced Neurotoxicity. Journal of Neuroscience Research 90 : 1230-1239.

Mantha, A. K., Oezguen, N., Mitra, S. and Braun, W. (2011). Additional evidence for the “moving ion” mechanism in
endonuclease function of APE1. Bioinformation7 : 184-190.

Sengupta, S., Mantha, A. K., Mitra, S. and Bhakat, K. K. (2010). Human AP-endonuclease (APE1/Ref-1) and its
acetylation regulate YB-1/p300 recruitment and RNA polymerase 11 loading in the drug induced activation of multidrug
resistance gene MDR 1. Oncogene 30 : 482-493.

Barnes, T., Kim, W. C., Mantha, A. K., Kim, S. E., [zumi, T., Mitra, S. and Lee, C. H. (2009). Identification of
apurinic/apyrimidinic endonuclease APE1 as the endoribonuclease that cleaves c-myc mRNA. Nucleic Acids Research
37:3946-3958.

Bhakat, K. K., Mantha, A. K. and Mitra, S. (2009). Transcriptional regulatory functions of mammalian AP-endonuclease
(APE1/Ref-1), an essential multifunctional protein. Antioxidant Redox Signaling 11 : 1-17.

Mantha, A. K., Oezguen, N., Izumi, T., Braun, W. and Mitra, S. (2008). Unusual role of a cysteine residue in substrate
binding and activity of human AP-endonucleasel. Journal of Molecular Biology 379 : 28-37.

Dike, A., Chandrashekaran, I. R., Mantha, A. K., Baquer, N. Z. and Cowsik, S. M. (2007). Pharmacophore pattern
identification of tachykinin receptor selective peptide agonists: Implications in receptor selectivity. American Journal of
Biochemistry & Biotechnology 3 : 180-186.

Mantha, A. K., Moorthy, K., Cowsik, S. M. and Baquer, N. Z. (2006a). Neuroprotective role of neurokinin B (NKB) on -
amyloid (25-35) induced toxicity in aging rat brain synaptosomes: Involvement in oxidative stress and excitotoxicity.
Biogerontology7:1-17.

Mantha, A. K., Moorthy, K., Cowsik, S. M. and Baquer, N. Z. (2006b). Membrane associated functions of neurokinin B
(NKB) on A (25-35) induced toxicity in aging rat brain synaptosomes. Biogerontology 7 : 19-33.

Moorthy, K., Yadav, U. C. S., Siddiqui, M. R., Mantha, A. K., Cowsik, S. M., Sharma, D., Basir, S. F. and Baquer, N. Z.
(2005). Effect of hormone replacement therapy in normalizing age related neuronal markers in different age groups of
naturally menopausal rats. Biogerontology 6 : 345-356.

Mantha, A. K., Chandrashekar, 1. R., Baquer, N. Z. and Cowsik, S. M. (2004). Three-dimensional structure of the
mammalian tachykinin peptide neurokinin B bound to lipid micelles. Journal of Biomolecular Structure and Dynamics
22:137-148.

Moorthy, K., Yadav, U. C., Mantha, A. K., Cowsik, S. M., Sharma, D., Basir, S. F. and Baquer, N. Z. (2004). Estradiol and
Progesterone treatments change the lipid profile in naturally menopausal rats from different age groups. Biogerontology 5:
411-419.
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° ° ° ° METHODOLOGY:
AllalySlS Of Genetlc Varlatlons and StrUCtu re The western Himalayan region is targeted for study of genetic diversity via AFLP analysis in this project.

of Rhododendron, a Rare and Endangered WORK ACCOMPLISHED SO FAR
Tl. ce Sp e Ci es in we st ern Him al ay a The samples representing various populations have been collected from different locations of Himachal Pradesh and DNA

isolation and purification is in progress.
PUBLICATIONS OF THE PRINCIPAL INVESTIGATOR

Principal Investigator.‘ Dr. Pankaj Bhardwaj Sharma, R. K., Bhardwaj, P, Negi, R., Mohapatra, T. and Ahuja, P. S. (2009). Identification, characterization and
utilization of unigene derived microsatellite markers in tea (Camellia sinensis, L). BMC Plant Biology 9 : 1-24.

o '@ Funding agency: Department of Science and Technology, Government of India Sharma, V., Bhardwaj, P., Kumar, R., Sharma, R. K., Sood A. and Ahuja, P. S. (2008). Identification and cross-species
Year of sanction: 2013 amplification of EST derived SSR markers in different bamboo species. Conservation Genetics 10 :721-724.
Budget: Rs.16,00,000 Sharma, R. K., Negi, M. S., Sharma. S., Bhardwaj, P. and Ahuja, P. S. (2009). AFLP based genetic diversity assessment of
Duration: Three years commercially important tea germplasm in India. Biochemical Genetics 48 : 549-564.

Kamunya, S., Sharma, R. K., Korir, R., Sharma, V., Kumar, R., Bhardwaj, P., Chalo R. and Ahuja, P. S. (2010).

Objectives of the project Quantitative trait loci mapping for yield in tea (Camellia sinensis (L.) O. Kuntze). Tree Genetics and Genome 6 : 915-929.

. To estimate levels of genetic diversity in native populations of Rhododendron in Western Himalaya employing AFLP. Sharma, H., Kumar, R., Sharma V., Kumar, V., Bhardwaj, P., Ahuja, P. S. and Sharma, R. K. (2011). Identification and cross
o  Tomeasure the distribution of genetic variation within and among populations. species transferability of 112 novel unigene derived microsatellite markers in tea (Camellia sinensis L). American Journal
. To assess the implications for conservation of this species in Western Himalaya. of Botany 10.3732/ajb.1000525.

Raina, S. N., Ahuja, P. S., Sharma, R. K., Das, S. C., Bhardwaj, P., Negi, R., Sharma, V., Singh, S. S, Sud, R. K., Kalia, R.
PROJECT SUMMARY K., Pandey,V., Banik, J., Razdan,V., Sehgal, D., Dar,T. H., Kumar, A., Bali, S., Bhat, V., Sharma, S., Prasanna, B. M., Goel,

S., Negi, M. S., Vijayan, P., Tripathi, S. B., Bera, B., Hazarika, M., Mandal, A. K. A., Kumar, R. R., Vijayan, D.,
Ramkumar, S., Chowdhury, B. R. and Mandji, S. S. (2012). India hybrid tea - an extraordinarily important event in the rapid
origin and evolution, and widespread expansion of modern commercial tea-genetic structure and diversity among 1644
accessions and clones inferred by AFLP markers. Genetic Resource and Crop Evolution59 : 1527-1541.

Kumar, A., Bhardwaj, P., Sharma, Ahuja, P.S. and Sharma, R. K. (2012). Identification and Characterization of 20 novel
unigene derived microsatellite markers in Podophyllum hexandrum. Journal of Genetics 92 : e4-¢7.

Introduction: The Indian Himalayan region (IHR) occupies a special place in the mountain ecosystem of the world and is
one of the most fragile mountain regions of the world and holds huge repository of biological diversity, which is
increasingly under pressure from the man activities.

The region comprises a rich variety of flora, fauna, and human communities. During the estimated 8000 species of
vascular plants in the Himalayan region, around 3160 are endemic and 450 species are endangered. Some of the plants
have disappeared during indiscriminate exploitation, destruction of habitats, spray of chemicals and introduction of alien
species while number of plants await a similar fate. In this regards, global efforts are being made to conserve the diversity
especially of rare, endangered and threatened species, which are known to be important component of biodiversity.

The subalpine to alpine transition zone that includes timberline is the most fragile ecosystem in the Himalayas.
Rhododendron is the only group of plants that has continuum in the aforesaid ecotone and beyond doubt maintains the
biological sustenance in this fragile zone. Furthermore, Rhododendrons are the most abundant in the sites with the highest
potential for forest productivity, which increases the importance of the influence that Rhododendrons have on the forests.
Restoration of Rhododendrons and their conservation in nature promotes the existence of other biodiversity components.
Consequently, critical adjustment in forest management protocols and forestry practices may be required based on the
mechanisms by which Rhododendrons have the impact on associated biodiversity.

Due to human interference the natural population of Rhododendrons in the entire Himalayan region is gradually
diminishing. The major threat to Rhododendrons are deforestations and unsustainable extraction for firewood and incense
by the local people. A set of rhododendrons which are classified as rare/endangered may be wiped out from the biota in the
near future if proper conservation measures are not made. The present work on Rhododendron of THR is based on the
western Himalayan region in the states of J&K, Himachal Pradesh and Uttaranchal. The western Himalayan region is
targeted for study of genetic diversity via AFLP analysis in this project. This can provide some proof for the classification
and genetic diversity of Rhododendron & know more about its phylogeny and its adaptations so as to protect and utilize
Rhododendron resources efficiently.
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SCHOOL OF BASIC AND APPLIED SCIENCES
CENTRE FOR CHEMICAL AND PHARMACEUTICAL SCIENCES (Established 2011)

FACULTY

Name

Designation

Qualification/Training

Expertise

Prof. P. Ramarao

Centre Coordinator

Ph.D. Banaras Hindu
University, Varanasi.

Establishment of cause and
effect relationship in biological
process, G-protein coupled
receptors signaling, influence
of diabetes on the
cardiovascular complications
and cancer

Dr. Raj Kumar

Assistant Professor

Ph.D. National Institute of
Pharmaceutical Education
& Research, Mohali.

Experience abroad:
Postdoctoral fellow at
Department of Chemistry
and Biochemistry,
University of Maryland
Baltimore County (UMBC),
USA (2007-08)

Design and synthesis of novel
small heterocycles as
anticancer, antimalarial and
xanthine oxidase inhibitors

Dr. Vinod Kumar

Assistant Professor

Ph.D. Institute of
Himalayan Bioresource
Technology, CSIR,
Palampur, H.P.

Experience abroad:

Postdoctrate fellow at at
European Research Centre

for Drug Discovery and
Development, Dipartimento
Farmaco Chimico Technologico,
Universita di Siena, Siena,

Italy (2008-2009)

Research Officer at
Department of Pharmacy
and Pharmacology,
University of Bath,

BA2 7AY, UK (2010-2012)

Green chemistry, multistep
organic synthesis

Dr. Vikas Jaitak

Assistant Professor

Ph.D. Institute of Himalayan
Bioresource Technology,
CSIR, Palampur, HP.

Natural product chemistry,
synthesis of bioactive
molecules targeting cancer and
diabetes., green chemistry,
molecular modelling

PROGRAMMES OFFERED
1. M.Pharm. Medicinal Chemistry
2. M.Sc. Medicinal Chemistry
3. P.G. Diploma in Translational Biomedical Research
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Design, Synthesis and Biological Screening of
Novel Multi-target Inhibitors of Tyrosine
Kinase(s) and Topoisomerase-I.

DST-4 (2012)

Principal Investigator: Dr. Raj Kumar

Funding agency: Department of Science and Technology, Government of India
Year of sanction: 2012

Budget: Rs.27,00,000

Duration: Three Years

Objectives of the project

Design and synthesis of novel heterocycles as multi-target inhibitors of EGFR, Her-2 and topoisomerase.

In vitro screening of the synthetics against EGFR, Her 2 and topoisomerase [ assay kits and cancer cell lines.

PROJECT SUMMARY

Introduction: Traditional cancer treatments include three different routes to target cancer cells which include surgery,
radiotherapy and chemotherapy. Chemotherapy of cancer includes various major classes like alkylating agents,
antimetabolites, topoisomerase inhibitors and spindle poisons in combination or alone. The development of multi drug
resistance and drug induced toxicity are the major hurdles in the chemotherapy of cancer. Although, several anticancer
drugs are available, the failure to achieve the desired therapeutic efficacy with existing agents warrants newer methods and
newer technologies.

The use of DML (design multiple ligand) approach to design and synthesize the novel molecules to combat the disease is a
promising method. In human genome at least fifty six receptor tyrosine kinases are expressed, which can be divided into
19 families (AATYK, ALK, AXL, DDR, EGFR, EPH, FGFR, INSR, MET, MUSK, PDGFR, PTK7, RET, ROR, ROS,
RYK, TIE, TRK and VEGFR families). In addition to these, 32 cellular tyrosine kinases expressed, which can be classified
into 11 families [ABL, ACK, CSK, focal adhesion kinase (FAK), FES, FRK, JAK, SRC-A, SRC-B, TEC and SYK
families]. Among these, the ABL, SCR, EGFR, PDGFR and VEGFR families have been the primary targets for the
development of tyrosine kinase inhibitors. All the kinases use ATP as the phosphorylating agent and so there is the region
within the active site that binds ATP. The knowledge of how ATP is bound to the kinase active site has been an immense
help in the design of potent and selective agents.

Majority of the EGFR tyrosine kinase inhibitors suffer from resistant to drug treatment and dose dependant typical skin
toxicity. Resistance occurs due to secondary mutation in EGFR, impairs the proper binding of the inhibitor, while
maintaining intact kinase activity of the receptor by trans-activating Her 3. To overcome this unique resistance,
researchers are prompted to depend upon the use of combined strategies or DML approach. Thus multi-targeting of EGFR,
Her 2 and topoisomerase via the above designed hybrid pharmacophore can be a rational approach to preferentially kill the
EGFR resistant cancer cells/tumors and simultaneous decrease of dose and thereby drug induced toxicity.

METHODOLOGY:

The work will not only include the synthesis of compounds but also require their screening against EGFR and other
kinases and a variety of cancer cell lines using MTT assay.

WORKACCOMPLISHED SO FAR

Some of the intermediates have been synthesised using routine organic transformations.
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Design, Synthesis and Biological Screening of Novel
Heterocycles as Inhibitors of Dual Tyrosine Kinase(s) and
Histone Deacetylase as Potential Anticancer Agents

Principal Investigator: Dr. Raj Kumar

Funding agency: University Grants Commission, New Delhi
Year of sanction: 2013

Budget: Rs.12,59, 000

Duration: Three Years

Objectives of the project

. In this work, design and synthesis of novel heterocycles derived from pyrazolo [1,5-c] quinazoline nucleus
will be undertaken which are designed rationally considering the common pharmacophoric features of
EGFR, Her 2 and HDAC inhibitors.

. In vitro biological screening of the synthetics will be undertaken against EGFR, Her 2 and HDAC enzymes
and against cancer cell lines.

PROJECT SUMMARY

Introduction: Protein kinases are involved in different cellular functions which include extracellular signaling,
intracellular communication, proliferation and cell cycle control or apoptosis. These kinases can be divided into two main
categories-the tyrosine kinases and the serine-threonine kinases that catalyse the phosphorylation of tyrosine and
serine/threonine residues respectively in various proteins involved in the regulation of all functions.

The EGFR family consists of the tyrosine kinase receptors EGFR (ErbB1, Herl), ErbB2 (Her2), ErbB3 (Her3) and ErbB4
(Her4). The activation of these kinases results in deregulation of cell growth, avoidance of apoptosis and angiogenesis in
epithelial malignancies. EGFR mutations play an important role in non-small cell lung cancer (NSCLC), while several
mutations enhance the sensitivity to EGFR tyrosine kinase inhibitors gefitinib and erlotinib. The tyrosine kinase inhibitor
gefitinib inhibits mutated EGFR and is registered for treatment of NSCLC. Gefitinib is active in patients who have
mutations in the EGFR kinase domain and to a lesser extent EGFR amplification which corresponds with 10% of the
patient group Clinical trials are ongoing for other types of cancer. Another approved inhibitor of EGFR, erlotinib, which is
used in a selected patient group with NSCLC, is usually preferred to gefitinib. However, although an initial response rate
of 75% has been shown in patients with mutations in EGFR but these patients only rarely achieve complete response.

In half of the patients this is due to a Thr 790M mutation in EGFR. Though lung tumors might be resistant to erlotinib,
metastases of these tumors to the brain can be sensitive to the drug. Another EGFR inhibitor is lapatinib, which in addition
to EGFR, inhibits ErbB2. This inhibitor gave good results in Phase III ErbB2 positive breast cancer trials. Canertinib is an
inhibitor of all EGFR family members. Phase II studies are ongoing in metastatic NSCLC and breast cancer.

In general, most of the clinically approved and recently reported EGFR tyrosine kinase inhibitors are either derived from
quinoline or quinazoline structural framework with modification on 4-aniline ring and dialkoxy side chains.
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Majority of the EGFR tyrsone kinase inhibitors suffer from resistant to drug treatment and dose dependant typical skin
toxicity. Resistance occurs due to secondary mutation in EGFR impairs the proper binding of the inhibitor, while
maintaining intact kinase activity of the receptor by trans-activating Her 3.

METHODOLOGY:

The present work will include the synthesis of compounds and their screening against EGFR and HDAC and a variety of
cancer cell lines using MTT assay.

WORKACCOMPLISHED SO FAR

Some of the intermediates have been synthesised using routine organic transformations and will be utilised for the
synthesis of final compounds.

PUBLICATIONS OF THE PRINCIPALINVESTIGATOR

Chauhan, M. and Kumar, R. (2013). Medicinal attributes of pyrazolo [3,4-d]pyrimidines: A review. Bioorganic &
Medicinal Chemistry 21: 5657-5668.

Negi, A., Ramarao, P. and Kumar, R. (2013). Recent Advancements in Small Molecule Inhibitors of Insulinlike Growth
Factor-1 Receptor (IGF-1R) Tyrosine Kinase as Anticancer agents. Mini Reviews in Medicinal Chemistry 13 : 653-681.
Baviskar, A. T., Banerjee, U. C., Gupta, M., Singh, R., Kumar, S., Gupta, M. K., Kumar, S., Raut, S. K., Khullar, M., Singh,
S. and Kumar, R. (2013). Synthesis of imine-pyrazolopyrimidinones and their mechanistic interventions on anticancer
activity. Bioorganic & Medicinal Chemistry 21 : 5782-5793.

Kumar, D., Kommi, D. N., Chebolu, R., Garg, S. K., Kumar, R. and Chakraborti, A. K. (2013). Selectivity control during
the solid supported protic acids catalysed synthesis of 1, 2-disubstituted benzimidazoles and mechanistic insight to
rationalize selectivity. RSC Advances 3 : 91-98.

Malhi, S. S., Budhiraja, A., Arora, S., Chaudhari, K. R., Nepali, K., Kumar, R., Sohi, H. and Murthy, R. S. (2012).
Intracellular delivery of redox cycler-doxorubicin to the mitochondria of cancer cell by folate receptor targeted
mitocancerotropic liposomes. International Journal of Pharmaceutics 432 : 63-74.

Kumar, S., Sapra, S., Kumar, R., Gupta, M. K., Koul, S., Kour, T., Saxena, A. K., Suri, O. P. and Dhar, K. L. (2012).
Synthesis of combretastatin analogs: evaluation of in vitro anticancer activity and molecular docking studies. Medicinal
Chemistry Research 21 :3720-3729.

Kumar, N., Nepali, K., Sapra, S., Bijjem, K. R. V., Kumar, R., Suri, O. P. and Dhar, K. L. (2012). Effect of nitrogen
insertion on the antitussive properties of menthol and camphor. Medicinal Chemistry Research21 : 531-537.

Kumar, R., Sharma, S. and Singh, R. (2011). Xanthine oxidase inhibitors: a patent survey. Expert Opinion on Therapeutic
Patents21:1071-1108.

Nepali, K., Agarwal, A., Sapra, S., Mittal, V., Kumar, R., Banerjee, U. C., Gupta, M. K., Satti, N. K., Suri, O. P. and Dhar,
K. L. (2011). N-(1,3-Diaryl-3-oxopropyl)amides as a new template for xanthine oxidase inhibitors. Bioorganic &
Medicinal Chemistry 19 : 5569-5576.

Chakraborti, A. K., Garg, S. K., Kumar, R., Motiwala, H. F. and Jadhavar, P. S. (2010). Progress in COX-2 inhibitors: a
journey so far. Current Medicinal Chemistry 17 : 1563-1593.

Kondaskar, A., Kondaskar, S., Kumar, R., Fishbein, J. C., Muvarak, N., Lapidus, R. G., Sadowska, M., Edelman, M. J.,
Bol, G. M. and Vesuna, F. (2010). Novel, Broad Spectrum Anticancer Agents Containing the Tricyclic 5: 7: 5-Fused
Diimidazodiazepine Ring System. ACS medicinal chemistry letters 2 : 252-256.

Sandhu, H. S., Sapra, S., Gupta, M., Nepali, K., Gautam, R., Yadav, S., Kumar, R., Jachak, S. M., Chugh, M. and Gupta, M.
K. (2010). Synthesis and biological evaluation of arylidene analogues of Meldrum's acid as a new class of antimalarial and
antioxidant agents. Bioorganic & Medicinal Chemistry 18 : 5626-5633.

Sapra, S., Nepali, K., Kumar, R., Goyal, R., Suri, O. P., Koul, V. K. and Dhar, K. L. (2010). Analysis Of Mentha waste
products using GC-MS. International Journal of Pharmaceutical Science andresearch 1 : 53-55.

Sharma, G., Kumar, R. and Chakraborti, A. K. (2008a). Fluoroboric acid adsorbed on silica-gel (HBF4-SiO2) as a new,
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highly efficient and reusable heterogeneous catalyst for thia-Michael addition to a,B-unsaturated carbonyl compounds.
Tetrahedron Letters 49 : 4272-4275.

Sharma, G., Kumar, R. and Chakraborti, A. K. (2008b). On water'synthesis of 2, 4-diaryl-2, 3-dihydro-1, 5-
benzothiazepines catalysed by sodium dodecyl sulfate (SDS). Tetrahedron Letters 49 : 4269-4271.

Kumar, D., Kumar, R. and Chakraborti, A. K. (2008). Tetrafluoroboric acid adsorbed on silica gel as a reusable

heterogeneous dual-purpose catalyst for conversion of aldehydes/ketones into acetals/ketals and back again. Synthesis 8 :
1249-1256.

Kumar, R., Ujjinamatada, R. K. and Hosmane, R. S. (2008). The first synthesis of anovel 5: 7: 5-fused diimidazodiazepine
ring system and some of'its chemical properties. Organic Letters 10 : 4681-4684.

Bhutani, H., Singh, S., Vir, S., Bhutani, K., Kumar, R., Chakraborti, A. K. and Jindal, K. (2007). LC and LC-MS study of
stress decomposition behaviour of isoniazid and establishment of validated stability-indicating assay method. Journal of
Pharmaceutical and Biomedical Analysis 43 : 1213-1220.

Khatik, G. L., Sharma, G., Kumar, R. and Chakraborti, A. K. (2007). Scope and limitations of HCIO4-SiO2 as an
extremely efficient, inexpensive, and reusable catalyst for chemoselective carbon—sulfur bond formation. 7etrahedron 63
:1200-1210.

Sharma, G., Kumar, R. and Chakraborti, A. K. (2007). A novel environmentally friendly process for carbon—sulfur bond
formation catalyzed by montmorillonite clays. Journal of Molecular Catalysis A: Chemical 263 : 143-148.

Khatik, G. L., Kumar, R. and Chakraborti, A. K. (2007). Magnesium perchlorate as a new and highly efficient catalyst for
the synthesis of 2, 3-dihydro-1, 5-benzothiazepines. Synthesis 4 : 541-546.

Kumar, R., Kumar, D. and Chakraborti, A. K. (2007). Perchloric acid adsorbed on silica gel (HClO4-SiO2) as an
inexpensive, extremely efficient, and reusable dual catalyst system for acetal/ketal formation and their deprotection to
aldehydes/ketones. Synthesis 2 : 299-303.

Motiwala, H. F., Kumar, R. and Chakraborti, A. K. (2007). Microwave-accelerated solvent-and catalyst-free synthesis of 4-
aminoaryl/alkyl-7-chloroquinolines and 2-aminoaryl/alkylbenzothiazoles. Australian Journal of Chemistry 60 : 369-374.

Khatik, G. L., Kumar, R. and Chakraborti, A. K. (2006). Catalyst-free conjugated addition of thiols to o, B-unsaturated
carbonyl compounds in water. Organic Letters 8 : 2433-2436.

Khunger, R. K. (2006). Cu(BF4) 2- xH20: A Versatile Catalyst. Synlett2 : 327-328.

Kumar, R., Thilagavathi, R., Gulhane, R. and Chakraborti, A. K. (2006). Zinc (II) perchlorate as a new and highly efficient
catalyst for formation of aldehyde 1, 1-diacetate at room temperature and under solvent-free conditions. Journal of
Molecular Catalysis A: Chemical 250 : 226-231.

Garg, S. K., Kumar, R. and Chakraborti, A. K. (2005a). Copper (1) tetrafluoroborate as a novel and highly efficient
catalyst for Michael addition of mercaptans to a, f-unsaturated carbonyl compounds. Tetrahedron Letters 46 : 1721-1724.
Garg, S. K., Kumar, R. and Chakraborti, A. K. (2005b). Zinc perchlorate hexahydrate catalysed conjugate addition of
thiols to a, B-unsaturated ketones. Synlett9 : 1370-1374.

Kumar, R. and Chakraborti, A. K. (2005). Copper (1) tetrafluoroborate as a novel and highly efficient catalyst for acetal
formation. Tetrahedron Letters 46 : 8319-8323.

Kumar, R., Selvam, C., Kaur, G. and Chakraborti, A. K. (2005). Microwave-assisted direct synthesis of 2-substituted
benzoxazoles from carboxylic acids under catalyst and solvent-free conditions. Synlett 9 : 1401-1404.

Thilagavathi, R., Kumar, R., Aparna, V., Sobhia, M. E., Gopalakrishnan, B. and Chakraborti, A. K. (2005). Three-
dimensional quantitative structure (3-D QSAR) activity relationship studies on imidazolyl and N-pyrrolyl heptenoates as
3-hydroxy-3-methylglutaryl-CoA reductase (HMGR) inhibitors by comparative molecular similarity indices analysis
(CoMSIA). Bioorganic & Medicinal Chemistry Letters 15:1027-1032.

Chakraborti, A. K., Thilagavathi, R. and Kumar, R. (2004). Copper (II) tetrafluoroborate-catalyzed formation of
aldehyde-1, 1-diacetates. Synthesis 6 : 831-833.
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Budget: Rs. 6,00,000

Duration: Two years

Objectives of the project

Development of new efficient protocols for the synthesis of highly biologically active heterocyclic scaffolds
Use of benign reagents such as aqueous conditions and microwave for a move to greener chemical processes

Use ofionic liquids as solvent and catalyst for the synthesis of target heterocyclic scaffolds.

PROJECT SUMMARY

Introduction: Substituted heterocyclic compounds offer a high degree of structural diversity and prove to be economic
and effective therapeutic agents. These compounds play an imperative role in human lives as lead candidates in harmones,
vitamins, dyes, agrochemicals and as drug molecules. Depending upon the structural variations, heterocyclic compounds
possess wide range of biological activities such as anti-cancer, anti-inflammatory, antibacterial, antifungal, antiviral, anti-
HIV etc. Due to immense importance of these heterocyclic compounds as chemotherapeutic agents and emergence of
microorganism resistance to conventional treatments, a continuous innovation is desired in heterocyclic synthesis. Further
improvements in existing protocols are highly desirable in the form of enhanced yield, use of mild chemical reagents,
shorter reaction time and wastage minimization in order to reduce or eliminate the harmful effect of the chemicals on
environment.

METHODOLOGY:

New green protocols for the synthesis of a range of biologically relevant heterocyclic scaffolds in lieu of the existing
conventional processes will be proposed. The major focus will be on the syntheses of derivatives of pyridines, indoles,
pyrimidines, pyrazoles etc. Some of the target molecules are given in Figure 1.

As part of the process development for the synthesis of these target molecules, the described principles of green chemistry
will be explored in turn. Moreover, the use of toxic and hazardous chemical reagents will be avoided and aqueous reaction
conditions will be emphasized. In addition, wherever possible, energy efficient microwave heating techniques will be
employed as a green source of energy.
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WORK ACCOMPLISHED SO FAR

Protocols for the synthesis of ionic liquids have been developed and two ionic liquids have been synthesized. Reaction
conditions are being optimized for the synthesis of 1, 2, 4-triazoles.

PUBLICATIONS OF THE PRINCIPLE INVESTIGATOR

Bhardwaj, A., Kumar Tewary, D., Kumar, R., Kumar, V., Kumar Sinha, A. and Shanker, A. (2010). Larvicidal and
structure—activity studies of natural phenylpropanoids and their semisynthetic derivatives against the tobacco armyworm
Spodoptera litura (FAB.) (Lepidoptera: Noctuidae). Chemistry & Biodiversity 7:168-177.

Butini, S., Campiani, G., Franceschini, S., Trotta, F., Kumar, V., Guarino, E. and Fattorusso, C. (2010). Discovery of
bishomo (hetero) arylpiperazines as novel multifunctional ligands targeting dopamine D3 and serotonin 5-HT1A and 5-
HT2Areceptors. Journal of Medicinal Chemistry 53 : 4803-4807.

Gemma, S., Savini, L., Altarelli, M., Tripaldi, P., Chiasserini, L., Coccone, S. S. and Novellino, E. (2009). Development
of antitubercular compounds based on a 4-quinolylhydrazone scaffold. Further structure—activity relationship studies.
Bioorganic & Medicinal Chemistry 17 : 6063-6072.

Kumar, R., Sharma, A., Sharma, N., Kumar, V. and Sinha, A. K. (2008). Neutral Ionic Liquid [hmim] Br as a Green
Reagent and Solvent for the Mild and Efficient Dehydration of Benzyl Alcohols into (E) Arylalkenes Under Microwave
Irradiation. Europian Journal of Organic Chemistry 33 : 5577-5582.

Kumar, V., Sharma, A., Sharma, A. and Sinha, A. K. (2007). Remarkable synergism in methylimidazole-promoted
decarboxylation of substituted cinnamic acid derivatives in basic water medium under microwave irradiation: a clean
synthesis of hydroxylated (E)-stilbenes. Tetrahedron 63 : 7640-7646.

Kumar, V., Sharma, A., Sharma, M., Sharma, U. K. and Sinha, A. K. (2007). DDQ catalyzed benzylic acetoxylation of
arylalkanes: a case of exquisitely controlled oxidation under sonochemical activation. Tetrahedron 63 : 9718-9723.

Kumar, V., Sharma, A. and Sinha, A. K. (2006). Solid Supported Green Synthesis of Substituted Hydrocinnamic Esters
by Focused Microwave Irradiation. Helvetica Chimica Acta 89 : 483-495.
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Morelli, E., Gemma, S., Budriesi, R., Campiani, G., Novellino, E., Fattorusso, C. and Borrelli, G. (2009). Specific
Targeting of Peripheral Serotonin 5-HT3 Receptors. Synthesis, Biological Investigation, and Structure— Activity
Relationships. Journal of Medicinal Chemistry 52 : 3548-3562.

Kumar, V., Sharma, A. and Sinha, A. K. (2005). AMicrowave Accelerated Esterification ofa,  Unsaturated Acids with
Alkyl or Aryl Carbonochloridate and Triethylamine in Acetonitrile as a Novel Esterifying Reagent Mixture. Helvetica
ChimicaActa 88 :811-816.

Sharma, A., Kumar, R., Sharma, N., Kumar, V. and Sinha, A. K. (2008). Unique Versatility of lonic Liquids as Clean
Decarboxylation Catalyst Cum Solvent: A Metal and Quinoline Free Paradigm towards Synthesis of Indoles, Styrenes,
Stilbenes and Arene Derivatives under Microwave Irradiation in Aqueous Conditions. Advance Synthesis and Catalysis
350:2910-2920.

Sharma, A., Kumar, V. and Sinha, A. K. (2006). A Chemoselective Hydrogenation of the Olefinic Bond of a,
B Unsaturated Carbonyl Compounds in Aqueous Medium under Microwave Irradiation. Advance Synthesis and
Catalysis 348 : 354-360.

Sharma, N., Sharma, U. K., Malik, S., Bhushan, S., Kumar, V., Verma, S. C. and Sinha, A. K. (2008). Isolation and
purification of acetylshikonin and p acetoxyisovalerylshikonin from cell suspension cultures of Arnebia euchroma
(Royle) Johnston using rapid preparative HPLC. Journal of Separation Science 31 : 629-635.

Sharma, U. K., Sharma, N., Gupta, A. P., Kumar, V. and Kumar Sinha, A. (2007). RP  HPTLC densitometric
determination and validation of vanillin and related phenolic compounds in accelerated solvent extract of Vanilla
planifolia. Journal of Separation Science 30 : 3174-3180.

Sinha, A. K., Joshi, B. P., Sharma, A., Kumar, V. and Acharya, R. (2007). Microwave-Assisted Mild Conversion of Natural
Dihydrotagetone into 5-Isobutyl-3-methyl-4, 5-dihydro-2 (3H)-furanone, an Analogue of Whisky Lactone. Australian
Journal of Chemistry 60 : 124-127.

Sinha, A. K., Kumar, V., Sharma, A., Sharma, A. and Kumar, R. (2007). An unusual, mild and convenient one-pot two-step
access to (E)-stilbenes from hydroxy-substituted benzaldehydes and phenylacetic acids under microwave activation: a
new facet of the classical Perkin reaction. Tetrahedron 63 : 11070-11077.

Sinha, A.K., Sharma, A., Swaroop, A. and Kumar, V. (2007). An Efficient Chemoselective Strategy for the Preparation of
(E)-Cinnamic Esters from Cinnamaldehydes Using Heterogeneous Catalyst and DDQ. Tetrahedron 63 : 1000-1007

Venskutonyte, R., Butini, S., Sanna Coccone, S., Gemma, S., Brindisi, M., Kumar, V. and Amir, A. (2011). Selective
Kainate Receptor (GluK 1) Ligands Structurally Based upon 1 H-Cyclopentapyrimidin-2, 4 (1 H, 3 H)-dione: Synthesis,
Molecular Modeling, and Pharmacological and Biostructural Characterization. Journal of Medicinal Chemistry 54 :
4793-4805.
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PUBLICATIONS OF THE PRINCIPLE INVESTIGATOR
Jaitak, V., Gupta, A., Kaul, V. and Ahuja, P. S. (2008). Validated high-performance thin-layer chromatography method for

Synthesis of Rebaudioside —

A o N atural Sub Stitllte for Sug ar from steviol glycosides in Stevia rebaudiana. Journal of Pharmaceutical and Biomedical Analysis 47 : 790-794.
. . . Jaitak, V., Singh, B. and Kaul, V. (2008). Variability of volatile constituents in Artemisia maritima in western Himalaya.
SteVIa I‘ebaudmna (Bel‘tonl) Natural Product Research22 : 565-568.

Jaitak, V., Bandna, B. S. and Kaul, V. (2009). An efficient microwave assisted extraction process of stevioside and
rebaudioside A from Stevia rebaudiana (Bertoni). Phytochemical Analysis 20 : 240-245.

Jaitak, V., Kaul, V. K., Kumar, N., Singh, B., Savergave, L., Jogdand, V. and Nene, S. (2009). Simple and efficient
enzymatic transglycosylation of stevioside by B-cyclodextrin glucanotransferase from Bacillus firmus. Biotechnology
Funding agency: Department of Science and Technology, Government of India Letters31: 1415-1420.

Year of sanction: 2013
Budget: Rs. 25,50,000

Duration: Three Years

Principal Investigator: Dr. Vikas Jaitak

Bandna, Jaitak, V., Kaul, V. and Singh, B. (2009). Synthesis of novel acetates of B-caryophyllene under solvent-free Lewis
acid catalysis. Natural Product Research 23 : 1445-1450.

Jaitak, V., Sharma, K., Kalia, K., Kumar, N., Singh, H., Kaul, V. and Singh, B. (2010). Antioxidant activity of Potentilla

- . fulgens: An alpine plant of western Himalaya. Journal of Food Composition and Analysis 23 : 142-147.
Objectives of the project

Kurade, N. P,, Jaitak, V., Kaul, V. K. and Sharma, O. P. (2010). Chemical composition and antibacterial activity of essential

o  Isolationand characterization of new steviol glycosides including stevioside from Stevia rebaudiana leaves oils of Lantana camara, Ageratum houstonianum and Eupatorium adenophorum. Pharmaceutical Biology 48 : 539-544.

e  Synthesis of rebaudioside-A by using chemical and ti
ynthesis ol rebaudioside-ADbY UsIng chetnical and ehzymatic processes Jaitak, V., Kaul, V. K., Kumar, N., Singh, B., Dhar, J. and Sharma, O. (2010). New hopane triterpenes and antioxidant

constituents from Potentilla fulgens. Natural Product Communications 5 : 1561-1566.

Jaitak, V., Das, P., Kaul, V. K., Singh, B. and Kumar, N. (2011). One-pot multicomponent Michael and Thorpe-Ziegler
reaction of aryl methyl ketones. Synthetic Communications 41 :2727-2737.

Guleria, S., Saini, R., Jaitak, V., Kaul, V. K., Lal, B., Rahi, P., Gulati, A. and Singh, B. (2011). Composition and
antimicrobial activity of the essential oil of Heracleum thomsonii (Clarke) from the cold desert of the western Himalayas.
Natural Product Research 25 :1250-1260.

PROJECT SUMMARY

Introduction: In Diabetes mellitus, a person has high blood glucose level, either because the body does not produce
enough insulin, or because cells do not respond to the insulin that is produced. Hence, glucose is not metabolized in human
body. Synthetic sweeteners such as aspartame, saccharin, sucralose and acesulfame potassium are currently in use but the
side effects of these sweeteners have been the subject of debate over many years and is yet to be resolved. Stevia

rebaudiana (Bertoni) family Asteraceae is an herbaceous perennial plant indigenous to Paraguay and Brazil where its Guleria, S., Jaitak, V., Saini, R., Kaul, V. K., Lal, B., Babu, G. K., Singh, B. and Singh, R. (2011). Comparative studies of
leaves are used by local Guarani Indians as natural sweetener for hundreds of years. . Its leaves contain nine ent-kaurene volatile oil composition of Rhododendron anthopogon by hydrodistillation, supercritical carbon dioxide extraction and
diterpene glycosides which belong to steviol skeleton (ent-13-hydroxy kaur-16-en-19-oic acid) and exhibit characteristic head space analysis. Natural Product Research 25 :1271-1277.
orgar;oleptic_ prop erties.OCollectiV§1y .all the/nine are knqwn ps stevipl glycosides, S. rebau(fliana le_ave_s g§nerally contain Jaitak, V., Kiran, K., Kaul, V. K., Virendra, S. and Bikram, S. (2011). Stevia rebaudiana- A Natural Substitute for Sugar
6-10% (S'[E.:VIOSIde), 1-2% (r.eb?ludloslde—A) anq other minor glycosides present upto 0.1-1%. SteYl051de 1s re.p01jted j[O be Genetic Resources, Chromosome Engineering, and Crop Improvement, (doi:10.1201/b11177-2710.1201/b11177-27pp.
250-300 times and rebaudioside-A 300-400 times sweeter than sucrose. Although concentration of stevioside in S. 885-910): CRC Press.
rebaudiana leaves is higher than rebaudioside-A but aftertaste bitterness of stevioside and its low solubility in water
restricts its use for human consumption and limits its application in food and pharmaceutical products. Rebaudioside-A, Kaul, K., Jaitak, V. and Kaul, V. (2011). Review on pharmaceutical properties and conservation measures of Potentilla
one of the other major constituents next to stevioside in S. rebaudiana leaves is preferred than stevioside, being more Julgens Wall. ex Hook.-A medicinal endangered herb of higher Himalaya. Indian Journal of Natural Products and
sweetener, high solubility in water and devoid of aftertaste bitterness. Resources 2:298-306.

METHODOLOGY: Saini, R., Jaitak, V., Guleria, S., Kaul, V. K., Kiran Babu, G., Singh, B., Lal, B. and Singh, R. (2012). Comparison of

headspace analysis of volatile constituents with GCMS analysis of hydrodistilled and supercritical fluid extracted oil of

Steviol glycosides alongwith stevioside will be isolated from Stevia rebaudiana. Synthesis of rebaudioside from Capillipedium parviflorum. Journal of Essential Oil Research 24 - 315-320.

stevioside as well as steviol will be performed with chemical as well as enzymatic processes. Progress of the reaction will
be analysed with TLC and HPLC system. Jaitak, V., Kaul, V.K. and Das, P. (2013). Environmentally benign Michael and Claisen Schmidt reaction of aryl carbonyl

compounds by alkali exchange resin. Indian Journal of Chemistry S2B : 1137-1145.
WORKACCOMPLISHED SO FAR

£ for the isolation of steviol ol des have b d Gupta, V. K., Bhalla, Y. and Jaitak, V. (2013). Impact of ABC transporters, glutathione conjugates in MDR and their
Ditferpnt extracts for the iselation of steyiol plycosides have heer prepareg. modulation by flavonoids: an overview. Medicinal Chemistry Research 10.1007/s00044-013-0612-6.

Bhalla, Y., Gupta, V. K. and Jaitak, V. (2013). Anticancer activity of essential oils: a review. Journal of the Science of Food
and Agriculture 93 : 3643-3653.
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DST-6 (2012)

Bioherbicidal Potential of Immobilized
(encapsulated/entrapped) Formulations of
Essential Oil from Leaves of Plant
Callistemon viminalis.

Principal Investigator: Dr. Sunil Mittal

Funding agency: Department of Science and Technology, Government of India
Year of sanction: 2012

Budget: Rs. 23,00,000

Duration: Three Years

Objectives of the project

. Extraction of essential oil from the leaves of the plant Callistemon viminalis and identification of its
components.

. To develop immobilized formulations of the essential oil by using biodegradable polymers.

. To study the encapsulation/entrapment efficiency, particle size, life spam and stability of developed
formulations.

. To study the phytotoxicity of the developed formulation against weeds under controlled conditions.
. To study the phytotoxicity of the developed formulation against weeds under natural environments.
. To study mechanism of action of the developed bioherbicide formulations.

. Compare the efficacy of the developed formulation with commercially available herbicide glyphosate used
to control weeds of wheat and rice.

. To access the degradation time of the developed formulation under natural environmental conditions.

PROJECT SUMMARY

Introduction: India being primarily agriculture based country; its economy largely depends on agricultural production
which in turn is governed by various factors like climatic, edaphic, seed quality etc. However, other natural factors like
pests especially weeds, plant diseases and insect also effect the agricultural production. Weeds are the unwanted plants that
grow and reproduce aggressively at the cost of agricultural plants. Weeds compete with agricultural crops for all resources
required for their growth and hence lead to economic losses by affecting quality and yield of crops.

In modern agricultural practices, chemical methods are preferred worldwide for controlling weeds. But, unfortunately the
indiscriminate use of synthetic and chemical herbicides in agriculture has led to multiple toxic effects on the ecology and
environment.

The continuous use has not only contaminated ground water, surface water, soil and air, but has also started adversely
affecting various life forms including human beings. The direct and indirect effects of the synthetic herbicides on soil
biodiversity, domestic and stray animals including humans have been reported worldwide. In humans exposure to
pesticides results in acute and chronic health problems. These range from temporary acute effects like irritation of eyes,
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excessive salivation to chronic diseases like cancer, reproductive and developmental disorders etc. The environmental
impacts include widespread decline in bird and Insect populations. To overcome the problem, research leading to find new
molecules delivering novel properties, having new modes of action, effective in low concentration, environmentally safe,
more target specific and economical is an ongoing process. Efforts to search new herbicide chemistry have been made by
different researchers in various ways including natural products of animal and plant origin.

Essential oils from aromatic plants like Eucalyptus, Callistemon have been reported to be excellent material for the
purpose. Although a number of studies have established their bioherbicidal potential under laboratory conditions, yet only
a limited success has been reported under natural conditions. The main causes of limited success under natural conditions
are their high volatility, limited production, faster degradation and high cost.

In order to improve the life span, environmental sustainability and efficacy of essential oils, immobilization (entrapment
and encapsulation) has been reported by some scientists. Immobilized formulations of essential oils means
entrapment/encapsulation of essential oils in biodegradable polymers. For entrapment and encapsulation of essential oils,
different type of biodegradable polymers and their formulations (micro sphere, liposome and nanoparticles) are under
exploration.

METHODOLOGY:

The essential oil will be extracted using Clevenger's apparatus followed by GCMS analysis. Weeds of common cash crops
(wheat and rice) which are able to grow under laboratory conditions will be selected. The toxicity of essential oil from
plant will be studied against selected weeds. Only weeds sensitive to essential oil toxicity will be selected for further
studies. Various polymers like chitosan (CH) and angico gum (AG), solid lipids, alginate, etc. will be used for the
immobilization of essential oil either by entrapment or by encapsulation. Standardization of the polymer and oil ratio for
achieving highest immobilization in terms stability, loading capacity and controlled release and sustainable delivery of
essential oil will be assessed.

WORK ACCOMPLISHED SO FAR

During the last few months from start of the project, the essential oil from the leaves of plant Callistemon viminalis has
been extracted for summer season and monsoon seasons. The GC-MS analysis of the oil reveals monoterpines as the major
component of this oil. Monoterpene 1,8- Cineole (60%) and a—Terpeneol (20%) constitute 80% of'the oil. The oil has been
used to make stable formulations using sodium alginate and cylodextrin. The preliminary phytotoxic studies of essential
oil on weeds Echinochloa crus-galli and Amarantus indicate its suppressing effect on seed germination, development of
seedling (root and shoot) and dry weight. The effect has been observed to be linked to concentration gradient. At highest
conc. of 500pg/ml of essential oil, the percent germination and seedling growth was less than 10%. The results of
preliminary studies indicate the possible bioherbicidal use of the essential oil from C. viminali against weeds.
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Effect of Arsenic (As) Toxicity on Growth and Physiology of
Oryza sativa L. varieties Grown in Malwa Region of Punjab

Principal Investigator: Dr. Sunil Mittal

Funding agency: University Grants Commission, New Delhi
Year of sanction: 2013

Budget: Rs. 6,00,000

Duration: Two Years

Objectives of the project

Effect of different concentrations of arsenic on different varieties of O. sativa in terms of growth
parameters.

Biochemical changes in O. sativa varieties in response to different concentrations of arsenic

To evaluate the hyper accumulator variety of O. sativa among the varieties grown in Malwa region of
Punjab.

To find stress/sensitive variety of O. sativa in terms of growth and production.

To screen the accumulation of arsenic in different parts of O. sativa.

PROJECT SUMMARY

Introduction: Arsenic (As) contamination in environment has aroused considerable attention due to its harmful affects to
plants and animals including humans. Human exposure to arsenic is either by drinking arsenic contaminated water or
through consumption of arsenic contaminated food. The adverse affects of arsenic in human range from irritation of
stomach, intestine and skin, damage to peripheral nerves, cardiovascular system, and hair fall to various mental disorders.
Moreover, the long term arsenic toxicity is known to have carcinogenic and mutagenic potential. In recent times, the
impact of irrigation with high arsenic ground water on soil and crop has drawn more attention due to transfer of arsenic to
food chain via water—plant—soil system. Long term use of arsenic contaminated water leads to accumulation of arsenic in
soil from where it can be taken up by plants. Arsenic is known to have strong capacity of accumulating and bioenrichment
in plants. The lower concentration of arsenic is known to stimulate growth in plants. However, high concentration of
arsenate negatively affects the plants in terms of stress to plants, inhibition of growth, physiological disorders, affect the
biomass and yield of the crops. As shows negative affects in plants by affecting, transpiration rate, uptake and transport of
water, micronutrients uptake etc.

The ground water in many parts of Malwa region of Punjab has also been reported to have high concentration of arsenic. As
per Jain and Kumar (2005), the arsenic concentrations in the Malwa region ranges from 11.4 to 688 pg/L with average
value of 76.8 pg/L. The aquifers samples of Malwa region has been reported to comprise 11% moderate (=>10 to <25
pg/L), 54% high (= >25 to <50ug/L) and 35% in very high (= >50pg/L) arsenic category. Hundal et al., (2007) have
reported that the presence of arsenic bearing rocks in the earth crust are responsible for naturally high content of arsenic in
water and soil. Different researchers working in the region has reported arsenic contamination in different districts of
Malwa Region. PPCB-PGIMER Report (2007), has reported high content of arsenic in ground water of Bathinda
(http://www.appcb.ap.nic.in/fag/punj.htm4, accessed on 23-3-2012). Similarly, many newspaper articles (non scientific
data) have also reported arsenic contamination in Mansa, Bathinda and other districts of Malwa region. The problem
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becomes a serious issue in Malwa region as major part of agriculture. This is because as it is dependent on groundwater for
the irrigation purpose.

Assessment of Chlorpyriphos in Non Bt Cotton
Soil of Talwandi Sabo, Bathinda and the effect
of Amendments and Organic Matter on
Chlorpyriphos Degradation.

The continues and repeated use of arsenic contaminated water for irrigation of various crops and vegetables not only
contaminates the soil but also the eatables grown in the area. Moreover, arid climate with high temperature and very low
rainfall in this region results in more evaporation leaving behind evaporates in upper soil layers. Thus, one of the reasons of
increase in arsenic concentration may be increased evaporative factor.

METHODOLOGY:

Seeds of different varieties of O. sativa grown in malwa region of Punjab will be obtained from Punjab Agricultural
University, Ludhiana. Different parameters like percent growth, chlorophyll, respiration, protein content, carbohydrate
content and arsenic estimation will be studied by standard methods.

Principal Investigator: Dr. Dhanya M.S.

Funding agency: University Grants Commission, New Delhi.
WORK ACCOMPLISHED SO FAR Year of sanction: 2012
In order to study the effects of different concentrations of arsenic on different varieties of O. sativa, experimental works Budget: Rs. 6,00,000
have been carried out in the laboratory conditions for this four varieties of this region named PR122, PR116, PR118, Duration: Two years

PUSA 1121 collected from PAU Ludhiana. The different concentrations of arsenic from 0 to 500 uM have been tested for
the germination study of seeds.Then different physiological parameters i.e. effect on root length, shoot length
development and dry weight of these varieties has been studied from 0 to 500 uM concentration of arsenic. All the

Objectives of the project

parameters reduced with the increase of the concentration of arsenic. The highest reduction has been observed in the * To evaluate the chlorpyriphos content in non Bt- cotton soils of Talwandi Sabo block
varieties ?USA.I .12 land PR122, so they are cpn§1dered as sensitive varieties and other two are comparatively resistant to . To investigate the chlorpyriphos residues against different soil depths in the soil profile of cotton grown areas
the arsenic toxicity. So among the four varieties PUSA 1121 and PR122 has been selected for the further study of
biochemical parameters. . To study the leaching effect of chlorpyriphos by soil column studies
PUBLICATIONS OF THE PROJECT INVESTIGATOR . To study the effect of pH on chlorpyriphos degradation

Mittal S., Kaur G. and Vishwakarma G. S. (2013). Effects of Environmental Pesticides on the Health of Rural . To study the effect of chlorpyriphos on the germination of rice and wheat seeds
Communities in the Malwa Region of Punjab (India): A Review. Human and Ecological Risk Assessment DOIL: 10.1080/ To studv the effect of d tsinchl hosd dati
10807039 2013. 788972, . o study the effect of amendments in chlorpyriphos degradation
Kaur, S., Singh, H. P,, Mittal, S., Batish, D. R. and Kohli, R. K (2010). Phytotoxic effects of volatile oil from Artemisia ¢ To study the effect of organic matter in soil and chlorpyriphos degradation
scoparia against weeds and its possible use as a bioherbicide. Industrial Crops and Products Doi: 10.1016/]. Py Screening of efficient microbes (biofertilizer) for bioremediation OfCh]()rpyriphos
Indcrop.2010.03.007. . . e | . ! .

. Assessment of microbes as biofertilizer in chlorpyriphos contaminated soil
Singh, H. P., Kaur, S., Mittal, S., Batish, D. R. and Kohli, R. K (2010). In vitro screening of essential oil from young and
mature leaves of Artemisia scoparia compared to its major constituents for free radical scavenging activity. Food and

PROJECT SUMMARY

Chemical Toxicology 48: 1040-1044.

Singh, H. P., Mittal, S., Kaur,S., Batish, D. R. and Kohli, R. K (2009). Characterization and antioxidant activity of essential oils
from fresh and decaying leaves of Eucalyptus tereticornis. Journal of Agricultural and Food Chemistry 57 : 6962—6966.

Singh, H. P., Kaur, S., Mittal, S., Batish, D. R. and Kohli, R. K (2009). Essential oil of Artemisia scoparia inhibits plant
growth by generating reactive oxygen species and causing oxidative damage. Journal of chemical Ecology 35 :154-162.

Singh, H. P., Mittal, S., Kaur, S., Batish, D. R. and Kohli, R. K (2008). Chemical composition and antioxidant activity of
essential oil from residues of Artemisia scoparia. Food Chemistry 114 : 642-645.

Singh, H. P, Batish, D. R., Kohli, R. K., Mittal, S (2007). Composition of the essential oil from the plant Chenopodium
ambrosoidus. Chemistry of Natural Compounds 44 : 378-379.

Singh, H. P., Batish, D. R., Mittal, S., Dogra, K. S., Yadav, S. and Kohli, R. K (2008). Volatile constituents of leaf oils of
Mentha longifolia (L..) Huds from Sirmaur (Himachal Pradesh, India). Chemistry of Natural Compounds 44 : 528- 529.

Singh, H.P., Kaur, S, Mittal, S. Batish, D. R. and Kohli, R. K . (2008). Phytotoxicity of major constituents of volatile oil
from leaves of Artemisia scoparia Waldst. and Kit. Zeitschrift fur Naturforsch 63c¢ : 663-666.
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Introduction: Punjab consumes about 18 per cent of total pesticides used in India against its 2.5 per cent coverage of
nation's total land area. About 54 per cent of the total pesticides used in Indian agriculture are for cotton crop which
accounts only 5 per cent of the total cultivated area. Malwa region is one of the major cotton belts of Punjab that consumes
75 per cent of pesticides used in the state. Talwandi sabo one of the blocks in Bathinda district covers an area of 97 ,364
hectares is reported as a high pesticide consuming area. Presently the highly persistent organochlorines are replaced by
organophosphate pesticides. But these organophosphate pesticides are also toxic and act as acetylcholine esterase
inhibitor, which interferes in the transmission of nerve impulses at the nerve endings.

Chlorpyrifos (O, O-diethyl O-[3,5,6-trichloro-2-pyridyl] phosphorothioate is a broad spectrum contact insecticide widely
used to control insects in the home, workplace, and in agriculture. Chlorpyrifos is the fourth highest consumed pesticide in
India. The application of chlorpyriphos against American boll worm and tobacco caterpillar is recommended in approved
package of practices of cotton in Punjab. The Chlorpyriphos is widely used in non-Bt cotton than the Bt-cotton against
control of pests. The chlorpyriphos residues was detected in 85% of the blood samples at mean level of 0.0662 mg/I in
blood samples analysed in Talwandi sabo block by Centre for Science and Environment and Pollution Monitoring
laboratory. There were also reports of chlorpyriphos residues in water samples of the region.
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Chlorpyriphos is stable in soils with reported half-lives ranging between 7 and 120 days depends on the factors such as pH,
temperature, moisture content, organic carbon content, and pesticide formulation. The degradation of chlorpyriphos in the
soil environment is enhanced by UV light, chemical hydrolysis, and soil microbes. The chlorpyriphos and its major
metabolites in aqueous, soil or sediment systems like TMP (3, 5, 6-trichloro-2-methoxypyridine) and TCP (3, 5, 6-
trichloro-2-pyridinol) have different sorptive behaviour. The dissipation and distribution of chlorpyriphos residues in soil
also varies over depth.

Microbial degradation is considered to be an efficient and cost effective method for decontamination of toxic
organophosphorus pesticides from the environment. Chlorpyriphos has proved to undergo enhanced microbe mediated
decay into less harmful and non-toxic metabolites, under a set of favourable abiotic conditions. Pseudomonas fluorescens,
Brucella melitensis, Bacillus subtilis, Bacillus cereus, Klebsiella species, Serratia marcescens and Pseudomonas
aueroginosa have potential for the degradation of chlorpyrifos.

METHODOLOGY:

The soil samples are collected from agricultural fields of various villages of Talwandi Sabo, Bathinda, Punjab. Soil
samples are air dried overnight and then sieved and stored. The degradation of Chlorpyriphos of different concentrations
in the soil will be studied at different pH. The soil biological activity will be estimated by determination of different
enzymatic activities. The samples will be collected at regular and analysed for pesticide residues by standard methods. The
vertical migration of chlorpyriphos is estimated by the method described by El Bakouri (2007) by addition of different
concentrations of Chlorpyriphos against a reference. The microbes selected for screening the degradation potential of
chlorpyrifos as a sole carbon source in different concentrations of chlorpyriphos in suitable culture medium will be
identified.

WORKACCOMPLISHED SO FAR

The amount of the grant sanctioned was used for the procurement of chemicals and other consumables for the experiments.
The sampling tools for soil sampling were also purchased. The first round of sample collection from the villages of
Talwandi sabo block was done and questionnaire-cum-interview survey was conducted. The basic characterization of the
soil samples and analysis are in progress.

PUBLICATIONS OF THE PRINCIPALINVESTIGATOR

Prasad, S., Dhanya, M. S., Gupta, N. and Kumar, A. (2012). Biofuels from Biomass: A sustainable alternative to energy
and environment. Biochemical and Cellular Archives 12 : 255-260.

Mishra, D. and Dhanya, M. S. (2012). Biofertilzers: As bioprotecting agents. International Journal of Environmental
Engineering and Management 3 : 298-302.

Dhanya, M.S., Prasad, S. and Joshi, H.C. (2011). Impact of pretreatment on cellulose crystallinity of corn stover. Pusa
AgriScience 34 : 8-16.

Prasad, S. and Dhanya, M. S. (2011). Biofuel Production Potential, Processing and Utilization. In: Biomass Crops,
Production, Energy and Environment. Alfred P Haggerty (Ed.). Nova Sci. Publishers, Inc. New York. pp. 165-187.

Prasad, S. and Dhanya, M. S. (2011). Air quality and biofuels. In: Environmental Impact of Biofuels, Marco Aurelio Dos
Santos Bernardes (Ed.), Intech Publishers. pp. 227-250.

Prasad, S. and Dhanya, M. S. (2011). Determination and Detoxification of Cyanide Content in Sorghum for ethanol
production using Saccharomyces cerevisieae strain. Journal of Metabolomics and Systems Biology 2 :10-14.
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Fluorimetric Estimation of Uranium and its
Source Apportionment in Groundwater of
Bathinda District in Punjab.

Principal Investigator: Dr.Yogalakshmi K. N

Funding agency: University Grants Commission, New Delhi.
Year of sanction: 2012
Budget: Rs.5,40,000

Duration: Two years

Objectives of the project

P

To estimate the Uranium present in this region by adopting fluorimetric technique

To study the spatial variation of Uranium concentration in the groundwater of Bathinda district of Punjab and
investigate potential seasonal variations

To conduct the source apportionment study and identify the possible sources for Uranium pollution in
Bathinda district of Punjab

To use multivariate statistical analysis and factor analysis as a tool for source apportionment of Uranium

ROJECT SUMMARY

Introduction: Uranium received an alarming attention in Bathinda district of Punjab due to the increased incidence of
cancer, believed to be due to intake of groundwater contaminated with high levels of Uranium. Studies in the past few
years, reported the presence of Uranium at levels (20-120 pg/L) above the permissible limit as prescribed by WHO and
USEPA. The World health organization (WHO) and United States Environmental Protection Agency (USEPA) has
prescribed Uranium in drinking water to be 15ug/L and 30ug/L, respectively due to their adverse health impacts.
However, the source of Uranium in this region still remains dubious. Some authors reported that, the source could be
geological, since the area is rich in granite and phosphate rocks; the weathering of which could have led to elevated
Uranium levels. Anthropogenic sources are also predicted by few others, as Bathinda hosts several industries like thermal
power plants, fertilizer factories and chemical factories.

In order to mitigate and remediate, it is essential to identify the actual source of Uranium and its relative contribution
through source apportionment studies. The source apportionment assessment of pollutant loads is great concern for proper
pollution management. Source tracking involves identifying the specific source responsible for a given pollutant, and
source apportionment involves determining the relative contributions of multiple sources that contribute to the occurrence
of a given pollutant. Increasingly, source apportionment analyses are being used as a relatively accurate, rapid, and cost-
effective means of identifying and targeting sources and their relative contributions to the total pollution load. The
application of receptor models to the environmental samples allows the identification and apportionment of pollutants to
their sources. Multivariate statistical analysis and models like Principal Component Analysis (PCA), Positive Matrix
Factorization (PMF), UNMIX, Absolute Principal Component Scores (APCS) and Chemical Mass Balance (CMB) is
used for source apportionment studies.
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The major purpose of the proposed study would be to identify the major types of Uranium in the environment and estimate
their relative contribution. The receptor models will be used as a tool for Uranium source apportionment studies. The study
will also determine the Uranium concentration in Bathinda district by adopting fluorimetric method, and would provide its
spatial and temporal distribution along with the flow path in the region.

METHODOLOGY:

Study area and sample collection: Preliminary data viz. Bathinda district maps, geographical extent, topology, contours,
meteorology, geology and hydrogeology of the study area (Bathinda) would be collected. Field data related to the sources
of groundwater, depth of groundwater table and its direction of flow would be collected during sample collection. For
measuring the Uranium concentration in groundwater, the entire area of Bathinda district would be divided into a grid of
10 km2 each. Sampling points would be taken preferably at the center of each grid where groundwater would be collected
to measure the concentrations of Uranium. Further, after analysis of all the water samples, the results obtained would be
used in GIS software to generate a spatial distribution map, isoconcentric distribution and spread pattern of Uranium
concentrations of Bathinda district. The spatial map would give an idea about concentrations of Uranium at different
places, based on which, further mitigative actions can be taken. The flow path of the Uranium in this region would also be
investigated.

Besides determining the spatial distribution of Uranium in Bathinda district, an effort would be made to study the seasonal
variations in the concentrations of Uranium in groundwater. That is, the sampling at above mentioned sites would be
carried out every three month once to investigate their effects in causing local or regional level variations. Thus, the study
would comprise of comprehensive study to ascertain both spatial and temporal variations in uranium concentrations in
groundwater. The Uranium will be determine using spectrofluorimeter at 266 nm. Emission spectra would be recorded
over the range 450 nm to 650 nm.

Source apportionment studies

The proposed study aims at using two types of approaches for source apportionment. The first is a qualitative approach
which helps us identify important factors which can explain the variations in the data set measured. The second is based on
quantitative estimate and it helps us the contributions of various sources. Accordingly, principal component analysis
would be carried out to assign the sources of uranium based on signature sources. At the end suitable models such as
chemical mass balance would be applied to gain an insight into the dispersion and fate of uranium in ground water to
suggest appropriate mitigative steps.

WORKACCOMPLISHED SO FAR

Primary data collected, sampling sites were identified, and groundwater sampling is under progress.

PUBLICATIONS OF THE PRINCIPALINVESTIGATOR

Yogalakshmi, K. N. and Joseph, K. (2010). Effect of transient sodium chloride shock loads on the performance of
submerged membrane bioreactor. Bioresource Technology 101 : 7054-7061.

Yogalakshmi, K. N. and Joseph, K. (2010). Effect of Hydraulic shock loads and the performance of Membrane Bioreactor.
International Journal of Environment and Pollution 43 : 66-77.

Yogalakshmi, K. N., Joseph, K. and Visvanathan, C. (2007). Response of membrane bioreactor to feed starvation shock
load. Asian Journal of Water, Environment and Pollution 4 : 81-86.

Kaur, J. and Yogalakshmi, K. N. (2013). Impact of treated industrial wastewater on crop productivity: A Mini Review.
International Journal of Environmental Research and Development 3 : 42-46.

Anamika. and Yogalakshmi, K. N. (2013). Enzyme assisted biodegradation of chloropyrifos pesticide: A mini review.
International Journal of Environmental Research and Development 3 : 9-13.
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Assessment of Organochlorine Pesticide
Residues in Groundwater and Soil of
Bathinda district, Punjab

Principal Investigator: Dr. Puneeta Pandey

Funding agency: University Grants Commission (UGC)
Year of sanction: 2013

Budget: Rs. 6,00,000

Duration: Two Years

Objectives of the project

. To estimate quantitatively the concentration of pesticides present in the surface water, groundwater and soil
of Bathindaregion.

e-  To study the spatial variation of pesticides concentration in the surface water, groundwater and soil of
Bathinda district of Punjab and investigate potential seasonal variations.

e-  To conduct the source apportionment study and identify the possible sources for pesticides in the selected
matrix in Bathinda district of Punjab.

PROJECT SUMMARY

Introduction: One of the major environmental health concerns throughout the world is the human exposure to hazardous
chemicals. Despite various initiatives taken by different countries to minimize such exposures, environmental health
consequences are worsening because of the continuous and excessive release of such chemicals from industry and
agriculture. A major group of such hazardous chemicals include Persistent organic pollutants (POPs); which have three
main characteristics: persistence, bioaccumulation and long range transport. As a result, they are able to resist degradation
in various environmental matrices, such as air, water, soil and sediment. With the adoption of Stockholm Convention on
POPs in May, 2001; there has been a growing interest in these chemicals due to their potential toxicity and human health
impacts. As per Stockholm Convention, POPs include nine organochlorine pesticides (OCPs) and three industrial
chemicals or by-products. The nine pesticides targeted by the Stockholm Convention were produced internationally and
used on agricultural crops or for public health vector control. These pesticides include Aldrin, Chlordane, Dieldrin,
Endrin, Heptachlor, Hexachlorobenzene (HCB), Mirex, Toxaphene and DDT. By 1970s, these pesticides have been either
banned or restricted in many countries. However, they are still used in many developing countries including India in very
large quantities, mainly because of their low cost and effectiveness.

OCPs are particularly problematic because they are persistent, broad spectrum toxicants that tend to accumulate in the
food web and have the potential to adversely affect ecosystem and human health. Some of the OCPs (DDT, DDE,
heptachlor, endosulfan, and chlordane) are suspected to be carcinogens and/or endocrine disrupters because of their
chemical stability, estrogen-like characters and potential animal toxicity. Due to high lipophilicity, residues of
organochlorine pesticides are still detectable years after use in soils, water and sediments.

Punjab became the food basket of India with the advent of Green Revolution in 1965. This led to an increased production
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