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funs'kd dk lans'k
o"kZ 2015&16 dk okf"kZd izfrosnu izLrqr djrs gq, eq>s vR;ar izlUurk dk vuqHko gks jgk gS A D;ksafd bl nkSjku lHkh oSKkfudksa] rduhdh 
vf/kdkfj;ksa] 'kks/kkfFkZ;ksa] ifj;kstuk lgk;dksa vkSj nwljs deZpkfj;ksa ds lefiZr dk;Z ds QyLo:Ik lh,lvkbZvkj&lheSi fo'ks"k ;ksX;rk] 
mRre izn'kZu] izHkko vkSj igpku ds lkFk vkxs c<+k gSA tgka ,d vksj v'oxa/kk ds {ks= esa mRd`"V dk;Z gsrq lheSi dks ,uchvkjvkbZ] 
lhMhvkjvkbZ vkSj vkbZvkbZlhch] ds lkFk la;qDr :i ls tho foKku ds {ks= esa lh,lvkbZvkj izkS|ksfxdh iqjLdkj izkIr gqvk] ogha nwwljh 
vksj fdlkuksa dh vk; esa c<+ksRrjh ds fy, [kl ij vk/kkfjr rduhdh gLr{ksi gsrq lh,lvkbZvkj xzkeh.k fodkl iqjLdkj&2014 ds fy, 
lh,lvkbZvkj&lheSi dks pquk x;kA ikjEifjd fpfdRlk i)fr esa vR;Ur egRoiw.kZ ekuh tkus okyh iwtk rqylh ds lEiw.kZ thukse lhDosal 
dk izdk'ku lh,lvkbZvkj&lheSi dh 'kks/k ;k=k esa ,d egRoiw.kZ ehy dk iRFkj jgk gSA Hkkjro"kZ ls izFke vkS"k/kh; ikS/ks dk lEiw.kZ thukse 
lhDosal dj lh,lvkbZvkj&lheSi us viuh oSKkfud {kerk dk ifjp; fn;k gSA bl o"kZ geus fdlkuksa vkSj m|ksxksa dh lsok esa vkWflee 

csflyde ¼rqylh½] eqdquk izwfj;Ul ¼dsaokap½] ,lijsxl jslheksll ¼lrkoj½] lsaVsyk ,fl;kfVdk ¼eaMwdi.khZ½] fonkfu;k lksEuhQsjk ¼v'oxa/kk½] vkfVZfefl;k ,uqvk 
¼vkfVZfefl;k½] flEcksiksxkWu ¶ysfDlvksll ¼uhcw?kkl½] lkfYo;k LDySsfj;k ¼Dysjhlst½ rFkk osVhosfj;k fttSfuokbfMl ¼osVhoj½ dh 9 ubZ fdLesa tkjh dh gSaA  

ekpZ 2015 esa vkS"k/kh; ikS/kksa ij vUrjkZ"Vªh; laxks"Bh rFkk bafM;u vks'ku fje ,lksfl,'ku ns'kksa ds vkS"k/kh; ikS/kksa ds Qksdy IokabV~l dh f}rh; cSBd lQyrkiwoZd 
vk;ksftr dj lh,lvkbZvkj&lheSi vkS"k/kh; ikS/kksa ds {ks= esa ,d Xykscy yhMj ds :Ik esa mHkjk gSA lh,lvkbZvkj&lheSi us NksVs fdlkuksa ds fy, vkS"k/kh; vkSj lxa/kh; 
Qlyksa dh [ksrh ds lek;kstu vkSj xq.k Ja[kyk ds izcU/ku ij jk"Vªh; d`f"k foKku vdkneh ds varxZr ppkZ l= dk vk;kstu djds bl {ks= ds fy, uhfr fu/kkZj.k esa 
viuh Hkwfedk vnk dh gSA 

tkiku] vesfjdk] teZuh] bZjku] VdhZ vkSj nwljs ns'kksa lfgr dbZ m|ksxksa ds izfrfuf/k;ksa us lh,lvkbZvkj&lheSi vkdj ;gka py jgs vuqla/kkuksa ds ckjs esa tkudkjh izkIr 
dh vkSj ijLij vuqla/kku rFkk fodflr izkS|ksfxfd;ksa vkSj mRiknksa esa viuh :fp Hkh n'kkZ;h A QyLo:i] esaFkk dh [ksrh dh ykxr esa deh ykus ds fy, Hkkjrh; esUFkk 
baMLVªh }kjk esaFkk dh ubZ iztkfr vkSj vxSrh feUV VsDukykWth ds izpkj ds fy, tkx:drk dk;ZØe vk;ksftr fd;s x;sA dbZ izkS|ksfxfd;ksa tSls fd vkVhZfeflfuu 
fu"d"kZ.k] e/kqesg jks/kh QkeqZys'ku ¼lheSi o ,uchvkjvkbZ }kjk la;qDr :i ls fodflr½] nnZ fuokjd rsy ¼fjySDlkseSi½ cukus dh fof/k] bR;kfn dks m|ksxksa dks 
gLrkUrfjr fd;k x;kA fofHkUu gcZy izksMDV~l ds cM+s Lrj ij fuekZ.k ds fy, lh,lvkbZvkj&lheSi }kjk ik;yV IykaV dh LFkkiuk dh x;h rkfd lekt esa mudh 
miyC/krk esa lq/kkj yk;k tk lds A ;g lqfo/kk LVkVZvIl ds fy, Hkh ennxkj fl) gksxhA 

xzkeh.k fodkl dk;ZØe ds vUrxZr mRrj izns'k ds vfrfjDr tEew vkSj d'ehj] mRrjk[k.M] fcgkj] xqtjkr] egkjk"Vª] rfeyukMq] dukZVd] vka/kz izns'k] fetksje] es?kky; 
bR;kfn ds fdlkuksa] vkfnokfl;ksa rFkk m|fe;ksa esa mUur d`f"k izkS|ksfxdh vkSj mUur fdLeksa ds O;kid izpkj ds fy, izf'k{k.k dk;ZØe rFkk [ksrksa ij izn'kZu vk;ksftr 
fd;s x;sA efgyk l'kDrhdj.k dh fn'kk esa efgykvksa dks Lojkstxkj dh vksj izsfjr djus ds fy, Qwyksa ls vxjcRrh fuekZ.k ij izf'k{k.k dk;ZØe vk;ksftr fd;s x;sA

lh,lvkbZvkj&lheSi }kjk y[kuÅ vkSj iaruxj esa vk;ksftr fdlku esys cM+h la[;k esa fdlkuksa vkSj m|fe;ksa ds mRlkgtud Hkkxhnkjh ds xokg cus] tgk¡ i/kkj dj 
mUgksaus mUur iztkfr;ksa vkSj d`f"k izkS|ksfxfd;ksa esa viuh :fp fn[kk;h vkSj ikS/k lkexzh [kjhnhA ubZ esUFkky feUV dh fdLe **fle&ØkfUr** fdlkuksa esa vR;f/kd yksdfiz; 
jghA 

eSa bl volj ij lHkh oSKkfudksa] rduhdh o xSj&rduhdh rFkk lgk;d deZpkfj;ksa vkSj 'kks/kkfFkZ;ksa dks laLFkku dh 'kks/k ,oa fodkl dh xfrfof/k;ksa dks vkxs c<+kus gsrq 
fd;s x;s ;ksxnku dh ljkguk djrk gw¡ vkSj ân; ls /kU;okn nsrk gw¡ A lkFk gh] eSa vius leLr Js"B ,oa ofj"B tuksa dk Hkh mudh fujUrj 'kqHkdkeukvksa] lg;ksx o 
ekxZn'kZu ds fy, vkHkkj O;Dr djrk gw¡A

vfuy dqekj f=ikBh



Director's		Message

I	 feel	 great	pleasure	 in	presenting	 the	Annual	Report	 for	2015-16,	during	which	CSIR-CIMAP	marched	ahead	with	
distinction,	 better	 visibility,	 impact	 and	 recognitions	 due	 to	 the	 dedicated	work	 of	 its	 scientists,	 technical	 officers,	
research	students,	project	assistants	and	other	employees.	While	CSIR-CIMAP	was	conferred	with	CSIR	Technology	
Award-2015	in	Life	Sciences,	in	association	with	teams	at	CSIR-NBRI,	CSIR-CDRI	and	CSIR-IICB,	for	the	outstanding	work	
done	in	the	field	of	Ashwagandha	(Withania	somnifera),	CSIR-CIMAP	was	also	selected	for	the	prestigious	CSIR	Award	for	
S&T	 Innovation	 for	Rural	Development	 (CAIRD)-2014	 for	enhancing	 incomes	of	 farm	communities	 through	Vetiver	
(Khus)	based	 technological	 interventions.	One	major	milestone	 in	 the	 strides	of	CSIR-CIMAP	 towards	excellence	 in	
research	was	the	publication	of	whole	genome	sequence	of	Holy	basil,	a	plant	of	high	importance	for	traditional	systems	
of	Indian	medicine.	Thus	CSIR-CIMAP	has	proven	its	scientific	capability	by	sequencing	the	whole	genome	of	the	first	medicinal	plant	from	India.	
This	year	we	have	released	9	new	varieties	of	Ocimum	basilicum,	Mucuna	pruriens,	Asparagus	recemosus,	Centella	asiatica,	Withania	somnifera,	 	
Artemisia	annua,	Cymbopogon	flexuosus,	Salvia	sclarea	and	Vetiveria	zizanioides	in	the	service	of	farmers	and	industry.

By	successfully	organizing	International	Conference	on	Medicinal	Plants,	and	Second	meeting	of	Medicinal	Plants	focal	points	of	Indian	Ocean	Rim	
Association	countries	in	March	2015,	CSIR-CIMAP	has	emerged	as	a	global	leader	in	the	area	of	medicinal	plants.	CSIR-CIMAP	also	coordinated	
organization	of	a	Brain	Storming	Session	on	Integration	of	Medicinal	and	Aromatic	Crop	Cultivation	and	Value	Chain	Management	for	Small	
Farmers.	Representatives	from	industries	including	those	from	Japan,	USA,	Germany,	Iran,	Turkey	and	other	countries	visited	CSIR-CIMAP	to	
apprise	themselves	about	the	research	work	being	done	here.	As	a	result,	Indian	mentha	industry	organized	farmer	awareness	programs	to	
popularize	our	new	mint	variety	and	“Early	Mint	Technology”	to	reduce	the	cost	of	mint	cultivation.	Several	technologies	such	as	extraction	of	
Artemisinin,	anti-diabetic	formulation	(developed	jointly	by	CIMAP	&	NBRI),	pain	relieving	oil	(Relaxomap),	etc.	were	transferred	to	industries.	A	
pilot-plant	facility	was	established	for	manufacturing	various	herbal	products	on	large	scale	to	improve	their	availability	to	the	society.	The	facility	
will	also	be	helpful	to	the	start-ups.

Under	our	rural	development	programme,	improved	agro-technologies	and	plant	varieties	were	popularised	among	the	farmers,	tribals	and	
entrepreneurs	 through	 training	programmes	and	crop	demonstrations	on	 farmers'	 fields	 in	 Jammu	&	Kashmir,	Uttarakhand,	Bihar,	Gujarat,	
Maharashtra,	Tamil	Nadu,	Karnataka,	Andhra	Pradesh,	Mizoram,	Meghalaya	etc.	besides	Uttar	Pradesh.	Towards	women	empowerment,	training	
programmes	were	organized	for	women	on	making	of	incense	sticks	using	floral	bio-resource	to	promote	self-employment	amongst	them.	The	
farmers'	 fairs	 (Kisan	Mela)	 organised	by	CSIR-CIMAP	at	 Lucknow	and	Pantnagar	witnessed	 very	 enthusiastic	 participation	of	 farmers	 and	
entrepreneurs	in	large	numbers	who	showed	their	interest	in	our	improved	varieties	and	agro-technologies	and	purchased	the	planting	material.	
The	new	menthol	mint	variety	“CIM-Kranti”	was	a	big	hit	among	farmers	this	year.		

On	this	occasion,	I	convey	my	sincere	appreciation	and	thanks	to	all	the	scientific,	technical,	non-technical,	supporting	staff	and	research	scholars	
for	taking	the	R&D	activities	of	the	institute	forward.	I	also	express	my	gratitude	to	all	our	peers	and	seniors	for	their	continued	good	wishes,	
support	and	guidance	in	our	endeavours.

Anil	Kumar	Tripathi





1

Project : Phytochemical exploration and value addition in bioactive molecules from MAPs

Bioactive chemical constituents
from the root of Clerodendrum
phlomidis
Hexane and et hyl a ceta te ext ra ct s
of Clerod endrum phlomidis roots  show
anti- tubercular activity. B ioguided
fractionation of active extracts led to
the isolation of a new phenylethanoid
glycoside, -(4-hydroxyphenyl)-ethyl-
O--L-rha mnopyranosyl(1  3)--D -
(4 -O-2 2,62  d ihydroxy-cinnamoyl)-
glucopyranos ide (phlomidoside, 10 )
along with 12 known compounds. The
structures of the isolated compounds
were elucidated on the basis of detailed
spectroscopic analysis (NMR, Mass and
IR) . All the compounds excep t 2, 4 ,
and 8 have been isolated for t he first
time from C. phlomidis. Anti-tubercular
a ct ivit y of  ext ra ct s  and isolat ed
compounds  wa s  det ermined by
BA CTEC radiometric suscep tibility
assa y aga inst  Mycobacterium  tuber-
culosis H37 Rv (A TCC 2 7 29 4 ) . In
addition, isolated compounds were also
eva luat ed for t heir effect on
li pop oly sa cch a ri de- s t i mu la t ed Chemical structures of compounds  (1–13)

isolated from Clerodendrum phlomidis roots

macrophages for production of pro-
inflammatory cytokines, tumor necrosis
factor- and interleukin-6. This is the
f irst  report  on t he ant i- tubercu la r
potential of C. phlomidis, indicating the
underlying mechanism involved in the
t hera peut ic  a pplica t ion of a
traditionally used plant.

Medicinal Chemistry Research 24:1112-
1118, 2015; Input: MM Gupta, Dharmendra

Saikia, Anirban Pal

Specioside (6-O-coumaroylcatalpol)
an iridoid glucoside isolated from
the patala (Stereospermum
suaveolens) ameliorates oxidative
stress and promotes longevity in
Caenorhabditis elegans
Specioside (6-O-coumaroyl-catalpol) is
an iridoid glucoside which possesses
multifunctional activities viz. analgesic,
a nt i-dyspept ic,  a st ringent,  liver
s timula t ing a nd wound hea ling
properties. The present study for the
first time delineates stress alleviating
a nd lifespa n prolonging a ct ion of
specioside (SPC) ,  isola ted from
Stereosp erm um suaveolens in t he free
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living, multicellular nemat ode model
Caenorhabd it is eleg ans.  A s t rong
correlation between lifespan extension
and stress modulation in adult worms
was established in a dose dependent
ma nner. The dieta ry inta ke of this
phyt omolecule elevat ed j uglone
induced ox idative and heat induced
thermal stress tolerance in C. elegans.
On eva luation, it was found t hat 25
µM dose of SPC significantly extended
lifespan by 15.47% (P d” 0.0001) with
reduction in stress level. Furthermore,
SPC enhanced mean survival in mev-1
mutant suggesting its oxidative stress
reducing potential. SPC also augmented
stress modulatory enzymes superoxide
dismutase (SOD) and catalase (CAT)
level in C.  elegans. Altogether,  these
findings broaden current perspectives

concerning stress alleviating potentials
of  SPC a nd ha ve implica tions in
development of therapeutics for curing
age related disorders.
Comparative Biochemistry and Physiology,

Part C 169:25–34, 2015; Input: MM Gupta,
Rakesh Pandey

Diarylheptanoids from Alnus
nepalensis attenuates LPS-induced
inflammation in macrophages and
endotoxic shock in mice
Diarylheptanoids, a  group  of pla nt
secondary metabolites are increasingly
recogniz ed as potential therapeut ic
a gents .  The a im of  s t udy wa s  t o
ascertain the anti-inflammatory profile
of diarylhepta noids  f rom  Alnus
nepalensis agains t lipopolysaccharide
(LPS) -induced inf la mmat ion in
macrophages and endotoxic shock in
mice. Extract s prepared from dried
leaves of A. nepalensis using standard
solvent s were tes ted against  LPS-
induced inflammation in macrophages.
Among all, butanol extract (ANB) has
shown most significant inhibition of
pro-infla mmatory cyt okines without
a ny cytot oxicity.  HPLC ana lys is

of ANB   showed t he p resence of
diarylhepta noids . The dia rylhept a-
noids were further isolated and tested
in vitro for anti-inflammatory activity.
Treatment of isolated diarylheptanoids
(H OG , O RE   and PLS)  wa s a ble t o
reduce the production and mRNA level
of pro-inflammatory cytokines (TNF-
a nd IL-6 ) .  Furthermore, we
demonst ra ted that  it inhibited the
expression of  NF-kB protein in LPS-
induced infla mma t ion in ma cro-
phages.  In v iv o eff icacy a nd sa fety
prof ile of AN B   revealed t hat  ora l
treatment ofANB was able to improve
the surviva l rate, and inhibited t he
production of  pro- inf lamma tory
cyt okines  in serum, a ttenua ted vital
organ inj ury in a dose dependent
ma nner without  any t oxic effect at
higher dose in mice. The results suggest
t ha t  dia rylhept a noids  f rom  A.
nep alensis  can be cons idered a s
potential therapeutic candidates for the
management of inflammation related
diseases.

Int. Immunopharmacology, 30: 129–136;
Input: MM Gupta, DU Bawankule

Chemical structure of  specioside (6-O-
coumaroylcatalpol)



3

Ocimum basilicum  and Premna
integrifolia  modulate stress
response and lifespan in
Caenorhabditis elegans
The ever increasing popularity of herbal
supplements modulat ing aging has
shifted focus towards development of
na tural thera peutics for curing a ge
related afflictions in living organisms.
The progression in a ge is  correla ted
with elevation in oxidative stress. The
increment in oxidative stress ultimately
af fects human hea lth, which led to
sea rch for new s t ress  a llevia ting
compounds , but very few bioactive
molecules are available presently. To
this  end, t he effect of three aqueous
ext ract  viz .,  O cim um  basilicum
(OCW), Premna integrifolia  (PSW) and
mixt ure of  bot h herbs  (OPW)
on Caenorh abdit is eleg ans wa s
evaluated. The present study delineates
ef fect  of  OPW, PSW a nd OCW on
lifespa n us ing surviva l a nd s tress
assays. The maximal lifespan extension
was observed in OPW (50 µg/ml) 32%
(P < 0.0 0 0 1)  followed by 2 7.9 %
(P < 0.00 01) in PSW (50 µg/ml) and
18.39% (P < 0.0001) in OCW (50 µg/
ml). Furthermore, all the three extracts

were a ble to modulat e bot h t he
oxidat ive as well as t hermal s tress.
Altogether, OPW mediates maximal
lifespan extension in the worm which
ca n be at tribut ed t o modulation of
stress level to a greater extent. These
resu lts  may provide ins ight s  for
designing evidence-ba sed herba l
therapy in future.

Ind. Crops Prod, 76: 1086–1093, 2015;
Input: MM Gupta, Rakesh Pandey

Acacetin 7-O- -l-rhamnopyranosyl
(1–2)  -D-xylopyranoside elicits
life-span extension and stress
resistance in Caenorhabditis elegans
A novel phytomolecule acacetin 7-O-
-L- rha mnop yra nosyl (1– 2 )  -D -
xylopyra nos ide (ARX) from Prem na
int eg rifo lia  has  been isolat ed a nd
evaluat ed for its  a nti-a ging effects
in Caenorhabditis elegans. The spectral
data analysis revealed the occurrence
of a new compound ARX. Out of the
three tested pharmacological doses of
ARX, viz. 5, 25, and 50 µM, the 25-µM
dose was able to extend life span in C.
elegans by more than 39%. The present
s t udy sugges t s  t ha t  A RX a f fect s
ba cterial meta bolism,  which in turn

leads to dietary restriction (DR)- like
effects in the worms. The effect of ARX
on worms with mutations (mev-1, eat-
2, sir-2 .1 , skn-1 ,  daf-16 ,  a nd h sf-1 )
indicates that ARX-mediated life-span
ext ension involves mecha nisms
associated with DR and maintenance
of  cellu la r redox homeost as is.  This
study is the first report on longevity-
promot ing act ivit y of  ARX in  C.
elegans mediated by st ress and D R-
regulat ing genes .  This novel
phyt omolecule ca n cont ribut e in
designing therapeutics  for managing
aging and age-related diseases.
J Gerontol A Biol Sci Med Sci doi: 10.1093/

gerona/glv173, 2015
Input: MM Gupta, Rakesh Pandey

V er minoside  media te s li fe  spa n
ex tension and allevia tes str ess in
Caenorhabditis elegans

The discovery of bioactive molecules
modulating aging in living organism
promot es  development  of  na tura l
therapeut ics for curing age- relat ed
af flict ions.  The progression in age-
related disorders can be attributed to
increment  in int ra cellular rea ct ive
oxygen species  (ROS)  and oxidat ive
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s t ress  level.  An iridoid  verminos ide (VMS)  from
Stereospermum suaveolens was isolated and evaluated for its
effect on Caenorhabditis elegans. The present study delineates
VMS-mediated a lteration of intra cellular ROS, oxidative
stress, and life span in C. elegans. The different tested doses
of VMS (5 µM, 25 µM, and 50 µM) were able to enhance
ROS scavenging a nd extend mean life sp an in C. elegans.
The maximal life span extension was observed in 25 µM
VMS, that is, 20.79% (P < 0.0001) followed by 9.84% (P <
0.0001) in 5 µM VMS and 8.54% (P < 0.0001) in 50 µM VMS.
VMS was able to alleviate juglone-induced oxidative stress
and enhanced t hermo tolerance in worms. The
stress-modulating and ROS-scavenging potential
of  VMS wa s va lidat ed by increment in mean
survival by 29.54% (P < 0.0001) in VMS-treated
oxidative stress hypersensitive mev-1 mutant strain.
Furthermore, VMS modulates expression of DAF-
16 (a FoxO transcription factor) promoting stress
resistance and longevity.  Altogether, our results
suggest that VMS attenuates intracellular ROS and
stress (oxidative and thermal)  level promot ing
longevity. The longevity and stress modulation can
be attributed to VMS-mediated alterations in daf-
16 expression which regulat es insulin signaling
pathway. This study opens doors for development
of  phytomolecule-based therap eutics  for
prolonging lif e span and managing age-rela ted
severe disorders.

Free Radical Research 49: 1384-1392, 2015; Input: MM Gupta,
Rakesh Pandey

Analytical method development: Uni-dimensional
double development HPTLC-densitometry method for
simultaneous analysis of  mangiferin and lupeol
content in mango (Mangifera  indica) pulp and peel
during storage
Ma ngo (Mangifera  indica) fru it is one of  the importa nt
commercial  fruit crops of India. Similar to other tropical
fru its it is highly perishable in nature. During stora ge/
ripening, changes in its physico-chemical quality parameters
viz., firmness, titrable acidit y, total soluble solid content
(TSSC), carotenoids cont ent, and other biochemicals  are

Representative densitogram of uni-directional double development
HPTLC determination of mangiferin and lupeol in mango pulp



5

inevitable. A uni-dimensional double-
development high-performa nce thin-
layer chroma - tography (U D DD -
HPTLC) method was developed for the
real-time monitoring of mangiferin and
lupeol in mango pulp and peel during
s tora ge.   The qua nt it at ive deter-
mina t ion of  bot h comp ounds of
dif ferent  cla sses  was  achieved by
densit ometric HPTLC method. Silica
gel 6 0F 25 4 HPTLC p la t es  and two
solvent systems viz., toluene/EtOAC/
MeOH and Et OA C/MeOH,
respectively were used for opt imum
separat ion and selective evaluation.
D ens itometric  qua nt it at ion of
mangiferin was performed at 390nm,
while lupeol a t  6 1 0nm a ft er p os t
chroma tographic deriva t iz a t ion.
Validated method was used for real-
time monitoring of ma ngiferin a nd
lupeol content during storage in four
Indian cu ltivars, e.g., Bombay green
(Bg reen) ,  D ash eh ari , Lang ra ,  a nd
Chausa .  Significa nt correla t ions
(p<0.05) between of acidity and TSSC
with mangiferin and lupeol in pulp and
peel during storage were also observed.

Food Chemistry 176: 91-98;
Input: Karuna Shanker

Chemical composition and
acetylcholinesterase inhibitory
activity of Artemisia maderaspatana
essential oil
To date, there are no reports to validate
the Indian t ra ditiona l and folklore
claims of Artemisia maderaspatana  (syn.
Grangea maderaspatana) (Asteraceae)
for t he t rea t ment  of  Alz heimer’s
disea se.  The p resent  s tudy
characterizes the volatile components
(non-p ola r compounds)  of  A.
m ad erasp atana a nd eva lua t es  it s
acetylcholinesterase (AChE) inhibition
potential. The essential oil (yield 0.06%
v/w)  was  obta ined f rom t he f resh

aerial part of A. maderaspatana. The in
vitro AChE inhibition of the volat ile
organic const it uents (VOC’s) of  A.
m aderasp atana a eria l pa rt  wa s
evalua ted in varying concent ra tion
ranges (0 .70-4 4.75 µg/mL)  with the
Ellma n’s  method. The ma j or
component s were -humulene
(46 .3%) , -caryophyllene (9.3%),  -
copaene (8 .2%),  -myrcene (4.3%),
Z(E)-- fa rnesene (3 .7%) , ca la rene
(3.5 %).  The experimenta l resu lt s

Dose dependent AChE inhibition potential
of (a) physostigmine-a standard drug  and
(b) essential oil of A. maderaspatana

Majo r phytoconstituents o f Artemisia
maderaspatana
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showed t ha t diverse vola tile orga nic const it uents  of
A.  m aderasp atana ha ve s ignif icant acetylcholines tera se
inhibitory activity (IC50 value 31.33 ± 1.03 µg/mL). This is
the first report on the inhibit ion of a cetylcholinesterase
properties of essential oil of A. maderaspatana obtained from
fresh aerial part. The present study showed that essential
oil of A. maderaspatana isolated from North region of India
could  inhibit AChE moderately. Therefore, possibility of
novel AChE inhibitors might exist in VOCs of this plant.

Pharmaceutical Biology 53:1677-1683;
Input: Karuna Shanker, D Chanda

Chemical characterization and acetylcholinesterase
inhibition potential of volatile components of aerial
Parts of Pluchea lanceolata
Pluchea lanceolata (Rasana) is an important medicinal plant
due to its usage in a number of Ayurvedic formulations.
For the first time, chemical composition of essential oil from
t he a eria l pa rt  of P. lanceolata was  a nalyz ed by ga s

chromatogra phy-ma ss spectrometry (GC-MS) and NMR
spectroscopy. Ex vivo cholinesterase inhibitory activity of
the essentia l oil wa s also evaluat ed using mouse brain
homogenate. The major components were linalool (32.2%),
-ca ryop hyllene (8 .5%) , -terpineol (8.0 %), spat hulenol
(7.4%), linalylacetate (5.6%), naphthalene, 1,6-dimethyl-4-
(1 -met hylethyl)- (4.3%),  -copaene (3.6%),  ep i-cubebol
(3 .6%)  and t rans -- bergamont ene (3 .1%). The experi-
mental results showed that hydrodistilate of P. lanceolata
significantly inhibited  acetylcho-linesterase activity (IC50
value 2.54 ± 0.03 µg/mL).

Records of Natural Products 9: 586-591;
Input: Karuna Shanker, D. Chanda

Molecular modeling based synthesis and evaluation
of in vitro anti-cancer activity of indolyl chalcones
A series of twenty-one chalcone derivatives having indole
moiety were synthesized (Scheme 1) and evaluated against

Acetylcholinesterase inhibition by (a) physostigmine and (b) non-
polar fraction of P. lanceolata
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four human cancer cell lines . E leven indolyl chalcones
showed significant anti-cancer activity. Chalcones 1b and
1d were the most active and selective anti-cancer agents
with IC50 values <1µg/ml and 1.51µg/ml, against WRL-
6 8 cell line,  respect ively. Molecula r mecha nism wa s
explored through in silico docking and ADMET studies.

Curr Top Med Chem. 15: 1003-12, 2015
Input: RS Bhakuni, MP Darokar, Feroz Khan

Synthesis, anti-tubercular  activity , and molecular
modeling studies of analogues of isoliquiritigenin and
liquiritigenin, bioactive components from Glycyrrhiza
glabra
Isoliqu iritigenin ( ISL, 1) and liquiritigenin (LTG, 2) were
isolated f rom the rhiz omes of  Glycyrrhiza glabra. In an
attempt to develop potent and selective anti-tuberculosis
agents, a series of ISL analogues were synthesized mainly
via acid- and base-catalyzed Claisen–Schmidt condensation
reaction for their anti-tubercular activity. Compared to ISL

(MIC = 25 lg/mL),  derivatives 6, 7, and 15 exhibited two
fold  higher a ctivity (MIC =  1 2 .5 lg/mL)  a ga ins t
Mycobacterium tuberculosis. Among the LTG derivatives, LTG
40-acetate and LTG-oxime were found to be as active (MIC
= 25 lg/ mL) as LTG. It is the first report on antimycobacterial
activity of these ISL- and LTG-based derivatives. Molecular
docking a nd in silico  A DME st udies  revea led tha t
compounds  6,  7 ,  and 15  a re pot ent  inhibit ors  of
M. tuberculosis H37Rv alanine dehydrogenase and showed
compliance with standard parameters of drug likeness.

Med Chem Res. 34: 3494-3503, 2015;
Input: RS Bhakuni, D Saikia and Feroz Khan

Anti-cancer profile of AS-6
Compound 1 is  an optimized ant i-cancer lead molecule
obtained on modification of gallic acid, a plant phenolic acid.
It  exhibited pot ent cyt otoxicities (IC50=0 .01 0-1 4.76µM)
against various human carcinoma cells. In cell cycle analysis,
benzylidene indanone 1 induced G2/M phase arrest in both
MCF-7 and MDA-MB-231 cells. It also induced apoptosis
in DU145 cells which was evident by cleavage of PARP. In
Ehrlich ascites carcinoma, benzylidene indanone 1 showed
45.48% inhibition of tumour growth at 20mg/kg dose in
Swiss albino mice. Further, in sub-acute toxicity experiment
in Swiss albino mice, it was found to be non-toxic up to
100mg/kg dose for 28days. The lead compound benzylidene
indanone 1 can further be optimized for better anti-cancer
activity.
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Synthesis, docking and ADMET studies of novel
chalcone triazoles for anti-cancer  and anti-diabetic
activity
A  series  of  novel chalcone- t riaz ole derivat ives were
synthesized and screened for in vitro anti- cancer act ivity
on the human cancer cell lines IMR32 (neuroblastoma),
HepG2  (hepatoma ) and MCF-7 (breasta denocarcinoma),
D U -1 4 5  (pros t a te carcinoma ) , a nd A 5 49  ( lung
adenocarcinoma). Among the tested compounds, 4r showed
the most promising anti-cancer activity in all the cell lines
whereas, compounds 4c (IC50 65.86 µM), 4e (IC50 66.28

µM), 4o (IC50 35.81 µM), 4q (IC50 50.82 µM) and 4s (IC50
4 8.63  µM)  showed bet t er a ct ivity t ha n the s ta ndard
doxorubicin (IC50 69.33 mM) in A549 cell line alone. Rat
intestinal -glucosidase inhibitory activity of the synthesized
derivatives showed 4m (IC50 67.77 µM), 4p(IC50 74.9 4 in
µM) and 4s (IC50 102.10 µM) as most active compared to
others. The in silico docking of synthesized derivatives 4a-4t
with DNA topoisomerase IIa revealed the LibDock score in
the range of71.2623e118.29 whereas, compounds 4h, 4m,
4p and 4s with docking target a-glucosida se were in the
range of 100.372e107.784.

Input: J Kotesh Kumar

Eur. J. Pharm. Sci., 76: 57-67, 2015; Input: AS Negi
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A regioselective etherification of aryl/alkyl halides
An efficient synthesis of alkyl ethers has been developed for o-deactivated aryl
halides, and 1-halotetralenes. The method shows good regioselectivity towards
ortho subs tituted halides.  Alkali metal ca rbonates  (Li2CO3/Na2CO3/K2CO3/
Cs2CO3) have been used without a transition metal co-catalyst and ligand. The
method is simple, straight-forward and proceeds to afford products in good
isolated yields.

Changes in the essential oil content
and composition of  palmarosa
(Cymbopogon martinii) harvested at
different stages and short intervals
in two different seasons
The essent ia l oil of  palma rosa
(Cy mbopog on m art inii) is one of t he
industrially important  essential oils.
Since the content and composition of
essent ial oils is known to depend on
extrinsic and intrinsic factors, including
clima t e a nd season of  ha rves t ,
knowledge of the optimal harvesting
time is necessary for product ion of
qua lity essentia l oil. Hence,
experiments were conducted to study
t he va ria t ion in t he essentia l oil
compos ition of pa lmarosa harvested
twelve times at short intervals during
a six-mont h period from October to
March. Chemical prof iling of  the
essential oils was done by GC/GC–MS
analysis, which revealed the presence
of eleven compounds in the essential
oil. The compounds are myrcene, cis-
ocimene, trans-ocimene, linalool, neral,
gera niol,  gera nia l, gera nyla cet a te,
ca ryophyllene, geranyl isobut erat e,
and farnesol. A significant increase in
the geraniol content and a significant

Etherification of aryl chlorides, indenes, tetralenes and heterocyclic system in presence of
metal carbonates.

Tetrahedron Letters 56: 2340-2344, 2015; Input: AS Negi



10

decrease in the gerany lacetate were
not iced with t he pa ssage of time.
Maximum and minimum temperatures
exhibited  signif icant  pos itive
correlation with geraniol and showed
s ignifica nt  nega tive rela t ion wit h
geranylacetate. Geraniol and gerany-
la cet a te in t he essent ia l oil were
inversely related. Ideal harvesting time
is  a round 7 0– 80  da ys  t aking in to
consideration of oil content, oil yield/
plant and the content of geraniol and
geranylacetate in the essential oil.

Input: J Kotesh Kumar

Hairy root mediated functional
derivatization of  artemisinin and
their bioactivity analysis
Biotransformation of artemisinin (1)
with the selected hairy root clones of
three medicinally important plants, i.e.,
Atropa belladonna, Hyoscyamus muticus
and Ocimum basilicum, yielded t wo
biotransformed products, which were
identif ied a s 3-hydroxy-1 -deoxya r-
t emis inin (2)  a nd 4-hydroxy-9,10 -
dim et hy loct a hyd rofu ro- ( 3 ,2 - i) -
isochromen-1 1(4 H)-one (3 ) . Their
st ructures were elucida ted through
spectroscopic analysis (NMR/MS) and

X-ra y cryst allography. The rela tive
transformation efficiencies of the tested
hairy root clones differed concerning
individual bioconversion reactions.
Consequent ly,  the HR clones of
H. muticus and A. belladonna accom-
plished the highest conversion of (1) to
(2) and (3) respectively, while that of
O. basilicum imparted an intermediate
resp onse. In silico  a nd in vit ro
bioactivity analysis of the derivatives
revea led promis ing ant i-p lasmodial
activity profile in tandem with notable
TNF level lowering pot ent ia l of
compound (2), indicating thereby its
prosp ect ive t hera peut ic  merit  in
ameliorating the severity of mala rial
infection.

Input: J Kotesh Kumar

Composition of herb and seed oil
and anti-microbial activity of the
essential oil of two varieties of
Ocimum basilicum  harvested at
short time intervals
A n exp eriment  was  conducted t o
st udy the changes in t he chemica l
composition of the essential oil of two
varieties of Ocimum basilicum over a
period of six months at short harvest

interva ls  for two crop sea sons.   In
variety Vikarsudha, GC/MS analysis
revea led t he presence of eight een
essential oil const it uent s.  L inalool
(23.540.1% and 22.833.7%) and methyl
cha vicol (25.4 51.9% and 4 0.052.7%)
were the ma jor constituents in main
and ratoon crops.  Similarly, in variety
Kuhmohak GC/MS analysis revealed
the presence of linalool (19.225.4 % and
1 6 .1 3 1 .3 %)  a nd met hyl cha vicol
(3 4.75 3.4% and 39 .459 .2%) in large
quantities in main and ratoon crops,
respectively. Beta myrcene, limonene,
1 ,8 cineole,  ocimene,  ca mphor,
terpinen-4-ol, bornyl acetate, eugenol,
methyl eugenol, beta elemene,  beta
ca ryophyllene,  a lpha  humulene,
ga mma cadinene and cadinol were
present in smaller quantities. Results
pertaining to the zone of inhibition in
the anti-microbial activity of essential
oil indica ted that  Chrom obact erium
violaceumis more sensitive as compared
to Staphy lococcus aureus.  Among t he
funga l s tra ins  Aspergillus niger wa s
found to be more sensitive.  GC-MS
analysis of the fixed oils obtained from
the seeds in the ra toon crop revealed
t he presence of unsa t urat ed a nd
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saturated fatty acids. The unsaturated
fatty acids averaged 89% consisting of
- linolenic  (4 9.3 %-5 2.4%) , linoleic
(23 .4%-26 .0%) , a nd oleic (10 .3%-
1 2.3%) a cids . The most a bundant
saturated fatty acids were palmitic and
stearic acids.

Input: J Kotesh Kumar

Synthesis and evaluation of anti-
cancer activity of novel androgra-
pholide derivatives
A series of 3,19-O-acetal derivatives of
a ndrogra pholide have been
synthesized by protecting thehydroxyls
at C-3 and C-19 through a novel route.
All the derivatives were evaluated for
in vitro anti-cancer activity. Among the
synthesized derivatives, compounds 3,
3a, 3d, 3e, 7 and 8 showed potential
cytotoxicity against human cancer cell
lines A 54 9 (lung), HeLa (cervical),
ACHN (renal), B-16 (melanoma) and
IEC-6 ( small int estine). The binding
mode conformat ion was evaluat ed
through docking simula tions, while
bioa va ila bility/drug- likeness  wa s
evalua ted through predictive ADME
screening studies. All the derivatives
were chara cterized by spectroscopy

and the stereochemistry of compounds
3a and 3e was also confirmed by X-ray
analysis.

Input: J Kotesh Kumar

Highly selective one pot synthesis
and biological evaluation of novel
3-(allyloxy)-propylidene acetalsof
some natural terpenoids
A series of 3- (allyloxy)-propylidene
a cet a ls  1a  t o 6 a of some na t ura l
terpenoids like androgra-pholides 1,2,
forskolins 3–5 and arjunolic acid 6 were
developed by a novel one pot synthetic
strategy using cericammonium nitrate
as a catalyst. The method is both chemo
a nd regioselective towa rds  1,3 -
acetalformation without affecting other
poly functional groups of terpenoids.
O-Allylation is an important functional
group transformation for alcohols and
the result ing end allylic double bond
ma y p a rt icip a t e in a  number of
synthet ically useful transformations
like olef in met a t hes is.  A cet a l of
a ndrogra pholide 1 a  wa s  further
converted int o 1 b,  1c a nd 1 d by
dimeriz a t ion,  a cetyla tion a nd
epoxida t ion resp ect ively.  A ll t he
synthesized compounds were screened

for in vitro anti-proliferat ive activity
against four cancer cell linesB16 F10,
THP-1, PC-3 and SKOV3. Derivatives
of andrographolide 1a, 1b, 1c and 2a,
forskolin 4a andarjunolic acid 6a have
shown promising cytotoxicity (IC50 <
10 µg/ml) in most of t he tested cell
lines. Also compounds 1b (IC50 0.83
µg/ml)  a nd 5 a (IC50  3 .4 3 µg/ml)
showed s ignif ica nt a -glucos idase
inhibition in an in v itro  a ssa y.
Structures of  a ll t he synthes iz ed
compounds were confirmed by NMR,
mass and IR spectral data. A s ingle
crys t al X-ra y a na lys is of  5 a  also
confirmed the 3-(allyloxy)-propylidene
acetal formation.

Input: J Kotesh Kumar

Studies on the comparative
extraction and enrichment
techniques for pyrethrins from
flowers of Chrysanthemum
cinerariaefolium
Comparative extraction efficiencies and
enrichment  met hods  for na t ura l
insect icidal compounds  pyret hrins
f rom the dried f lowers of
Chry santhemum cinerariaefolium us ing
dif ferent  t echniques  and solvent



12

systems have been studied. Four different extraction techniques viz., maceration,
agitation with heat, sonication and soxhlet using five different solvent systems
hexane, ethyl acetate, acetone, acetonitrile and methanol were evaluated. The
successive and maximum enrichment of the total pyrethrins was achieved by
solid-matrix partitioning of the extract using acetonitrile as extracting solvent
followed by treatment with activated charcoal, subsequent chilling & filtration
by which enrichment of total pyrethrins up to 60% content has been obtained.

Input: Sudeep Tandon, Ateeque Ahmad

In silico docking studies on natural anti-tubulin agents for revealing
importance of 3,4,5-trimethoxy phenyl fragment

Microtubules are polar cytoskeletal filaments assembled from head-to-tail and

comprised of lateral associations of /
-tubulin heterodimers that play key
role in various cellu lar processes .
Because of their vital role in mitosis and
various  other cellu la r processes ,
microtubules  have been at t ra ct ive
targets for several disease conditions
and especially for cancer. Anti-tubulin
is t he most successful class  of anti-
mitotic  a gents  in ca ncer chemother
apeutics. The target recognition of anti-
mitotic agents as a ligand is not much
explored so far.  However,  3 ,4 ,5 -
trimethoxyphenyl fragment has  been
much highlight ed and discussed in
such t ype of int eract ions.  In t his
review, some of t he most  important
naturally occurring anti-mitotic agents
a nd t heir int eract ions  wit h
microt ubules are discussed with a
special emphasis on the role of 3,4,5-
trimethoxyphenyl unit. At last, some
emerging nat urally occurring a nt i-
mit ot ic  a gent s ha ve a lso been
tabulated.

Bioorg Med Chem. 23:373-89, 2015;
Input: Feroz Khan, AS Negi
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Chemical constituents from the fruits of Zanthoxylum armatum
Chemical investigations on the fruits of Zanthoxylum aramatum (Rutaceae) led
to t he isola tion of one new compound chara ct eriz ed a s phenol-O - -D -
arabinopyranosyl-4'-(3'’, 7'’, 11'’, 15'’-tetramethyl)-hexadecan-1'’-oate (1) along

Chemical structure of new compound (phenol-O- -D-arabinopyranosyl-4'-(3'’, 7'’, 11'’,
15'’-tetramethyl)-hexadecan-1'’ -oate)

with nine known compounds  m-methoxy palmit yloxy benzene, t ambulin,
prudomestin, obmuin, 3,4,5, 3',4',5'-hexahydroxydiphenyl ether, acetyl phenyl
aceta te,  m-hydroxyphenoxy benzene, linoleiyl-O--D -xylopyra noside a nd
palmitic acid from the hexane extract. The chemical structures were established
with the help of physical, chemical and spectroscopic methods.

Input: Sudeep Tandon, Ateeque Ahmad

In  silico structure-activity relationship studies on gymnemic acid
analogues for anti-diabetic activity targeting PPARã

Diabetes accounts for high mortality rate worldwide affecting million of lives
annually. Global prevalence of diabetes and its rising frequency makes it a key
area of research in drug discovery programs. The work studies the development

of qua nt it a tive s t ructure a ctivit y
relationship model against PPARã, a
promis ing drug t arget for dia betes.
Multip le linear regress ion approa ch
wa s adopted for st at is tica l model
development  a nd t he QSA R
relationship sugges ted the regression
coeff icient (r2) of 0.84  and the cross
validat ion coefficient (rCV2) of 0.77.
Further, t he s tudy sugges t ed t ha t
chemica l descrip t ors  viz . , d ipole
moment , elect ron aff init y, d ielectric
energy, secondary amine group count
and LogP correlat ed well with t he
activity. The docking studies showed
t hat  most  act ive gymnemic acid
analogues  viz ., gymnema sin D a nd
gymnemic a cid VI I possess higher
binding affinity to PPARã. QSAR and
ADMET studies based other predicted
active gymnemc acid analogues were
gymnemic acid  I, gymnemic acid II,
gymnemic acid III, gymnemic acid VIII,
gymnemic acid X, gymnemic acid XII,
gymnemic a cid XIV, gymnemic acid
XVIII and gymnemoside W2. Predicted



14

a ctivity resu lts  of  t hree query
compounds were found comparable to
experiment a l in viv o  dat a .  Ora l
bioavailability of these active analogues
is still a limiting factor and therefore
further lead opt imizat ion required.
Also, such study would be of great help
in active pharmacophore discovery and
lea d optimization, a nd offering new
insights into therapeutics for diabetes
mellitus.

Curr Comput Aided Drug Des. 11:57-71,
2015; Input: Feroz Khan, NS Sangwan

In silico exploration of synergistic
effect mechanism of (+)-pinitol from
Saraca asoca  with  -lactam
antibiotics

Saraca asoca bark has been used in the

A yurvedic sys tem of  medicine for
fema le urino-genit al disorders . We
have recently reported the isolation and
characterization of several compounds
as markers to develop HPLC profiling
of its methanol and aqueous methanol
extracts. Now, a HPLC-PDA inactive
compound, (+)-pinitol has been isolated
and characterized from the bark of this
medicinally important tree. Pinitol is a
well known bioactive compound for a
variety of biological activities, including
hypoglycemic and anti-inf lammatory
activities. A process for the isolation of
rela tively good concentration of (+)-
pinit ol f rom S.  asoca bark has been
developed and its in vitro anti TNF-
a nd a nt i- inf lamma tory a ct ivit ies
agains t carragenan-induced edema

conf irmed.  While conducting
experiments on the possible agonistic
activity, it was found that (+)-pinitol
showed up to eight fold reduction in
the doses of -lactam antibiotics. The
mechanism of its agonistic activity was
studied by docking experiments which
showed that different conformations of
(+) -p init ol a nd a nt ibiot ics  were
actually in the same binding site with
no significant change in the binding
energy.  These docking simulat ions,
thus predict the possible binding mode
of studied compounds and probable
reason behind the synergistic effect of
(+) -p init ol a long wit h  - lact a m
antibiotics.

J Asian Nat Prod Res. 2:1-12, 2015;
Input: Feroz Khan, LN Mishra



15

Project : Development of pre and post harvest technologies for commercially viable medicinal and
aromatic crops and their popularization

CIM-Harit an early maturing and
high yielding variety of clarysage
Clarysage (Salvia sclarea), an important
aromatic crop is cultivated for essential
oil used in f ra grance a nd
pharma ceutical industries. The pale-
green bracteates variety “CIM-Harit”
is an early maturing (20 days earlier)
a nd produces  about 2 2 % higher
essent ia l oil over the va riet y CIM-
Chandni.

Clarysage seed oil rich in omega -3
fatty acid

For the f irst t ime in India edible oil
ex tract ed from the cla rysage seeds
yielding 28-30% oil that is rich in ALA
type of Omega-3 fatty acid (45-50%).
ALA type of omega 3 is precursor to
marine omega 3 (EPA and DHA), thus
it is the source of all three types (ALA,
EPA and DHA) of fatty acids. It is a
dual purpose crop bot h grown for
essential oil as well as fatty oil which
can be used in the health care products
as an antioxidant and for lowering the
choles t erol levels.  The compound
present in seed oil of  clarysage a re
palmatic  acid 7.6%, stearic acid 2.7%,
oleic acid25.7%, linileic acid 16.4 %,
linolenic acid ( -6) 0.30% and linolenic
acid ( -3) 45.7%.

Input: Mohd. Yaseen, Sukhmal Chand,
PK RoutSingle branch of var. CIM- Harit

Field view of var. CIM- Harit

Description of the clarysage variety
CIM-Harit

Input: Mohd. Yaseen, Dasha Ram

Growth habit Erect 
Appearance Light green 
Shape of canopy Symmetrical 
Plant height 160 – 180 cm 
Spike length 75 – 85 cm 
Flower Light pale green 

bracteates 
Flower spike yield 
(q/ha) 

200 – 225  

Essential oil 
content (%) 

0.12 – 0.13 (on the basis 
of Clevenger) 
0.08 – 0.10 (commercial 
recovery) 

Essential oil yield 
(kg/ha) 

20 –25 (experimental) 
16 – 18 (commercial) 
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Intercropping of MAPS with food grain crops
Due to ever increasing demand of food crops on account of increasing population,
it is not economically feasible to spare good agricultural land for the cultivation

Pigeon pea+ sweet basilPigeon pea+ kalmegh

of medicinal and aromatic plants (MAPs). Pigeon pea and maize are wider row
spaced, erect  and slow growing crops, we have tried to utilize the inter row
space t hrough inter cropping of  short statured kalmegh and sweet ba sil for
sustainable production. Intercropping of two rows of kalmegh / sweet basil in
between two pair rows of pigeon pea grown at 90:30 x 20 cm spacing gave
maximum land use efficiency (152%), monitory equivalent ratio (1.21) and 21%
higher net return as compared to sole crop of pigeon pea.

Input: M. Yaseen, Dasha Ram, Man Singh

Optimization of harvesting time for vetiver planted in different seasons
A field experiment was conducted to workout the optimum harvesting time for
vetiver planted in different seasons. Planting of vetiver in mid July and harvested
in January (18 months after planting) gave maximum oil yield.

Input: Man Singh, Mohd. Yaseen, Dasha Ram

Optimization of plant population
and harvesting time for satavar
A field experiment consisting of four
plant population and four harvesting
time was conducted during July 2012
to June 201 4 to workout opt imum

             18 months                        24 months

             6 months                        12 months

plant population and harvesting time
for sataver. Maximum dry tuber yield
(56 q ha-1) of satavar was obtained by
maintaining plant population of 55,500
plants ha-1 (60 x 30 cm) and harvested
at 18 months after transplanting.

Input: Man Singh, M. Yaseen, Dasha Ram
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Effect of biochar and Bacopa  monneri on enzymatic
resilience properties of mine waste
The combined effect of biochar and B. monneri on a cidic
mine overburden (OB) contaminated soil was assessed using
the resistance and resilience of soil enzyme activities involved
in phosphorus , nit rogen, su lp hur a nd ca rbon cycling.
Addition of biochar enhanced the enzyme resistance and
resilience of OB contaminated soil. In silico study indicates
that biochar– Fe complex pla y a  significant role in t he
enzymatic activities. Results indicated a significant influence
of B. monneri and biochar addition on soil enzymatic activity
t ha t is  ext remely res is ta nt  t o OB. The ma jor sp ecies
associated with the soil microbial activities were B. firmus,
B. thurengesis, Geobacillus stearothermophilus, Brevibacillus

laterosporus, Bacillus sphaericus B. mycoides and B. aryabhatti
(Fig. 1).

Input: Puja Khare

RCA based molecular detection of a new strain of
begomovirus infecting Andrographis paniculata
In a recent f ield survey, a  new strain of begomovirus
infecting A. p aniculata wa s discovered and full genome
analysis revealed it to be different from the two isolates of
begomoviruses reported earlier in this plant. The infected

Begomovirus infected
A. paniculata plant

Restricted RCA product of the
sample

Fig. 1. Taxonomic analysis of the 16S rDNA sequences for species
identification of soil bacteria and their colony count in control, mine
spoil (T6) and mine spoil biochar  (T7) treatments

plants were infested with whiteflies (Bemicia tabaci), which
is the known vector of begomoviruses. The disease incidence
was recorded to be 15–20%. The RCA product of the sample
generated ~ 2.7 and 1.3 kb fragments corresponding to the
viral DNA  and betasatellite molecule, wit h BamHI and
HincII.

Input: Abdul Samad
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Genera Cassia , Senna a nd
Cham aecrist a  a re highly
complex with more than 600
species  of  high medicinal,
commercial and ornamental
value. T innevelley Senna
cont ribut es  s ignifica nt ly
among the largest exported
bulk herb drug traded in the
range of 5000 metric tons per
year as commercial products.
Sequences corresponding to

18 different species representing three different genera of
Cassiinae were evaluated based on the nuclear ribosomal
internal t ra nscribed spa cer regions  t o assess  t heir
discriminatory power as candidate barcodes.
Sequence characteristics of the candidate barcode

Project : Development of DNA barcodes for selected trade in demand and CITES medicinal plants

Testing the feasibility of nuclear ribosomal region ITS1 over ITS2 in barcoding taxonomically challenging
genera of subtribe Cassiinae

Conclusion: Nuclear region ITS1 and ITS2 present all the
desired characteristics of a DNA barcode in Cassiinae group
examined in t he present s t udy.  High ra t e of  PCR
ampliûcation and sequencing success with potential rate of
correctly assigned species among the genera Cassia, Senna
and Chamaecrista concludes the ability of nuclear region ITS.
However, till date there have been no ideal ba rcode for
pla nts. The previously a dvocat ed plastids regions have
successfully been used in many barcoding studies . And
many of them have also indicated the potentiality of species
discrimination based on the combination of ITS and plastid
loci or ITS2 alone in different plant groups. Through our
study, we concluded that ITS1 region should be used as a

 ITS1 ITS2 ITS1+2 
Aligned length (bp) 315 244 559 
Average intra-distance 0.01% 0.03% 0.01% 
Average inter-distance 0.24% 0.25% 0.17% 
Average theta (e) 0.27% 0.26% 0.18% 
Coalescent depth 0.02% 0.38% 0.17% 
Proportion of variable sites 66.66% 60.24% 46.53% 
Proportion of parsimony sites 65.39% 47.54% 43.64% 
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K2P distance K2P distance
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Project :  Conservation of rare/endangered/elite
germplasm of important MAPs under in vitro bank

Panax quinquefolius

A 3.5 fold increase in the ginsenoside yield was achieved in
Panax quinquefolius with use of culture filtrate of Trichoderma
actiniviridae, with simultaneous ginsenoside leaching in cell
media. The process is cost effective at the industrial level
due to easier retrieval and downstream processing. Further,
P. sikkimensis cell suspensions respond to T. harzianum CF
(3.8 fold increa se).  In addit ion to quant ity, the quality
enhancement is also a priority with a better proportion of
more bioavalaible and potent ginsenosides.

Centella asiatica

Identified and molecularly characterized (AFLP) the elite
accessions of Centella suitable for Northern plains – Lucknow
and Bengaluru. As far as their biomass and centelloside
production is concerned as this particular accession A, can
grow throughout the year irrespective of seasonal variation
with high herb yield and asiaticoside/centelloside content.
The developed method has potential to address industry’s
demand for clean a nd good qua lity Centella herb for the
herbal formulations  for domestic and overseas markets.
Based on the results, a cold tolerant variety  of Centella asiatica
named as CIM-Medha was released on 26 September 2015.

Input: Archana Mathur

starting point to assign correct identification in the highly
divergent genera Cassia, Senna and Chamaecrista. More over
the choice of ITS1 over ITS2 have been suggested recently
in the studied taxonomic group.

Input: V. Sundaresan

Species Individuals 

Chamaecrista absus 03  

Senna uniflora 04  

Chamaecrista nigricans 02  

Senna italica 05  

Senna hirsuta 05  

Senna alata 03  

Senna sulfurea 03  

Senna siamea 03  

Senna obtusifolia 02  

Senna occidentalis 05  

Cassia javanica 04  

Cassia fistula 04  

Senna pallida 02  

Senna auriculata 04  

Senna alexandrina 03  

Senna tora 03  

Cassia roxburghii 02  

Senna surattensis 04  
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Project : Induction, up-scaling, chemical and bioactivity profiling of hairy root cultures of Boerhaavia
diffusa - a traditional medicinal herb bearing advance therapeutic potentials

The root s  of Boerhaavia  d iffusa  L .
(Nyct a gina cea e) a re used in t he
A yurveda a nd U nnani sys tems  of
medicines . The lates t d iscoveries of
pot ential a nti-cancer, immunomo-
dula t ory a nd cardio-p rot ective
activities have increased it s market
demand.  B. diffusa is rich in secondary
meta bolit es , including f la vonoides,
a lka loids  a nd t riterp enoids .
Boeravinone B a nd eupalitin gained
present in the plant has gained global
attention owing to their proven anti-
cancer activities. The demand of the B.
diffusa is mostly fulfilled by the mass
sca le collection of  the p lant f rom
natural habitats leading to its depletion
and adulteration.

Biotechnologica l intervention  in t he
form of Ag robact erium  rh izog enes
mediated hairy root (HR) culture has
been t aken up  for round the yea r
supply of plant material independent
of seasonal fluctuations and environ-
mental / pathological constraints.

The bacterial strain specificity and the

underlying compet ence of  the
induced HR clones  for t heir
biosynthetic (i.e., Boeravinone B and
Eupalitin) and bioactivity potentials
ha ve been evaluat ed.   RP-HPLC
analysis of the targeted metabolites
production in the HR clone revealed
a higher accumulation of eupalitin
(1.44 times) over the control roots,
while t he la t er showed higher
boeravinone B content as compared
t o t he former. U p  sca ling in
10L”stirred-tank” reactor facilitated
higher root biomass yield with 6.1
fold and 1.15 fold yield increment
of the boeravinone B and eupalitin
respect ively compa red to shake-
flask cultures. As compared to the
control roots, the established hairy root
clone revea led improved a nt i-
infla mma t ory p otent ia l wit h
analogous antioxidant / anti-bacterial
activities  agains t pa thogenic gram
positive and gram-negative bacteria.

The overall findings first time indicated
equivalent biosynthetic and bioactivity

potentials of the HR clones with 15.21
fold time saving compared to the field
grown p lants ’ root s,  suggest ing its
pot entia ls benef it in fu t ure drug
development process.

Input: S Banerjee, S Luqman,
DU Bawankule; Protoplasma DOI 10.1007/

s00709-015-0875-5



22

Production of anti-cancer triterpene (betulinic acid)
from callus cultures of different Ocimum species and
its elicitation
The betulinic acid (BA) possess selective cytotoxicity towards
different kinds of  human cancer cells, including brain and
ovarian carcinomas, neuroblastomas and  leukemia, making
it as one of the most promising anti-cancer agents. However,
low cont ent  of BA  in t he na t ural sources  makes it s

commercially unviable.

The present the potential of Ocimum callus cultures as an
alternative production source of BA has been revealed for
the first t ime.  The species  tes ted were O. basilicum, O.
kilimandscharicum and O. sanctum. The synthesis of BA in
the O. basilicum calli could be increased almost two times
through elicitation with the MeJ after 48 h of exposure on
NAA-supplemented medium.

Project : Production of bio-chemicals and  biofuels from spent aromatic biomass by bio/chemical
processes
 A novel process has been developed for the isolation of cellulose, hemicellulose and lignin from the spent Mentha and

Ocimum biomass.
 A novel process has been developed for the selective isolation of anti-diabetic pinitol and fatty oils form Sesbania

bispinosa seeds.
Input: PK Rout, AD Nannaware

Protoplasma 252:647–655, 2015; Input: Suchitra Banerji
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Project : Target based validation of identified MAP
leads
Anti-oxidative and pro-oxidative property  of
Matricaria chamomilla  flower for  the variants of
deoxyribose degradation
In traditional system of medicine, chamomile tea has been
used for its anti-oxidative and ROS scavenging property.
We have examined the interaction of flower extracts with
the auto-oxidation of ascorbate and also determined the
auto-oxidative property of t he extracts by modifying the
deoxyribose degradation assay.

Concentration-dependent hydroxyl radical scavenging effect of
M. chamomilla flower extracts

H2O2 / Fe+3 / Ascorbic acid system

Annals of Phytomedicine 4 : 52-58, 2015; Input: Suaib Luqman

Project : Bioprospection of plant resources and
other natural products

Evaluation of DNA barcodes in genus Terminalia
The genus Terminalia is distributed in the tropical a nd
subtropical regions of the world. The genus is quite diverse
in the forest of eastern, central and southern India. In order
to overcome the morphological disparity,  three p last id
regions (rbcL, matK and trnH-psbA) and one nuclear marker
(ITS) from 134 individuals representing 16 Terminalia species
were evaluated to assess their discriminatory power as the
candidates for D NA barcoding. The va rious approaches
( t ree-ba sed,  bes t  ma t ch a nd PWG dis ta nce-ba sed)
employed, provided different species identification power

Species discrimination rates of main barcodes in Terminalia species
based on different methods

At low concentration (10-50 µg/ml), both the ethanolic and
aqueous extracts protected the hydroxyl radical formation,
while at  high concentra tion (1 00-250  µg/ml) etha nolic
extract augmented the generation of hydroxyl radical.
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Sequence 
characteristics 

ITS rbcL matK ITS+ 
rbcL 

ITS+  
matK 

rbcL+ 
matK 

Aligned length (bp) 446 360 524 806 970 884 
Average intra-distance 0.06% 0.10% 0.22% 0.58% 0.60% 0.53% 
Average inter-distance 0.10% 0.14% 0.25% 0.57% 0.66% 0.52% 
Average theta (e) 0.05% 0.09% 0.10% 0.52% 0.53% 0.48% 
Coalescent depth 0.41% 0.53% 0.48% 0.68% 0.86% 0.85% 
Variable  sites 50.53% 49.84% 46.18% 65.52% 69.75% 65.25% 
Parsimony sites 45.06% 29.92% 34.1% 63.29% 63.85% 55.58% 
Ability to discriminate 
(NJ) 

44.19% 11.53% 43.33% 22.07% 32.5% 24.61% 

 with the best match method of Taxon DNA found to be
performing best.

Conclusion:  ITS performed best among all the tested regions
along with the best node support. ITS+rbcL provided the
maximum variation in interspecific divergence as compared
to intraspecific distances. Except for ITS, all the other regions
showed overlapping, thereby concluding the negligible
ba rcoding gap.  Further explorat ion of  psbA-t rnH  wit h
different primer pairs and its  combina tion wit h other

Discrimination success

successful regions might
resu lt for bett er
barcoding success   in
genus Terminalia. Among
a ll t he t hree met hods
employed,  sequence
a nalys is  using
TaxonDNA method gave
t he highes t  species
resolut ion based on the
BM a nd BCM model.
Species  discriminat ion
for the genus Terminalia
was low with the tested
barcodes, might be due to
nat ural hybridiz a tion
and gene introgression.

Input: V. Sundaresan

Best match (%) All species barcodes (%) Region 
Correct 

 
Ambi-
guous  

Incorrect Correct Ambi-
guous  

Incorrect  

ITS 75.0 8.33 16.66 20.83 70.83 2.08 
rbcL 42.55 36.17 21.27 21.27 72.34 4.25 
matK 53.84 28.2 17.94 7.69 79.48 12.82 
ITS+rbcL 56.84 22.1 21.05 3.15 96.84 0.0 
ITS+matK 56.32 16.09 27.58 3.44 94.25 2.29 
rbcL+matK 45.34 34.88 19.76 0.00 97.67 3.2 
 

Locus Direction Sequence 
ITS5a Forward 5'-CCTTATCATTTAGAGGAAGGA-3' 
ITS4 Reverse 5'-TCCTCCGCTTATTGATATGC-3' 
matK 2.1a Forward 5’ATCCATCTGGAAATCTTAGTTC-3’ 
matK3.2r Reverse 5'-ATCTATCGATAATATCAGAAT-3'  

rbcL1F Forward 5'-ATGTCACCACAAACAGAAAC-3‘ 
 Forward 5’-ATGTCACCACAAACAG-3’  
rbcL724r Reverse 5'-TCGCATGTACCTGCAGTAGC-3‘ 
 Reverse 5’-ATGTACCTGCAGTAGC-3’ 
 

Species Individuals 
T.arjuna  21 
T. Chebula 13 
T. Bellirica 15 
T. Catappa 10 
T. muelleri 09 
T. paniculata 06 
T. brachystemma 07 
T. phanerophlebia 07 
T. sambesiaca 07 
T. prunioides 87 
T. Sericea 07 
T. Myriocarpa 07 
T. Trichopoda 06 
T. Mollis 07 
 



25

Population dynamics and conservation implications of
Decalepis arayalpathra
Decalepis arayalpathra, a critically endangered plant species,
has a restricted and fragmented population in the Southern
Western Ghats of India. This study is a first att empt to
evaluate genetic diversity and population structure in the
nine wild populations of D. arayalpathra based on molecular
pattern realized through the marker assays.

Conclusion: Principal coordinate analysis (PCoA) and Nei’s
unweighted pair-group method with arithmet ic average
(UPGMA)-based hierarchical clustering of both the marker
assa ys  suggest  s trong genetic clus tering bet ween t he
individuals corresponding to their geographical ranges. In
summary, the genetic diversity was remarkably low both at
the species  and populat ion levels, a nd t hat the genetic
differentiation between populations was considerably high.
A MOVA  a lloca ted t he higher p roportions of  genetic

Amplification profile with ISSR

variation within populations [(ISSR=54 %) and (RAPD=
64 %)].  A  s ignificant correlat ion (r=0.38 9)  was  found
between genet ic  a nd geogra phic dist ances a mong t he

Principal coordinate analysis of combined data

Pop. Location District Sample size 
TA Amman Kovilmottai Tirunelveli 8 (1-8) 

TN Vistharmottai Tirunelveli 4 (9-12) 
TK Kuthuraikattimottai Tirunelveli 9 (13-21) 
TAGM Adupukalmottai Tirunelveli 3 (22-24) 
KMM Maramalai Kanyakumari 12 (25-36) 

TT Nadukandanparai Tirunelveli 8 (37-44) 
KKU Pallvarakadavu Kanyakumari 5 (45-49) 
KAS Yanaisethaoddaimadai Kanyakumari 5 (50-54) 

KMA Asambu Kanyakumari 6 (55-60) 
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population. According to genetic data and field observations,
narrow habitat preference, genetic drift due to a small and
isolated population size, restricted gene flow, population
bot tleneck and human activity ha ve sha ped the current
population s tructure. Wit h reference to our s tudy, for
popula-tions with slightly higher level of genetic variation
of dif ferent regions such as TK, TT,  KMM and KMA as
compa red to ot hers, we suggest  that their habita ts be
prot ect ed. These resu lt s  are int egra t ed wit h our
unders tanding of  the current st atus of  D. arayalp ath ra
populations  to ass ist  in ma king effective conservation
decisions.

Population structure of pooled data;  (a) K=3; (b) K=9

Applied Biochemistry & Biotechnology 176: 1413-1430, 2015 Input: V. Sundaresan

Amplification profile with RAPD
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Project : Genomics of medicinal plants and agronomically important traits

Structural and functional genomics of Ocimum species
Background: Due to the medicinal properties and presence
of important essential oils in different species of Ocimum
genus ,  some a re used in A yurvedic a nd indigenous
medicines. Therefore, sequencing of leaf transcriptomes of
most prominent species popularly grown in India, including

O . sanctum,  O . basilicum , O . g rat issim um  a nd  O .
kilimandscharicum, were undertaken in this network project.
During the past couple of years, leaf transcriptomes of O.
sanctum (CIM-Ayu) and O. basilicum (CIM-Saumya) were
sequenced, analyzed and submitted to the public domain
(NCBI). In this line, another species i.e. O. gratissimum was
grown in glass  house under controlled conditions, a nd
mat ure leaf  tis sue was  subj ect ed t o t ranscrip t ome
sequencing. Deep sequencing was done by using illumina
platform (150 bp paired end),  and sequence da ta was
generated and analyzed.

Library construction, sequence generation, de novo
assembly and annotation
RNA wa s extracted from O. gratissimum leaf  tissue and
libra ry wa s cons t ruct ed for deep sequencing
(Fig. 1 ). The paired-end Sequencing-by-Synt hesis (SBS)
yielded raw data of ~4 .00 Gb comprising more than 32
million reads. The reads were  processed to remove adaptor
sequences, and assembled to generate contigs which resulted
in > 83,000 transcripts with an average length of 1112.8  ±
908.0 bp with N50 value of 1628. Around 57,367 and 33,719
transcripts were found to be greater than 500 bp and 1.0
Kb, respectively. Functional annotation (GO: Gene Ontology)
was done to assign putative functions to the transcripts that
were genera ted a ft er t he a ssembly. Tra nscrip ts  were
clustered at  95% identity which resulted into clusteredFig. 1. Bioanalyzer profile of (A) RNA ,and (B) amplified product.

Insert size in library: 130-680 bp, Adapter size: 120 bp

(A)

(B)
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Fig. 2. Gene ontology classification of O. gratissimum transcripts

orthologous groups (COGs). COGs were annotated using
NCBI BLASTx program against the NR protein sequences
of Viridip la nta e t a ken f rom Uniprot dat a ba se.  Un-
annotated COGs were subjected to Pfam domain analysis.

The associated hits were searched for their respective GO.
Based on homology, 54,259 transcripts could be categorized
under three main categories: Biological Process (BP), Cellular
Component (CC) and Molecular Function (MF) (Fig. 2).
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Fig. 3. Representation of selected secondary metabolism-related contigs/transcripts based on KEGG classification

KEGG analysis of Ocimum gratissimum transcriptome
To identify biological pathways operating in the leaf tissue, the 83,000 assembled transcripts were mapped to the KEGG
canonical pathways and classified under different categories. Around 982 O. gratissimum transcripts were mapped to
pathways related to secondary metabolism, which a re expected to be involved in biosynthesis  of diverse secondary
metabolites (Fig. 3).
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Identification of simple sequence repeat (SSR) markers
in the transcripts
The assembled contigs of O. gratissimum were analyzed for
the presence of SSR markers by using MISA program. Out
of 83,105 transcripts (contigs), 18,712 (22 .5%) sequences
contained 23,326 SSRs. Di-nucleotide repeats were highest
in number followed by tri- , tetra- ,  p enta - and hexa -
nucleotide repeats (Table 1 and Fig. 4).

Conclusion: Transcriptome of O. gratissimum leaf tissue was
sequenced, assembled and  analyzed by annotation. Several

Table 1.  Statistics of  identified SSRs

Fig. 4. Abundance of SSRs in O. gratissimum transcripts

important genes/transcripts related to the biosynthesis of
z ea t in,  t erp enoids,  phenylpropa noids ,  f la vonoids ,
carotenoids and brassinosteroids etc. could be identified in
the t ranscript ome data . Apart f rom the pathway genes,
several SSR markers were also detected in the sequences.
The information generated would be useful for the genetic
improvement of Ocimum species.

BMC Genomics 16:413, 2015;
Input: Vikrant Gupta, AK Shasany, NS Sangwan,

DA Nagegowda, Sumit Ghosh,  RK Shukla

Types of SSRs O. gratissimum 

Total number of identified SSRs 23326 

Number of SSR containing sequences 18712 
Number of sequences containing more than 1 
SSR 

3669 

Di-nucleotide Repeats  
(p2: > 6 repeats) 

7101 

Tri-nucleotide Repeats  
(p3: > 5 repeats) 

3115 

Tetra-nucleotide Repeats (p4: > 5 repeats) 205 
Penta-nucleotide Repeats (p5: > 5  repeats) 35 
Hexa-nucleotide Repeats (p6: > 5 repeats) 17 
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Improved agro-technology for palmarosa for  rainfed and irr igated
conditions
Palmarosa  is being cultiva ted under both ra infed and irriga ted conditions.
However, the productivity is poor due to a number of factors. Out of these, the
improper agronomic practices particularly identical harvesting schedule for all

Project : Introduction, domestication, improvement and cultivation of economically important plants

season (i.e.  rainy,  winter and summer) is a n important factor. Hence, an
experiment was planned to manipulate the harvesting practice at research farm,
Lucknow. Results revealed that herb, essential oil yield  and geraniol yield was
64.3%, 26.4%  and  30.65% higher respectively over the practices being  followed
at  present. However there was 29.5% mortality in the modified agro practice.
Further work is in progress to sort out this problem.

Input: Saudan Singh

Present cultivation practice Modified cultivation practice

Productivity  and economics of
kalmegh under kalmegh+pigeon
pea intercropping system
Kalmegh is a shade loving crop that
performs  well under dif ferent
intercropping sys t ems  like
kalmegh+ma ize, kalmegh+bajra  and
ka lmegh+pigeon pea . However, t he
system productivity is highest under
ka lmegh+pigeon pea int ercropping
sys t em.  The experiments  were
conduct ed wit h different ra tios  of
kalmegh a nd p igeon pea and it  is
concluded that multicut kalmegh can
be grown with 3 and 1 ratio of kalmegh
+ arhar. The results show that highest
herb yield of kalmegh was  obtained
when the kalmegh was intercropped
with pigeon pea a nd harvested four
times in a year. The pigeon pea grain
yield  wa s  also highes t  in this
treatment .

Input: Saudan Singh
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Popularization of early mint technology (EMT) on farmers field through training and demonstration

Demonstration of modified sucker
production technique on ridges

Demonstration of modified planting
technique on the ridges

Demonstration of  early nursery raising
technique in the winter season

Twenty-eight t raining cum demonst rat ion programmes
were organized in traditional mint growing areas of western
UP, Centra l UP, and Bihar for the popularization of the

Early Mint Technology.

About 470 farmers participated in these programmes and
94 field demonstration were laid out by CSIR- CIMAP team.
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Exploitation of micro-
bes for enhancing the
bacoside content and
reduction of Meloido-
gyne incognita infes-
tation in Bacopa
monnieri
D espite t he vas t
exp lora t ion of  rhiz os -
pheric microbial wealth
for crop  yield
e n h a n c e m e n t ,
knowledge a bout  t he
eff icacy of  microbia l
a gent s a s  biocont rol
weapons  a gains t root-
knot disea se is scarce,
especia lly in t he
medicinal plants , viz .,

The summary of the EMT training programmes conducted
is given below:-

Bacopa monnieri. In the present inves tigation, rhizospheric
microbes, viz.,  Bacillus meg aterium , Glomus intrarad ices,
Trich od erm a harzianum ,  a nd their combina tions  were
evaluated for the management of Meloidogyne incognita and
bacoside content enha ncement in B. monnieri var.  CIM-
Jagriti. A novel validated method Fourier transform near
infrared (FT-NIR) was used for rapid estimation of total
bacoside content. A significant reduction (2.75 fold) in the
root-knot indices was observed in the combined treatment
of B. megaterium and T. h arzianum in comparison t o the
untrea ted cont rol pla nts.  The combined t rea tment alsoInput: Saudan Singh

SN State/ 
Location  

District 
covered  

Training/ 
group 

discussions 

Partici-
pants  

Field 
demon-
strations  

1.  Western UP  07 15 120 29 
2.  Central UP  05 10 300 50 
3.  Bihar  01 03 50 15 
Total  03  13  28 470 94 
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showed significant enhancement  (1.40  fold) in the total
bacoside contents (plant active molecule) content using FT-
NIR method.

Input : Rakesh Pandey

Development of Khus Digger and its technology
transfer
CIMA P ha s  developed a n imp roved Khus D igger
technology. The technology was transfered to M/s Govind
Industries, Barabanki, UP on 5% royalty basis.

Input: JP Tiwari

Development of microbial consortia for the organic
cultivation of Andrographis paniculata
Androg raphis paniculata is source of dit erpenoids a nd 2’-
oxygenat ed f la vonoids ,  which a re in dema nds by
pharmaceutical industries and ayurvedic formulations. For
the production of quality herb an experiment was conducted
wit h dif ferent combinat ions  of bio- inoculant s  a nd
vermicompost in controlled conditions. The highest L:S ratio,
herb yield and andrographolide yield was recorded in VC
+ Azotobactor chroococcum  (f ree living nit rogen f ix ing
ba cteria) treat ment. The s ignif ica nt improvement was
noticed in all observed soil fertility parameters. Our results
suggest t hat  the applicat ion of the bio-inoculant s a nd
organic fertilizers can be help to achieving sustainability in
agricu lture.

Input: RKVermaHon'ble Minister inspecting the Khus Digger

Exchange of MoU for Khus Digger
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Utilization of metal-rice tannery sludge on performance
of sweet basil (Ocimum basillicum)
The influence of tannery sludge on growth and yield of basil
was studied. The maximum herb yield was obtained with
the application of 20 t ha-1 of tannery sludge. The shoot and
root accumulation of Cr, increased with the application of
up to 50 t ha-1 tannery sludge. The essential oil yield and
quality of oil were positively influenced with the application
of tannery sludge.

Environ Sci Pollut Res. 22: 7470-7475, 2015

Heavy metal rich-tannery sludge influences the
glutathione activity of aromatic crops
The glutathione (GSH) plays a vital role in protecting the
pla nts against oxida tive stress genera ted due t o heavy
metals. GSH content and GR activity significantly increased
with heavy metal applied through tannery sludge in Tagetes
minuta, Ocimum basillicum and Mentha arvensis.

Ecol. Engg. 81: 348-352, 2015

Growth, yield and metal accumulation by Clarysage
(Salvia sclarea) in metal polluted soils
The maximum shoot and root dry matter and oil yield were
obtained with application of 80 t ha-1 tannery sludge. The
extent of increase wa s 9 4, 113 , 6 1% respect ively,  over
control. The accumulation of heavy meals Cr, Cd, Ni and
Pb was significantly higher than other aromatic crops tested
viz., basil and palmarosa. The results show that the clarysage

can be used as a potential hyperaccumulat ion of heavy
metals, vis-à-vis phytoremediation because of its high metal
accumulation capacity.

       Int. J. Phytorem. 17: 1171-1176, 2015

Oil yield, metal accumulation and antioxidant activities
of Ocimum basillicum under heavy metal pollution
(coarse and fine textured soils)
Dry mat ter and oil yield of Basil wa s not signif icantly
different in two soils.

The hea vy meta l a ccumula tion was  higher in t he fine
textured soils as compared the coarse textured soils. The
cation exchange capacity of soils played a significant role
in positively affecting the metal uptake. The super oxide
dismutage, and catalage activity went down in both soils.
The peroxidose, melanodialdehyde and proline activity was
maximum with highest level of tannery sludge.

Ecol. Engg. 83: 422-430, 2015

Palmarosa (Cymbopogon martinii) as a putative crop
for phytoremediation (phytostabilization) in heavy
metal polluted soils
The heavy metal-rich tannery sludge has a synergistic effect
in relation to soil quality/ productivity. The sludge enhanced
the productivity of crop. The metal accumulation occurred
in roots  wit h a meager t ra ns loca t ion t o shoot s
(phytostabilization).

J. Ecotoxicol. Environ. Safet.122:296–302, 2015

Project : Integarted NextGen approaches in health, disease and environmental toxicity
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Project :  Plant-microbe and soil interactions
Plant-endophyte interactions responsible for enhancing yields of  selected therapeutically useful secondary
metabolites

Endophytes isolated from Catharanthus roseus enhanced in planta vindoline production by modulating the expression of
structural and regulatory genes of terpenoid indole alkaloid (TIA) biosynthesis. Endophytes upregulated  the expression
of transcriptional activa tors and downregulated the expression of transcriptional repressors and enhanced vindoline
production

Endophytes moldulating the expression of structural and regulatory genes of TIA biosynthesis in Catharanthus roseus
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Endophytes isolated from Withania somnifera enhanced in planta withanolide production by upregulating the expression
of key genes of withanolide biosynthesis

Red arrows indicate upregulated genes due to inoculation of
endophyte

Withania somnifera

Endophytes moldulating the expression of genes of withanolide biosynthesis in Withania somnifera
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Project : Genomics and informatics solutions for integrating biology

Optimization of active phytomolecules derivatives as lead against cancer & drug resistant bacterial pathogens
Development of in silico / in vitro screening methods and identification of anti-cancer and anti-bacterial leads

Outcomes:

 Identified chemical properties and
ta rget  binding site respons ible
for a nt i-t ubercu lar a ct ivity of
cha lcone deriva t ives  aga ins t
M. tuberculosis H37Rv.

 Identified chemical properties and
target binding site responsible for
anti-cancer activit y of ca mpt o-
thecin deriva tives aga inst DNA
topo I.

 Identified chemical properties and
target binding site responsible for
anti-tubercular activity of agents
from Glycyrrhiza glabra.

 Identified chemical properties and
target binding site responsible for
a nt i- ca ncer activit y of  indolyl
cha lcones.

 Identified binding site and mode
of  a ct ion of  cyclic 1 ,9-a cet a l
derivatives of forskolin.

Conclusion: Natural anti-cancer and
anti-TB agents were identified through
chemical synthesis/lead optimization

 

guided by in vitro activity evaluation,
and in silico  quant ita tive st ructure-
activity relationship (QSAR), docking
and ADMET studies.

Input: SK Srivastava, AS Negi, A Gupta,
MP Darokar, DU Bawankule,

S Luqman, D Chanda
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First report on complete nuclear  and chloroplast
genome of Ocimum sanctum
 Sequenced for the first time combining the sequence

data from 4 libraries and three NGS platforms.
 The saturated draft assembly of the genome was about

386 Mb.
  Plastid genome of 142,245 bp.
 Pa thwa y a nalys is  indicat ed a n abunda nce of

phenylpropanoids in O. sanctum.

Project : Chemical biology of Ocimum and other aromatic plants

Repurposing L-menthol for  systems medicine and
cancer therapeutics? L-Menthol induces apoptosis
through caspase 10 and by suppressing HSP90
Monoterpenes like L-menthol might offer veritable potentials
in systems medicine, for exa mple, as cheaper anti-cancer
compounds.  Earlier, it  has  been shown that  L-menthol
modulates tubulin polymerization and apoptosis to inhibit
cancer cell prolifera tion.  A n a popt os is- relat ed gene
microarray in conjunction with proteomics analyses as well
as in silico interpretations has now been used to study gene
expression modulation in human adenocarcinoma Caco-2
cell line in response to L-menthol treatment. The microarray
analysis identified caspase 10 as  the important init iator
caspase, instead of caspase 8.

Complete chloroplast genome
Description Contigs Scaffolds GapClosed 

scaffolds 
Super-

scaffolds 
Contigs Generated  107785 22776 22776 9059 
Maximum Contig 
Length  

115044 414711 411690 2211552 

Minimum Contig 
Length  

147 200 200 200 

Average Contig 
Length 

3454 16984 16629 44354 

Total Contigs 
Length  

372395755 386828951 378759759 401803260 

Total Number of 
Non-ATGC 
Characters  

0 17898452 2665702 26110056 

Percentage of Non-
ATGC Characters  

0 4.627 0.704 6.498 

Contigs >= 1 Kb  43174 14791 14769 4159 
Contigs >= 10 Kb  11594 7544 7407 2357 
N50 value  12769 61854 61242 303233 
N90 value 2071 12742 12534 73672 
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The proteomics analyses showed down-regulation of HSP90
protein (also corroborated by its low transcript abundance),
which in turn indicated inhibition of AKT-mediated survival
pathway, release of pro-apoptotic factor BAD from BAD
and BCLxL complex, besides regulation of other factors
related to apoptosis.

Based on the combined microarray, proteomics and in silico
data, a signaling pathway for L-menthol-induced apoptosis
has been presented for the first time.

Model predicting the possible mode of  action of
L-menthol
As described, the initial response is through Caspase 10 and
followed by Caspase 3 and Caspase 7. Caspase 10 may also
inûuence the activation of BID to tBID. This step is inhibited
by HSP90, but due to lower expression in L-menthol-treated

cell, the availability of HSP9 0 decreases. After release of
cytochrome c from mitochondria, APAF1 and Caspase 9
induce Caspase 3 and Caspase 7 towards apoptosis. HSP90
may not be available in sufûcient amount to trigger the AKT-
and NFkB-mediated survival pathway. Similarly, BAD (a
pro-apoptotic factor) is released from the complex “BAD
and BCL-xL” due to low availability of HSP90.

OMICS: A Journal of Integrative Biology 20, 53-64, 2016

New report of  a sweet basil leaf blight caused
by Cochliobolus lunatus in India
During the rainy season a severe leaf blight was observed
on sweet basil plants in experimental fields (approximately
5 ha) at the CSIR-CIMAP and adjoining areas in Lucknow.
Initial symptoms comprised small, irregular, necrotic lesions
that coalesced into leaf blight and the leaves turned black
during wet  and humid conditions . The incidence of
symptoms ra nged from 20 t o 30 % and bla ckish-brown
fungal colonies developed on PDA. Brown conidiophores
that were cylindrical, septate, unbranched, and straight or
genicula te nea r t he apex were seen under microscope.
Conidia were three-septate, mostly curved at the third cell
from the base; intermediate cells were brown or dark brown;
terminal cells were subhyaline or pale brown and 16 to 23.5
× 8.5 to 11.5 µm. On the basis of these characteristics, the
fungus  wa s  ident if ied  as  Coch liobolus,  lunatus 
(anamorph Curvularia lunata (Wa kk.) Boedijin). Genomic
DNA was extracted and subjected to a polymerase chain
reaction (PCR) assay with the universal primers ITS1 and
ITS4.  The a mplif ied product  was  cloned, sequenced
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(KM272001) and showed greatest homology (98% similarity)
with the ITS sequence of C. lunatus (GenBank Accession No.
DQ836 800). A pathogenicity test  was carried out using
10plant s in pot s and five plants  treated similarly with
sterilized, distilled water served as a control treatment. Fungi
re-isolated from inoculated leaves resembled C. lunatus on
the basis of microscopic and sequence data, fulfilling Koch’s
postulates. To our knowledge, this is the first report of a
sweet basil leaf blight caused by C. lunatus in India. 

Input: A. Samad

Fig. a. Symptoms on sweet basil infected with C. lunatus; b.
Co nidiophore with conidia attached sympodially;  c. Sing le
conidium of C. lunata, the anamorph of C. lunatus

Role of substituents in cyclodextrin derivatives for
enantioselective gas chromatographic separation of
chiral terpenoids in the essential oils of Mentha spicata
Enantioselective  GC–FID  a nd  enantioselective  GC–MS
have  been  utilized  under  temperature  gradient  mode
wit h  d ifferently  substit uted  heptakis-  a nd  octakis-
cyclodextrins  to  achieve  the  resolution of  chiral  terpenoids
in  the  essential  oil  of  indigenously  grown  cultivars  of
Menth a  spicata .  Chira l  cons t it uent s  such  a s  (+) -
isomenthone,  (–)-menthone,  (1R,2S,5R)-(–)-menthol  and
(4S)-(+)-piperitone  exist  as  a  single  enantiomer  with
>99%  excess.  Existence  of (R)-(+)-limonene  and  (S)-(+)-
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carvone  enant iomers  has  been  proven  f irst  time  in
M.  spicata  essential  oils and  can  be  used  as  the  marker
for  Indian  origin.

J. Chromatogr. B 1002: 30-41, 2015

Anti-phytopathogenic activity of Syzygium cumini
essential oil, hydrocarbon fractions and its novel
constituents
This study  aimed  to  explore  natural  anti-phytopathogenic
compounds  for  plant  disease  management. The essential
oil of Syzygium  cumini and  its  compounds  were  screened
for  their  anti-fungal  assay  against two  phytopathogenic
fungi,  Rhizoctonia  solani  AG  4HG-III  and  Choanephora
cucurbit arum .  The  f indings  sugges t  t ha t    7 -
hydroxycalamenene,  7-acetoxycalamenene,  1-epi-cubenol,
-terpineol,  and  (Z)--  &  (E)--ocimene  have  a  potential
as  antifungal  agents  for  the  medicinal  plants. A  novel
compound 7-acetoxycalamenene  has been reported from
a natural  source  for  first  time.

Industrial Crops and Products 74: 327-335, 2015

Chemical composition and anti-microbial activity of
bergamot mint (Mentha citrata) essential oils isolated
from the herbage and aqueous distillate using different
methods
The essential oil of bergamot mint was isolated using steam
and hydrodistillation methods. The essential oil and aqueous
distillate volatiles (hydrophilic fractions) were isolated. The
compa rat ive chemica l comp os itions  and a nti-bact erial
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activity were a ssessed. The chemical composition was
substantially influenced by type of essential oil and isolation
methods. The anti-bacterial activity against test strains (ZOI:
0.0–27 mm; MIC: 125– >1000 µg/mL) was substantially
influenced by the type of essential oil and isolation methods.

Input: RS Verma

Flow chart of the experiment

Essential oil composition of patchouli (Pogostemon
cablin ) harvested over  different seasons in the
subtropics
To exp lore the possibility of  commercial cult ivat ion of
patchouli [Pogostemon cablin (Blanco) Benth.], the crop was
grown in the subtropical region of north India. The essential
oil yield during the different seasons varied from 1.8% to
3.2% in dried leaves. The oil yield was highest in summer
followed by rainy season. The oil was mainly composed of
sesquiterpenoids (86.8-92.2%), represented by oxygenated
sesquiterpenes (47.8 -60 .4%) , a nd sesquiterpene hydro-
carbons (29.9-39.0%). The major constituents of the oil were
patchouli alcohol (42.2-5 3.2%), -bulnesene (9.0-1 3.0%),

OH

H

H
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O H
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-guaiene (6.4-8 .4%),  pogos tol (4 .0-
5 .0 %) , seychellene (3 .4 -4 .2 %) , -
pat choulene (2 .1 -2 .8%) ,  a nd ( E ) -

caryophyllene (2.1-2.7%). The results show that the cultivation of patchouli in
subtropical region can produce superior quality oil and would be competitive in
the market for essential oils.

Input: R.S. Verma

Chemical composition of essential oil and rose-water extract of Himalayan
musk rose (Rosa brunonii)
Rosa brunonii  (Rosa cea e) is
commonly known as ‘Himalayan
musk rose’ or ‘Kunja’. The leaf,
flower, bark, and root of the plant
a re used in t he t ra dit iona l
medicine.  The aim of the present
st udy wa s to characterise t he
a roma  cons t it uent s  of f lower
essential oil and hydrolate (rose-
wat er)  ex t ra ct of R.  brunonii
growing a bundant ly in t he
Kuma on region of  wes t ern
Himalaya. Fifty-two constituents,
comprising 93.5% of the total oil
composition were identified using
gas  chromat ogra phy- f lame
ionization detector (GC-FID) and
GC-mass spectrometry (GC-MS). The major constituents of the oil were eugenol
(23.9%), geraniol (19.2%), n-heneicosane (7.7%), n-nonadecane (6.4%), and -
pinene (5.7%). However, main constituents of the rose-water extract were eugenol
(52.0%), geraniol (13.3%), phenyl ethyl alcohol (9.4%), n-heneicosane (4.5%),
and n-tricosane (3.0%).

Input: RS Verma
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Essential oil composition of Perilla
frutescens
The essential oil of  Perilla frutescens
(purple type), extracted at flowering
and seed setting stages was analysed
using GC-FID and GC-MS. The yield
of essential oil was 0.24-0.25% on dry
weight basis. A total of 31 constituents,
representing 91.7-95.2% of the total oil
composition were identif ied . Maj or

Process for isolation of major biopolymer from aromatic biomass

Flow diagram of the process

constituents of t he oils  were p erilla
ket one (6 3.3 % a nd 4 8 .2%) ,
isoegomaketone (10.1% and 9.1%), (E)-
ca ryophyllene (5 .6 % a nd 1 1 .2%) ,
germa crene D  (2 .4 % a nd 7 .4%) ,
linalool (3.3% and 3.1%) and perillene
(1.4% 3.3%).

Input: R.S. Verma
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Important steps of the process

 Pulverizing the dry  spent aromatic biomass  to a particle
size of <0.1 mm

 Isolation of lipids in organic solvents

 Isolation of lignin from aqueous filtrate

 Isolation of hemicellulose as precipitate with alcohols

 Isolation of cellulose as solid particle

Higher efficiency of ISSR markers over plastid psbA-
trnH region in resolving taxonomical status of genus
Ocimum L.
A high level of morphological and chemical variability exists
within t he genus  O cim um  a nd,  its  t a xonomy a nd

Neighbour joining tree with ISSR dataset

A view of the instrument setup

Patent India 0269NF2014; Input: PK Rout, AD Nannaware
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phylogenetic relationships are still doubtful. For evaluating
the inter-specific genetic relationships among the Ocimum
species, genotyping with inter simple sequence repeat (ISSR)
markers and sequence analyses of non-coding psbA- trnH
inter-genic region belonging to chloroplas t D NA,  were
carried out. The average polymorphic information content
(0.344) and resolving power (6.285) depicted through ISSR
markers proved to be efficient in discriminating the studied

Geographical location of Ocimum seed collections

Maximum parsimony and neighbour joining tree with psbA-trnH
dataset

species of Ocimum. The primers used in the present study
revealed 9 9.5 85 % polymorphism across  t he species
demonstrating the polymorphic nature of ISSR markers.

The present study revealed that the ISSR markers are more
efficient than psbA-trnH sequences in resolving the current
status of Ocimum L. genus. The study provides information
for potential application of ISSR markers in the phylogenetic

SN Species Place of collection State 
1 Ocimum tenuiflorum var. 

Ram tulsi 
Venkates-
warapuram 

Tamil Nadu 

2 Ocimum tenuiflorum var. 
Krishna tulsi 

Rasipuram Tamil Nadu 

3 Ocimum basilicum Hilsa Bihar 
4 Ocimum africanum Kanyakumari Tamil Nadu 
5 Ocimum basilicum var. 

purpurascens 
Vasudevanallur Tamil Nadu 

6 Ocimum americanum Vellur Tamil Nadu 
7 Ocimum kilimandscharicum Yercaud Tamil Nadu 
8 Ocimum gratissimum Yercaud Tamil Nadu 
9 Ocimum adscendens Rajapalayam Tamil Nadu 
10 Ocimum viride Jammu Tawi Jammu & 

Kashmir 
11 Pogostemon cablin Bangalore Karnataka 
12 Ocimum tenuiflorum var. 

CIM-Ayu 
Lucknow Uttar Pradesh 

13 Ocimum tenuiflorum var. 
CIM-Angana 

Lucknow Uttar Pradesh 

14 Ocimum basilicum var. CIM-
Saumya 

Lucknow Uttar Pradesh 
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investigation. The  technique has scope in resolving intra-
or inter-specific status in many genera or in deciding the
uniqueness of different genera within a family.

Input: V. Sundaresan

Ontogenic compositional variability  in ‘linalool-
menthyl cinnamate’ chemotype of O. basilicum in two
cropping seasons
An experiment was carried out to study the effect of growth
stages [vegetative, half bloom, full bloom and seed setting

(SS) ] a nd crop ping sea sons on essent ial oil yield  a nd
composition of ‘methyl cinnamate-linalool’ chemovariant
of Ocimum basilicum L. from India. Essential oil yield was
0.28 –0.32% and 0.4 0–0.52% during spring-summer and
rain-a ut umn cropping sea son, respect ively wit h the
maximum at full bloom stage. Phenyl propanoids (42.4–
74.0%), represented by (E)-methyl cinnamate (36.6–66.4%),
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(Z)-methyl cinnamate (5.4-7.6%); and
monot erpenoids (1 9.9 -46 .0 %) ,
represented by linalool (11.2–43.8%).
The essentia l oils were subj ect  of
cons idera ble varia t ion in t heir
compos it ion during t he va rious
developmental stages of two cropping
seasons, particula rly concerning t he
content of (E)-methyl cinnama te and
linalool. Anti-microbial study results
showed that the essential oil possessed
good ant i-bact erial activity against
Streptococcus mutans, Staph ylococcus
epid erm id is,  Escherich ia coli ,  a nd
antifungal activity against  Cand id a
kefyr and Candida albicans.

Input: R.C. Padalia

Chemical characterization the
essential oil of Artemisia stelleriana
from India
Artemisia  st elleriana (A st eracea e)  is
commonly known as ‘dusty miller’ is
used traditionally as a carminative and
in treatment of peptic ulcer. Essential
oil yield  wa s 0 .15% (v/w)  on fresh
weight ba sis . A t ot al of  fift y-t hree
constit uent s, forming 90 .41% of the
total oil compositions were identified.

Critical role of  geraniol in
monoterpene indole alkaloid (MIA)
biosynthesis in Catharanthus
roseus
Feeding of Catharanthus roseus lea ves
wit h gera niol without  t rypt opha n
(precursor for tryptamine)  increased
t he a ccumula t ion of  t he MIA s
cat ha ra nt hine a nd vindoline,
indicating the limitation of geraniol in
MIA biosynthesis.  This was validated
by molecula r a nd in planta
characteriz ation of  geraniol synthase,
which catalyzes geraniol formation.

VIGS of CrGES drastically reduced the
MIA content, which was restored to
near-WT levels  on geraniol feeding.
Moreover, the transient over-expression
of CrGES in C. roseus leaves increased
MIA cont ent.  CrGES express ion
exhibited correlation with MIA levels
in leaves of different C. roseus cultivars
and has signiûcantly lower expression
relative to other pathway genes.

Our results  demonstrat ed that  t he
transcrip tional regula tion of  CrGES
a nd t hus , t he in p lanta  gera niol
availability plays crucial role in MIA
biosynthesis. The overexpression ofInput: R.C. Padalia

Compounds Content (%) 
1,8-Cineole 29.32 
cis-Sabinene hydrate 1.95 
cis-Chrysanthenyl acetate 1.45 
β-Caryophyllene 1.93 
Germacrene D 9.91 
Artedouglasia oxide C 5.22 
Artedouglasia oxide A 6.55 
Lacintha furanone H 1.86 
Artedouglasia oxide D 3.55 
Davanone B 2.41 
Caryophyllene alcohol 0.60 
Artedouglasia oxide B 3.81 
Vulgarone B 4.16 
Class composition  
Monoterpene hydrocarbons 1.72 
Oxygenated monoterpenes 39.91 
Sesquiterpene hydrocarbons 17.80 
Oxygenated sesquiterpene 30.98 
Total identified (%) 90.41 
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GES can be a used as a metabolic engineering tool to increase
the MIAs in C. roseus. 

Plant Science 239: 56–66, 2015
Input: DA Nagegowda,
AK Shukla, K Shanker

In silico identification of miRNAs and their targets
involved in the secondary metabolic pathways of
Mentha sp.  using a transcriptome assembly
The endogenous small non-coding functional microRNAs
govern the regulatory system of gene expression and control
the growth and development of the plant. Mentha sp. are
well known herb for its flavor, fragrance, a nd medicinal
properties. In the present study, we used a computational
approach to identify miRNAs and their targets involved in
different  secondary met abolic pat hways. Additionally,
phylogenetic and conservation analysis were also done for
t he predict ed miRNAs.  4 4 candida te miRNA s were
ident ified which belonged t o 2 4 miRNAs families. We
reported 14 miRNA families for the first time for Lamiaceae
family. A total of 361 targets were predicted for 16 miRNAs
families. All the predicted targets regulated by predicted
miRNAs were shown to control the reproduction, signaling,
st imulus response,  developmenta l processes a nd also
dif ferent metabolic  process.  The study revea ls t hat the
regulatory syst em of essentia l oil biosynt hes is may be
governed by miR156 , miR4 14,  miR50 21, miR565 8 a nd
miR1886 families in mint family through different aspects
as  CYP45 0s and st ress with probable involvement in
secondary metabolite pathways. Furthermore, five miRNA
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candidates (miR156, miR414, miR5021, miR838, miR5015b)
were observed to be involved in trichome development also.
To the best of our knowledge this is the first in silico study
describing miRNA s and t heir regulat ion in seconda ry
metabolic pathways in Mentha sp.

Essential oil of Citrus limetta peels reduces pro-
inflammatory cytokine production and attenuates skin
inflammation
The essential oil from peel of Citrus limetta (Clp-EO) was

analyzed using GC-MS and subjected to pharmacological
eva luat ion for t he exp lora t ion of  it s  ef fect  on skin
inf lamma tion using in vitro and in v ivo bioassays. The
chemical f ingerp rint of Clp-EO revealed the presence of
monoterp ene hydrocarbon a nd limonene is  t he maj or
comp onent. The pro- inflammatory cytokines  production
(TNF-, IL-6, IL-1) was significantly inhibited by Clp-EO
in dose-dependent manner in cell culture supernatant as
well as in ear homogenate .The ear thickness and histological
da ma ge in inflamma tory ears  were also s ignifica nt ly
inhibited by topical application of Clp-EO .
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The findings suggest the Clp-EO as a therapeutic candidate
for further investigation towards the management of skin
inflammation.

Input : DU Bawankule, CS Chanotiya, Anirban Pal

Light and auxin responsive cytochrome P450s from
Withania  somnifera Dunal: cloning, expression and
molecular modelling  of two pairs of homologue genes
with differential regulation
• Cytochrome P450s (CYPs) catalyse a wide variety of

oxygena tion/hydroxyla tion reactions  tha t facilit ate

diverse metabolic functions in plants.
• Four complete complementary DNAs (cDNAs) of CYP

genes  were isola ted, chris t ened as  WSCYP93 Id,
WSCYP93 Sm, WSCYP734B and WSCYP73 4R f rom
Withania somnifera.

• Phylogenetic a nd molecula r modelling a na lys is ,
categorized WsCYPs into two CYP families, CYP83B1
and CYP734A1.

• Their differential expression profiles were analyzed in
the leaf tissues of selected chemotypes of W. somnifera
as well as in response to treatments such as methyl
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Combined biological process GO graph depicting involvement of
the four cytochrome P450 proteins in various processes.

Quantitative expression analysis of all four WsCYPs in different
tissue, chemo type and treatments.
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Individual assignment of the GO terms to the four CYP proteins of
W. somnifera and their possible involvement in metabolic processes

Predicted protein models for the four WSCYPs: A Models
superimposed with their respective templates and focused heme
site; B Conserved domains of the four proteins

Phylogram of cytochrome P450s  (WSCYPs) and other plant CYPs
belonging to different families of CYP superfamily.

Protoplasma 252:1421-37, 2015
Input: NS Sangwan

jasmonate, wounding, light and auxin.
• WSCYP93Id was heterologouly expressed in E. coli and

catalytic capabilities of the recombinant WSCYP93Id
prot ein
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Project :  Dissemination of medicinal and aromatic plant related technologies for socio-economic gains

Technology licensings

M/s U Toll Corporation Limited, Delhi for the technology
transfer for low cost sanitary Napkin (Rs. 14.60 Lakhs)

M/s T.A Herbals for licensing of knowhow for pain relieving
oil Relexomap ( Rs. 5.70 lakhs)

M/s Pirnic Pharma, New Delhi for licensing of knowhow
for pain relieving oil Relexomap (Rs. 5.70 lakhs)

M/s BGP, Healthcare Private Limited, Mehasana, Gujarat,
for licensing of knowhow for Artemisinin from Artem isia
annua herb. (Rs. 4.56 lakhs)

Market Survey

Major markets of the medicinal and aromatic plants were
surveyed at  different loca tions in northern part of t he
country. The locations included Faizabad, Basti, Gorakhpur,
Kushina ga r,  Bara banki a nd Lucknow.  The maj or
commodities traded were Ashwagandha, Satavar, Kalmegh,
Serpgandha, Amla, dry rose f lowers and essential oils of
menthol mint, lemongrass, palmarosa, vetiver and tulsi along
with other MA Ps in sma ller qua ntit ies .  About 1 5
wholesellers, retailers and buyers were identified during the
survey for solving the marking problem of farmers.

Training programmes on the production medicinal
and aromatic plants
15 – 16 January, 2015, Lucknow, 43 participants, sponsors
Directorate of Horticulture, Government of UP

17  January, 2015, Gorakhpur, 514 participants, sponsors
Horticulture Department  Government of UP

20 – 22 January, 2015, Lucknow 40 participants, sponsors
ATMA Siwan, Bihar

27 – 28 February, 2015, Basti, 112 participants, sponsors
NMPB, New Delhi

11 – 13 March, 2015, Lucknow, 33 participants, sponsors,
ATMA Madhepura Bihar

10 – 11 July, 2015, Mizoram, 30 participants, sponsors SIDBI

28 – 31 July, 2015, Lucknow, 57 participants, sponsors SIDBI

14 – 16, October, 2015, Lucknow, 45 participants, sponsors,
SIDBI

Training program for  women on the making of
agarbattis using floral bio-resource
2 6-2 7 Oct ober,  2 0 15 ,  Coimbat ore,  3 0  triba l women
participants, sponsors TRIFED. The self help group of tribal
women has launched hand-ma de agarbattis under brand
‘Puspa-gandha’.
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31 October, 2015, Chandrika Devi temple near Bakshi-ka-
Talab at the Women Entrepreneurial Tra ining Facility of
CSIR-CIMAP, 2 5 rural women The group has st art ed
making agarbattis and cones for marketing.

Visitors
About three t housand six  hundred visitors comprising
students (928), farmers (2545), government officials (175),
and others (29) visited CSIR-CIMAP and were a pprised
about cultivation, processing and marketing of medicinal
and aromatic plants.

Major events organized
One day awa reness progra mme on the aromatic  pla nts
cultivation on 1 May, 2015 in the flood prone area of Saryu
river in village Dingrapur of Basti district (125 farmers).

Nat iona l Technology D ay on 11  May,  201 5 (about 100
fa rmers,  ent repreneurs and women) The pa rt icip ants
discussed the role of medicina l and aromat ic  p la nt s
technologies under climatic change conditions .

A wa reness  cum t raining p rogra mme on 4 th a nd 5 t h

November 2015 on MAPs suitable for Vidhrabha region of
Maharashtra held at Gau Anushandhan Kendra, Davelapar,
Nagpur (80 farmers)

One-day awareness programme on 7th December, 2015 at
Gujarat, jointly organized with IPCA laboratories (about100
farmers)

One-day awareness programme 9th December, 2015 for the
under-utilized lands of Bhuj (125 farmers). The participants
were apprised of the cultivation practices of crops for lands
affected by salt stress.

Two-day training programme for teachers  from 15  – 16
December,  20 15 (28  science/a gricult ure teachers) . The
program was supported by CSIR-HRDG, New Delhi.

Publicity and extension literature
 Two video films on Menthol mint and Artemisia annua

cultivation (u-tube)
 ‘Aus- Gyanya’-  booklet on medicina l and aroma tic

crops (Hindi)
 CSIR-CIMAP Information Bro-chure (Hindi & English)
 Early Mint Technology Folder (Hindi)
 CIM Kranti Folder (Hindi)

Livelihood generation through MAPs adoption by
tribal farmers of  Dudhwa tiger reserve
About 30 demonstrations of the menthol mint cultivation
were organized on tribal farmer’s field in five villages of
tiger reserve and the farmers were given hands on training
on cultivation and processing aspects of mint and other
su it a ble crops  for t he a rea.  The farmers  were also
demonstrated the menthol mint cultivation with sugar cane
as intercrop for additional income generation from limited
resources. About 175 kg of menthol mint oil was produced
by the farmers.
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Two days training programme on agarbatti and rose water
making was organiz ed on 1 4 and 1 5 May, 2015 at  two
villages Chhediya Pashchim and Dhuskiya of Dudhwa Tiger
Reserve dist rict  Lakhimpur Kheri. The progra mme was
attended by about 200 women. The women were trained in
agarbatti making and rose water distillation for extra income
generation.

Kisan  Mela  2016
The Kisan Mela 2016 was organized on 31st January 2016
in the Lucknow campus. The Union Minister of Science &
Technology and Earth Sciences was  the Chief Guest and
Deputy Chairman, State Planning Commission Shri Naveen
Chandra Ba jpei a nd Shri Pra veer Kumar A griculture
Production Commissioner, Uttar Pradesh were the Guests
of Honor. About 5000 farmers and entrepreneurs from UP,
Biha r,  Punj a b,  Ha rya na ,  Ma dhya Pra desh,  Gu ja rat ,
Raja sthan, Jharkhand, Odisha, Tamil Nadu  and ot hers
states participated  along with represen-tatives from MAPs
industries (IPCA , Jindal Drugs, Herbochem Industries,
AIMIL Pharmaceutical, PIRNIC Pharmaceutical, AMORE
Laboratories, Ajmal Group and EOAI). Dr Harsh Vardhan
in his  ina ugural a ddress  urged t he fa rmers  a nd
entrepreneurs engaged in cultivation, processing and value
addition in the area of medicinal and aromatic plants to
adopt improved technologies and improved variet ies for
raising their income besides producing quality raw material
by user industries.

Field view of menthol mint with sugarcane as an inter crop

Agarbatti making training at Dudhwa Tiger Reserve
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The major attractions of the kisa n mela were intera ctive
meet  wit h farmers and entrepreneurs on the production
and marketing of medicinal and aromatic plants,  sale of
high quality planting material of mint, aromatic grasses and
other medicinal plant varieties developed by CIMAP  and
publications, demonstration of impro-ved plant varieties
and herbal products,  live demonstration of  distilla tion/
processing using CIMAP’s improved units,  training on rose
water and flower-based agarbatti making,   demonstration
of ‘Early Mint Technology’,  integrat ion of medicinal and

aromatic plants in the traditional cropping system. A pilot-
scale herba l p roduct ma nufacturing unit ‘Technology
Business Incubator Centre (TBIC)’ was also inaugurated by
the Chief  Guest.  In TBIC, various  ma chines have been
inst alled to facilita te manufacturing of  creams,  gels,
shampoo, oils, face wash, floor mopping liquid.

Input: Sanjay Kumar, VKS Tomar,
Alok Krishna, RP Bansal, Ram Suresh,

RP Yadav

Release of artemisia variety Dr Harsh Vardhan, Hon'ble Minister visiting a stall at Kisan Mela
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Technologies transferred
Artemsinin extraction technology: Extraction and isolation
technology for artemsinin from leaves of Artemisia annua
was successfully demonstrat ed at 20 kg / batch s ize in
Chemical Engineering pilot plant to M/s BGP International
Ltd, Mehsana, Gujarat from 7-10 September 2015. CIMAP
received an amount of Rs 4.66 lakhs as technology transfer
fees.

Impr oved dire ct ly fi re d fie ld  dist il la tion unit : A n
improved directly fired type field distillation unit of capacity
1000 kg/batch was designed, fabricated and installed for
distillation of Mints and other aromatic crops at  Village
Ghursara ,  Gosaiga nj  D is t t.  Lucknow The unit  wa s
successfully commissioned at a programme held in May
2015.

Technology for  mobile dist i llat ion unit :  A mobile
dis tilla tion unit  was designed and developed by CSIR-
CIMAP under a consultancy project for the Indian Institute
of Integrative Medicine (CSIR-IIIM Jammu) in July 2015.
The unit was successfully installed and was demonstrated
by in the Kisan Mela organized by IIIM Jammu at Bhasuali
in J&K. An amount of Rs 10 lakhs was realized from IIIM
Jammu as consultancy charges for the same

Technical consultancy for designing and installation
of improved directly fired field distillation unit:
Eight improved directly fired field distillation unit of 500
kg/batch were installed at KVK Munger, Bihar. The units
have been designed, fabricated and successfully installed at
eight different bio villages in and around 200 kms of Munger
during the period of January to March 2015. The farmers of
the area cultivating mentha distilled the oils using these
units.  An amount of Rs 18.72 lakhs was generated in form
of ECF.

Five 5 00  kg/bat ch direct ly f ired type improved f ield
dis t illa t ion unit s  for mentha  oil were des igned and
fabrica ted, and successfully insta lled and commissioned

Preparation of a techno economic feasibility report: A
techno feasibility report on the processing aspects for betel
leaf and Cyprus tagetum essentia l oils being cult ivated in
Orissa for Mr. Pulkit Jain, Baleshwar, Orissa was prepared.
A consultancy fee of Rs 34,000 was realized for the same.

Demonstration of artemisinin extraction technology
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under a Krishi Vigyan Kendra KVK Rohtas project in the
district of Bikramganj, Bihar at five different villages in and
around 20 0 kms of B ikra mga nj in May-June 20 15. An
amount of Rs 15.00 lakhs towards consultancy charges has
been taken from KVK for the project.

Trainings

Entrepreneurial training on Aloe vera processing
technologies
A four day entrepreneurial training progranne on Aloe vera
processing technologies was held from 1 – 4 December 2015.
The course was des igned to imp art  knowledge on t he
practical aspects of the technologies along with the details
of plant and machinery, economics of production, details
of preservatives , stabilizers , quality monitoring etc.  The
course provides a platform for new entrepreneurs to learn
the technical aspects for product ion of Aloe vera based

products and formulations such as juice, sap, aloe gel and
cream.

Publication on distillation of aromatic crops

Hindi technical bulletin entitled l̂ xa/k i kS/kksa dk vkl ou* was
published and released on the occasion of Kisan Mela 2016.
The 40 page booklet in Hindi contains detailed information
on t he va rious  t echniques  of  d is t illat ion, import ant

parameters of distill-ation, purifi-cation and good storage
practices of essential oils and the important do’s and don’ts
for getting high quality essential oil.

Input: Sudeep TandonGroup photo of the trainees
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Awards & Recognitions

CSIR Technology Award for research and extension in Ashwagandha

CSIR-CIMAP in association with the research teams of CSIR-NBRI, Lucknow,
CSIR-CDRI, Lucknow and CSIR-IICB, Kolkata was conferred CSIR Technology
Award-20 15 in Life Sciences for the development of improved varieties and
promotion of cultivation of Aswagandha (Withania somnifera) for improving the

CSIR Technology Award ceremony

economy of s mall and ma rgina l
fa rmers in semi-arid trop ical (SA T)
regions of the Decca n P lat eau . The
award was presented by Dr.  Harsh
Va rdha n,  Minis ter for Science &
Technology a nd Earth Sciences a nd
Vice President CSIR on the occasion of
CSIR Foundation Day function held at
Vigyan Bhawa n, New Delhi on 2 6t h

September, 2015. A group of farmers
received the seeds of a newly developed
variety of Ashwagandha, NMITLI-101
from the Minister of State for Science
&  Technology a nd Eart h Sciences ,
during the function.

Rural Development Award

CSIR A ward for S& T Innovation for
Rural Development (CAIRD –  2014)
has been awarded to CSIR-CIMAP for
enha ncing incomes  of  fa rming
communit ies through vetiver (khus)
based technological interventions. The
award will be presented by the Prime
Minister in a function to be held at a
later date.
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New Varieties

The new varieties of medicinal and aromatic plants released
by the institute during the year 2015-16 are as under:

CIM-Sanjeevani (Artemisia) is a late flowering, artemisnin
rich (1.2%), 2 – 2.25 m tall  variety of Artemisia annua that
gives 10 – 125 higher yield than the existing variety CIM-
Arogya. The new variety would fetch an extra income of
Rs.10000-15000 per ha to the farmers.

CIM-Sunahari (Satawar) is a high Yielding Peeli Satawar
with semi-erect fast growing dark green broad leaves with
light green stem colour. The new variety gives  9.75 t/ha
dry root yield having 11.03% saponin content. CIM-Sunahari
would enhance the income of farmers by one and half times.

CIM-Shikhar (Lemongrass) is a high yielding lemongrass
variety with long leaf (100 – 105 cm) green to greyish green
in colour with purple coloured stem. The new variety has
oil content of 1.63% with 86% citral in the oil. The oil yield
is >200 kg/ha. CIM-Shikhar has potential to fetch an extra
income of Rs. 25000-30000 per ha to the cultivators.

NIMITLI-101 (A shwagandha) is a high yielding va riety
with improved immunomodulatory activity. The plant of
the new variety has medium height with profuse branching,
drak green medium sized lea ves , red coloured berries,
yielding 23 Q dry roots/ha with total withanoloide content
of 0.28%

CIM-Sharda (Tulsi) is an improved variety with curly leaf
margin, purple pigmented stem. The variety is ever green
in nature and the oil is rich in met hyl chavicol. The oil
content is 0.70 % with 85 – 89% methyl chavicol. The oil
yield of CIM-Sharda is 206 kg/ha.

CIM- Nirom (Kewanch) is variety with dark green stem,
distinctive curled blue petals, hairless pods. The ripened pods
and seeds are dark black. The L-dopa content is 4.50% and
the seed yield is 33.30 q/ha.

Khus-Khusnalika (Khus) is a fast growing, low flowering
va riety tha t init ially sprea ds pla nt canopy with white
feathery stigma. The khusinol percenta ge is >45% in the
essential oil with an oil content of >1% and oil yield of 16 –
18 kg/ha.

CIM-Harit (Clary Sage) is an early maturing, high yielding
variety with pale green bract. The oil content is 0.12 – 13%,
the oil yield 20 – 22 kg/ha with 45 – 50% linalyl acetate in
the oil.

CIM-Medha (Mandookpar ni ) is da rk green broa d
leaf variety with brown ting in the centre. The petiole is
light purp le and stolen is purple in colour. The dry herb
yield is 11.29q/ha with asiaticoside content of 50.36mg/g
dry wt.



64

Symposia/Seminars organized

IORA – the International meet on medicinal plants
The second meeting of medicinal plants focal points of Indian
Ocea n Rim Associa tion Regional Centre for Science and
Technology Transfer (IORA RCSTT) cum Exhibition was
orga niz ed by CSIR-CIMAP at  Lucknow during 1 8-19
March,  20 1 5.  Delega tes  f rom t he member count ries
including Bangladesh, South Africa, Egypt, Indonesia, Iran,
Mada gascar, Mala ysia, Sultana te of Oman, Republic of
Seychelles, Sri Lanka, Tanzania, Thailand, Iran and India
participated in the meeting and presented their respective
country papers.

The recommenda tions of the meeting are summa riz ed
under:
1. To cha ra ct eriz e medicina l plants  considering t he

individual country position used in traditional system
of medicine including safety and efficacy via traditional
usage.

2. To develop standard protocols for quality of identified
genotypes of species, their cultivation, quality control
of t heir harves ted p roduct s , c lea n pos t harves t
process ing, product  formula tion a nd st ora ge of
mat eria ls  and rela t ed f inal p roducts  in suita bly
controlled environment.

3. To promote cu ltivation of  characterized medicinal
plants  using improved planting material variet ies /
genotypes, which give optimum yields of raw herb and
or marker constituent(s) per unit area.

4. To procure the medicinal plants from t he cultivated
sources from within and among IORA member states
for development of herbal products. Efforts should be
made to develop similar strategy for medicinal plants
of perennial origin.

5. To develop  human resources  in a ll f ields  of the
enterprise (in different areas like cultivation, processing,
manufa cturing,  va lue addit ion,  qualit y t est ing,
ma rket ing, et c., ) through t raining and educa tional
programmes for capacity building.

A view of the IORA meeting
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6. To harmonize regula tions  for
quality control and trade among
t he member countries,  for the
purpose of internat iona l
consumption of products.

7. To share knowledge, know-how,
services, facilities through regular
intera ct ions , visits , technology
transfer, etc.

8. To formulate the strategy for the
prot ection of  the int ellectua l
propert y rights  ( IPR)  a nd
continued improvements in t he
regulations and benefit sharing in
the area of medicinal plants .

9. All a bove should be integrat ed
with the cultural and traditional
knowledge a nd fa ith being
pursued in the respective regions.

10. It is also recommended that each
member state may identify at least
10 medicinal pla nts of economic
a nd medicina l import ance of
human and veterinary usage and
work out  the above paramet ers
for t hem for exchange of
information and benefit for t he
whole region.

International Symposium ICOMP
Int erna t iona l conference on
“Medicinal Plants: Resource for
A fforda ble New Genera tion
Healt hca re”  wa s orga niz ed in
during 13-15 February, 2015 in
Lucknow, India. The conference
was attended by more than 350
delega tes  dra wn f rom 1 0
count ries  including Fra nce,
Tha iland,  Morocco, Egyp t ,
Nigeria , South Africa,  Nepa l,
Ira n and Comores, besides the
hos t  Na t ion India . India n
participants who attended the conference represented the states of Karnataka,
Tamil Nadu, Jammu & Kashmir, Punjab, West Bengal, Meghalaya, Gujarat,
Maharashtra and Uttar Pradesh.

The conference explored the development of strategic R&D approaches for the
global positioning of Indian medicinal plants and their products in affordable
complementary healthcare systems. The meeting opened newer possibilities and
avenues for research collaborations and networking among R&D ins titutions
and end user industry institutions of this important economic sector. Leading
researchers, farmers, small entrepreneurs, industry and other stake-holders in

the field of medicinal plant
sect ors  d iscussed a nd
excha nged their infor-
ma tion. In a ll 5 2  ora l
present a t ions  a nd 2 7 0
post ers  were arra nged
under different t hema tic
sessions.

Release of the abstract volume of ICOMP

Inaugural creremony of ICOMP
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National scientific seminar in Rajbhasha (Hindi
Sangosthi)

A scientific seminar on “New
D imens ion of  Science in
Development of Agriculture,
Energy &  Hea lth”  wa s
orga nized in Hindi.  The
conference wa s  organized
jointly by CSIR-CIMAP and
Hindi Sa hitya  Parisha d,
BA RC, Mumbai during 4 -6
Nov. 2015. The topics covered
were new dimens ion of
science in development  of
a gricu lt ure,  energy a nd

health. The seminar was inaugurated by the former Director
General, CSIR and J.C. Bose National Fellow Dr. P.S. Ahuja.

The seminar focused on the following major points:

 Current sta tus of atomic energy and environmental
protection

 Technologies  developed by Bhabha Atomic Research
Centre and their technology transfer

 Processing and protection of food product s through
radia tion

 Application a nd achievements of nuclear technology
in agriculture

 Role of isotope technology in health a nd societ al
upliftment of people

 Improved agro-technology and processing in context
of medicinal and aromatic plants

 Biotechnology-plant improvement and chemistry
 Chemical extraction and quality control
 Production, marketing and commercialization
 Plants protection and microbial technology
 Herbal products and intellectual property protection
The seminar was divided into six technical sessions with 19
invited lectures and 70 poster presentations. A scientist-
farmers-industry interactive meet was also organized.

Pro f. AK Tripathi, Director
CIMAP addressing the Hindi
Sangoshti

Release of the souvenir in the Hindi Sangosthi
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Jigyasa-2015
Jigyasa-2015, a 2-day symposium on “Translating Medicinal
and Aromatic Plants Research for Mankind” organized by
the research scholars of CSIR-CIMAP was held during 28-
29 Nov. 2015.

Prof. (Mrs.) Paramjit Khurana, University of Delhi delivered
a plenary lecture in symposium on the topic of “A Genomic
Insight into Mulberry Research”. Prof. Supriya Chakraborty

Inaugural function of Jigyasa

A view of the audience

from Jawaharlal Nehru University, New Delhi delivered a
p lena ry lect ure on the t op ic of  “ Underst anding and
Harnessing of Virus Induced Gene Silencing in Plant”. A
souvenir in form of a CD containing abstracts of the papers
was also released in the symposium. A total of 38 research
papers were be presented during the two day symposium
divided into four technical sessions. About 300 students and
scientists participated in the symposium.

Brain storming session on “Integration of medicinal
and aromatic crop cultivation and value chain
management for small farmers”
Na tional Academy of Agricultura l Sciences and CSIR-
Central Inst it ut e of Medicinal a nd Aromat ic Plants ,
Lucknow organized one day brainstorming session on
“Integration of medicinal and aromatic crop cultivation and
value chain management for small farmers” on 18th August,
20 15 at NASC Complex , New Delhi. The session was
at tended by thirt y a rea expert s f rom CSIR a nd ICAR
institutes, Agriculture universities, National Medicinal Plants
Board, National Spices Board, Ministry of Micro, Small &
Medium Enterprises, Essential Oil Association of India,
industry representatives from Himalayan Drug Company,
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Views of the brain storming session

Zandu Foundation for Health Care,
Siva Essential Oils & Chemicals and
progressive farmers of Uttar Pradesh
a nd Tamil Na du.  D r RB Singh,
Immediat e Pa s t President ,  NAA S
pres ided over t he bra in s torming
session.

The delibera tions , held  under two
sect iona l themes  ent it led “Success
s tories ,  models  a nd prosp ect s  of
cultiva tion of MACs” and “Linking
MACs cultivat ion wit h market s –
expect at ions  of fa rmers &  user
industry” , were focused on how to
st ra tegiz e and advance to a ddress
certain key issues such as need for high
qua lity scientif ic  int ervent ion for
prepa ring dynamic MA Cs ba sed
cropping syst ems  t o a ccommoda te

fluct ua ting indust ria l demand a nd
preference, preparation of area-specific
dossier of MA Cs for solo as well as
inter/mixed cropping for better land
utilization and economic returns for
farmers,  worka ble mecha nism for
a ccredit a tion, cert if ica t ion and
traceability of cultivated MACs, setting
up  of  nursery cha ins  for supply of
plant ing stocks, utiliza tion of s trong
ICAR extens ion service networks  for
populariz ing MA Cs-relat ed
technologies, identification of suitable
a rid,  semi-arid , rain- fed and sa lt -
affected areas as p rimary targets for
MACs cultivation and, establishment
of organized marketing out-lets  and
demand-forecas ting mechanisms for
growers.

Visit of Ho’ble  Minister for Science
and Technology and Earth Sciences
and Vice-President, CSIR
Dr Harsh Vardhan, Union Minister for
Science and Technology a nd Earth
Sciences and Vice-President CSIR
visited CSIR-CIMAP on 11 April 2015.
Hon’ble Minister was accompanied by
Dr M. O. Garg, Director General, CSIR
and Dr Sudeep Kumar, Head,  PPD,
CSIR. Prof.  A. K. Tripathi, Director,
CSIR-CIMAP welcomed and briefed
t he Hon’ble Minis t er a bout  t he
s ignif icant  cont ribut ions of  CSIR-
CIMAP and major ongoing a ctivities
and projects in the area of medicinal
and aromatic plants.

Planting of tree by the Minister

Visit of Hon'ble Ministers
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Hon’ble Minister having a look at the Manav Upvan

On this occasion, Hon’ble Minister inaugurated the building
of a new laboratory (Ocimum ChemBio) a nd relea sed a
high-essential oil and methyl chavicol-rich variety of Ocimum
basilicum, suitable for cultivation under rainfed conditions.
He also relea sed two new monographs, one each on the
Improved Varieties of Medicinal and Aromatic Plants and
Herbal Formulations developed by CSIR-CIMAP. He further
visited the Manav Upvan situated in the CIMAP campus.

Release of the Ocimum variety by the Hon’ble Minister

Visit of Hon’ ble Minister of State, MSME Shri Giriraj
Singh
Honble Minsiter of St ate for Micro,  Small and Medium
Enterprises (MSME) visited  CSIR-CIMAP Lucknow on 20
January 2016. The Minister interacted with the Director and
Scientists on the potential and possibility of cultivation of
medicinal and aromatic plants and opportunities available
for entrepreneuruship development in the area.  A ft er
interaction, he visited the pilot plant facilities especially the
fractional distillation and rose oil distillation.

Hon’ble Minister interacting with the Director
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Mentha technology awareness programs
CSIR-CIMAP organiz ed four awareness programs  to popula rize new mint
va riet y CIM-Kra nt i and Ea rly Mint Technology among the farmers  a nd
entrepreneurs in the mint growing belt of the Uttar Pradesh. These awareness
programs were organized during 21 – 23 December at Rampur, Sambhal. Badaun
and Barabanki districts of UP in collaboration with the Essential Oil Association
of India. In all approximately 5000 farmers and entrepreneurs participated in
the four programs.

K isa n Mela  a t  Re sea r ch Ce nte r
Pantnagar

One-day farmer’s fair was organized
at CSIR-Central Institute of Medicinal
and Aromatic Plants Research Center,
Pantnagar on 6th February 2016. Kisan
Mela was inaugurated by Dr  Mangla
Ra i,  Vice Cha ncellor,  G.B .  Pa nt
U nivers it y of  A gricu lture a nd
Technology, Pant na gar.  Over 80 0
part icipa nt s  (including farmers ,
entrepreneurs, academicians, scientists,
industry representa tives  etc .) from
different states viz. Uttarakhand, Uttar
Pra desh,  Biha r,  D elhi, Ma dhya
Pradesh participated in the farmer fair.
A Kissan Gost hi was orga niz ed for
farmers that covered various aspects of
MAPs  cu lt iva t ion,  process ing,
ma rket ing,  a nd recent  a dvances in
MAPs .  D emonst ra t ion of a gro-
technologies  of  MA Ps , d is tillat ions
processes, rose water technology, and
early mint technology was carried out
in the farmer fairs. A new variety of
Yellow Satawar namely ‘CIM-Sunhari’
wa s relea sed for commercia l
cultivation in India. Hands-on training
for agarbattis/incense sticks production
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was given to the women participants of  the farmer fair.
Quality planting material of mints was sold to the farmers.
Various stalls displayed different activities perta ining to
MAPs t echnologies ,  herbal p roduct s,  a gro-a dvisory,
industrial herbal products, and CIMAP publications.

Release of publication during the Pantnagar Kisan Mela

Dr.Chuleratana Banchonglikitkul, Chief Research Expert ,
Pharmaceutical and Natural Products Department

Ms.Krittalak Pasakawee, Research Officer, Food Technology
Department

Ms.Pimprapai Supornrat, Assistant International Relations
Officer

6 May 2015
A delegation of from Myanmar vis ited CSIR-CIMA P to
study  the management of medicinal and aromatic plant
research and benefit sharing on 6th May 2015.

Delegates from Thailand

Visit of Dignitaries

25 Feb 2015

The delegates from Thaila nd Instit ute of Scientific and
Technological Research (TISTR), Bangkok, Thailand visited
CSIR-CIMAP  on 25th February 2015 to discuss on possible
collaborat ion  (Medicinal Plants  & Herba l D rugs): The
delegates included :  Mrs. Cha nta ra Phoons iri, D eputy
Governor, R&D for Bio-industries
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Delegates from Myanmar with the Director

8  June - 2015
Visit of Natural Mint Industry of USA and GEM Aromatics
Mumbai on 8,  June - 2015

Delegates of the Natural Mint Industry, USA

17 June 2015
Visit of Japanees Mint Industries Association (JMIA) on 17-
June-2015  at CSIR-CIMAP Lucknow to unders tand the
dynamics of Mint cultivation and varieties of the crop.

A view of interaction with delegates of the Natural Mint
Industry, USA

Delegates of the Japanese Mint Industries Association
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5 December, 2015
Mr Kien Nguyen Trung, Second Secreta ry, Science &
Techonology Division, Embassy of The Socialist Republic of
Vietnam in India visited CSIR-CIMAP on 15th December,
2015 to discuss on the implementation of the MoU between

Director addressing the delegates of the Japanese Mint
Industries Association

CSIR-Central Inst it ut e of medicina l Pla nt s (CIMAP),
Lucknow, India  a nd Na tional Inst it ut e of  Medicina l
Materials (NIMM), Hanoi, Vietnam.

22 January, 2016
A delegation of BASF Germany visited CSIR-CIMAP on 22nd

January 2016 to discuss on use of medicinal plants in the
area of  agriculture, pharmaceutical and home and personal
care area.

Vietnam’s Second Secretary, Science & Technology interacting
with the Director

Delegation from the BASF, GermanyDirector welcoming the Vietnam team
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16 October 2015
The office bearers of Essential Oil Association of India (EOAI)
vis ited CIMAP a nd held discussion wit h the a team of
CIMAP scientists for scientist industry collaborations

Interaction with EOAI delegates

Jammu & Kashmir Aroma Arogya Gram (JAAG) Project
Field demonstrat ion of region specif ic  medicinal a nd
aromatic plants genotypes for socio-economic upliftment of
masses in J&K region is being organized under the Jammu
& Kashmir Aroma A rogya  Gra m (JA AG) Project being
implement ed in which CSIR-CIMAP is a  pa rticipating

laboratory. The project is being coordinated by IIIM, Jammu
as nodal laboratory. Under this project, about  29.4 ha  of
area was planted with aromatic crops such as Lemongrass
var. Krishna, Vetiver var. KS-1 , Mentha piperit a, Mentha
sp icata a nd Gera nium. Seeds of Palmarosa were ma de
available to IIIM for raising nursery. These demonstrations
have been organized on 87 farmers’ field from 31 villages
falling under district Kathua of J & K.

Khus plantation at Kathua (J&K)
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1. Novel anti-psychotic activity in the leaf extracts of
Rauwolfia tetraphylla and their useful herbal
formulations

Patent No. AU- 2010231489, 08.01.2015 and US- 9018226,
28.04.2015

(SK Srivastava, AK Agarwal, SC Singh, VK Khanna, Janardan
Singh, Chandesh war Nath , MM Gupta, Shikh a Gupta,  RK
Verma, Anirban Pal, DU Bawankule, Dharmendra Saikia, AK
Gupta, Anupam Maurya, SPS Khanuja)

The invention relates to novel anti-psychotic activity in the
leaf extracts of Rauwolfia tetraphylla and their useful herbal
formulations for the treatment of psychosis based on in vivo
va lidat ion on a nimal model a nd proportional binding
affinities for dopaminergic-D2, cholinergic (muscarinic) and
serotonergic (5HT2A) receptors for anti-psychotic  activity.
The invention also provide a process for obta ining a nti-
psychotic extracts from the leaves of Rauwolfia tetraphylla,
which are non-toxic and devoid of extra pyramida l side
effects.

2. A process for  chemical conversion of isolated
cellulose from aromatic spent biomass to hydroxyl
methyl furfural

Patent No.  US-9199930, 01.12.2015

(PK Rout, AD Nannaware, Ram Rajasekharan)

The invention relates to the development of green process
for the preparation of hydroxymethyl furfural (HMF) from
cellulose isolated from spent aromatic biomass. HMF is a
key intermediate substance useful as substitut e of petro
chemicals. As cellulose is the major constituent (40-50%) of
the spent aromatic biomass (hemicellulose, 25-30% and
lignin 15-20%) it is being used for synthesis of HMF. The
synthesis of HMF from isolated cellulose is  an economical
process and is complet ely environment-f riendly which
describes the development of sustainable, integrated and
holistic strategy for utilizing the waste aromatic biomass to
produce various valuable bio-chemicals.

Patents granted

New Staff Members

1. Mr. Venkateshwarlu Gadde SO at CRC Hyderabad w.e.f. 30.6.15
2. Mr. Mohd Moseen, MTS w.e.f. 23.7.15
3. Mr. Baljeet Singh, CoF&A w.e.f. 2.12.15
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Research Centre Bangalore 
Participation in Totagarike Mela (Horticulture Show)
from 19-21 December 2015 at University of Horticultural
Sciences, Bagalkot, Karnataka
CSIR-CIMAP Research Center, Banga lore participated in
the Totagarike Mela (Horticulture show) held from 19 to 21
December 201 5 at  University of Horticu ltural Sciences,
Bagalkot, Karnataka.  Live aromatic and medicinal plants,
seeds of medicinal and aromatic plants and aromatic oils
were displayed at the stall.  The herbal products of CSIR-
CIMAP were also disp layed.   The visit ors  acqua int ed
themselves with the agrotechnologies and distillation process
of  medicinal a nd aromatic  plants .  E ight  brochures on
medicinal a nd a roma tic pla nt s such a s Lemongra ss ,
Palmarosa, Vetiver, Eucaly ptus citriodora, Senna, Ocimum
sanctum, Ashwagandha and Kalmegh in the local language
(Kannada) were distributed to the visitors.

A view of the visitors at CRC CIMAP Bengaluru stall

Externally funded projects

Biological transformation of natural compounds by hairy
root cultures for production of value-added products of
therapeutic impact. (Ms Pallavi Pandey, Rs.13.64 lakhs)

Character of quorum sensing inhibitors from medicinal and
aromatic plants for management of rice leaf streak disease
ca used by Xant homona s oryz ae.  (D r A kanksha Singh,
Rs.31.30 lakhs)

Medicina l p lants  ma rket  scenario in Ut t ar Pradesh.
(Dr. Sanjay Kumar, Rs.2.00 lakhs)

Development of model nursery for production and supply
of quality planting ma teria l of commercia lly import ant
medicinal crops-Ashwagandha in Andhra Pradesh. (Dr. J
Kotesh Kumar, Rs.20.00 lakhs)

Development of model nursery for production and supply
of quality seeds of CIMAP varieties in Andhra Pradesh state.
(Dr. J Kotesh Kumar, Rs.4.00 lakhs)

Providing technica l services/consulta ncy for designing,
fabrication and setting up a 500 kg/batch directly fired type
Mobile Tractor Trolley Mounted Distillation Unit based on
CSIR-CIMAP know how and design. (Er. Sudeep Tandon,
Rs.10.00 lakhs)

Water quality monitoring of Ganga River from Gomukh to
Hooghly. (Dr.MM Gupta, Rs.24.15 lakhs)
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Genetic modifications to improve biological nitrogen fixation
for augmenting nitrogen needs of cereals. (Dr. Anil Tripathi,
Rs.286.79 lakhs)

RNA-seq for discovery of  novel t ra nscrip tome-based
markers in withaholide pathway genes and their mapping
across Indian Ginseng Withania somnifera. (Dr Tripta Jhang,
Rs.37.684 lakhs)

Inventorization, Digitization and web enabling of the Geo-
spatial Maps of Medicinal and Aromatic Plants cultivated
in the states of Andhra Pradesh, Tamil Nadu, Karnataka,
Kerala and Odisha. (Dr. J Kotesh Kumar, Rs.31.24 lakhs)

Defict irrigation practices following strategic moisture stress
for enhancing yield of industrially important substances in
selected Medicina l and Aromatic Plants using Withania
somnifera and Mentha arvensis as model test crops. (Dr.
Saudan Singh, Rs.32.492 lakhs)

Synthesis, Biological Evaluation and Structural Elucidation
of Novel Ana logues of  the Antibiotic CC-1065 and the
Duocarmycins (Dr. Dushyant Singh Raghuvanshi, Rs.95.00
lakhs)

Establishment of Amla Juice Processing Facility at CIMAP
Research Centre, Hyderabad in Collaboration with TSMPB.
(Dr. J Kotesh Kumar, Rs.10.00 lakhs)

Design, synthesis, QSAR, system pharmacology, in vitro and
in vivo st udies of pla nt molecules  and t heir derivat ives
for a nticancer activity. (Mr. Sarfara z A lam, Rs.3 9.4 74
lakhs)

Develop ment of vermicompost based formulat ions of
consortia of microbes useful as biofungicide and biofertilizer
as bio-agri farm input for plant and soil health. (Ms.  Suman
Singh, Rs.18.757 lakhs)

Synthesis of Levulinic Acid from Spent Biomass of Aromatic
Crops by Green Processes.  (D r.  Prasant  Kuma r Rout,
Rs.21.54 lakhs)

Nanotube based immobilization of novel plant peroxidases
for the potential application in biosensors. (Dr Veda Prakash
Pandey, Rs.33.20 lakhs)

Development of anti cancer & anti inflamatary agents from
dioscorea floribunda. (D r Arvind Singh  Negi, Rs.36 .48
lakhs)

Economics  of cu ltivat ion of  important medicinal pla nts
grown at farmers’ field. (Dr.Sanjay Kumar, Rs.32.34 lakhs)

Molecular understanding of the biosynthesis of medicinally
active pentacyclic triterpenes in plants. (Dr Sumit Ghosh,
Rs.45.23 lakhs)
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Participation of CSIR-CIMAP Cricket and Volley Ball
teams in 47th SSBMT Tournament
CSIR-CIMAP Cricket and Volley-ball teams participated in
47th SSBMT Tournament held at CSIR-NGRI, Hyderabad.
Our Volley-ball team qualified for 47th SSBMT out Door final
played at CSIR-NAL,  Bangaluru. Prof. Anil K. Tripathi
Director CSIR-CIMA P and President CSIR SPB was  the
Special Guest of the mega event.

Husain Zaheer Memorial Bridge Tournament
Prestigious Husain Zaheer Memorial Bridge Tournament
was hosted at CSIR-CIMAP, Lucknow. Chief Guest of the
event,  Dr. S .B .  Nimse, Vice Cha ncellor of Lucknow
University and Director CSIR-CIMA P & President CSIR
Sports Promotion Board  Prof. Anil K. Tripathi inaugurated
the tournament on 8th January, 2016  at CIMAP campus
with march past by the participating teams from all over
the country namely CSIR- CECRI, Karaikudi, CSIR- CFTRI,
Mysore, CSIR- CGCRI, Kolkata, CSIR- CMERI, Durgapur,
CSIR- IGIB, New Delhi, CSIR- IMMT, Bhubaneswar and
CSIR- NPL, New Delhi.

Inauguration of Husain Zaheer  Memorial Bridge Tournament

Cricket & Volley-ball teams in 47th SSBMT outdoor tournament

Other Staff Club activities
 CIMAP Sports Meet 2015 (CSM 2015) was organized

by CSIR-CIMAP Staff Club (Mahak), from 18-24 May,
2015 for CIMAP staff, students and wards. More than
72 staff & scholars, 27 women and 15 children of staff
participated in seven sports events. To encourage the
CIMAPs literary talent a internal Kavi sammelan and

Sports and Cultural Events



79

mushaira was  also organized which was well attended
and enjoyed by all.

 CIMAP Mahak Utsav 2016 was organized on 20th Feb.
2016. To encourage the Indian cultural talents among
spouse of CIMAP staff and st udents , like Rangoli,
flower decoration, salad decoration, singing, dancing,
fancy dress etc, were organized and profusely attended.
The Utsava was inaugurated by Mrs. Anju Tripathi and
Prof. Anil. K.  Tripathi, Director and President, Staff
Club.

National Festivals
CIMA P St af f Club celebra ted our Nat iona l fest ivals,
Independence Day on 15th August 2015 and Republic Day
on 26th January 2016 with full enthusiasm. It started with
the Flag Hoisting by Prof. Anil K. Tripathi, Director, CSIR-
CIMAP and president Staff Club, followed by his address
to CIMAP Staff, students and their families.

Prof. Anil. K. Tripathi addressing CIMAPians after the Flag
Hoisting on 26 Jan. 2016

On this occasion, there was sweet distribution, sports events
organized for staff, students  and their families including
children. Programme ended with prize distribution by the
Director to the winners and participation prizes to all the
children.

Inauguration  of Mahak Utsav by Mrs. Anju Tripathi and
Prof. Anil. K. Tripathi

CIMAP Staff Club with National Mission
CIMAP Staff Club (Mahak) joined with national mission of
making Aadhaar enrollment of all CIMAPians including
their spouse by organizing a camp in its campus  from  9-10
June,  2015
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Scientific contributions of superannuated scientists*

Dr RN Kulkarni
Dr R N Kulkarni joined CSIR-CIMAP as Scientist B (Plant Breeding) at its then
Regional Centre, Bangalore, on 09-09-1981, after a meritorious academic career
at UAS, Bangalore and IARI, and New Delhi. He was promoted to Scientist G
(now referred to as Chief Scientist) in the year 2006.

He initiated systematic genetics and breeding work in some of the aromatic &
medicinal plants such as lemongrass, palmarosa, davana, periwinkle, geranium,
French basil and patchouli. The work demonstrated the progress that can be
achieved through sustained & systematic breeding efforts based on genetics and
plant breeding principles. In the lemongrass, oil content could be increased by
about 150% over the initial base population through five cycles of phenotypic
recurrent selection for increased essential oil content, without adversely affecting
herb yield or citral content in oil. The research programme yielded two superior
clonal varieties, ‘Cauvery’ and ‘Krishna’, from base and Cycle-2 populations,
respect ively.

Mass selection programmes in palmarosa and davana demonstrated that direct
selection for oil content was more effective in the increasing oil cont ent than
indirect selection  through inflorescence: leaf+stem ratio in palmarosa and that
herb yield in davana could be increased by 12% per cycle after three cycles of
simple honey comb mass selection.

Dr Kulkarni generated somaclonal varia tion for the firs t time in exclus ively
vegetatively propagated aromatic plants, patchouli and geranium, leading to
the development  of  a sup erior soma clone,  ‘Na rma da’ in geranium and a
somaclonal variety, ‘CIM-Shreshtha’ in patchouli.

Staff superannuated

*based on the inputs received from the respective scientists

Mr. SAI Zaidi, Sr. Technician (2)
Mr. Mohd Aslam Khan, JSG
Dr. PK Chaudhary, Sr. Principal Scientist
Mr. Rajanna, Helper
Dr. KP Sastry, Chief Scientist
Mr. AK Sharma, Section Officer (G)
Dr. RN Kulkarni, Chief Scientist
Dr. HS Chauhan, Chief Scientist
Mr. SB Shah, Assistant (G) II
Dr. BRR Rao, Chief Scientist
Mr. Raja Ram, Sr. Technician (2)
Mr. G. Appa Rao, Lab Attendant
Mr. Sadanand, JSG
Dr. DD Patra, Chief Scientist
Mr. Inder Raj, Administrative Officer
Dr. SK Srivastava, Chief Scientist
Dr. JR Bahl, Chief Scientist
Dr. SC Singh, STO
Mr. AK Srivastava, STO
Dr. NK Srivastava, Sr. Principal Scientist
Mr. AK Srivastava, Sr. Technician (2)
Mr. Mohd Ameen Khan, Lab Attendant
Mr. KP Dubey, Assistant (G) I
Mr. Om Prakash, Lab Attendent
Dr. RK Verma, STO
Mr. Jamil Ahmed, STO
Dr. RP Bansal, Principal Scientist
Mr. Durga Prasad, T. Driver
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He carried out extensive genetic studies in periwinkle, the
source of anti-cancer and anti-hypertension alkaloids and
identified more than 40 genes affecting 10 traits, including
a lkaloids  cont ent , ma le s terilit y, disea se res is t ance,
pollination mechanism, etc. He showed that periwinkle is
an allogamous species, with phenotypic assortative mating
for corolla colour brought about by the butterflies. He also
discovered self-pollinating strains and allelic gene system
for self-pollination in periwinkle, similar to that governing
incompatibility system promoting allogamy in plants.  He
created cleistogamy in periwinkle, for the first time in any
herkogamous/a llogamous  p la nt , by pyra miding four
recessive alleles, with utility in the pollen containment. An
induced lesion mimic mutant was isolated for the first time
in a ny MA P wit h t he enha nced contents  of a lkaloids,
suggest ing a s imple of  way of  increas ing content  of
secondary metabolites in MAPs. Two improved varieties of
periwinkle,  ‘Nirma l’ with res is t ance t o die-back and
‘D ha wa l’,  with higher contents  of lea f a lkaloids were
developed.

Dr Kulkarni is a recipient of INSA Young Scientist Medal
and EOAI Merit orious  Scientist  Award. He was Young
Associate of Indian Academy of Sciences,  Bangalore. He
has published around 100 research articles in Nat ional/
International peer reviewed journals, seminars/symposia,
including six book chapters. He was a member of Editorial
Boa rd of  ‘Medicinal and Aromat ic Plants’, a journal of
OMICS group of journals and is currently a member of the
Editorial Board of ‘Journal of Applied Research on Medicinal
and Aromatic Plants’, an Elsevier Journal.

Dr DD Patra
Dr DD Patra did research on developing dual 15N labeling
technique for precise estimation of dinitrogen fixation and
concurrent transfer of N from legumes to cereals in cereal-
legume mixed cropping system by eliminating the special
and temporal variation of 15N enrichment in soil. It also deals
with compartmentalization of N in different pools. He also
developed novel essential oil/ by-product mediated natural
nitrification inhibitors for retarding nitrogen transformation
(oxidation and reduction) to inhibit N losses through different
pathways viz. mineralization, volatilization, denitrification
et c,  t hereby increa sing N use ef ficiency in soil-plant-
atmosphere continuum. Additionally, Dr Patra has been
testing the tolerance of different species of medicinal and
aromatic plants to soil salinity and sodicity and utilization
of  salt af fected soils t hrough cult ivat ion of high value
medicinal and aromatic soils.

Dr Patra established microbial biomass C, N and S as the
most important indicators for assessing the changes in soil
health much earlier than estimating the total organic matter
because of a lower half life of the former.

Dr Pat ra worked on sludge mediated t oxic heavy metal
polluted soils, utilization of which through cultivation of
agriculture is a problem, as the metals taken up by the plant
can enter in to the food chain of human and animals. As
the essential oils are being extracted through hydrodistillation
of aroma tic plants, the oil does not  contain any t race of
heavy metals. In this context, metal polluted soils has been
found to be safe for cultivation of aromatic crops.
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Most important and high value crops found to be suitable
for salt and heavy metal polluted soils are vetiver (Vetiveria
zizanioids), lemongrass  (Cymbopogon flexous), palmarosa
(Cymbopogon martini) and clarysage (Salvia sclaria).  These
aromatic crops  play a major role in phytoremediation of
salt and heavy metals from polluted soil.

He has  published > 150 resea rch papers  in interna tional
peer reviewed journals. In recognition of his research work,
Dr Patra received several awards including Vasvik Award.
He is a fellow of the National Academy of Sciences, India,
Na tional Academy of A gricultural Science and Indian
Society of Soil Science. He has guided 17 Ph.D. students.

Dr  Janak Raj Bahl
Dr Ja nak Raj  Ba hl joined CIMAP in February 19 86 as
Research Associat e and subsequently got appointed as
Scientist B in April 1988. He served this institute for nearly
30 years working in the area of genetics and plant breeding
for crop improvement, agro- technology and extens ion of
medicinal and aromatic plants and superannuated as Chief
Scientist in November 2015. During this period he worked
in different capa cit ies  as  Scientis t, as Farm In-Charge
Lucknow (for more t han 10 years ) and as  Scientist-In-
Charge for Research Center Pantnagar (for more than four
years). He has published 74 research papers in national and
international research journals and 16 patents. He is credited
as the main plant breeder of the first plant variety patent of
India for a new hybrid variety of mint, called Himalaya.
Besides, he was involved in the development of 32 improved
varieties of different medicinal and aromatic plants though
systemic breeding efforts. Most popular varieties developed

by him includes Himalaya of menthol mint, CIM-Pawan of
geranium and cold and frost tolerant variety CIM-Kranti of
menthol mint, which were developed by him as the principal
breeder.

He has significant ly cont ributed to the instit ute’s major
mission p rojects on Menthol mint, Mentha arvensis under
Ambedkar Vishesh Rojgar Yojna in Uttar Pradesh; and
geranium that was launched as a Bio-Village approach in
Ut trakhand. As  a result,  the geranium crop  has been
successfully introduced in Uttrakhand leading to two-fold
increase in the geranium production and its oil in India. He
has also contributed in societal mission programmes for
development of several Herbal Parks including a Herbal
Ga rden at  Rashtrapa ti Bhawan, New Delhi which was
appreciated by the Honorable President of the India, Dr.
APJ Abdul Kalam and a concept technology park called
Manav Park at CIMAP, Lucknow. The layout of the Manav
Park is in the shape of a human body and the medicinal
and aromatic plants are planted according to their use in
the respective body part.

Dr. Bahl is a recipient of several prestigious awards as team
member including CSIR Award for S&T Innovations for
Rural Development 2008 for Bio-village Strategy for Agri-
business of Medicinal and Aromatic Plants, Golden Peacock
Eco- Innova tion A wa rd 2 00 8 for adding value t o the
environment through strategic agri-input development and
preventing farm chemical pollu tion, conferred by World
Environment  Founda t ion a nd FICCI  A nnual Award
2004 – 2005 in recognition of corporate initiative in Rural
Development  through innova tive R& D in Medicinal and
Aromatic Plants.



83

Aiyelaagbe  OO, Negi  AS,  Hamid AA,
Luqman S, Kumar BS, Fatima K. 2015.
Chemical Constituents from Alafia
Barteri Oliv. Leav es with Cytotoxic
Activity. Journal of Chinese Chemical
Society 62:751-755

Asthana J, Pant A, Yadav D, Lal R, Gupta M,
Pandey R. 2015. Ocimum basilicum (L.)
and Premna integrifolia (L.) modulate
stress response and l i fespan in
Caenorhabditis elegans.  In dustri al
Crops & Products 76:1086-1093

Asthana J, Yadav A, Pant A, Pandey S, Gupta
M, Pandey  R .  2015. Specioside
ameliorates oxidative  stress and
promotes longevity in Caenorhabditis
elegans. Comparative Biochemistry and
Physiology: Toxicology and Pharmacology
Part C 169:25-34

Augustin MM, Ruzicka DR, Shukla AK,
Augustin JM,  Starks CM, O’Nei l-
Johnson M, McKain MR, Evans BS,
Barrett MD, Smithson A, Wong GK,
Deyholos MK, Edg er PP,  Pires JC,
Leebens-Mack JH, Mann DA, Kutchan
TM. 2015. Elucidating steroid alkaloid
biosynthesis in Veratrum californicum:
production of verazine in Sf9 cells. The

Publications*
Plant Journal 82:991-1003

Awasthi H, Nath R, Usman K, Mani DN,
Khattri S, Nischal A, Singh M, Sawlani
KK. 2015. Effects of a  standardized
Ayurv edic formulation  on diab etes
control in newly diag nosed Ty pe-2
diab etics;  a  randomized activ e
controlled cl inical study .
Complementary Therapies in Medicine
23:555-561

Bharti N, Barnawal D, Maji D, Kalra A. 2014.
Halotolerant PGPRs Prevent Major
Shifts in  Indigenous Microbial
Community Structure Under Salinity
Stress. Microbial Ecology 28:1-13

Biswas T, PV A, Mathur AK, Mathur A. 2015.
Solvent-based extraction optimization
for  efficient ultrasonication-assisted
ginsenoside recov ery from Panax
quinquefolius and P. sikkimensis cell
suspension lines. Natu ral Product
Research 29 :1256-1263

Biswas T, Singh M, Mathur AK, Mathur A.
2015. A dual purpose cell line of an
Indian congener of ginseng—Panax
sikkimensis with distinct ginsenoside
and anthocyanin production profiles.
Protoplasma 252: 697-703

Deshmukh YA, Khare P, Nadaf AB, Patra D.
2015. Discrimination between 2AP
producing and non-producing r ice
rhizobacterial isolates using volatile
profi ling: a chemometric approach.
Journal of Chemometrics 29:648-658

Deshmukh, Yadav V, Nigam N, Yadav A,
Khare P. 2015. Quality of bio-oil by
py roly sis of disti l led spent of
Cy mb opogonflexuosus.  Jou rn al  of
Analytical and Applied Pyrolysis 115:43-
50

Dharni S, S, Unni S, Kurungot S, Samad A,
Sharma A, Patra D. 2016. In vitro and
in silico antifungal efficacy of nitrogen
doped carbon nanohorn  (NCNH)
against Rhizoctonia solani. Journal of
Biomolecu lar Structure and Dynamics
34:152-162

Dhawan S, Shukla P, Gupta P, Lal R. 2015. A
cold-tolerant everg reen interspecific
hybrid of Ocimum kilimandscharicum
and Ocimum basil icum: analyzing
trichomes and molecular variations.
Protoplasma 10.1007/s00709-015-0847-
9:1-11

Dubey M, Dhawan O. 2015. Relationship of
downy mildew resistance with yield

*based on the online inputs received from the respective authors



84

related traits helpful for achiev ing
rel iable  selection  criteria in opium
poppy (Papaver somniferum L.). Indian
Journal of Genetics and Plant Breeding
75:396-399

Dwivedi G, Gupta S, Mourya A, Tripathi S,
Sharma A, Darokar MP, Srivastava SK.
2015.  Synergy  Potential  of Indole
Alkaloids and Its Derivative against
Drug -resistant Escherichia coli .
Chemical Biology and Drug Design
86:1471-1481

Dwivedi GR, Tiwari N, Singh A, Kumar A,
Roy S, Negi AS, Pal A, Chanda D,
Sharma A, Darokar MP. Gallic acid
based indanone derivative interacts
synergistically with tetracycline by
inhibiting efflux pump in multidrug
resistant E. coli. Applied Microbiology
and Biotechnology DOI 10.1007/s00253-
015-7152-6:0-0

Faridi U, Dhawan SS, Pal S, Gupta S, Shukla
AK, Darokar MP, Sharma A, Shasany
AK. 2016. Repurposing L-Menthol for
Sy stems Medicine and Cancer
Therapeutics? L-Menthol Induces
Apoptosis through Caspase 10 and by
Suppressing HSP90.OMICS A Journal of
Integrative Biology 20:53-64

Garg A, Agrawal L, Misra RC, Sharma S,
G hosh S.  2015.  Androg raphis

paniculata transcriptome provides
molecular insights into tissue-specific
accumulation of medicinal diterpenes.
BMC Genomics 16:1-16

Gaur R, Cheema HS, Kumar Y, Singh SP,
Yadav DK,  Darokar MP, Khan F,
Bhakuni RS. 2015. In vitro antimalarial
activi ty  and molecular  model ing
studies of nove l  artemisinin
derivatives.. RSC Advances 5:47959-
47974

Gaur R, Gupta VK, Pal A, Darokar MP,
Bhakuni RS, Kumar B. 2015. In vitro and
in  v iv o sy nerg istic in teraction of
substituted chalcone derivatives with
norfloxacin ag ainst methici ll in
resistant Staphylococcus aureus. Royal
Society of Chemistry (RSC), Advances 5 :
5830-5845

Gaur R, Thakur JP, Yadav DK, Kapkoti DS,
Verma RK, Gupta N-, Khan F-, Saikia
D-, Bhakuni* RS. 2015. Synthesis,
antitubercular activity, and molecular
modeling studies of analog ues of
isol iquiritigenin and liquiritigenin,
bioactive components from Glycyrrhiza
glabra. Medicinal Chemistry Research
34:3494-3503

Gaur R, Yadav DK, Kumar S, Darokar MP,
Khan F, Bhakuni RS. 2015. Molecular
model ing  based sy nthesis and

evaluation of in vitro anticancer activity
of indolyl chalcones.  Current Topics in
Medicinal Chemistry 15:1003-1012

Goswami C, Chauhan A, Verma RS, Padalia
RC, Verma SK, Darokar MP, Chanotiya
CS.  2016.  Composition  and
antibacterial potential of the essential
oil  of Artemisia ni lagir ica v ar .
septentrionalis from India . Journal of
Essential Oil Research 28:71-76

Goswami P, Chauhan A, Verma RS, Padalia
R C, Chanotiy a CS.  2015.
Characterization of essential oil of a
nov el menthofuran r ich variant of
peppermint (Mentha × piperita L.) from
India using  g as chromatog raphy
coupled with  mass spectrometry . .
Journal of Essential Oil Research 27:329-
336

Gupta AK, Mishra R, Lal RK. 2015. Genetic
resources, diversity, characterization
and utilization of agronomical traits in
turmeric (Curcuma longa L.). Industrial
Crops and Products 77:708-712

Gupta P, Dhawan S, Lal R. 2015. Adaptability
and stability based differentiation and
selection  in  aromatic g rasses
(Cymbopogon species) g ermplasm.
Industrial crops and products 10.1016/
j.indcrop.2015.10.018:1-1



85

Gupta P, G oel R, Agrawal A, Asif M,
Sangwan NS, Sangwan RS, Trivedi P.
2015. Comparativ e transcriptome
analy sis of di fferent chemoty pes
elucidates withanolide b iosynthesis
pathway  from medicinal plant
Withania somnifera. Scientific Reports
5:1-13

Gupta R, Pandey P, Singh S, Singh DK,
Saxena A, Luqman S, Bawankule DU,
Baner jee  S.  2015.  Adv ances in
Boerhaav ia di ffusa hairy  root
technology:  a v aluable pursuit for
identifying strain sensitivity and up-
scaling factors to refine metabolite yield
and bioactivity potentials.Protoplasma
DOI 10.1007/s00709-015-0875-5

G upta R ,  Pandey  R . 2015.  Microb ial
interference ameliorates essential oil
y ield and diminishes root-knot
infestation in sweet basil under field
conditions. Biocontrol Science an d
Technology 25:1165-1179

Gupta R, Tiwari S, Saikia SK, Shukla V, Singh
R, Singh SP, Ajaikumar P, Pandey R.
2015.  Exploitation  of microbes for
enhancing  b acoside content and
reduction  of Meloidogyne incognita
infestation in Bacopa monnieri L.
Protoplasma 252:53-61

Gupta V, Rahman L. 2015. An efficient plant

regeneration  and Ag rob acterium-
mediated g enetic transformation of
Tagetes erecta. Protoplasma 252:1061-
1070

J, Shanker K, Khare P, Mohanty S, Bawankule
DU, Pal A. 2016. Synthesis of Gold
Mediated Biocompatib le Nano-
composite of Lactone Enriched Fraction
from Sahadevi (Vernonia cinerea Lees):
An Assessment of Antimalarial
Potential. Current Topics in Medicinal
Chemistry, 16:1-8

J, Srivastava N, Singh B, Chanda D, Shanker
K. 2015. Chemical  composition and
acetylcholinesterase inhibitory activity
of Artemisia maderaspatana essential
oil. Pharmaceutical Biology 53:1677-1683

J, Srivastava P, Killadi B, Shanker K. 2015.
Uni-dimensional double development
HPTLC-densitometry method for
simultaneous analysis of mangiferin
and lupeol  content in  mang o
(Mangifera indica) pulp and peel
during storage. Food Chemistry 176:91-
98

Jain  S, Mishra D, Khare P, Yadav V,
Deshmukh, Meena A. 2016. Impact of
biochar amendment on  enzymatic
resilience  properties of mine spoils.
Science of the Total Environment 544:410
-421

Jindal S, Longchar B, Singh A, Gupta V. 2015.
Promoters of AaGL2 and AaMIXTA-
Like1 gene of Artemisia annua direct
reporter gene expression in glandular
and non-glandular trichomes. Plant
Signalin g & Behavior 10 :e1087629-
e1087629

K.P. S, KVNS S, J K, A. N, DK R, S A. 2015.
Changes in the essential oil content and
composition  of Palmarosa
(Cymbopogon martini) harvested at
different stages and short intervals in
two different seasons. Industrial Crops
and Products 69:348-354

Kalani K, Chaturvedi V, Alam S, Khan F,
Srivastava SK. 2015. Anti-tubercular
agents from Glycyrrhiza glabra. Current
Topics in Medicinal Chemistry 15:1043-
1049

Kalani K, Cheema HS, Tripathi H, Khan F,
Darokar MP, Sriv astava SK.  2015.
QSAR-guided semi-synthesis and in
vitro v alidation  of antiplasmodial
activity in ursolic acid derivatives. RSC
Advances-Royal Socie ty of Chemistry
5:32133-32143

Kamal K, Maurya HK, Gupta A, Vasudev PG.
2015. Crystal structures of four d-keto
esters and a Camb ridg e Structural
Database analysis of cyano–halogen
interactions.  Acta Crystal lographi ca



86

Section C (Structural Chemistry) 71:921-
928

Kanag av i jay an D,  Rajasek haran R ,
 Srinivasan M. Yeast MRX deletions
have short chronological life span and
more  triacylglycerols. 2016.  FEMS
Yeast Res. 2016 Feb;16 (1). pii: fov109.
doi: 10.1093/femsy r/fov109. Epub
2015 Dec 16.

Khan A, Saeed ST, Samad A. 2015. New
Record of Catharanthus Yellow Mosaic
Virus and a Betasatellite Associated
with Lethal Leaf Yellowing of Kalmegh
(Andrographis paniculata) in Northern
India. Plant Disease 99:292-292

Khan K, Pankaj, Verma SK, Gupta AK, Singh
R, Verma RK. 2015. Bio-inoculants and
vermicompost influence  on y ield,
quality of Andrographis paniculata,
and soil properties. Industrial Crops and
Products 70:404-409

Khan S, Fahim N, Singh P, Rahman L. 2015.
Agrobacterium tumefaciens mediated
genetic transformation  of Ocimum
gratissimum: A medicinally important
crop. In dustrial Crops  and Products
71:138-146

Kumar A, Agarwal K, Maurya A, Shanker K,
Bushra U, Tandon S, Bawankule DU.
2015.  Pharmacolog ical  and
phytochemical evaluation of Ocimum

sanctum root extracts for i ts
antiinflammatory , analg esic and
antipyretic activities. Pharmacogn osy
Magazine 11:S217-S224

Kumar A, Roy S, Tripathi S, Sharma A. 2015.
Molecular  docking based virtual
screening of natural compounds as
potential BACE1 inhibitors: 3D –QSAR
pharmacophore  mapping  and
molecular dynamics analysis. Journal of
Biomolecu lar Structure and Dynamics
9:1-11

Kumar A, Srivastava S, Tripathi S, Singh S,
Srik rishna S,  Sharma A.  2015.
Molecular  insight in to amy loid
oligomer destabilizing mechanism of
flav onoid derivative  2-(4 '
b en zy lo xy ph eny l) -3-h y dro xy -
chromen-4-one through docking and
molecular  dynamics simulations.
Journal  of Biomolecular Structu re and
Dynamics 19:1-12

Kumar B, Gupta E, Yadav R, Singh SC, Lal
RK. 2014. Effect of temperatures on seed
germination potential in holy basil
(Ocimum tenuiflorum L. ). S eed
Technology 36:75-79

Kumar BS, Negi AS. 2015. A frank synthesis
of alky l-ary l  e thers from 2-
halob enzaldehydes and aromatic
olefins without transition metal co-

catalyst and ligand. Tetrahedron Letters
56:2340-2344

Kumar K, Rajeev Kumar S, Dwivedi V, Rai A,
Shukla AK, Shanker K, Nagegowda DA.
2015. Precursor feeding studies and
molecular characterization of geraniol
synthase establish the limiting role of
g eraniol in monoterpene  indole
alkaloid biosynthesis in Catharanthus
roseus leaves. Plant Science 239:56-66

Kumar S, Suresh R, Verma DK, Dangesh A,
Tomar VS. 2015.  Publ ic- priv ate
partnership towards rural
development: a case study of artemisia
annua in Uttar Pradesh. Current Science
109:1237-1239

M N, Rai VK, Yadav KS, Sinha P, Kanaujia
A, Chanda D, Jakhmola A, Saikia D,
Yadav NP.  2015. Encapsulation of
Mentha Oil in Chitosan Polymer Matrix
Allev iates Sk in  Irr itation . AAPS
PharmSciTech 10.1208/s12249-015-
0378-x:1-11

Maji D, Singh M, Wasnik K, Chanotiya CS,
Kalra A. 2015. The role of a novel fungal
strain Trichoderma atroviride RVF3 in
improv ing  humic acid content in
mature compost and vermicompost via
ligninolytic and celluloxylanolytic
activities. Journal of Applied Microbiology
119:1584-1596



87

Mali H, Kumar B, Srivastava DK, Ram G,
Singh HP. 2015. Varietal difference for
salt tolerance during seed germination
in Palmarosa (Cymbopogon martinii).
Journal of Essential Oil Bearing Plants
18:1242-1245

Mani DN, Dhawan SS. 2014. Scientific basis
of therapeutic uses of opium poppy
(Papaver somniferum) in Ayurveda.
Acta Horticulturae (ISHS) 1036:175-180

Maurya HK,  Hasanain M,  Kumar CP,
Vasudev  PG,  Sark ar J,
Chandrasekharam M, Gupta A. 2015.
Synthesis, photophy sical  and
anticancer study of D-ring extended
estrone  analogues. R SC  advan ces
5:68843-68851

Mehrotra S, Srivastava V, Rahman L, Kukreja
AK. 2015. Hairy root biotechnology—
indicative  timeline to understand
missing links and future outlook.
Protoplasma 252:1189-1201

Mishra P, Kumar A, Nagireddy A, Mani DN,
Shukla AK, Tiwari R, Sundaresan V.
2015. DNA barcoding: an efficient tool
to overcome authentication challenges
in the herbal market. Plant Biotechnology
Journal 14:8-21

Mishra P, Kumar L, Kumar A, Gokul S,
Ravikumar K, Shukla AK, Sundaresan
V. 2015. Population Dy namics and

Conservation Implications of
Decalepis arayalpathra (J. Joseph and
V. Chandras.) Venter., a Steno Endemic
Species of Western Ghats, India. Applied
Biochemistry and Biotechn ology
176:1413-1430

Mishra R, Gupta AK, Lal RK, Jhang T,
Bannerjee N. 2015. Genetic variability,
analy sis of g enetic parameters,
character  associations and
contribution for agronomical traits in
turmeric (Curcuma longa L.). Industrial
Crops and Products 76:204-208

Mishra S, Bansal S, Sangwan RS, Sangwan
NS. 2015. Genotype independent and
efficient Agrobacterium-mediated
genetic transformation of the medicinal
plant Withania somnifera Dunal.
Jou rn al  of Plan t Biochemistry
Biotechnology DOI: 10.1007/s13562-
015-0324-8:1-8

Mishra S, Phukan U, Tripathi V, Singh D,
Luqman S, Shukla RK. 2015. PsAP2 an
AP2/ERF family transcription factor
from Papaver somniferum enhances
abiotic and biotic stress tolerance in
transgenic tobacco. Plant Mol ecular
Biology 89 :173 -86

Mishra, Yadav V, Priya J, Das MR, Meena A,
Shanker K. 2016.  Development of
Crystal line Cel lulosic F ib res for

Sustained Release of Drug. Current
Topics in Medicinal Chemistry 16

Misra RC, Garg A, Roy S, Chanotiya CS,
Vasudev PG , G hosh S.  2015.
Inv olvement of an  ent-copaly l
diphosphate synthase in tissue-specific
accumulation of specialized diterpenes
in Androg raphis paniculata. . Plant
Science 240:50-64

Mohanty CS, Pradhan RC, Singh V, Singh N,
Pattanayak R, Prakash O, Chanotiya CS,
R out PK. 2015. Phy sicochemical
analy sis of Psophocarpus
tetragonolobus (L.) DC seeds with fatty
acids and total lipids compositions.
Journal of Food Science and Technology
52:3660-3670

Mohanty S, Maurya AK, Jyotshna J, Saxena
A, Shanker K, Pal A, Bawankule DU.
2015. Flavonoids rich fraction of Citrus
l imetta frui t pee ls reduces
proinflammatory cytokine production
and attenuates malaria pathogenesis.
Current Pharmaceutical Biotechnology
16:544-552

Nagar A, Chaterjee A, Ahmad A, Rehman
LU, Tandon S. 2015. Comparative
extraction and enrichment techniques
for py re thrins from flowers of
Chrysanthemum cinerariaefolium.
Industrial Crops and Products 76:955-960



88

Negi AS, Gautam Y, Alam S, Chanda D,
Luqman S, Sarkar J, Khan F, Konwar R.
2015. Natural antitub ulin agents:
Importance of 3,4,5-trimethoxyphenyl
F rag ment. Bioorgani c Medi cin al
Chemistry 23:373-389

P D, A. N, MS B, Zehera A, R P, J V, Tiwari A,
Tiwari A, Balasubramanian S, K.V.N.S.
S, J K. 2015. Highly selective one pot
synthesis and biological evaluation of
novel 3-(allyloxy)-propylidene acetals
of some natural te rpenoids. RS C
Advances 5:93122-93130

Padal ia R C,  Verma R S,  Chauhan A,
Chanotiya CS. 2015. The essential oil
composition of Melaleuca leucadendra
L. grown in India: A novel source of (E)-
nerolidol. Industrial Crops and Products
69:224-227

Padalia RC, Verma RS, Chauhan A. 2015.
Variation  in  the  Essential  Oi ls
Constituents of Two Chemovariant of
Lantana camara L. Journal of Essential
Oil Bearing Plants 18:775-784

Pandey R, Pant A. 2015. D-pinitol remediates
heavy metal toxicity in Caenorhabditis
elegans. Indian Journal of Nematology
45:66-70

Pandey R. 2015. Bacopa monnieri plant
extract reinstates the development,

growth and life span in Caenorhabditis
elegans during  sterol auxotrophic
condition. Indian Journal of Nematology
44:135-138

Pant A, Asthana J, Yadav A, Rathor L,
Srivastava S, Gupta M, Pandey R. 2015.
Verminoside  mediates li fespan
extension  and al leviates stress in
Caenorhabditis elegans. Free Radical
Research 49:1384-1392

Pant A,  Pandey R .  2015.  Bioactiv e
phytomolecules and ag ing in
Caenorhabditis elegans. Healthy Aging
Research 4:1-9

Phukan U,  Mishra S, Shukla RK. 2015.
Waterlogging and submergence stress:
affects and acclimation. Critical Review
in Biotechnology 16:1-11

Phulara S, Shukla V, Tiwari S, Pandey R. 2015.
Bacopa monnieri promotes longevity in
Caenorhabditis elegans under stress
conditions. Pharmacognosy Magazine
11:410-416

Ponnam D, Vadithe L, Yadav D, A. N, J K,
KVNS S, Balasubramanian S, Khan F,
K.P. S, Sistla R. 2015. Synthesis and
evaluation of anticancer activity  of
novel  andrographolide  derivatives.
Medicin al Chemistry C ommun ication
6:898-904

Pragadheesh V, Yadav A, Chanotiya CS.
2015.  R ole of Sub sti tuents in
Cyclodextrin  Derivatives for
Enantioselective Gas Chromatographic
Separation of Chiral Terpenoids in the
Essential Oils of Mentha spicata. J
Chromatogr B 1002:30-41

Pragadheesh V, Yadav A, Singh SC, Negi AS,
Saroj A, Samad A, Chanotiya CS. 2015.
Anti-phy topathogenic activi ty  of
Sy zy g ium cumini essential  oi l ,
hydrocarb on fractions and its novel
consti tuents. Industr ial Crops an d
Products 74:327-335

Prasad A, Shukla SP, Mathur A, Chanotiya
CS, Mathur AK. 2015. Genetic fidelity
of long-term micropropag ated L.
officinal is Chaix.:  an important
aromatic medicinal plant. Plant Cell
Tissue and Organ Culture 120:803-811

Rai VK, Mishra N, Agarwal AK, Jain S, Yadav
NP. 2015. Novel drug delivery system:
an immense hope for diabetics. Drug
Delivery 29:1-20

Rastogi S, Kalra A, Gupta V, Khan F, Lal RK,
tripathi  AK,  Parameswaram S,
Gopalakrishnan C, Ramaswamy G,
Shasany AK. 2015.  Unravelling the
g enome of Holy b asi l :  an
“incomparab le” “e lixir  of li fe” of



89

traditional  Indian medicine.  BMC
Genomics 16:413-413

Rathor L, Akhoon BA, Pandey S, Srivastava
S, Pandey  R .  2015. F olic acid
supplementation at lower doses
increases oxidative stress resistance
and long ev ity in  Caenorhab ditis
elegans. AGE 37:113-128

Rout PK, Nannaware AD, Prakash O, Kalra
A, Rajasekharan R. 2016. Synthesis of
hydroxymethylfurfural from cellulose
using green processes: A promising
biochemical and b iofue l feedstock.
Chemical Engineering Science 142:318-
346

Rout PK, Rao YR, Prakash O, Khare P. 2015.
Adsorptive  recovery of high v alue
essential oil from kewda (Pandanus
fascicularis Lam) distil lation
condensate.  Asia-Pacif ic Journal of
Chemical Engineering 10:659-669

S, Sharma A. 2015. In silico identification of
regulatory motifs in co-expressed genes
under osmotic stress representing their
co-regulation. Plant Gene 1:29-34

S, Singh R, Mishra A, Dhawan S, Shirke P,
G upta M,  Sharma A. 2015.
Physiological performance, secondary
metabolite and expression profiling of
g enes associated with  droug ht
tolerance in  Withania somnifera.

Protoplasma 252:1439-1450

Saeed S, Khan A, Samad A. 2015. First Report
on  the Molecular Identification of
Phytoplasma (16SrII-D) Associated
with  Witches’ Broom of Kalmegh
(Androg raphis paniculata). Plan t
Disease 99:155-155

Saema S, Rahman L, Niranjan A, Ahmad IZ,
Misra P. 2015. RNAi-mediated gene
silencing of WsSGTL1 in W.somnifera
affects g rowth and g lycosylation
pattern. Plant signaling & behavior 10:
1-8

Sharma P, Shukla A, Kalani K, Dubey V,
Srivastava SK, Luqman S, Khan F. 2016.
Water Molecules Increases Binding
Affini ty of Natural PI3K? Inhibitors
Against Cancer. Current Computer Aided
Drug Design 11:304-320

Shukla S, Mani DN. 2015. Role of national
R&D institutes in  devising nov el
strategies for empowerment of weaker
sections of society in India. Journal of
Social Sciences and Humanities 1:138-145

Sing J, Sangwan RS, Sabir F, Narnoliya LK,
Sang wan NS. 2015.  Enhanced
secondary metabolite production and
pathway  g ene  expression by leaf
explants-induced direct root
morphoty pes are  reg ulated b y
combination of growth regulators and

culture conditions in Centella asiatica
(L.) urban. Plant Growth R egulation
75:55-66

Singh A, Fatima K, Singh A, Behl A, Mintoo
MJ, Hasanain M, Ashraf R, Luqman S,
Shanker K, Mondhe DM, Sarkar J,
Chanda D, Negi AS. 0. Anticancer
activ ity  and toxici ty profiles of 2-
benzylidene indanone lead Molecule.
Eu ropean Journal  of Pharmaceutical
Sciences 76:57-67

Singh A, Jindal S, Longchar B, Gupta V. 2015.
Overexpression of Artemisia annua
sterol  C-4 methy l  oxidase  g ene ,
AaSMO1, enhances total sterols and
improves tolerance to dehy dration
stress in tobacco. Plant Cell Tissue &
Organ Culture 121:167-181

Singh AK, Dwivedi V, Rai A, Pal S, Eswara
Reddy SG, Venkata Rao DK, Shasany
AK,  Nag egowda DA. 2015.  Virus-
induced gene silencing of Withania
somnifera sq ualene  sy nthase
negatively regulates sterol and defence-
related g enes resulting in reduced
withanol ides and b iotic stress
tolerance. Plant Biotechn ology Journal
13:1287-1299

Singh DK, Luqman S, Mathur AK. 2015.
Lawsonia inermis L.–A commercially
important primaev al dy ing  and



90

medicinal  plant with  div erse
pharmacological activity: A review.
Industrial Crops and Products 65:269-286

Singh DP, Awasthi H, Luqman S, Singh S,
Mani D. 2015. Hepatoprotective effect
of a poly herbal  extract containing
Andrographis Paniculata, Tinospora
Cordifol ia and Solanum Nig rum
ag ainst parace tamol  induced
hepatotoxici ty.  Pharmacognosy
Magazine 11:375-379

Singh DP, Mani DN. 2015. Protective effect
of Triphala R asay ana ag ainst
paracetamol-induced hepato–renal
toxicity in mice. Journal of Ayurveda and
Integrative Medicine 6:181-186

Singh J, Sangwan RS, Gupta S, Saxena S,
Sang wan NS.  2015. Profi ling  of
triterpenoid saponin content variation
in different chemotypic accessions of
Centel la asiatica L.  Plan t Geneti c
Resources 13:176-179

Singh M, Awasthi A, Soni SK, Singh R, Verma
RK, Kalra A. 2015. Complementarity
among plant growth promoting traits
in rhizospheric bacterial communities
promotes plant growth. Scientific reports
5:1-8

Singh N, Srivastava S, Sharma A. 2015.
Identification and analysis of miRNAs

and their targ ets in g ing er using
bioinformatics approach. Gene 575:570-
576

Sing h P, Khan S, Pandey SS, Sing h M,
Banerjee S, Kitamura Y, Rahman L.
2015.  Vanil l in production  in
metabolically engineered Beta vulgaris
hairy roots through heterologous
expression of Pseudomonas fluorescens
HCHL g ene.  In du stri al  C rops  and
Products 74:839-848

Singh R, Singh M, Srinivas A, Prakasa Rao
E, Puttanna K. 2015. . Assessment of
Organic and Inorgan ic Fertili zers for
Growth, Yield and Essential Oil Quality
of Industrially Important Plant Patchouli
(Pogostemon cab lin ) (Blan co) Benth.
18:1-10

Singh V, Pal  A, Darokar MP. 2015.  A
polyphenolic flavonoid Glabridin:
oxidative stress response in multidrug
resistant Staphylococcus aureus. Free
Radical Biology and Medicine 87:48-57

Srivastava AK, Kumar A, Saroj A, Singh S,
Lal RK, Samad A. 2015. New Report of
a Sweet Basil Leaf Blight Caused by
Cochliobolus lunatus in India. Plant
Disease 99:419-419

Srivastava P, . J, Chanda D, Shankler K. 2015.
Chemical  characterization  and

acety lchol inesterase inhib i tion
potential of volatile components of
aerial parts of Pluchea lanceolata (DC.)
Oliv. &  Hiern..  Records of Natural
Products 9:586-591

Srivastava S, Kumar R, Luqman S. 2015.
Antioxidativ e  and pro-oxidativ e
property of Matricaria chamomilla L.
flower for the variants of deoxyribose
degradation. Annals of Phytomedicine
4:52-58

Srivastava S, Luqman S. 1. Immune-O-Toxins
as the magic bulle t for therapeutic
purposes.  Biomedical  Research and
Therapy 2:169-183

Srivastava S, Pant A, Trivedi S, Pandey R.
2016. Curcumin and ß-caryophellene
attenuate cadmium q uantum dots
induced oxidative stress and lethality
in  Caenorhabditis eleg ans model
system. Environmental Toxicology and
Pharmacology 42:55-62

Srivastava S, Sangwan RS, Tripathi S, Mishra
B, Narnoliya LK, Mishra LN, Sangwan
NS. 2015. Light and auxin responsive
cy tochrome P450s from Withania
somnifera Dunal: cloning, expression
and molecular modelling of two pairs
of homologue genes with differential
regulation. Protoplasma 252:1421-1437



91

Suresh R, Verma DK, Kumar S. 2015. Aroma
Economics: Catalyst for sustainable
agriculture development. Agricultural
Economics Research Review 28:321-321

Tiwari P, Sharma P, Khan F, Sangwan NS,
Mishra BN, Sang wan R S. 2015.
Structure Activity Relationship Studies
of Gy mnemic Acid Analogues for
Antidiabetic Activity Targeting PPAR?..
Current Computer Aided Drug Design
11:57-71

Tiwari P, Sharma P, Khan F, Sangwan NS,
Mishra BN, Sangwan RS. 2015. QSAR
and docking studies on gymnemic acid
analog ues for antidiabetic activi ty
targeting PPAR?. Current Computer-
aided Drug Design 11:57-71

Tripathi S, Kumar A, Kumar B, Negi A,
Sharma A.  2015. Structural
investigations into the binding mode of
novel neolignans Cmp10 and Cmp19
microtubule stabilizers by in sil ico
molecular  docking , molecular
dynamics and binding free energy
calculations. Jou rnal  of Biomolecu lar
Structure and Dynamics 1:1-9

Upadhyay RK, Bahl JR, Patra DD, Tewari SK.
2015.  A  new Agro-technolog y for
increasing  oi l  y ie ld and y ie ld
contributing characters of menthol mint
(Mentha arvensis L.). Journal of Essential
Oil Bearing Plants 18:785-790

Upadhyay RK, Tripathi HP, Tewari SK. 2015.
R esponse  of wheat cul tiv ars to
herbicides. Environment Conservation
Journal 16:153-158

Verma G, Sharma S, Sangwan NS, Sharma S.
2015. Reactive oxygen species mediate
axis-cotyledon signal ing  to induce
reserv e mobil ization during
g ermination  and seedl ing
establishment in Vigna radiata. Journal
of Plant Physiology 184:79-88

Verma PC, Singh H, Negi A, Saxena G,
Rahman L, Banerjee S. 2015.  Yield
enhancement strategies for  the
production of picroliv from hairy root
culture of Picrorhiza kurroa Royle ex
Benth. Plant signaling & behavior 10:1-
11

Verma PC, Singh H, Negi AS, Saxena G,
Rahman LU, Banerjee S. 2015. Yield
enhancement strategies for  the
production of picroliv from hairy root
culture of Picrorhiza kurroa Royle ex
Benth.  Plan t sign al in g & behavior
10:E1023976

Verma R, Padalia RC, Chauhan A, Yadav A,
Chanoutiy a CC.  2015.  Essential oil
composition  of Himalay an Peony
(Paeonia emodi R oyle).  Journal of
Essential Oil Research 27:477-480

Verma R, Padalia RC, Chauhan A. 2015.
Chemical  Composition  of R oot
Essential Oil of Acorus calamus L. .
National Academy Science Letters 38:121-
125

Verma R, Padalia RC, Chauhan A. 2015.
Evaluation of essential oil quality of
lemon balm (Melissa officinalis L.)
grown in two locations of northern
India. Journal of Essential Oil Research
27:412-416

Verma R, Padalia RC, Chauhan A. 2015.
Harvesting  season and plant part
dependent variations in the essential
oil composition of Salvia officinalis L.
grown in northern India. Journ al of
Herbal Medicine 5:165-171

Verma R, Padalia RC, Goswami P, Chauhan
A. 2015. Essential oil composition of
Peperomia pellucida (L.) Kunth from
India. Journal of Essential Oil Research
27:89-95

Verma R, Padalia RC, Verma SK, Chauhan
A, Darok ar MP. 2015. Chemical
composition and antibacterial activity
of the essential oils of Laggera crispata
(Vahl) Hepper & Wood, Cyclospermum
leptophyllum (Pers.) Eichler and Perilla
frutescens (L.) Bri tton . Analyti cal
Chemistry Letters 5:162-171



92

Verma RK, Verma Rs, Chauhan A, Bisht A.
2015. Evaluation of essential oil yield
and chemical composition of eig ht
lemongrass (Cymb opog on spp. )
cultivars under Himalayan region..
Journal of Essential Oil Research 27:197-
203

Verma RS, Kumar A, Mishra P, Kuppusamy
B, Padalia RC, Sundaresan V. 2015.
Essential oil  composition  of four
Ocimum spp.  from the  Peninsular
India. Journal of Essential Oil Research
28:35-41

Verma SK, Pankaj U, Khan K, Singh R, Verma
R K. 2016.  Bioinoculants and
Vermicompost Improv e Ocimum
basilicum Yield and Soil Health in a
Sustainable Production System. Clean
– Soil, Air, Water 44:25-33

Yadav AK, Thakur JP, Agarwal J, Saikia D,
Pal  A, G upta MM. 2015. Bioactive
chemical constituents from the root of
Clerodendrum phlomidis. Med Chem
Res 24:1112-1118

Yadav DK, Ahmad I, Shukla A, Khan F, Negi
AS, Gupta A. 2014. QSAR and docking
studies on chalcone derivatives for
anti tubercular  activi ty  ag ainst
M.?tuberculosis H37Rv..  Journ al of
Chemometrics 28:499-507

Book Chapter

Kahlon A,  Darokar M, Sharma A. 2015.
Comparative analysis of common and
unique targets in drug resistant strains
of Staphylococcus aureus in Shukla P.
(Eds).  F rontier Discov eries and
Innov ation  in  Interdiscipl inary
Microbiology, 193-205, India

Kahlon A, Sharma A. 2015. Computational
Systems Biolog y Perspectiv e  on
Tub erculosis in  Big  Data Era:

Challenges and Future Goals in Perrizo
W. (Eds). Big  Data Analytics in
Bioinformatics and Healthcare , 240-
264, Pennsylvania, USA

Rajpurohit D . 2015. In Situ and Ex Situ
conservation of plant genetic resources
and traditional knowledge in Salgotra
RK. (Eds). Plant Genetic Resources and
Traditional  Knowledge  for  F ood
Security, 137-162, Singapore , Springer
Singapore

S, Sharma A. 2015. Future Challenges in
Application of Algorithms and Tools
for Clustering of Gene Expression Data
in  R oy  AK.  (Eds).  Emerging
Technologies of the 21st Century, 515-
531, New Delhi, India

Sangwan NS, Tiwari P, Mishra SK, Yadav
R K,  Tripathi  S,  Kushwaha AK,
Sang wan R S. 2015.  Plant
Metab olomics:  An Ov erview of
Technology Platforms for Applications
in MetabolismThe Omics of Plant in
Davies E. (Eds). PlantOmics: The Omics
of Plant Science, 257-298

Singh M, Singh R. 2015. Nitrogen Uptake and
Water Use-e fficiency  of Patchouli
[Pogostemon cablin  (Blanco) Benth.]
under Semi-arid Tropical Climate in .
(Eds). Managing Natural Resources in
the Drylands, 199-205, Delhi, India

Yadav RK, Sangwan RS, Srivastava AK,
Maury a S,  Sang wan NS.  2015.
Comparative profiling and dynamics of
artemisinin related metabolites using
efficient protocol and expression  of
biosynthetic pathway genes during
dev elopmental span of two el ite
varieties of Artemisia annua L. Journal
of Plant Biochemistry and Biotechnology
24:167-175

Yakaiah C, Sneha T, Tirunagari S, Chinde S,
Domatti A, Arigari N, K.V.N.S. S, Alam
S, JONNALA K, Khan F, Tiwari A,
G rov er P.  2015.  Synthesis and
bioactivity screening of novel chalcone
triazoles. European Journal of Medicinal
Chemistry 93:564-73



93

Chairperson

Prof. Asis Datta
Professor of Eminence
National Institute of Plant Genetic
Resources (NIPGR)
New Delhi

External Members

Dr P.G. Rao
Consultant
CSIR-North East Institute of
Science & Technology
Jorhat

Dr C.C. Lakshmanan
Chief Scientist & R&D Head
Research & Technology Innovation
ITC R&D Centre,
Benga luru

Prof. Sudip Chattopadhyay
Department of Biotechnology
National Institute of Technology
Durgapur

Research Council

Dr A.K. Jain
Joint Managing Director
IPCA Laboratories Ltd
142-AB, Kandivli Industrial Estate
Kandivli (W)
Mumbai

Agency Representative

Dr Mohd. Aslam
Adviser & Scientist G
Department of Biotechnology
New Dehli
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Dr OP Dhawan, Scientist
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Dr Pooja Khare, Scientist
CSIR-CIMAP, Lucknow

Dr Sanjay Kumar, Scientist
CSIR-CIMAP, Lucknow

Er. Sudeep Tandon, Scientist
CSIR-CIMAP, Lucknow

Dr HP Singh, Pr. T.O.
CSIR-CIMAP, Lucknow

Mr. MS Mehra
Finance & Accounts Officer
CSIR-CIMAP, Lucknow

Mr. BD Vashisth
Controller of Administration
(Member Secretary)
CSIR-CIMAP, Lucknow

Management Council

*as on 11 March 2016

Budget at a glance*

Allocation Expenditure

Pay and allowances 2411.319 2408.427

Contingency 277. 500 256. 666

HRD 0 0

Lab maintenance 132.00 131. 309

Staff qtr. maintenance 22.50 23. 384

Chemicals / consumables 400. 180 301. 155

Works and services 140.00 94. 706

Apparatus and equipment 800.30 193. 190

Office equipment 3.00 2.998

Furniture and fitting 3.00 1.256

Library books 0 0

Library journal 70.00 69. 085

Staff qtrs. (construction) 10.00 0.997

CSIR network projects 1471.707 629.09

Total 5850.506 4224.104

Pension 1616.00 1562.157

External Budgetary Resources

Lab Reserve Fund (LRF) – 0

External Cash Flow (ECF) 621.52 476.79
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Prof. AK Tripathi
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Dr CS Vivek Babu
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Dr Rajesh Kumar Verma

Dr Karuna Shanker

Dr Sanjay Kumar

Mr. Manoj Semwal

Dr DU Bawankule

Dr Feroz Khan

Dr Narayan Prasad Yadav

Dr Suaib Luqman

Dr Deeptanjali Sahoo

Dr V Sundaresan

Dr Ram Swaroop Verma

Dr Ashutosh Kumar Shukla

Mr. KVN Satya Srinivas
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Dr Tripta Jhang
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Ms. Abha Meena

Dr Atul Gupta

Mrs. Deeptanjali Sahoo

Dr Ram Suresh

Er. Ashwin D Nannaware

Group-III

Principal Technical Officer

Dr VK Agarwal

Dr HP Singh

Dr Man Singh

Dr Mohd Zaim

Mr. SK Kushwaha, SSE

Mr. Kundan Singh

Dr Dinesh Kumar

Sr. Technical Officer (3)

Mr. AM Khan

Mr. Prem Singh

Dr DK Rajput

Dr Sukhmal Chand

Dr Dasha Ram

Sr. Technical Officer (2)

Mr. Anand Singh

Mr. K Bhaskaran

Mrs. Sudha  Agarwal

Dr Ateeque Ahmad

Mr. Govind Ram

Sr. Technical Officer (1)

Ms. Anju Kumari Yadav

Technical Officer

Mr. Shiv Prakash

Mr. Anil Kumar Singh

Ms. Manju Singh

Mr. Ram Pravesh

Mr. Rajendra Patel

Mr. Rakshpal Singh

Dr Amit Chauhan

Technical Assistant

Mr. Anil Kumar Maurya

Mr. Amit Mohan

Ms. Namita Gupta

Mr. Sanjay Singh

Mr. A Niranjan Kumar

Ms. Anju Kesarwani

Mr. Balakishan Bhukya

Mr. Amit Kr. Tiwari

Mr. Manoj Kumar Yadav

Mr. Ashish Kumar

Mr. Prawal Pratap Singh Verma

Mr. Ashish Kr. Shukla

Sr. Technician (3)

Mr. SK Sharma

Sr. Technician (2)

Mr. S Selveraj

Mr. Phool Chand

Mr. RD Ram
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Mr. JP Singh

Mr. Pawan Prasad

Mr. Shyam Behari

Mr. AR Kidwai

Ms. IV Rautela

Mr. Ram Chandra

Mr. Durga Prasad

Mr. Y Shiv Rao

Mr. Salim Baig

Dr Abdul Khaliq

Mr. SK Pandey

Mr. Raghubind Kumar

Mr. Gopal Ram

Ms. S Sharda

Mr. PN Gautam

Mr. Joseph M Massey

Mr. Ram Lakhan

Mr. PK Tiwari

Mr. E Bhaskar

Mr. Vinod Kumar

Sr. Technician (1)

Mr. Siva Kumar DC

Ms. Raj Kumari

Technician (2)

Mr. DPS Meena

Mr. VK Shukla

Mr. Pankaj Kumar Shukla

Mr. Kundan Narayan Wasnik

Technician (1)

Mr. Yalla VVS Swamy

Mr. Basant Kumar Dubey

Mr. Vijay Kumar Verma

Mr. Harendra Nath Pathak

Mr. Hemraj Sharma

Mr. Jittendra Kumar Verma

Mr. Pramod Kumar

Mr. Ved Prakash Saini

Lab Assistant (Gr. I (4))

Mr. Mahesh Prasad

Mr. VK Singh
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Mr. Ram Ujagir
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Lab Attendant (2)
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Ms. Samundra Devi

Mr. Lal Chand Prasad

Mr. Manish Arya

Administrative Staff (Group-A)

Mr. BD Vashisth - CoA

Mr. Baljeet Singh, CoF&A

Mr. MS Mehra - F&AO

Mr. BL Meena, SPO

Group-B

Mr. SM Kushwaha

Mr. Sanjay Kumar

Mr. Hare Ram

Mr. Ankeshwar Mishra
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Mr. Vikash Chand Mishra

Mr. AK Chauhan

Mr. Sanjay Kumar Ram

Mr. G.S. Verma

Mr. SP Singh

Mr. Venkateswarlu Gadde
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Mr. Sufia Kirmani

Mr. Muneshwar Prasad

Mr. Sant Lal

Mr. Parvez Nasir

Mr. P. Srinivas

Mr. Rajesh Kumar

Mr. Kaushal Kishore

Mr. Siddhartha Shukla

Mr. Ravi Prakash

Mr. K.G. Thomas

Ms. Sanyogita Sainger

Asstt (F & A) Grade I

Mr. OP Singh

Ms. Nisha Sharma

Mr. Harish Chandra

Mr. Shiv Kumar

Mr. Suneel Kumar

Mr. AL Sahoo

Mr. Ayush Singhal

Asstt (S & P) Grade I

Mr. Pankaj Kumar

Mr. Shamiullah Khan

Mr. Anees Ahmad

Mr. S.A. Warsi

Senior Stenographer

Ms. Gaitry Sharda

Ms. P Sabitha

Mr. S.J. Sinha

Ms. Kanchan Lata Thamos

Asstt Gen Grade-II

Mr. PK Chaturvedi

Mr. Manoj Swaroop Shukla

Ms. Sheela Yadav

Mr. Vijay Kumar Bhartey

Mrs. Preeti Gangwar

Asstt F & A Grade-II

Mr. Kanhaiya Lal

Mr. KS Ali

Ms. KC Nagarathnamma

Asstt S & P Grade-II

Mr. Ajeet Verma

Asst F & A Grade-III

Mr. Pradeep Kumar

Ms. Farzana Hafeez

Group C (Non-Tech)

Mr. AK Srivastava

Mr. CS Pant

Isolated Posts

Mr. Yograj Singh

Mr. Rohit Khanna

Ms. Sangeeta Tanwar

Drivers PB-1

Mr. Ajay Kumar Verma

Mr. Sanjay Kr. Singh

Mr. Sarwesh Yadav

Mr. Chandrapal Verma
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Mr. Rajesh Kumar

Canteen Staff

Mr. Victor Mukerjee

Group-D (NT)

Mr. Mata Prasad

Mr. Kailash Chandra

Mr. R Algarswamy

Mr. Tula Singh

Mr. Ashok Kr. Pathak

Mr. Kishan Lal

Mr. P Bhiskapathi

Mr. Ajay Kumar

Ms. Nirmala Verma

Ms. Tara Devi
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Ms. Sunita Devi

Mr. Santosh Kumar

Mr. Sant Ram

Mr. Harihar

Mr. TP Suresh

Mr. Raja Ram

Mr. Praveen Kumar

Mr. Kishan Ram
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Mr. Ram Karan
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Mr. Harpal Valmiki

Mr. Kripa Ram

Mr. Sudhir K. Bhattacharya

Mr. Mohd. Shameem

Mr. Mohd. Moseen
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Central Indian Medicinal Plants Organisation (CIMPO) (which was later renamed as Central Institute of Medicinal and Aromatic Plants – 
CIMAP) was established with following objectives*:

'To co-ordinate and channelise along fruitful directions the present activities in the field of medicinal plants carried out by the various agencies, 
State Governments etc.; to develop the already existing medicinal plant resources of India; to bring under cultivation some of the important 
medicinal plants in great demand and also to introduce the cultivation into the country of exotic medicinal plants of high yielding active principle 
content.'

vTo pursue developmental, promotional and related work on cultivation, production, processing, utilisation and marketing of medicinal and 
aromatic plants with specific reference to their practical application and utility

vTo cultivate medicinal and aromatic plants, either in its own farms or through other agencies, and to process wherever necessary, the plant 
materials for obtaining their end products

vTo carry out, in collaboration with other agencies, introduction, acclimatization (including measures for prevention and control of pests and 
diseases) of exotic-species and also production of authentic high-yielding seeds, leaves and other propagating materials of medicinal and 
aromatic plants of economic importance

vTo encourage cultivation of medicinal and aromatic plants in suitable regions of the country by giving grants-in-aid or loans and other 
incentives, wherever necessary

vTo carry out surveys of resources of medicinal and aromatic plants and to maintain economic statistics of the raw materials as well as the finished 
products

vTo set up and maintain a specialized herbarium and museum of medicinal and aromatic plants of economic importance as well as of products 
derived therefrom

vTo undertake research and to encourage the same in established research institutions, e.g. university laboratories, technological institutions, 
national laboratories, etc. for schemes relating to improvement, processing and utilization of medicinal and aromatic plants

vTo act as a 'clearing house' for collecting techno-economic data relating to medicinal and aromatic plants and products derived therefrom, by 
scientific ledgering and documentation and to disseminate information through publications of monographs, brochures, books and all other 
effective means.

*cited from the 1977 brochure of the Central Indian Medicinal Plants Organisation (CIMPO)

*Scope and Functions

Glimpses from the history
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