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CSIR-1ITR, a leader in toxicology research, endeavours to mitigate problems of human health
and environment.The institute aims to accomplish its goals through the following objectives :

. Safety evaluation of chemicals used in industry, agriculture and everyday life.

. Mode of action of toxic chemicals/pollutants.

. Remedial/preventive measures to safeguard health and environment from pollutants.

. Occupational health hazards due to exposure in chemicals industries, mines,
agricultural fields and environment.

. Simple/rapid diagnostic tests for disorders caused by industrial and environmental
chemicals

. Collect, store and disseminate information on toxic chemicals.

. Human resource development for dealing with industrial and environmental problems.
. Provide a platform to public and entrepreneurs to address queries and concerns

regarding safety/toxicity of chemicals, additives and products.
The present Toxicology Research Bulletin is a representation of our all the activities appeared
in peer reviewed and refereed scientific publications.
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CSIR-1ITR RESEARCH HIGHLIGHTS
HTHIEHR-AEHTAINT HAHUTA IUATAT F FET HHI0T

Systems toxixicology and health risk assessment
yorrelt fAwfasmer sk Fareew Af@w Fearwa

Differential responses of trans-resveratrol on proliferation of neural progenitor cells and
aged rat hippocampal neurogenesis

The plethora of literature has supported the potential benefits of Resveratrol (RV) as a life-
extending as well as an anticancer compound. However, these two functional discrepancies
resulted at different concentration ranges. Likewise, the role of Resveratrol on adult
neurogenesis still remains controversial and less understood despite its well documented health
benefits. To gather insight into the biological effects of RV on neurogenesis, authors evaluated
the possible effects of the compound on the proliferation and survival of neural progenitor cells
(NPCs) in culture, and in the hippocampus of aged rats. Resveratrol exerted biphasic effects on
NPCs; low concentrations (1QuM) stimulated cell proliferation mediated by increased
phosphorylation of extracellular signal-regulated kinases (ERKSs) and p38 kinases, whereas
high concentrations (>2(M) exhibited inhibitory effects. Administration of Resveratrol
(20 mg/kg body weight) to adult rats significantly increased the number of newly generated
cells in the hippocampus, with upregulation of p-CREB and SIRT1 proteins implicated in
neuronal survival and lifespan extension respectively. Authors have successfully demonstrated
that Resveratrol exhibits dose dependent discrepancies and at a lower concentration can have a
positive impact on the proliferation, survival of NPCs and aged rat hippocampal neurogenesis
implicating its potential as a candidate for restorative therapies against age related disorders.
Kumar V, Pandey A, Jahan S, Shukla RK, Kumar D, Srivastava A, Singh S, Rajpurohit CS,
Yadav S, Khanna VK, Pant AB. Sci Rep. 2016; 6:28142.

ri=dk dkf*kdkvk vkj 0) pg fglikdEil d U;jkeufll ij VkI&jRfovky dh Afrf@;k
miyC/k BkfgR; w jilfoVky dh Hfedk dk ,d thou dk foLrkj nu okyk rFk BkFk gh ,d dilj fojk/kh ;kfxd
d :i e leffir fd;k gA gkykfd] ;g nk dk;kRed folixfri;k vyx Iknrk ij Adr gkrh gA blh rjg]
o;Ld U;jktufl b ij jlfovky dh Hdedk vHh Hh fooknkLin vkj de vPNh rjg It Ayf[kr g tcfd bld
LokLF; ykik d ckji e 1o e myyf[kr fd;k & pdk gA Usjkeufll ij vij-or d tfod Altko e vir—f'v
bd— dju d fy,] geu rf=dk dkf*kdkvk vkj 0) pgk d fglikdEil ij vkj-or- d DHkfor AHkok dk
eY;kdu fd;kA jilfovky ,uitlh ij ckoQfld Ako Mkyrk gi vkbMib ek=k e (10 ekb@keky] dkf*kdh;
Alkj ck& Ldr fofu;fer diout djrk g vkj 138 dkbut dh of) di QKLQkjkby"ku ¥k e/;LFkrk dk
Afjr djrk g tcfd mPp Iknrk 20 ekb@keky fujk/kRed Ao dk An“ku djrk giA jlfovky nu ij 20
feyhxke@fdxk “kjhj di out d o;Ld pgk d fglikdEil e dkQh uo Iftr dkf*kdkvk dh L[k e of)
gh @e'k U;jkuy vilrRo vkj thou dky d: foLrkj e ih Ehwkjbch vkj BV 1 Akvhu dh Hkh c<krjh gbA
geu 1Qyrkiod fn[k;k g fd jillfovky fulkj folxfr;k vkj ,d de [kjkd ij ,dkxrk et ABkj] ,uitlh d
viLrRo vkj o) pg fglikdEil U;jkeufll dh c<krjh gkrh g rFk jlfovky me It Rcfhkr fodkjk di
fLkykQ —< mipkj d fy, ,d meetnokj di -1 e viuh {kerk n*kirk giA

dekj of ik.M; ,] tgk , 0] "kDyk vkj d] dekj Mh JhokLro ,] flig , 0] jktijkigr Bh , 1] ;kno , 1]
[uk oh d] iUr , ch] BkbfviQd fjikvl] 6] 28142] 2016

Photosensitized 2-amino-3-hydroxypyridine-induced mitochondrial apoptosis via
Smac/DIABLO in human skin cells
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The popularity of hair dyes use has been increasing regularly throughout the world as per the
demand of hair coloring fashion trends and other cosmetic products. 2-Amino-3-
hydroxypyridine (A132) is widely used as a hair dye ingredient around the world. Authors are
reporting first time the phototoxicity mechanism of A132 under ambient environmental UV-B
radiation. It showed maximum absorption in UV-B region (317 nm) and forms a photoproduct
within an hour exposure of UV-B irradiation. Photocytotoxicity of A132 in human
keratinocytes (HaCaT) was measured by mitochondrial (MTT), lysosomal (NRU) and LDH
assays which illustrated the significant reduction in cell viability. The role of reactive oxygen
species (ROS) generation for A132 phototoxicity was established photo- chemically as well as
intracellularly. Noteworthy, formation of tail DNA (comet assay), micronuclei and cyclobutane
pyrimidine dimers (CPDs) (immunocytochemistry) formation confirmed the photogenotoxic
potential of dye. Cell cycle study (sub-Glpeak) and staining with EB/AO revealed the cell
cycle arrest and apoptosis. Further, mitochondrial mediated apoptosis was corroborated by
reduced MMP, release of cytochrome c¢ and upregulation of caspase-3. Release of
mitochondrial Smac/DIABLO in cytoplasm demonstrated the caspase dependent apoptotic cell
death by photolabile A132 dye. In-addition increased Bax/Bcl2 ratio again proved the
apoptosis. Thus, study suggests that A132 induces photogenotoxicity, phototoxicity and
apoptotic cell death through the involvement of Smac/DIABLO in mitochondrial apoptosis via
caspase dependent manner. Therefore, the long term use of A132 dye and sunlight exposure
jointly increased the oxidative stress in skin which causes premature hair loss, damage to
progenitor cells of hair follicles.

Goyal S, Amar SK, Dwivedi A, Mujtaba SF, Kushwaha HN, Chopra D, Pal MK, Singh D,
Chaturvedi RK, Ray RS. Toxicol Appl Pharmacol. 2016; 297:12-21.

PRNHIEESS THF/MAEA & AIA ¥ #AAT cgar FfRAFET & 2-3ra-3-gagad
UEEle W AEFIesar i ALIETar ¥ FRE 7o

Tl W # a1 (IoTeh) & 3UART & Ahoaar 3R 37 died g f AT g R #
fAaf@T § & Focl o W &1 2-3Er-3-ggarerdl aEE (A132) SOYe &9 & giAar s # wh
I 316 ©UTH & G H SEAATA AT ST §1 §H Ugell aR 38 &l 1§ & [ qRA gdiawor -t
fafheor & dgd A132 T geprer fasmerd &1 o &1 T8 Al &1 (317 TvA) #H HfUshdd raeivor
fegrar 3R gd@r o fafor & v g & MR f9ufed glex & "ceh T A &1 HEAQ
fRfeadse @ omgeT (HaCaT) & A132 & el fawierar TS, Ty, 3R vesive fafer
CaRT fhaT T AT, ST Aol FAEHAT H Hecdqol HAT @ fe@rr | A132 gerer fawrear #
gfafsrareler 3ifediesT genfaal (3IR3NTd) & 3aufy TR g TEEHe & 9 9[r T
g Sea@ed §, v aifd  (Fiee ), gaaends 3R @ @ & & aTod @ IS Hr g
ST fasTerer T @enfad gfSe dr IR SIRIAT Th AT (3U-5-1 k) AR S/ w I F
Y HNAG (HIRBT Hcg) HT Tl TAT| $Hh Helldl, HSCIhI-5aT HEIEYAT HNCIEE, THTAD
A FHeAr gle, WserRA MR FEOE 3 H 3T WP @ gfte i ol SR gew A
ASogde FHH/f3AT & Rl ¥ A132 5718 GaRT HEqd 38R AT Hog &1 dedier T
dr/dETe-2 & g A IARET g g7 T O @ wafde @ @ & A g|
JHR, IEITT A UdT Joidl g fh Al32 FTUH & ATEIHA T HABCHl-gdd Jdenad H
T fEarsat 1 amefiedy & Arew @ gl Sier fawrerdr, serefafawrerar ik S Jog o
gl 37, AL32 Toih U9 @R fafeor 3 dgFd ®9 @ cadr A @AY @ 9gd dlell & 54, sl &
UH & TdoT AR AT FhaleT H gefer ardy I |
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M TH, 3FR TH, fddd] T, Hodal TH TH, FAGGN T, D9l 3, 9l A &, g &, agdey
3R, TT AR TH Shdh 3ICATSS BrATHRIdATST 15 e 2016; 297: 12-21

Photoprotective efficiency of PLGA-curcumin nanoparticles versus curcumin through
the involvement of ERK/AKT pathway under ambient UV-R exposure in HaCaT cell line
Curcumin (Cur) has been demonstrated to have wide pharmacological window including anti-
oxidant and anti-inflammatory properties. However, phototoxicity under sunlight exposure and
poor biological availability limits its applicability. Authors have synthesized biodegradable and
non-toxic polymer-poly (lactic-co-glycolic) acid (PLGA) encapsulated formulation of
curcumin (PLGA-Cur-NPs) of 150 nm size range. Photochemically free curcumin generates
ROS, lipid peroxidation and induces significant UVA and UVB mediated impaired
mitochondrial functions leading to apoptosis/necrosis and cell injury in two different origin
cell lines viz., mouse fibroblasts-NIH-3T3 and human keratinocytes-HaCaT as compared to
PLGA-Cur-NPs. Molecular docking studies suggested that intact curcumin from nanoparticles,
bind with BAX in BIM SAHB site and attenuate it to undergo apoptosis while upregulating
anti-apoptotic genes like BCL2. Real time studies and western blot analysis with specific
phosphorylation inhibitor of ERK1 and AKT1/2/3 confirm the involvement of ERK/AKT
signaling molecules to trigger the survival cascade in case of PLGA-Cur-NPs. Our finding
demonstrates that low level sustained release of curcumin from PLGA-Cur-NPs could be a
promising way to protect the adverse biological interactions of photo-degradation products of
curcumin upon the exposure of UVA and UVB. Hence, the applicability of PLGA-Cur-NPs
could be suggested as prolonged radical scavenging ingredient in curcumin containing
products.

Chopra D, Ray L, Dwivedi A, Tiwari SK, Singh J, Singh KP, Kushwaha HN, Jahan S, Pandey
A, Gupta SK, Chaturvedi RK, Pant AB, Ray RS, Gupta KC. Biomaterials. 2016; 84:25-41.

WHAA FAH ST GRAT AdFol F ghefRRes aar F, §ARF/TH A
AN & ATETH @ FA-3R & e AT A5 @ IHola

DA TE-3iFse IR tRe-gerarae afed sarueh 3wt 707 gedier wicr § | greifh, gq &
Jed yareiafawerdr 3R @ie Sfds 3udetar & FRUT s 3TAEAar AfAT & | gHa SdgdEed
3R IR ¥l 150 TAUA IR & Sgosh el (AfFeh-Hg-Teahiiorn) TS (ATersiv) FHFAT
AN TR | TehIREAR HFd aRG AT NUASHU-FHHAA-AART AT Jolell H HR3NTH, A0S
HTFNSHA 3c0eet &l § 3R AT 3 gdi & ded T ASclSeedd HA & ALIEAar §
el A AR AT AJ HAT § 37 & HecdqUl 3elel HA HIRNAI oAleed AR fhsllecee-Ta3msTa
383 3R AT FEAGSEH- gdhe. 3MUge ST NeqTqT &l gea § & Aol @ SRR
DA, dHETA-THUTH Age A dIVCFH & Y Y g § IR HAH T i@ w & A
wqiceifesd faRelr e & SRAIver-2 & 96T ¢dTl §13RE-IBR 3R d¥ee sdlc 37eaaa o $37Reh-
13 ThEr-1/2/3 & TARAIY BIEBRISANT HERIY & AU SIRH/THET Tehelol U3 HT fiery Hr
gﬁ'géﬁﬁaﬁrthww-m%qldumﬁqdﬁqwﬁﬂ%‘é:l’l?ﬁ%lEHRT’I?IW&
g ATl § & NToelv-aefAe-uaied & e e TR & TR i f Ahen
3MMRMTSTeteh RISHT 1 Hehell § FPiAA & FAIT IR I & TEd IaYeT T 3cUIg HT SAfdeh Hoil
T yichel BhaT & | AT, AU HEHAF-TANTH HT JASIAT & T H DAl Jebd 3cUle]
# ofd GAY Tk FHIS TCh b T H FUANT e A A AT ST Fehll B
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q9gT &, ¥ U, gfaddy U, faary ww, R vw; g W, S uw, 9 U, dedr v, dqddr
3R, 9 TS, T AR TF, el S8 TaAeRaed, 2016, 84: 25-41

Ambient UV-B exposure reduces the binding of ofloxacin with bacterial DNA gyrase and
induces DNA damage mediated apoptosis

Ofloxacin (OFLX) is a broad spectrum antibiotic, which generates photo-products under
sunlight exposure. Previous studies have failed to explain the attenuated anti-bacterial activity
of OFLX. The study was extended to explore the unknown molecular mechanism of
photogenotoxicity on human skin cell line (HaCaT) under environmental UV-B irradiation.
Photochemically OFLX generates ROS and caused 2'-dGuO photodegradation. Authors have
addressed the binding affinity of OFLX and its photo-products against DNA gyrase.
Significant free radical generation such as Y0, 0, and ®OH reduces antioxidants and
demonstrated the ROS mediated OFLX phototoxicity. However, the formation of micronuclei
and CPDs showed photogenotoxic potential of OFLX. OFLX induced cell cycle arrest in sub-
G1 peak. OFLX triggers apoptosis via permeabilization of mitochondrial membrane with the
downregulation of anti-apoptotic Bcl-2 and caspase-3 whereas, upregulation of pro-apoptotic
Bax and Cyto-C proteins. This study illustrated that binding affinity of OFLX photo-products
with DNA gyrase was mainly responsible for the attenuated antimicrobial activity. It was
proved through molecular docking study. Thus, study suggests that sunlight exposure should
avoid by drug users especially during peak hours for their safety from photosensitivity.
Clinicians may guide patients regarding the safer use of photosensitive drugs during treatment.
Singh J, Dwivedi A, Mujtaba SF, Singh KP, Pal MK, Chopra D, Goyal S, Srivastav AK,
Dubey D, Gupta SK, Haldar C, Ray RS. Int J Biochem Cell Biol. 2016; 73:111-26.

gRaer &t &t Sfiaro) & SeAT I7TH F MNFATFHAT F T B FH FIA1 ¢ 3R oo A afq
A FEITYdT ¥ TN AT FIATE

INFAFATE ( NTHTATEFH ) Teh A9 & { 3UANT gt dlell WCERAIRH §, S GF F Feprer
3UfEAfd & UFIr 3cUTE 3cued T ¢ | T 3ETTAT o NTHTATFH T SFEIRIeT aedr ey arfafafer
& NS FROT H TAS A AHH I | GHANT EAAT AT caTl HITAAT olfgeT (HaCaT ) IR TATaOT &t
d fafeor & dga vl foe fawarerdr & 3raTd 31ToTfaes IfehaT &t 9T oeTTst & Torw agT e arar ar |
HTHTATFH HI JHRRATAT fFIT & dolg ¥ IRINTH 3cUeod HIAT & oGl 2- dGuO Jahrelax
Fuea 5T | g NTHTATFY 3N ATAT T & TTY 3TTAT Teh1eT SUTET & T€IeT &THAT hl hl TETIT
fohaT| JehTer FACRMNeT HTHTCTFH Heca ol HeFd USehel Scdeet T SIF foh 107, 0% 3R <OH o=t
TEHTRNEE & T A HA A AT 3R IRATH AT ¥ HNTHUATHH TH1T [awaFhar & g
grerifar, 31fa & g 3R CPDs & ot & 3NTHTavay Yl foteT faverenar i arerar anfard §'%’ I
IUHTATHFT & 3T -G1 ITEAT H Tl Tsh I ST [haT| ATSCIhITegaT Beell T Aed AT d3T &
INTHTATFH 1 shoAdcy HIRIHT Fcg I IR fohar A1 & WY HATEY HIfRIHT FHcg e o -
2 AR FTIH -3 F G §U TR IR FHATEY FRA 7 & FASH Nvesy AR @y -0 N & 93 g
TR @ Y ’epfold [hAT ITAR 37T & T TTH & [ 3TAT IR & 1Y Y1 3cUTG o T8 ST
ACT T A JTHTATHFE & HAGAR ARl arfafafer & fore fSeAer ar S i snorfaes sifsher sreage
& HTETH § G AT IR | S8 TR, TG I Tl Teldl § Tfehedsh glTol & aRTel gar3ii & griard
YT & T H AN ARTeIT F aha ¢ |
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g o, &faadl v, Hoaen vH v ; i U ; uTel TH ; =St &Y ; IS T, Aareedd Teh ; o 3 ; I UE,
goleY TY ; 3R Y. e, SrAhH. T, 2016 ; 73: 111-26

Photosensitized rose Bengal-induced phototoxicity on human melanoma cell line under
natural sunlight exposure

Rose Bengal (RB) is an anionic water-soluble xanthene dye, which used for many years to
assess eye cornea and conjunctiva damage. RB showed strong absorption maxima (Amax)
under visible light followed by UV-B and UV-A. RB under sunlight exposure showed a time-
dependent photodegradation. Results show that photosensitized RB generates YO, via Type-II
photodynamic pathway and induced DNA damage under sunlight/UV-R exposure. 2'dGuO
degradation, micronuclei formation, and single- and double-strand breakage were the outcome
of photogenotoxicity caused by RB. Quenching studies with NaN3 advocate the involvement
of Y0, in RB photogenotoxicity. RB induced linoleic acid photoperoxidation, which was
parallel to YO,-mediated DNA damage. Oxidative stress in A375 cell line (human melanoma
cell line) was detected through DCF-DA assay. Photosensitized RB decreased maximum
cellular viability under sunlight followed by UV-B and UV-A exposures. Apoptosis was
detected as a pattern of cell death through the increased of caspase-3 activity, decreased
mitochondrial membrane potential, and PS translocation through inner to outer plasma
membrane. Increased cytosolic levels of Bax also advocate the apoptotic cell death. Authors
propose a p53-mediated apoptosis via increased expression of Bax gene and protein. Thus, the
exact mechanism behind RB phototoxicity was the involvement of YO,, which induced
oxidative stress-mediated DNA and membrane damage, finally apoptotic cell death under
natural sunlight exposure. The study suggests that after the use of RB, sunlight exposure may
avoid to prevent from its harmful effects.

Srivastav AK, Mujtaba SF, Dwivedi A, Amar SK, Goyal S, Verma A, Kushwaha HN,
Chaturvedi RK, Ray RS. J Photochem Photobiol B; 156:87-99.

varefaEafa  wefas qu & dea AT AoAAT AT o1ger W A doner IR wewrefrafasarar
Ut daler (3R o1l 7 gorerelier sgfee ot §, S g asf & 3@ A Fiferar AR Fonfeaar & go
TR & 3Tehele] Flol & [oTT SEAATE 81 T@T & | RB 379l 37aRNNOT €97 Fehrer Jal- off 3R Ifr- wa gaifer
g1 GRfEoT & 3uTeUfa & 3R T R AR vy Qoe cfargl gaAR aRome & gg arfed glar g
& gehTer FAgRMNer RSl FIST T AT / JaT -31R o 3UTEUTT A wieled @i Al-11 & SRy Farele
TSI 3cUedd AT § ST ST &fd & T 3aRerRT giar g1 3ReT & i SiieT fawreraar &
qRET 2dGuO faTree , FEAATS FI e, IR Thel AR ST FHRT STAT gead & EI | NaN3 &Y
ETYA IRAT & T ST [Aureddr & 102 $r areller’y &t arfed #ar & | 102 fr gegeaar @
Ao ThAg per W3ifadses 3R Jvavw &afd F v Ty @ ™| SRATE AU g F
A375(HTAT AT Aol oATSeT) ol oIS 7 FFASeT &t 3mehelld fFam 1T | Yeprer TacaTelel 3R
I AofeR cFaerdel # el HR fRor T gdr- & 3R gd-v v sufeufa & @ ar@r| Hiewr
g & geufd I ygare HEard 3 & J9Y gé afafafr #r & 3T &, ASCIRIegTd Bieal Seddr #
AT AR G TF T AR CATAT ool & STe fFieel T 3 S & HiT IR Bax F FGT G T AT
TrSeIEereh i IS T §1 A U SH IEYAT H P53 I HLITYUT ¥ ShAGCH HIRAHT Hog HT
gEara e fSradr qite Bax Sfied AR éer & 9 g wfafafr & @nfeq fham g8 9, 3Rl &
Rl St fasTerardr Tt gfshar dis 102 i smafieRY AT g, St yrehfoeh X ot & sufeafa &
3ierAISTed Telrd & HETEY T @ STAT 3R fFrech &1fd Scueat fohar | 37d & shAdey SRR Fg & fow
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IR RaT| 3T @ FETT Teldl ¢ foh 3TRE & 3UANT & §Te, FiidehRen To77d &l Uehel & AT T gu &
T A |

AGTETT Teh; Hooldl TH THh; SfAdel o Ueh; 3R TF; NIl TH; TAT T; HRAAET T Tel; TJIEl 3R
3RTH T BlcIhaAbIer a1 2016; .99-87 :156

Cypermethrin stimulates GSK3p-dependent Ap and p-tau proteins and cognitive loss in
young rats: reduced HB-EGF signaling and downstream neuroinflammation as critical
regulators

Pesticide exposure is recognized as a risk factor for Alzheimer's disease (AD). Authors
investigated early signs of AD-like pathology upon exposure to a pyrethroid pesticide,
cypermethrin, reported to impair neurodevelopment. Authors treated weanling rats with
cypermethrin (10 and 25 mg/kg) and detected dose-dependent increase in the key proteins of
AD, amyloid beta (AB), and phospho-tau, in frontal cortex and hippocampus as early as
postnatal day 45. Upregulation of AP pathway involved an increase in amyloid precursor
protein (APP) and its pro-amyloidogenic processing through beta-secretase (BACE) and
gamma-secretase. Tau pathway entailed elevation in tau and glycogen-synthase kinase-3-beta
(GSK3p)-dependent, phospho-tau. GSK3p emerged as a molecular link between the two
pathways, evident from reduction in phospho-tau as well as BACE upon treating GSK3f3
inhibitor, lithium chloride. Exploring the mechanism revealed an attenuated heparin-binding
epidermal growth factor (HB-EGF) signaling and downstream astrogliosis-mediated
neuroinflammation to be responsible for inducing AP and phospho-tau. Cypermethrin caused a
proximal reduction in HB-EGF, which promoted astrocytic nuclear factor kappa B signaling
and astroglial activation close to AP and phospho-tau. Glial activation stimulated generation of
interleukin-1 (IL-1), which upregulated GSK3pB, and APP and tau as well, resulting in co-
localization of A and phospho-tau with IL-1 receptor. Intracerebral insertion of exogenous
HB-EGF restored its own signaling and suppressed neuroinflammation and thereby A and
phospho-tau in cypermethrin-exposed rats, proving a central role of reduced HB-EGF
signaling in cypermethrin-mediated neurodegeneration. Furthermore, cypermethrin stimulated
cognitive impairments, which could be prevented by exogenous HB-EGF. Data demonstrate
that cypermethrin induces premature upregulation of GSK3p-dependent AB and tau pathways,
where HB-EGF signaling and neuroinflammation serve as essential regulators.

Maurya SK, Mishra J, Abbas S, Bandyopadhyay S. Mol Neurobiol. 2016; 53(2):968-82.

Iar gt # aeefle St ved-3fer @ araRa wamersder () Ak d-as Wéda #=
ﬁﬁaaﬂrmaﬁrm%u-aﬁgwaﬁ-ﬁmmmﬂ@ﬁmm
&1 3T fAg=or

Fic ARMS FT 3YANT easqd AT & G0 T ANWH RS AT AT §IgH TSRA YA, JiEer
faehre & ST T §, S dolle ¥ HeollSAT & g ol YRIFHS ofgTull T Sfia &Il §Ad qu
Bisd gu @i 1 wguRa e (10 ehon/fFetam ik g7 45 Ra & gl & & W
MR 3eogeR & HET N TATSATSser AR N3 & Heed Hérq IR Frarhead # o
g3 ara| THATSATSSHIE Yishar Ty &I il TATSATSS Jhd U, WI- THISASSHal0e Safeger
g e dshest R AT Ashest T dofg F Ted F BT &1 13 Uishar gy, a3 Wiée 3R sheas-3
fieT W ITRT N-a13 & aoig & BIar gl SNudEh-3 Gl 94t FF AlsaA dTel & ¥ H 3HT A 37T
g S fF d-ar3 3R 99 & g § TASC BT §1 9 gH Sheasd-ater & faue fafdww Feres @
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g st foparfafer demesr & gar ger o AfSeT tae-seives AR g% A wrgearsdifad garT
FUSHA, T-der AR d-a3 F el & v SFer g1 asuEis afivey wad-sshives
FI TTTAT § S TAUHhTUrEl Hohdel 3R TTEASe & Afhd Har g1 Foaea et & afsaar
sogfhe & 3cufr & AR e § S Shewss-3 dler & @y |9y vd 3R a3 #1 Ferdr gl
mamﬁ@aﬁﬁgaﬁﬁ@@%ﬁﬁ%r@a@uﬁ-ﬁm%mm%maga
TIN-SSIUTEH T FHAT T 6T X &l & AR TGUSFAAAT I 81T Sl & 3N 3HH |y T-afer
ﬁ?ﬁ-mﬁﬁmmﬁmmmmﬁaﬁvmﬁaﬁ?@ﬁéﬁwﬁ%ﬂﬁ
AEY SfAFT 1T &1 3HH IHelldl ASRAYA HAATHS &Ifd 3cUeed HIAT & S HiT a0 T«
$SNUUh & & T oI gl

AT T &, AT S, dEdeary g Aldeger Fglerdiers; ST 10.1007/7612035-014-
9061-6,2015

Food, drug and chemical toxicology

ey, e v e Rvfaas

Food is of paramount importance as it is required in sufficient quantity to provide a healthy life.
There is increasing concern about food safety and food contamination either through
environmental pollution or adulteration round the globe. To ensure an adequate food supply
during non-agriculturally productive periods, it has become necessary to find methods to preserve
and process the food. With the fast growth of food processing industries, the trend towards the use
of various food additives added for technological purposes has also increased. New chemical
entities are being exploited as additives in food. The adulteration of food due to deliberate mixing
of inferior grade agents for disguising and to earn undue profits is also a serious problem.
Furthermore, un-intentional contaminants may creep up during field production or processing and
storage. Recombinant DNA technology for the production of GM food needs be exploited for
adequate food supply and simultaneously, the safety of GM food/crop has to be established before
commercialization. Based on our traditional knowledge, the beneficial effects of herbs remain a
promising area for the encountering several toxic manifestations. Thus, toxicity/safety data for
these chemical moieties along with GM food and traditionally used herbs need to be generated.
The issues addressed by the group are (i) development and/or establishment of methodologies to
quantify the potential toxic agent in different matrices; (ii) identification of phytochemicals/herbal
preparations, which can mitigate the toxicity of above chemical moieties; (iii) to understand the
mechanism of toxicity of new chemical entities; (iv) detection of GM food/crop and their
safety/allergenic assessment and (v) establishment of guidelines for food and chemical safety for
regulatory agencies.

HISTT &1 Aged HATUR § Fifch Ig TOEY Shael g AT AMET & ey gl QU faeq & qafewor
YEUT AT fANTEE & HRUT Wied FIET 3R Weg HeuoT & R # T doc o W@ &1 IR-$W 3curesh
Jafedt & el gdicd @ied 3yfd gARETT #el & o, el w1 TiEd 3N Farftd e & adwi
N WIS IaRTF § TS §| W FTEHERUT 3 H Aol § defd & Ay, dehelichl HRUT ¥ Wied
geraf 7 faffiesr vfsfeq & sw=er v ugfa & & gef §5 &1 Ao 7 Ufsfecy & &7 AT FRAT R &
faaR fohar ST g7 &1 el Qural 31YaT i ofey 3fSTd el 8 Wied derdf # 3 T & velet
& STy TAH0T 8t Toh a8 FHEAT §1 38 37erar Wied FH & [Aelae IR-SIeegiet 3cures
T FEHEROT 3R HSROT & aRIT &1 Hehell &1 WIGT AT &1 MYt & fav gof: FAsieh vaw
e 1 e Sfvd @ieg uerdf & Icuies & fav wAer fFar ardem 3R |y @ cggariewor ¥




Tox.Res.Bull / fTawfa.emer.af3sr 36 (1) 2016

Yg SHUH Wed / Bl HT FI&T AT & Sl TfeT| §AR IRIRE A & HUR &, STE-gfeai
F BRICHG TG FT IETTT s fa¥ell AfOAT & 3UIR & fAUT T 3MAeis 8T WMl 39 IR,
s @ed, g1 el 3R WRETT &9 § GPFd STo7 fedi 1 fAwerddr / e se1 & 3eqd= &r
3Tl § oA H $H FAg SaRT Hald Heal W SR har S W1 & (i) rorer-areler Afged &
TTad fawFd Tele & AT & fow adieel &1 A/ TUTET, (i) SWRIFd AT $T faueFadr & &
el Tl WISCIhiAGed / gaol ATHIT T Ugale (ji)) AT T@TAT T AuFadr & dF HI TFSAT (iv)
Sear @re / wHel &1 Il or AR 3 GR&Tr / Telsiiath Hedrhed AR (v) fFames weifadt & fav
e WX w@Erafas geaT & fav R e $ir wurder|

Autoantibodies against TYMS and PDLIM1 proteins detected as circulatory signatures
in Indian breast cancer patients

Breast cancer (BC) is the most common invasive cancer in women worldwide. Autoantibodies
(AADbs) to tumor-associated antigens (TAAS) have a great potential for the development of
diagnostic biomarkers in cancer. This study was performed to identify AAbs and cognate
TAAs that may improve detection of this deadly disease. Serological proteome analysis of
plasma samples of BC patients (N = 30) and healthy controls (N = 30) was performed to
identify TAAs. Expressions of selected TAAs were also determined in breast tumor tissues (N
= 10) by immunohistochemistry. An independent validation cohort (N = 124) was tested to
determine diagnostic accuracy of selected AAbs titer by ELISA. Thymidylate synthase
(TYMS) and C-terminal LIM domain protein 1 (PDLIM1) were found to react more
specifically with plasma samples of BC patients. Both TAAs were also found to be
significantly over expressed (p < 0.001) in breast tumor tissues compared to adjacent normal
tissues. TYMS AADs response was positively correlated (r = 0.778, p < 0.008) with TYMS
overexpression in BC tissues. TYMS and PDLIM1 AADbs titers discriminated BC from controls
with a sensitivity/specificity of 57.81%/95% and 73.44%/58.33%, respectively.

High titers of both TYMS and PDLIM1 AAbs were significantly more prevalent in BC cases
than controls. Data recommends further investigations for evaluating their potential for BC
detection.

Gupta P, Suman S, Mishra M, Mishra S, Srivastava N, Kumar V, Singh PK, Shukla Y.
Proteomics Clin Appl. 2016; 10(5):564-73.

Hkgrh; Lru dilj d jkfx;k e jOr Bpkj glrk{ky d -1 e Vhokb-,e-, I- vkj 1h-Mh-
fye 1 ckVhu d flkykQ wvkVk ,VhckMh dh igpku

Lru dilj nfu;kikj ei efgykvk e gku okyk Icli vke vi@ked dilj gA vkVk ,VickMh I €M ,Vitu
AABs dilj e unkfud ck;kekdj di fodkl dh {kerk j[kr gA bl v/;;u dk mnn®; wvkVk,VhckMh ,0
mi L REcfU/kr Wh-,-, -, 1- dh igpku djuk Fkk tk bl %krd chekjh dh igpku dju e enn dj Bdrk gA
Lru dilj d jkix;k d lykTek d uew B[;k30 ,o LoLFk fu;=.k d fy, dVky d ueu L[;k30 dk ¢;kx
TAAS dh igpku dju d fy, fd;k x;kA pu x; TAAS d Hko H0 Lru dilj Vi;ej B[k 10 dk
bE;ukfgLVk dfeLVh Hjk fu/ifjr fd;k x;kA ,d Lor= IR;kiu dk gV 124°dk ,ykbtk }jk p;fur AABs
vuekid funku Ivhdrk fulkfjr dju di fy, ajh{k.k fd;k x;kA Fk;feMk;yV fIFkE] Vh-okb-,e- ,1- vkj Bh
Vfeuy fye Mkeu ckVhu 1 dk Lru dilj di IykTek ueuk di Bk vikd fo'k'k -1 b ¢frf@d;k dju d fy,
ik;k ;KA nkuk TAASHA Lru V;ej d Ardker vkl= P-<0-001°Rkell; Ardk dh ryuk e vikd g rFk
Vi-okb-,e-, I- ¢frf@;k e Bdkjiked Bglc) rFk Lru dilj d Ardke: Vhokb-,e-, - vkoj ,DIGH FKA Vh-
okb-,e-, I- vkj if-Mh- fye 1 wkVk,VhckMh dk Lru dilj e 57.81%, 195t vkj 73.44%/58.33% dk dVky
dh ryuk e fotkn ckir gvkA nkuk Vh-okb-,e- , 1= wvkj M- fye 1 d mPp vuekikd dVky dh ryuk e
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vifkd FkA gekji vkdM Lru dilj dk irk yxku ,o mbdh {kerk dk eY;kdu dju ,o bldh thp dju e
egRoil.k Hkfedk fuhkk;ixkA

xirk i Deu , 1] fedk ,e fedk , 1] JhokLro ,u] dekj o] flig ih d] "kDyk okb] ifr;kfeDl Dyhfudy
,yhd"ku 10] 564&73] 2016

Photosensitized 2-amino-3-hydroxypyridine-induced mitochondrial apoptosis via
Smac/DIABLO in human skin cells

The popularity of hair dyes use has been increasing regularly throughout the world as per the
demand of hair coloring fashion trends and other cosmetic products. 2-Amino-3-
hydroxypyridine (A132) is widely used as a hair dye ingredient around the world. Authors are
reporting first time the phototoxicity mechanism of A132 under ambient environmental UV-B
radiation. It showed maximum absorption in UV-B region (317 nm) and forms a photoproduct
within an hour exposure of UV-B irradiation. Photocytotoxicity of A132 in human
keratinocytes (HaCaT) was measured by mitochondrial (MTT), lysosomal (NRU) and LDH
assays which illustrated the significant reduction in cell viability. The role of reactive oxygen
species (ROS) generation for A132 phototoxicity was established photo- chemically as well as
intracellularly. Noteworthy, formation of tail DNA (comet assay), micronuclei and cyclobutane
pyrimidine dimers (CPDs) (immunocytochemistry) formation confirmed the photogenotoxic
potential of dye. Cell cycle study (sub-Glpeak) and staining with EB/AO revealed the cell
cycle arrest and apoptosis. Further, mitochondrial mediated apoptosis was corroborated by
reduced MMP, release of cytochrome c¢ and upregulation of caspase-3. Release of
mitochondrial Smac/DIABLO in cytoplasm demonstrated the caspase dependent apoptotic cell
death by photolabile A132 dye. In-addition increased Bax/Bcl2 ratio again proved the
apoptosis. Thus, study suggests that A132 induces photogenotoxicity, phototoxicity and
apoptotic cell death through the involvement of Smac/DIABLO in mitochondrial apoptosis via
caspase dependent manner. Therefore, the long term use of A132 dye and sunlight exposure
jointly increased the oxidative stress in skin which causes premature hair loss, damage to
progenitor cells of hair follicles.

Goyal S, Amar SK, Dwivedi A, Mujtaba SF, Kushwaha HN, Chopra D, Pal MK, Singh D,
Chaturvedi RK, Ray RS. Toxicol Appl Pharmacol. 2016; 297:12-21.

PrRFHERES THS/MEAea) & ATEIH ¥ AW cadlT PRARET F 2-3r A)-3-gagid
TS YR AFegar i FEIETar ¥ FRAF A

Sl @ A a1 (SSh) & 3UART B ehewiger 3R 3w dfed s fr Avwr giear ew &
fafdd &9 @ godr o7 W g1 2-3EE-3-gaaiedl aSuSe (A132) SOI9sh &9 & giAdr R A U
I 316 T & A H SEAATA AT STl §1 §H Tgel R S8 &l ¢ & [ TRA FATROT JA-ar
fafehor & dgc A132 oI Jehrer fasmerdr &1 o &1 TE Al &1 (317 TouA) H HfUhdd raeivor
fRarr ik gd@r & R & e g & AR [ufkd g 7 geh T 7 &1 ARG
ffearase @ o (HaCaT) # A132 & Yol fawierdr Taéldl, TRy, 3R vesiva fafyr
CaRT fRAr T AT, St el SFAEAT A Hgcdqol AT H fw@rr | A132 g fawreRar #
gfafsrareiier sifediee yonfadar (3mR3NTd) & 39ufa JFaRRA g JaEfEs & & 9 =
AT IeaTAT §, AT affd  (FiAe fafe), garede 3 @ f S & aTod @ 3 H gy
SieT fasTerar &1 Fenfaa gfSe & IRl HIRAT wh HETTA (3U-SM-1 Peh) AR S / T 30 &
Y A (HIRIAT Fg) &1 Tl FAT| S Ielldl, HISCIhl-5aT HEIEAT IACIE, vHTA
A Al g, ASHIA IR FEAE 3 A 3T WY @RI Y H Rl RIS goF A
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HISIhiTogdel TAG/BaTeel & RelleT @ AL32 518 @Rl FEU 3R SR Feg &1 ved=r |
SFE/EAATe-2 & Fud A IfARFT e g7 e B @ Iwafe & afed & R gw
JHhR, NEITT T IdT Tadl § b Al32 HTA & ATEIA ¥ HABCHl-gdd deag &
/STl & HENERT & ACTH & oG el fawrerdr, Fehrefafaserar iR IRl Fcg orelr
gl 3T, AL32 Tofh U9 @R AfROT ¥ FFd §7 @ cadl # §AT @ Ygol aTell & FsaA, drell &
UH & qaST HIRIAIHT F Jehalel A Jefer qriy =0T

TH NG, TH 3@, U Efaddr , TH Uh Hooddl, TT AN, & =@9sT, TH & 9, 31 {8, 3R
TJIET, IR TH [T | CIhdIhl 3TeTSsS BIAThIdlsT 15 318el 2016; 297: 12-21

Current perspectives of molecular pathways involved in chronic inflammation-mediated
breast cancer

Inflammation has multifaceted role in cancer progression including initiation, promotion and
invasion by affecting the immune surveillance and associated signaling pathways.
Inflammation facilitates the over-expression of cytokines, chemokines and growth factors
involved in progression of different cancers including breast cancer progression. Deregulation
of biological processes such as oxidative stress, angiogenesis, and autophagy elicit favourable
immune response towards chronic inflammation. Apart from the role in carcinogenesis,
chronic inflammation also favours the emergence of drug resistance clones by inducing the
growth of breast cancer stem-like cells. Immunomodulation mediated by cytokines,
chemokines and several other growth factors present in the tumor microenvironment regulate
chronic inflammatory response and alter crosstalk among various signaling pathways such as
NF-kB, Nrf-2, JAK-STAT, Akt and MAPKS involved in the progression of breast cancer. In
this review, authors focused on cellular and molecular processes involved in chronic
inflammation, crosstalk among different signaling pathways and their association in breast
cancer pathogenesis.

Suman S, Sharma PK, Rai G, Mishra S, Arora D, Gupta P, Shukla Y. Biochem Biophys Res
Commun. 2016; 472(3):401-9.

Lru dilj e th.k Irtu dh e/;LFkrk e “kkfey vkf.od ikFko di oreku nf'vVdk.k

Itu dilj dh ¢cxfr e cge[kh Hfedk futkkrh g ;g dilj d rhuk pj.kk buhl*ku] cek’ku vkj
buo'ku c¢frj{kk fuxjkuh vkj Ic) bdr jkir dk cHkfor djr gA Itu foftlu rjg di dilj dh
cxfr e “kfey gkdj BkbVkfdull] dekfdull vkj fodk™ d dkjd dh n*k dk c<k nrh g] vkDIMfVo
ruko] okfgdktuu vkj Hkth €1 tfod ¢frfd;k dh <ty th.k Itu di ¢fr vudy cfrj{kk ¢cfrfd;k
k cdk"k e ykuk rFk Itu dh dkfluktufl I e Hfedk di vykok th.k Itu dh nok ¢frjk/k dykuk
d m)o mgj.k F% Lru dilj dh cf) LVe Ly dh rjg cfjr djr gA cfrj{k.k fulkbVkfdul]
dhekdkbUl vkj dbl vU; cf) dkjdk e V;ej ekbdkblok;jeV mifLFkr }kjk e/;Lrk €h.k Itu
¢frfA ;k dk fofu;fer vkj NF-NB ,u vkj ,Q&2 JAK STAT vkj Lru dilj dh ¢xfr e "kfey
MAPK: €l fofikiu Idru iFk d chp Bdru dk chikfor djr gA

leu 0] “kek ih d] jk; €h fedk ,HB] vjkMk M xirk ih] “kDyk okb] ck;kfQf€eDl fjlp
dE;fudku] 472] 401&409] 2016

Resveratrol improves the anticancer effects of doxorubicin in vitro and in vivo models: A
mechanistic insight

Resveratrol (RSVL), a well known dietary compound and in combination with doxorubicin
(DOX) has gained a global importance for cancer prevention. However, mechanism of action
by this combination is not well understood till date. The synergistic combination of RSVL and
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DOX might be more effective in anti-cancer activity by modulating the diverse cancer
signaling pathways as compared to their alone treatments. The cytotoxicity of alone and
combination doses of RSVL and DOX were analyzed by colorimetric MTT(3-(4,5-
Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) cell proliferation assay. The
migration and colony forming abilities were evaluated by wound healing and clonogenic
assays. Apoptosis was detected by Annexin V/PI and DAPI stainings. The cell cycle and
intracellular reactive oxygen species (ROS) generation were measured by flow cytometry. The
differential expression of genes and proteins were measured by qRT-PCR and western blotting
analyses. Finally, in-vivo studies were performed in Ehrlich ascitic carcinoma (EAC) mouse
model. The synergistic combination of DOX (IC20) and RSVL (IC30) was selected based on
the combination index values in MCF-7 and MDA-MB-231 cell lines. This combination
showed potent growth inhibition with ~2.5 fold of dose advantage and also significantly
decreased the wound healing and clonogenic potential of breast cancer cells. The combination
treatment was also found to inhibit the inflammatory response (NF-kB, COX-2), autophagic
flux (LC3, Beclin-1), redox regulation (Nrf2) and induces apoptosis (BAX: BCL-2 ratio and
Caspase-9) in breast cancer cells. Further, combined dosages of DOX (5 mg/kg b.wt) and
RSVL (10 mg/kg b.wt) inhibited tumor volume with increased life span (139%, p value<0.05)
in Ehrlich ascitic carcinoma (EAC) cells bearing mice. In brief, results suggested that
resveratrol chemosensitizes doxorubicin in combination, through inhibiting breast cancer cells
proliferation and invasion, and inducing apoptosis via suppression of chronic inflammation and
autophagy.

Rai G, Mishra S, Suman S, Shukla Y. Phytomedicine. 2016; 23(3):233-42.

Jlovky dk bu fovk wvkj bu fook ekMy e MDRk:fcflu di dilj fojk/kh cHiko e
Wiy 4 ,d ;=or vrinf'Vv

JloVvky ,d cfl) wvkgkj ;kfxd g vkj MDRk:-fcflu d Bk Disktu e dilj dh jkdrke d fy,
,d of*od egRo gkfly dh gA gkykfd] bl I;ktu b dk;okb dh fo/kk dk Kku vkt rd Be> ugh
gA jlovky wvkj MDRkzfcflu di Bgdkfjd biktu mud vdy ¢;kx di ryuk e dilj fojk/kh
xfrfof/k e vikd chkkon gkr g vkj Bgdkfjd Li;ktu e ,d Bkfk cgr Bky dilj BEcU/k Bdru
JkLrk dk chkfor djri gA vdy: vkj L;ktu e jillojVky vkj MDRk:fcflu dh [kjkd di dkf*kdh;
fo'kDrrk dk fo'y'k.k ,evivh dkf*kdk ¢Bkj ij[k Fjk fd;k x;kA dilj dkf*kdkvk dk cokl vkj
dkykuh cuku dh {kerk dk eY;kdu %o Hju vkj Dykuktkfud ij[k Fkjk fd;k ;KA , ikIVkfl I
Lrj dk eY;kdu Mih LVfux wvkj ,uDlhu@ih wvkb }kjk fd;k x;kA dkf*kdk p@ wvkj wirt
cfri@d;k*hy viDIntu ctkfr;k dk eki TykBkbVkeVh fof/k Fjk fd;k x;kA €Ul vkj ckviul dk
vrrj vi0;fDr dk qRT-PCR vkj if*peh Bk[rk fo y’k.k Fjk ekik x;kA vir e] bu fook Vv/;;u
d fy, bgfyp tyknj dkflukek pgk dk ¢;kx fd;k x;kA DOX (IC20) vkj RSVL (IC30) d
Igdkfjd Li;ktu ,elh,Q 7 vkj MDA-MB-231 dkf*kdkvk e Bi;ktu Bpdkd eY;k d vk/kkj ij
puk x;kA bl B;ktu 25 xuk [kjkd Qk;n di BkFk dilj di fodkl ei cHko'kkyh Jkd yxk;h vkj
Lru dilj dkf*kdkvk di %o Hkju vkj dkykuh cuku dh {kerk ei Hkh dkQh wvojk/k ik;k x;kA
Li;ktu mipkj I Lru dilj e nkgd cfrfd;k vkvkQftd cokg fjMkDI fofu;eu e deh 1k;h x;h
Vkj L ikiVKERD ¢frfA sk e c<kRrjh ik;h x;hA bld vykok 1;Dr Mkttt DOX=5 fexk@fdxk
Vvkj RSVL 10 fexk@fdxk nu di ckn bgfyp tyk/kj dkflukek /kkj.k dju oky: pgk di €thou Lrj
el 139 dk B/kkJ ik;k x;k vkj V;ej d kbt e Hh deh nku dk feyhA B{ki e gekj ifj.ke d
Hjk ;g fu'd'k fudyk fd jloVky] MKDRk-fclku d BkFk Biktu e Lrj dilj d ¢kl vkj cokll
e vojk/ik ¢cdV fd; vk ;g vojkik Lru dilj dh dkf*kdkvk e ,ikIVkfED c<ku di BkFk& BkFk
nkgd vkj vkvkQth %Vk dj gwvkA
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Jk; th] fedk ,1] Leu , 1] "kDyk okb] QkbVkefMIhu] 23] 233&242] 2016

Immunomodulatory potential of Rhein, an anthraquinone moiety of Cassia occidentalis
seeds

Rhein, the most toxic anthraquinone moiety in Cassia occidentalis seeds, has been associated
with hepatomyoencephalopathy (HME) in children. Structural and functional alterations in the
lymphoid organs have been reported both in HME patients and experimental animals
indicating a possibility of the dysfunction of immune system following exposure to CO seeds
or its toxic anthraquinones (Panigrahi et al., 2014a). In the present study the mechanism of
immune response of Rhein in splenocytes has been investigated by measuring functional
assays of lymphocyte, cell surface receptor expression and analysis of cytokine levels. Results
indicate that Rhein at a maximum dose of 10 uM is non cytotoxic up to 72 h in splenocytes. In
addition to its potential to decrease the allogenic response of T-cells, Rhein significantly
suppresses the proliferation of the concavalin A (Con A) and lipopolysaccharide (LPS)
stimulated splenocytes. Lymphocyte receptor expression analysis revealed that Rhein exposure
significantly down regulate the expression of CD3e, CD4, CD8, CD28, CD69 molecules in T-
cells. The expression of CD19, CD28, CD40 in B-cells were also found to be significantly
decreased following Rhein exposure. In accordance with the functional responses, Rhein
treatment significantly lowered the expression of IL2 and IL6 cytokines in Con A stimulated
splenocytes, and IL6, IL10, IFNy and TNFa in LPS stimulated splenocytes. Over all, the study
suggests the immunomodulatory activity of Rhein and that it would be useful in understanding
the immune response of CO seeds in human subjects.

Panigrahi GK, Yadav A, Mandal P, Tripathi A, Das M. Toxicol Lett. 2016; 245:15-23.

Jhu] dfll;k viDInmuviy I cht dk ,d ,uFkkdbuku Hkkx] dh bE;ukekMyVjh {kerk

Jhu] tk fd dfl;k viDInMuVviyl d cht dk Icli fo'lkDr ,uFkkdbuku Hkx g] ml: cPpk e
ghiVkek;k, ufEQykiFkh di BkFk tkMk Xk gA ,p,eb jkix;k vkj Ak;kfixd 1'kvk e ylhdkor vixk
e IjpukRed vkj dk;kRed ifjoru nfk x;k g] €k fd ,d lpd d :-i e dfl;k vkDEIhMUVy I
d cht ;k fo'kDr ,uFkkdbuku di Bou I Afrj{kk A.kkyh dh f'kiFkyrk dh BHkouk dk Bdr nrk gA
oreku v/;;u e jhu dh Afrj{kk Afrf@d;k d r= dk LiytuklkbVl e Be>u dk A;kl] fyEQkIkbV
d dk;iRed fof/k dk ekiu] dkf*kdk dh Brg ij ektn fjhIVj vitk;Dr vkj BkbVkdkbu Lrjk dk
fo'y'k.k Hjk dh xb gA Akir ifj.kkek I bdr feyrk g ju dh vikdre [kjkd 10&ekb@keky 72
%Vk di ckn Hkh LifyukBkbVl e xj BkoVKVKIDED ik;k X;KA jhu df Vh&dkf*kdkvk dh , yktuhd
Afrf@;k de dju dh {kerk di vykok] jiu dkudoyhu fyiki,yilidkjkoMl I mRAfjr LifyuklkoV 1
dh of) dh {kerk dk %Vkrk gA fyEQklkbV fjLiIVj vit;Or fo'y'k.k I irk pyk g fd jhu d
Lid b Vh & dkf*kdkvk e Bomh 4] BhMh 8] BhMh 28] BhMh 69 v.kvk dh viHO;fDr Lrjk e fxjko
vk thrk gA cf dkf'kdkvk e H jhu dk Bezi AHko ik;k x;kA cf dkf*kdkvk e BaMh 19] Bhvh 28]
IMh 40 dh vilk);fDr e deh kb x;hA dk;kRed Afrf@;kvk di vuzi] jiu d kLid I d,u I
mrftr LifyuklkoVl e wvkb,y2 vkj vkb,y6 BkbvkfdUl dh viH0;fOr e dkQh deh gb] ,o
Jyin, b oe Afjr LifyukBkbVl e wvkbi,y6] vkb,y10] wvko,Q,u wvkj Vh,u,Q BkbVkidul dh
vitk;fOr Lrjk e %&Vko ik;k x;kA dy feyk d] bl v/;;u b ;g le> wvkrk g fd jhu e
bE;uke,MéyVjh xfrfof/k ektn g vkj bl fok; 1j foLrkj -1 e v/;;u ekuo fo'k;k e Ihvk d
it dh Afrj{kk Afrf@;k dk Kku mi ;kxh gkxkA

ikunxgh th d] ;kno ,] e.My ih] f=ikBh ,] nkl ,e] VKD Edkykth yVI] 245]15&23] 2016

PHLPP2 down regulation influences nuclear Nrf2 stability via Akt-1/Gsk3p/Fyn Kinase
axis in acetaminophen induced oxidative renal toxicity: protection accorded by morin
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NF-E2 p45-related factor 2 (Nrf2) is a cap 'n' collar (CNC) basic region-leucine zipper (bZIP)
transcription factor that imparts cellular defence against xenobiotic and oxidative stress evoked
responses by inducing an array of cytoprotective genes. Essential factors that regulate Nrf2
activity and stability during analgesic nephropathy are incompletely understood. In this study,
authors demonstrate that acetaminophen (a classic analgesic) posit nephrotoxicity both in vitro
and in vivo via PHLPP2 activation. Enhanced PHLPP2 levels down regulate p-Akt by
dephosphorylating it at Ser 473 residue leading to Gsk3p activation. APAP subsided Nrf2
nuclear accumulation by activating Gsk3f which phosphorylates Fyn kinase. p-Fyn kinase
translocates into the nucleus and phosphorylates Nrf2 (Tyr 568) leading to its nuclear export,
ubiquitination and degradation. Therefore, poor prognosis prevails during analgesic
nephrotoxicity because of the defects in Akt-1/Gsk3p/Fyn-Nrf2 signaling pathway. Morin, a
bioflavonoid given as co- and pre-treatment with acetaminophen significantly prevented the
toxicity induced damage by constitutively stabilizing Nrf2 nuclear retention. Diminished Nrf2
levels by APAP overdose imposed severe proximal tubular damage leading to apoptotic cell
death. Morin, as a potent Nrf2 inducer accorded protection against acetaminophen induced
renal damages by its molecular intervention with Akt-1/Gsk3B/Fyn kinase pathway via
PHLPP2 de-activation.

Mathur A, Rizvi F, Kakkar P. Food Chem Toxicol. 2016; 89:19-31.

,F1VkfeukQu cfjr viDIhdkjd xnk fo'kDrrk e: ih,p,yihih2 U;Dy;j ,uvkj,Q2 dk
,dvi@th, 1d3 ck@fQu dkbutt /Kjh }kjk uhp fofu;fer djrk g fele ekfju j{kk
¢nku djrk g

,uvkj,Q 2 ,d di ,u dkyj cfid U;lhu ftij VIf@I'ku dkjd g tk fd j{kked €W dk
cfjr djdi dif*kdkvk dk thukek;kfvd rik viDIhdkjd ruko B Bj{kk cnku djkrk gA ,uYtfld
uQkiFkh et mu vko®;d dkjdk dh ijh Be> ugh g tk fd ,uvkj,Q2 dh fLFkjrk rFk Bfd;rk dk
fu;f=r djr g bl v/;;u e geu ;g ¢cnf'kr fd;k g fd ,fBVkfeukQu ih,p,yihih2 dh 1@;rk
dk c<k dj bu fook rFkk bu fovk xnk e fo'kkDrrk ¢cnku djrk gA c<i g, ih,p,yihin2 d Lrj]
QKLQkfQudkbut U;y; I e LFkukrfjr gk dj ,uvkj,Q 2 dk ;fcD;fVuku dj mh U;fDy; 1 KL
fu;kr djrk g fell og voA fer u'Vv gk tkrk gA wvri ,ukytfld xnk fo'Drrk e
;dw&l@th, Id3chvk@fQudkbut /kjh e =fV gku I fouk'kh vkj [kjkc -1 y: yrh gA ekfju ,d
ck;k ¢ youkbM ¢ feldk 10 ,o Bg mipkj] ,uvkj,Q 2 dh U;Dy; 1 e fLFjrk c<kdj
,fIVkfeukQu fo'kkDrrk B gkur okyh {kfr dk cfrcf/kr djrk gA ,flVkfeukQu dh vikd ek=k I
VIXVr ,uvkj,Q 2 d Lrj] ckDhhey dkuokY;foM V;icyj dkf*kdk dh , ikivkfvd eR;l djk nirk
gA ekfju u ,d ccy ,uvkj,Q 2 di¢jd d -i e ,flVkfeukQu I gku okyh V;icyj {kir L
,dvig&1@th, 1d3civk@fQudkbut /kjh e vkf.od vri nk'k dj rfk ih,p,yihih 2 dk fuf'A ; dj
Lj{kk cnku dh gA

ekFkj ,] fjtoh ,Q] dbdM ih] QM Mx ,M dfedy VkfDIdkykth] 89] 19&31] 2016

Sodium benzoate, a food preservative, affects the functional and activation status of
splenocytes at non cytotoxic dose

Sodium benzoate (SB) is a widely used food preservative due to its bacteriostatic and
fungistatic properties. The acceptable daily intake of SB is 5 mg/kg-bw, however, it has been
found to be used in the food commodities at relatively high levels (2119 mg/kg). Earlier
studies on SB have shown its immunosuppressive properties, but comprehensive
immunotoxicity data is lacking. Studies have shown that SB was non cytotoxic in splenocytes
up to 1000 pg/ml for 72 h, however at 2500 ug/ml it was found to be cytotoxic. Thus, 1000
pg/ml dose of SB was chosen for the subsequent experiments. SB significantly suppresses the
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proliferation of Con A and LPS stimulated splenocytes at 72 h, while allogenic response of T
cells was significantly decreased after 96 h. SB did not affect the relative expression of CD3e
or CD4 molecules following 72 h exposure, however, it downregulated the relative expression
of CD8 co-receptor. Further, exposure of splenocytes to SB for 72 h led to reduced expression
of CD28 and CD95, which play a vital role in T cell activation. SB also suppresses the relative
expression of CD19, CD40 and CD95 receptors on B cells after 72 h. In addition to the
functional responses, SB lowered the expression of L4, IL6, I[FNy and IL17 cytokines in Con
A stimulated splenocytes; and IL6, IFNy and TNFa in LPS stimulated splenocytes following
48 h of exposure. Taken together, the present study is suggestive of the immunomodulatory
potential of SB.

Yadav A, Kumar A, Das M, Tripathi A. Food Chem Toxicol. 2016; 88:40-7.

IkiM:e citk,V] ,d Hktu Bj{kd] xj DoVKVkDId [kjkd ij LiyhuklkbVl di 1f@; .k
rrkk dk; "khyrk dk Akkfor djrk g
IkfM;e ctk,V viuh cDVAfj;kLviVd vkj QxhLvkivd x.k di dkj.k ,d 0skid [k] Bj{kd e -
e A; Ix fd;k tkrk gA bhdk Azkx Qyk di j1] vpkj | Bykn] foffklu eJCck e vkj vud dkckuvMm
I; mkak el vikd ek=k e n[kk x;k gA L;Dr ,Q,vk@MCY;,pvk fo'k'kK BIfefr dh lykg d
vulkj bldh Lohdk; nfud Lrj 5 feyhXEke@fdxk "Kjhfjd otu d :i e lou d fy, LoNr
fdsk x;k gA gkykfd] gy di ,d Bofk.k 1 irk pyrk g] fd ;g Hktu e cgr mPp Lrj 2119
fey xke@fdxk 1j bLreky fd; [t Jok ] tk fd ,d fprktud fo%; gA io e fd, x;i v/;;uk
I ;g irk pyrk g fd ,lch e bEE;uklIAflo xk g] fdir: bl fok 1j 0;kid bE;ukfo'kkDrrk
tkudkjh dh deh gA vr,o ,lch d bE;ukfo'kkDrrk {kerk o foLrkj -1 b v/;;u gr ;g dk;
<kpk ri;kj fd;k x;kA bl fn® W e gekj; }kjk fd;k x;k "k ;g9 n'krk g fd] , I-ch- gkykfd 1000
ekb@kxke@feyhthJ rd LiyhulkbvVl e xj HoViVDE D Pk i J 2500 ekb@kxke@fey
IkbVkVkDRd ik;k x;kA bRfy,] ,B-ch- dh 1000 ekb@kxke@,e,y [kjkd ckn di Askxk d fy
puk X;k FkkA Ich 72 AV e dku& vkj Lyih, 1 L mRAer rhio of) dk dkQh vueku e nck nirk
g] tcfd 96 7ka d ckn gh Vi dkf*kdkvk di ,yktfud Afrfd;k e egRoi.k -1 e def n[k x;h
,Ich) Ihvh3b sk BhMhd v.kvk di fpyfvo vito;fDr dk 72 Ak rd AHfor ugh fd ;K gkykfd]
blus Ihvh 8 dkifjliIVj d fyyVho viHo;fOr dk de dj fn;kA bld vykok Ich d 72 %Vk dh
Lid ij Liyhulkbvl e IhMh 28 vk IVh 95 dh de fokO for ik;h x; g‘] th Vi ly HQ; .k
e ,d egRoi.k Hifedk qukkr gA , Ich] ch dif*kdkvk ij mi fLFkr Ith19] 1hMh40 vkj BhMA95 d
nyVho vitko; fOr dk 72 %Vk ckn de dj j nrk gA dk;kRed AfrfA ;kvk d vykok] 48 %Vk di AHkko
d ckn Ich dku , I mRAfjr LiyhukBkbV' D Fkjk lekfnr vkb y4] Vvkb,y6] vkb,Q,uth vkj
vkb,y17 Ibvkidul dh vitk0;r dk de djrk g] Ikrk gh ,yih, I mRAfjr LthukabVI Fk
mRikfnr vkb,y6] vkb,Q,uth vkj Vh,u,Q vYQk di Lrjk dk Hh &Vkrk gA BEiLk i B dgk ;!
rk oreku v/;;u , Ich dh bE;uke,MyVijh {kerk dk Ipd g A
;kno ,] dekj ,] nkl ,e] f=ikBh ,] QM dfedy VKDl dkykth] 88] 40&47] 2016

Environmental Toxicology/ 9atavoiir aufa=mer

The significant challenge in environmental toxicology area is to create efficient ways to predict
toxic potency and exposure levels for chemicals that lack toxicological and exposure data in
environmental settings. The demand is to assess large number of chemicals for hazard
identification in a cost- and time-efficient manner, Therefore, the need is to generate
highthroughput assays. The need for high-throughput toxicity assays coupled with ethical
concerns over animal testing necessitated the pursuit of better tools for ecotoxicological
studies. Hence, the development, validation and application of high throughput alternate
models as well as alternative to animal models for ecotoxicity studies are high priority in
ecotoxicology. The information on usage, exposure and effects obtained from quantitative
structure—activity relationships, read-across methods, thresholds of toxicological concern and
in vitro tests prior to in vivo testing are ideal routes for more rapid, efficient and cost effective
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risk assessment of chemicals. A major challenge is the development of diagnostic capabilities
to precisely determine the cause—effect relationships within impaired ecosystems. This will
help in determining the extent to which existing remediation strategies/technologies are
effective and the refinements needed in risk management. Keeping these issues in view, the
environmental toxicology group at CSIR-IITR aims to generate knowledge/tools useful for
protection as well as management of ecosystem integrity and to advance the understanding of
ecotoxicological problems across different ecological strata at cellular, genetic and organismal
levels in order to improve environmentally relevant ecological risk assessment and to mitigate
environmental pollutants. The issues addressed by the group are: (i) mechanism of toxicity of
environmental pollutants; (ii) remediation of hazardous and persistent chemical substances
from soil, water and industrial wastes and (iii) ecotoxicity and environmental monitoring.

TeRoly fawfdaie &9 # Hgcaqul Tl GRoT AfEew H fawerd 3R @A e &1 Fwl arer
Wt & AT gaht A 3R WA F &R F IGAW oo 87 FART 39T [FH{a e g1 a7y
& AT & T TR H g & AT I F@AT A @A T 3Tholed AR AR FHRI-FRE AW A
farar Se| safaT, 3T yge @ ST HE T HaRISAr g1 9Y TETOT W AT GE6T & WY TH-
goe favedar &1 i f HETRAT A FHICFHSIAohS FEATA & T g T T
IMaRTehl US| SHIAT, ShIciiaFdelclol AT & AT 3Ta Yge dhfods HAisdl & HAY-ATY G Alsd
F e, I 3R 3Tded F SHhicHaaddiol § 3T WMATASAT &1 AHCHS TIAT-Iafaf gaer
q uread gRomAT, - e, Awredar @ #Er & @, 59 f@ar 3R s Qe adetor @ urea
ST, WA & 3fhF Ao, FUT IR oeTd GHd SQH i & foaw et A6 g1 foorer
qIRTEAfaRr yonferal & ST FRU-THT & Taul A S F FUIRT &= & v A emant &
e #E Uw 9 el §1 FE Alser surt & wehfadt /o deafafEat & ogenfaan, S Sifew
Yy H a9 &, H FUiRd s & Heg | sﬂﬁaﬁﬁ&mﬁr@ﬁ@,mmm—
IMEIEEIN & Gl fawfa=eT g 7 oag § foh Guam / 9=eRor & v 3udel A= / 3ueor
& @ry-ary aIRFEAfdRr oF 1 WA F YU YT HIRG, IeQifRIE IR AT-FR & TR ®
afe aRufadar TRt w aRTufadr gatft aaeansit fr gasr & 3E doe Jd @R & F
wrEfTe qIRIEAfdS SIfEH Hedihd d GUR fhaT ST 3R 9ITaRONT GqWoT T HH el & U fhe
ST¢| 39 W S@NT 31 AWl W eae dhfead foham ST @1 & (i) Tereli yguet &1 fawmeraar &1 o,
(i) #eT, ST 3R 3Me@Aw Uit F WA AR gS qEAHS gerdt & 3TN 3R (i)
shleTFaraer 3R gaTaroir AR

Evaluation of bioremediation potentiality of ligninolytic Serratia liquefaciens for
detoxification of pulp and paper mill effluent

Due to high pollution load and colour contributing substances, pulp and paper mill effluents
cause serious aquatic and soil pollution. A lignin-degrading bacterial strain capable of
decolourising Azure-B dye was identified as lignin peroxidase (LiP) producing strain LD-5.
The strain was isolated from pulp and paper mill effluent contaminated site. Biochemical and
16S rDNA gene sequence analysis suggested that strain LD-5 belonged to the Serratia
liquefaciens. The strain LD-5 effectively reduced pollution parameters (colour 72%, lignin
58%, COD 85% and phenol 95%) of real effluent after 144h of treatment at 30°C, pH 7.6 and
120rpm. Extracellular LiP produced by S. liquefaciens during effluent decolourisation was
purified to homogeneity using ammonium sulfate (AMS) precipitation and DEAE cellulose
column chromatography. The molecular weight of the purified lignin peroxidase was estimated
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to be ~28kDa. Optimum pH and temperature for purified lignin peroxidase activity were
determined as pH 6.0 and 40°C, respectively. Detoxified effluent was evaluated for residual
toxicity by alkaline single cell (comet) gel electrophoresis (SCGE) assay using Saccharomyces
cerevisiae MTCC 36 as model organism. The toxicity reduction to treated effluent was 49.4%.
These findings suggest significant potential of S. liquefaciens for bioremediation of pulp and
paper mill effluent.

Haq I, Kumar S, Kumari V, Singh SK, Raj A. J Hazard Mater. 2016; 305:190-9.

yXnh ,0 dkxt m]kx e fo'kkDrrk gVku gr fhjf*k;k yDcQf*k;Ul o fyXukfyfvd x.k
Jjk o mipkj.k {kerk

yXnh ,o dkxt mn;kx mRiokg viu xgj jx ,o fofklu udkj di tgjhy: jkBk;uk dh miflFkfr di
dkj.k ty ,o enk in"k.k dk cgr cMk dkjd gA blfy, i;koj.k in'.k jkdu di fy, bldk
lefpr mipkj WVR;Ur t:-jh gA oreku v/;;u e geu thok.k Fjk yxnh ,o dkxt mn;kx d
mRiokg dk mipkfjr fd;k gA ;g9 ,d fo'k'k thok.k g] ftle fyxfuu dk vi*kfVr dju okyh
,Utkbe fyxfuu 1jvikDIIME® mRilu dju dh {kerk gA ;g thok.k dkxt mn;kx di mRiokg Fjk
infkr enk I fudkyk x;k FkA to jklk;fud x.k ,o vk.kfod tho foKku rduhdh v/;;u d
vi/kky 1) bRdh igpku fRjfk;k yDecQf*k;Ul di -1 e fd;k x;k gA ;g thok.k mRiokg e Xydkt
(1%) ,o §lVku (0.5%) dh mifLFkfr e 300C rkieku ,o 76 ih ,p 1j mxu e B{ke FkA bl
fLFkfr e ;g thok.k 6 fnu di vUnj mRiiokg dk dyj] fyxfuu] BhvkMh vkj fdufyDl @eki 75 58]
85 wkj 95 rd %Vk fn;kA mRiokg mipkj d nkjku thok.k fyxfuu ijvkDIME ,Utkbe dk
mRikn fd;k feldk vekfu;e BYQV ifbfiViku ,o Mh-b-,-b- dkye @keVixkQh fof/k;k 1 k) fd;k
X;kA bl ,Utkbe dk vk.kfod Hkj yxHx 28 di Mh , FkkA ,Utkbe dh vikdre xfrfof/k ih ,p 60
,0 rkieku 400C i ikb xbA mRiokg to fuftudj.k di i*pkr bldk fo'kkDrrk 1ji{k.k dkeV vl
fof/k Fkjk B@kek; It Bjfo, Bh ALV ij fd;k x;kA bl v/;;u di mijkr ;g ik;k x;k fd thok.k
mipkfjr mRiokg dh fo'kkDrrk fcuk mipkfjr dh nyuk ei 49-4f de FhA bl v/;;u L ;g 1f'V gkrh
g fd ;g thok.k yxnh ,o dkxt m]kx d mRiokg dk mipkj dju e B{ke gA

gd vkb] dekj , 1] dekjh of] flig , 1 d] jkt ,] tuy vkQ gtkjMl eVij;y 305 190&199]

2016

Dme-miR-314-3p modulation in Cr(VI) exposed Drosophila affects DNA damage repair
by targeting mus309

microRNAs (miRNAs) as one of the major epigenetic modulators negatively regulate mRNAs
at post transcriptional level. It was therefore hypothesized that modulation of miRNAs by
hexavalent Chromium [Cr(V1)], a priority environmental chemical, can affect DNA damage. In
a genetically tractable model, Drosophila melanogaster, role of maximally up-regulated
miRNA, dme-miR-314-3p, on DNA damage was examined by exposing the third instar larvae
to 5.0-20.0 ug/ml Cr(VI) for 24 and 48 h. mus309, a Drosophila homologue of human Bloom's
syndrome and predicted as one of the potential targets of this miRNA, was confirmed as its
target by 5’RLM-RACE assay. A significant down-regulation of mus309 was observed in dme-
miR-314-3p overexpression strain (myo-gal4>UAS-miR-314-3p) as compared with that in
parental strains (myo-gal4 and UAS-miR-314-3p) and in w(1118). A significant increase in
DNA damage including double strand breaks generation was observed in exposed myo-
gal4>UAS-miR-314 and mus309 mutants as compared with that in parental strain and in
unexposed control. A significant down-regulation of cell cycle regulation genes (CycA, CycB
and cdc2) was observed in these exposed genotypes. Collectively, the study demonstrates that
dme-miR-314-3p can mediate the downregulation of repair deficient gene mus309 leading to
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increased DNA damage and cell cycle arrest in exposed organism which may affect Cr(VI)
mediated carcinogenesis.

Chandra S, Khatoon R, Pandey A, Saini S, Vimal D, Singh P, Chowdhuri DK. J Hazard Mater.
2016; 304:360-9.

Mh,ebé&ehj 314&3ih eMyu] Bkfe;e VI mtkxy MkBkiQyk e ,e ;1,1 309 }jk Mh,u,
dh {kfir dh ejEer dk cHikfor djrk gA

ekb@k vk ,u , ce[k ,ihtufvd eM;yVj d :i e udkjkRed 1kLV VWIGIkuy Lrj ij
mRNAs fu;f=r djrk gA blfy, ;g9 Dkfe;e o Qkfe;e VI ,d ckrkfedrk 1;koj.k jklk;fud]
gk miRNAs dh fu;=.k /kkj.kk €k fd Mh,u, dh {kfr dk ¢Hkkfor dj Idr gA ;g ,d vkuof'kd
1 b fou; khy eMy e] M$BkfQyk eykukxkLVj] T;knk b T;knk fofu;fer ekb@k wvkj ,u ,]
Mh,eb&ehj 314&3p dh Hkfedk] Mh,u, dh {kfr d fy, 50&20-0 ekb@kxke@feyh Gkfe;e VI dk
,0biktj ndj rillj bLVKL ykok e 24 wvkj 48 %V d fy, tkp dh xbA mus309] ekuo Cye
fIMke dk ,d MkBkfQyk Itkr vkj bl ekb@k vkj ,u , d IHkfor fBdkuk et I ,d d =1 e
Hkfo"; ok.kh dh xb] vkj bldk 5 vkj ,y ,e , I }jk tkp djd viu y{; d :i e if'V dh xbA
mus309 dk ,d egRoii.k Mkmu jxy*ku vitk;fa ruko §j Mh,eb&ehj 314&3 ih e nfk x;k g fd
ekrk&firk dh mitknk xy 4 vkj ;,, 1 ehj 314 d Ik ryuk el &3 W1118 d e/; ryuk dh xbA
Mcy gfydhtYl Mh,u, dh {kfr ei ,d mYyi[kuh; of) ik;h xb vkj €k fd 1jiVy LV8u vkj dVy
d Ik rnyuRed v/;;u e ik;k x;kA by pO jxy“ku thu CycA] CycB vkj cdc2° e ,d
egRoi.k Mkmu jX;yi"ku bu ,DLik€EM thukVkbi e ik;k x;kA Bkefgd -1 1] ;9 Vv/;;u n"krk g
fd Mh,eb&ehj 314&3 1h e gb of) Mh,u, dh {fr vkj ,Dhikt tho e Ly p@ vjLV] tk
Okfe;e VI L chkkfor gkdj diljtuu d fy, e/;LFkrk vkj thu ,e;, 1 309 ejter dh deh d
JX;ytku dh e/;LFkrk dj Idr gA

puin. , B [kru wvkj] 1k.M; ,] Buh , 1] foey M flg ih] pkikjh Mh d] tuy vkQ gtkMmi
eVify ;Y 1] 304] 360&369] 2016

Draft genome sequence of Alcaligenes faecalis strain IITR89, an indole-oxidizing
bacterium

Regar RK, Gaur VK, Mishra G, Jadhao S, Kamthan M, Manickam N. Genome Announc.
2016; 4(2). pii: e00067-16.

We report the draft genome sequence of Alcaligenes faecalis strain 1ITR89, a bacterium able to
form indigo by utilizing indole as the sole carbon source. The Alcaligenes species is
increasingly reported for biodegradation of diverse toxicants and thus complete sequencing
may provide insight into biodegradation capabilities and other phenotypes.

vydyreul Qudfyl LNt vibvkbVivkj&89 thok.k di thuke dk vude.k fd;k tk fd
b.Mky kDI .k thok.k g

;0 vky[k Ih, Bvkovkj&vkbvkbVivky  Bpkj B[k 3375 dk ifrfuf/iRo djrk gA ;gk] geu
vydyntdI Qlidfyl LVu vkbvkbVivkj&89 thok.k dk thuke vud e.k fjikV. fd;k g tk fd ,d ek=
dkcu Tkr di i e b.Mky dk mi;kx djdi bfMxk cuku e 1{ke gA vydyhteul itkfr }kjk ren L
fofo/k fo'ky: 1nkFk dk ck;kMixM™ku dh Bipuk miyC/k g bl idky ik vud e.k ck;kMixM™ku {kerkvk
e virnf'V inku dj Idrk gA U;DyVkbV vu@e ifjxg.k L[;KA bl vydyrtil Qidiyl LVu
ruko  vkbwvkbVhvkj&88 thuke wvu@de d rgr ifjxg.k  B[;k ,yD;,,1 00000000
b,ech,y@MiMicht@thu cd e tek fd;k x;k gA LLdj.k bl 1= eiof .kr 1Fke LLdj.K] ,yD;,, 1
10000000 gA
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jxj wkj d] xkj of d] feJk tiftiko ,1] deBku ,e] ef.kdde ,u] thuke ,ukilelV] 4
b00067&16] 2016

Draft genome sequence of Acinetobacter baumannii 11ITR88, a bacterium degrading
indoles and other aromatic compounds

Regar RK, Gaur VK, Mishra G, Jadhao S, Kamthan M, Manickam N. Genome Announc.
2016; 4(2). pii: e00065-16.

Here, authors report the 4.16-Mb draft genome sequence of an indole-degrading bacterium,
Acinetobacter baumannii 11TR88, isolated from the Bhagirathi river in India. A total of 4,069
coding regions (CDSs), 3 rRNAs, and 52 tRNAs were predicted. Genes for the degradation of
indoles, phenylacetaldehyde, anthranilate, and several other aromatic compounds were present.

ViluVieDVj clmeur vkovkbVivkj&88 tthok.k di thuke dk vu< e.k fd ;K tk fd b.Mky vkj wi;
,Jkefvd ;kixdk dk {kj.kdjrkg

;g vky[k Bh, Bvkbvkj&vkbwvkbvivky Bipkj B[k 3374 dk ifrfuf/lRo djrk gA ;gk geu 4-16
,ech thuke dk vu@e.k fjikVv fd;k g tk fd b.Mky d {kj.k dju oky: thok.k vilulkeDVj cimeut
VvkbvkbVivkj&88 dk g tk Hkjr e HkkxhjFkh unh | IFkd fd sk FKA fEld v/ 1) dy 4]069 dkfMix
{k=k vkjvkj,u,,l dhHkfo";ok.kh dh FkhA ble buMkYl] gukby v EhWVyMhgkoM vkj db: wU; Exf/kr
;kixdk di {kj.k o fy, thu miflFkr FkA  vilulkcDj cimeut vkbwvkbVivkj&88 dk thuke vude
MiMhcht @b, ech, y@thu cd vUMj ,DE"ku u- ,yD;l, vkj 00000000 di rgr miyC/k gA

Jxj vkjd] xkj ohd] fedk th tkko ,I] deBku ,e] ef.kDde ,u] thuke wvukmilelV] 4
b00065&16] 2016

Metabolomic analysis provides insights on paraquat-induced Parkinson-like symptoms in
Drosophila melanogaster

Paraquat (PQ) exposure causes degeneration of the dopaminergic neurons in an exposed
organism while altered metabolism has a role in various neurodegenerative disorders.
Therefore, the study presented here was conceived to depict the role of altered metabolism in
PQ-induced Parkinson-like symptoms and to explore Drosophila as a potential model organism
for such studies. Metabolic profile was generated in control and in flies that were fed PQ (5,
10, and 20 mM) in the diet for 12 and 24 h concurrent with assessment of indices of oxidative
stress, dopaminergic neurodegeneration, and behavioral alteration. PQ was found to
significantly alter 24 metabolites belonging to different biological pathways along with
significant alterations in the above indices. In addition, PQ attenuated brain dopamine content
in the exposed organism. The study demonstrates that PQ-induced alteration in the metabolites
leads to oxidative stress and neurodegeneration in the exposed organism along with movement
disorder, a phenotype typical of Parkinson-like symptoms. The study is relevant in the context
of Drosophila and humans because similar alteration in the metabolic pathways has been
observed in both PQ-exposed Drosophila and in postmortem samples of patients with
Parkinsonism. Furthermore, this study provides advocacy towards the applicability of
Drosophila as an alternate model organism for pre-screening of environmental chemicals for
their neurodegenerative potential with altered metabolism.

Shukla AK, Ratnasekhar Ch, Pragya P, Chaouhan HS, Patel DK, Chowdhuri DK, Mudiam
MK. Mol Neurobiol. 2016; 53(1):254-69.

AcEianf@A® faeavyor 3FEIfFer Ao & Wee F IR ofhaw F @i w®
Iaefee ygre FXar §
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WreFare (dieFy) k'GN-Il-IIqHWédldl{gﬂ'mﬁmﬁ?rq‘\ﬁrﬂ & UdsT I SHRUT SoIdT &, ST
Seod Ty # fafdes sqfsderiea faent #r i@ gl &1 safdv, Jgi wEdd eaE #
Aoy IR IR Iifdheds S 1ot 7 Feeld TaTw S HfAST H e T 91 AR 3§ RE F
3T & T ke A Tafaa Alsa S & & & dores & AT sam@r =&ar ar| Aaafas
oEsd A AT I A R ARFEI FA I I wr un, St eiefea ddre, SarfRefee
neurodegeneration, 3R sJagR IRad & Fadid & Aediad & WY 12 AR 24 9¢ & faw 3R &
dieFg (5, 10, 3R 20 AN T@eRT =1 A7) IWIFd Fahish H Agcdqul seerd & A f&afde sifasw
AR & SIS 24 T FY N FIBT Ageaqul AT AT AT| T IHeAaT, qFg A IR U ST A
AfEdSH SUTATS FHA F declel hAT| I § Il Tl & fob wamo=dt & dieyg IR sgerra
Hieresfed defra 3N FPUSITARA H HR 11 & ST6H goras AR & A1y, gifhad S wfafoi
$r T FeAlersT gt &1 S\ 3R ST F eIl H I rewyT e § o F i gy &
TS # AW IR NFg-3ePR g JAMber 3R qifas & ary ARt & deeaen Fa1 &
2@T AT &1 ST 31T, 3T JETTT H Sl I dJhfedsd TATTT & T GATERUMT T@TAT F
qa-Ehfeer & fore Sraifher & 9 7 gearfad & amr g

QIFeT Teh, TAIGR o, FaT o, gleT Tawd, qeel Steh, ey Sieh, AlGATd TaAsh| HAlel wgQfa3iler 2016;
53 (1): 254-69

Regulatory toxicology/ faamas® fawfaamer

Regulatory toxicology group is involved in the generation of analytical data in different
matrices and safety data for products. This endeavour helps the regulatory agencies to take
decisions for the production, marketing and usage of a vast variety of industrial chemicals,
agrochemicals, pharmaceuticals, cosmetic products and food/feed additives, etc. Compliance to
Good Laboratory Practices (GLPs) is the key to international acceptance of safety data/reports
on industrial and consumable products. A state of the art GLP Test facility for regulatory
toxicology studies has been created since 2014. CSIR-IITR is the first CSIR laboratory and
second in the Government Sector to get GLP certificate for toxicity testing. Our constant
efforts to expand the scope of GLP Test Facility resulted into getting certification for
“Environmental studies on aquatic and terrestrial organisms” in April 2016 which makes it the
only GLP certified laboratory in the government sector to carry out ecotoxicology studies. The
facility has further extended its scope for chronic toxicity studies, in vitro mutagenicity studies,
primary skin irritation and skin sensitization tests during the re-certification of the facility this
year. This facility has helped in supporting the cause of “Make in India” by doing safety
assessment of chemicals, materials and products developed by small and medium enterprises
for their global positioning. The existing facilities are being upgraded following the
National/International guidelines to provide scientific knowledge to society, forge linkages
with industry and for sustainable development around the world.

Organic pollutants are ubiquitous contaminants in ecosystems. Most of the contaminants are
lipophilic and thus can be accumulated in higher trophic level organisms, get transferred
through the food chain to humans and finally induce harmful effects. It is, therefore, critical
from human health perspective to continue monitoring of residues in culinary samples
collected from various parts of ecosystem. Also, it is important to develop and validate
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methods for rapid estimation of large number of pollutants so that timely intervention
strategies can be planned. The issues addressed by the group are : (i) development of newer
analytical methods for characterization and quantification of chemicals and (ii)
toxicological/safety evaluation of chemicals and products as per GLP guidelines.

e faufasrer aqg, Al dAfcaq & faecvoncAs Ser 3R A 3curel & fow geam ser dar
N A FRRG & I8 9OW, WaHe  swsdl @ iedifde w@ael,  SiRarE,  carsansivie,
Hleed vy 3curar 3R wey / HIs A MG & Icuredd, v 3R 3w & fou Aoy oa &
TFTErT AT & MeAAH AR 3usNed cqrel T GRam 3imhet / Rl i sawrsdy &&hafa & fow
3AH YAETRMTT Geufd (Shuerd) &l 3e[diell Hecaqul &l HEUT &, f@umws faviaae seaas &q
ST Tetor giaer 2014 # TMOT 6T 7| DTHANSIR-3MSINSIN, HTHINSHRT T ggell  Td
WHRT &1F A @y yAeTener § forEel fawredar qdetor & fov Shuedt wAor 9 9o g1 Sheerd
qToT Fiatm & arRR #T AR A @ fGer & Ryt @ 3¥ier 2016 F ST 3R T St
W qHROIT 37eFTT g WA PN GAONRIOT qod g3 &, Ak IRUTATIRT, dEAE g
IFATTIRTellol TI&T0T 3TeqTqAISh folT TPRT &8F H, THATT SHUUT YA JA9RMeT gl 3§ dy,
glaer & Yo AU & R, Svedr qleror glawr &, &Y drolle fAwedar segds, s fagr
FIEHATEE A, IAHS cadid ool (WA bl sREAe) 3R cawr wadewor (et
ddiegorers) qligoi W o SlisT AT § | 3E FiauT A, 3 Teled GifsefHer & fav, s 3k
# s deree Gar 1 gAs & fou dafeas A gae e, i 3 & @y @9y s uiig
A AR faea A R#F [ & 3eged @ TG / A~ Rnfaded 1 darered 3T gu Heger
GIaEmsit &7 3eaager fhar ST T g1 IRIEAfds dF # Fioreh Yg¥eh Fdedds § IR S @ fRhier
FaET (emsNfrfoe) g & 3R 50 v&R 309 gftes TR & Shiat # o @ @wa & e HEer &
ATETH T AT H TAARA & S & 3R 379 & gifasRs yang der e Foha g1 safav, aRfEufadhr
a7 & Rffe ael @ v Wieg FHA 7 5 @A H FREh, A ey & aRkved § Agcaql
¢ 3Hh 3Melldl, 93T FEAT H YU & doll & fI2IVor &tel & v 3fd et & faefad 3k A
AT HecaqUT § dlich FHT W gEATT T WEd dIR T ST Hh| $H G SR Helidd Heal H
ALY g (i) e @Il $ A= Td 3 oefol A ST & fv AT faeevoeas client @ faeh
3R (i) Sherdr AT & 3FER @R 3R Scarel S fauredar / gram Hedna |

Selective solid-phase extraction using molecularly imprinted polymer as a sorbent for the
analysis of fenarimol in food samples

In the present communication, a non-covalent fenarimol-imprinted polymer was synthesized
by precipitation polymerization technique using methacrylic acid (MAA) as a functional
monomer, ethylene glycol dimethacrylate (EGDMA) as a cross-linker, and
azobisisobutyronitrile (AIBN) as an initiator in different porogenic solvent. Binding study of
molecularly imprinted and non-imprinted polymer (MIP and NIP) showed that MIP possesses
a higher affinity towards this analyte compared to NIP. The binding affinity of MIP was
calculated by static and kinetic adsorption study. Further, a MIP based cartridge was designed
to use in extraction process, necessary for specific determination and quantification of the
fungicide in food matrices. Under the optimum conditions, developed method was found to be
linear (R(2)=0.9999-0.9994). Limit of detection (LOD) and limit of quantitation (LOQ) in
samples were 0.03-0.06 and 0.12-0.21 pug mL(-1), respectively. The rate of recovery of
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fenarimol was 91.16-99.52% on MIPs. The validated method of molecularly imprinted solid-
phase extraction (MISPE) cartridge was successfully applied to the food matrices and
compared with commercial sorbent (RP18 and Oasis HLB). However authors feel, this method
has promising applications in the routine analysis of food samples in industry.

Khan S, Bhatia T, Trivedi P, Satyanarayana GN, Mandrah K, Saxena PN, Mudiam MK, Roy
SK. Food Chem. 2016; 199:870-5.

AT B Wor fAsHeor g HUEAF T F BT AT qgAF F TH ARG F T A
39ANT WieT et A A F faeawor & favw
mﬂmﬁ,wﬂimwfenarimol-aﬁma@%wméﬁmﬁwmméﬁ
& #H methacrylic TRAS (MAA), 3UTSelld Jogdhial dimethacrylate (EGDMA) Teh Hig-faiet & &7 H,
3R azobisisobutyronitrile (AIBN) 3T 3TNT FT TATTT TEAAIRI0T cehoiich GIRT AT fehar aram a7
faffies aReifes faemas & molecularly 3ifha 3R IR 3Hfehd Sgerh @1 3e9aT TR (MIP 3R
TA3NSH) & G T & MIP & analyte TITSH & Jefell 1 faem & Ush 3od TcIar Wl ¢ |
THITSYY & Sregery §ay &1 fAuRer Fer 3k oifds dr@ar seaas gann fhar s an 8
3TCATET, TH3MSYT 3TTRA FrésT o fasrdT ufshar & 39aier axet & fow fBemssr forar ar ar, & &6
ey Afgew 7 faflse fAuRor 3 vhg A & AEERT & fav S § gveaHn |l & dgd,
faepf@d fafer W&+ (3 (2) = 0.9 999-0.9 994) YRAT AT AT| FHAT H Ugarel (LOD) 3R quantitation
(LOQ) &r H#AT &1 H&AT 0.03-0.06 3R 0.12-0.21 ABHEMA Ufd TATS (-1) HAT F| THISH W
AT T affell S &X 91.16 ¥ 99.52% Tl molecularly 3ifhd 3 =ROT feisehyor (MISPE) iést
dr gfSe fafr gwerarg@s @y Afgrq & fav 3wl f&ar 3R arfoifsas sorbent (RP18 3R
3NTfAE HLB) & &A1Y Jofell # fohaT 141 UT| §Telifeh oI@ehi I AT ¢ o6 30 deufd & ez &
e Tl & fAafAd faeervor 7 sequen @ ser R S e g

@ T, frfear &, BFad &, AR Sie, FT o, FFAAT @ O, ARRTA THK, T THG Ted
TH™ 2016; 199: 870-5]

Validation of a Rapid and Sensitive UPLC-MS-MS Method Coupled with Protein
Precipitation for the Simultaneous Determination of Seven Pyrethroids in 100 pL of Rat
Plasma by Using Ammonium Adduct as Precursor lon

United States Environmental Protection Agency has recommended estimating pyrethroids' risk
using cumulative exposure. For cumulative risk assessment, it would be useful to have a
bioanalytical method for quantification of one or several pyrethroids simultaneously in a small
sample volume to support toxicokinetic studies. Therefore, in the present study, a simple,
sensitive and high-throughput ultra performance liquid chromatography-tandem mass
spectrometry method was developed and validated for simultaneous analysis of seven
pyrethroids  (fenvalerate, fenpropathrin, bifenthrin, lambda-cyhalothrin, cyfluthrin,
cypermethrin and deltamethrin) in 100 pL of rat plasma. A simple single-step protein
precipitation method was used for the extraction of target compounds. The total
chromatographic run time of the method was 5 min. The chromatographic system used a
Supelco C18 column and isocratic elution with a mobile phase consisting of methanol and 5
mM ammonium formate in the ratio of 90:10 (v/v). Mass spectrometer (APl 4000) was
operated in multiple reactions monitoring positive-ion mode using the electrospray ionization
technique. The calibration curves were linear in the range of 7.8-2,000 ng/mL with correlation
coefficients of> 0.99. All validation parameters such as precision, accuracy, recovery, matrix
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effect and stability met the acceptance criteria according to the regulatory guidelines. The
method was successfully applied to the toxicokinetic study of cypermethrin in rats. To the best
of author’s knowledge, this is the first LC-MS-MS method for the simultaneous analysis of
pyrethroids in rat plasma. This validated method with minimal modification can also be
utilized for forensic and clinical toxicological applications due to its simplicity, sensitivity and
rapidity.

Singh SP, Dwivedi N, Raju KS, Taneja I, Wahajuddin M. J Anal Toxicol. 2016; 40(3):213-21.

,d rt vkj lonu'ky ;ih,ylh&,e,1@,e,1 d Lk ;fker akvhu ifRfiVku fof/k Jjk
JOr IykTek di Ik ekb@kyhVj ueu e bkr wkbjhFjkoMI dk vekfu;e ,MDV dk fidlj vk;u
d -1 e mi;kxdj,d Lk tkp dk ekl; dj .k

;UkbVM LVVT 1 ;Koj.kh; Djfk.k ,€0h u ik; jiFkkoM T dh Bp;h tkf[ke dk tkp dju dh fEQkF "k dh
gA binfy;: lp;h tkf[ke eY;kdu dju d fy;: ek=kRed tkp fof/k dh vko";drk g tk fd ,d ;k cgr
Bkj 1k; jhFkkoMD dk de ek=k e eki dj Bd: tk fd VKkDIhdkdkbufvd LVMh dk BeFku igpk BdA
blfy,] ,d ljy Ifilfvo ;ih,ylh&,e,1@,e,l fof/k cukb xb g tk fd Bkr ik;jiFkbMI dk
,d BkFk 100 ekb@kyhVj pgk dh IykTek e: eki BdA bl eFkM dk 13k gku dk Be; ek=5 feuV g] rFkk
,d flEly LVi 1i ueuk dk ri;kj fd;k €k Idrk gA ;g fof/k BHA ekudk 1j [kjh mrjh gA bl fof/k
dk RkbijefFku dh VKDl dkdkbufvd LVMh d fy ;i 1Qyrkiod i;kx djd nfkk x;k gA ;g fof/k wU;
vkonu d fy, €'l fd Dyffudy vkj Qkjfld VKD Ihdkykthdy v/; ;u d fy, Hh mi;kx fd;k fd ;k €k
Idrk gA

flg , 1 i ffonh ,u] jk& di , 1] rutk vkb] ogktnnhu ,e] tuy vkQ ,ukfyfvdy VkiD I dkykth]
40] 213&221] 2016

DBS-platform for biomonitoring and toxicokinetics of toxicants: proof of concept using
LC-MS/MS analysis of fipronil and its metabolites in blood

A simple, sensitive and high throughput LC-MS/MS method was developed and validated for
quantification of fipronil, fipronil sulfone and fipronil desulfinyl in rat and human dried blood
spots (DBS). DBS samples were prepared by spiking 1Qul blood on DMPK -C cards followed
by drying at room temperature. The whole blood spots were then punched from the card and
extracted using acetonitrile. The total chromatographic run time of the method was only 2min.
The lower limit of quantification of the method was 0.1 ng/ml for all the analytes. The method
was successfully applied to determine fipronil desulfinyl in DBS samples obtained from its
toxicokinetic study in rats following intravenous dose (ing/kg). In conclusion, the proposed
DBS methodology has significant potential in toxicokinetics and biomonitoring studies of
environmental toxicants. This microvolume DBS technique will be an ideal tool for
biomonitoring studies, particularly in paediatric population. Small volume requirements,
minimally invasive blood sampling method, easier storage and shipping procedure make DBS
a suitable technique for such studies. Further, DBS technique contributes towards the
principles of 3Rs resulting in significant reduction in the number of rodents used and
refinement in sample collection for toxicokinetic studies.

Raju KS, Taneja I, Rashid M, Sonkar AK, Wahajuddin M, Singh SP. Sci Rep. 2016; 6:22447.

Mhch, I 1yVQke Fjk fo'kkyvk dh to&tkp ,o VKD I dkdkbufVDl dify, fodkl % jOr e ,d
1jy] bonu'lty fofk ,yIn&,e, 1@,e, 1 Hjk thp

bl 1;kx e] fQikfuy] fQikfuy BYQku] fQukfuy Mkb. 1YQukby Mhch, I fof/k dk 1;kx djr g, ekuo
rfkk pg d jDr ij ,d 1jy] Lonu®khy fof/k ,yIh&,e,1@,e, 1 dk fodkl fd;k x;k gA bl fof/k e
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ek= 10 ekb@kyhVj jDr dh vko" ;drk gkrh gA bl fof/k di }jk ,d ueu dh tkp ek= nk feuV e: dh &k
Idrh gA bl fof/k dk BQyrkiod 1;kx VkiDRdkdk;ufvd v/;;u d fy, pgk d 1 fexk@fdxk
fQukfuy MkoBYQkukby dh [kjkd ndj fd;k x;k gA bl 1;kx Fjk ;g fu'd'k fudyrk g] fd bl fof/k
gk 1;Koj.k e mifLFkr fo'ky: inkFkki dk VkfD Bdkdk; ufvd ;k ck;kekfuVijx v/; ;u fd;k €k Bdrk gA
bl fof/k el vYi ek=k e JDr dh vko®;drk gkrh g] vFkr 10 ekb@ kyhVj jDr dkM ij fy;k tkrk gA
QyLlo:i iklr ueuk dk HkMkj.k vkj fkfix 1fd ;k dify, VR;Ur mi;Dr gA bldhotg I jDr d ueuk
dk cMh vklkuh BinjLFk LFkkuk B 15 kxkkyk e thp dify, vy tk;k € bdrk g riRk de ek=k e: ueu dh
vko®;drk dh otg Ii ;g fof/k cPpk ei fo'ky: inkFkk dh ek=k tkuu: d: fy, cgr gh mi ;kxh Bkfcr gkxhA
bld vykok Mhch, I rduhd dk 1:;kx djd: “k/k@v/; ;u gri vko® ;d pgk dh L[ ;k e Hkkjh deh dh &k
1drh gA

jko di, 1] rutk vkb] jkf*kn ,e] Tkudj , d] ogktnnhu ,e] flig , 1 ih BkbfviQd fjikvil] 6]
2447] 2016A

Nano toxicology/AaadRarear Rufa=aeT

The institute has been working in the area of nanotoxicology from the past decade and has
been able to develop expertise, with a critical mass of 40% of its scientific manpower
contributing in this emerging area of toxicology. CSIR-IITR spearheaded two major network
projects of CSIR on nanotechnology and was a partner in six international flagship projects of
EU-FP7, UK, Spain and Japan. The institute took lead in the synthesis and characterization of
engineered nanomaterials (ENMs), development of methodology/assays/techniques for toxicity
assessment, guidelines for nanosafety, alternate models, mechanisms of action and interaction
of ENMs with biological systems. The institute has created vibrant network in the area of
nanotechnology with I1Ts, I1Sc, universities, research institutes and industries. To assess the
safety/toxicity of nanomaterials, some of the most critical issues that need to be addressed
include: i) effect of shape and size; ii) dosimetry; iii) route of delivery and tracking; iv)
development and validation of test models; v) in vitro vs. in vivo extrapolation; vi) ecotoxicity;
vii) computational nanotoxicity and viii) life cycle analysis. The scientists of the nanomaterial
toxicology group aim to investigate the health and environmental effects of nanomaterials to
delineate their toxicity and assure safe usage in consumer products, healthcare products and
medical devices.

T TSl G2 F oiall [AWAATT & 81T H HH H @ ¢ 3R FAvaar Gefda = 7 q&1d7 @1
gl HEIT & 40% AT $H HAgcaqul 33 faWerddr & &7 # dqeee aX | 81 HITH3MESHR-
IMEIMEIR, A alail TeARRr IR WTHINSITS AT & JH@ wlcash RIS HT AJed fohar
IR $F-uhdr 7, I, T IR SO F OF FRSET THT IRASEBT 7 elierr d qe U= &,
SIS AAHCRIS (SUATA) & HWIVOT AR oe1or auid & Ackea fahar, fawreraar Heaihad & fow
HRGUTT /O / dehelteh Al &1, = gran & fov feenfader, dewfeus Alse, Svava &
fohareas  wsra 3R Sfde gonferat & @y SuavA & @EEeEHl W Agcaqol  Hr AT B U
o, IEITES, IS, RreafdeTrerat, THET FEAE AR Ie@ET F @A I TR & gy
# SN9d Acas 91T g1 ANHeRIeT v GRET / TAWFAT T 3Hieholel Wl & T, Ta@ Agcaqor
Acal # @ $o & AT A H @I & i) IHR IR AT &1 F997a; i) ST, iii) Faawor
3R T & AnT iv) 9dieTor Alsa & [T 3R TA9eT; v) 57 @) e 37 At TrEedaRi vi)

24



Tox.Res.Bull / fTawfa.emer.af3sr 36 (1) 2016

SRICITFATALT; vii) FFGLAAST SAAreiFaraes 3R vii)) Saed T ARevoT| AAAERIer eliFaeptaiion
THE & Al 1 HET 30T AR & T R qearofy garEl S e 3R
SAHI TANFadr AfRad e & ad 3useFar 3cdmel, T @At 3curer iR Rafercar sgsoi
A geToht FRIATT 3TANT AT T S Tl

Photoprotective efficiency of PLGA-curcumin nanoparticles versus curcumin through
the involvement of ERK/AKT pathway under ambient UV-R exposure in HaCaT cell line
Curcumin (Cur) has been demonstrated to have wide pharmacological window including anti-
oxidant and anti-inflammatory properties. However, phototoxicity under sunlight exposure and
poor biological availability limits its applicability. Authors have synthesized biodegradable and
non-toxic polymer-poly (lactic-co-glycolic) acid (PLGA) encapsulated formulation of
curcumin (PLGA-Cur-NPs) of 150 nm size range. Photochemically free curcumin generates
ROS, lipid peroxidation and induces significant UVA and UVB mediated impaired
mitochondrial functions leading to apoptosis/necrosis and cell injury in two different origin
cell lines viz., mouse fibroblasts-NIH-3T3 and human keratinocytes-HaCaT as compared to
PLGA-Cur-NPs. Molecular docking studies suggested that intact curcumin from nanoparticles,
bind with BAX in BIM SAHB site and attenuate it to undergo apoptosis while upregulating
anti-apoptotic genes like BCL2. Real time studies and western blot analysis with specific
phosphorylation inhibitor of ERK1 and AKT1/2/3 confirm the involvement of ERK/AKT
signaling molecules to trigger the survival cascade in case of PLGA-Cur-NPs. Our finding
demonstrates that low level sustained release of curcumin from PLGA-Cur-NPs could be a
promising way to protect the adverse biological interactions of photo-degradation products of
curcumin upon the exposure of UVA and UVB. Hence, the applicability of PLGA-Cur-NPs
could be suggested as prolonged radical scavenging ingredient in curcumin containing
products.

Chopra D, Ray L, Dwivedi A, Tiwari SK, Singh J, Singh KP, Kushwaha HN, Jahan S, Pandey
A, Gupta SK, Chaturvedi RK, Pant AB, Ray RS, Gupta KC. Biomaterials. 2016; 84:25-41

WWW—WW*WWEMH, EIRH/THA FT
aEfledy & ATeTH § TA-IT A §Hhe Jd ABA § ITherel

DA TE-3iFse IR tRe-gerarae afed sarveh 3wt 707 gedier wicr § | greifh, gq &
Jed yareiafawerdr 3R @ie Sfas 3udetar & FRUT s 3uAEAar AfAT & | gHa SdgdEed
3R IR ¥l 150 TAUA AR & Sgesh el (AfFeh-Hg-Tedhiiorn) TS (fTersiv) FHFAT
AN T | TohRIRREAR HFd aRB AT NS T-FHHAA-AART T Jolell H HR3NTH, TS
HTEFNSHA 3c0eet &l § 3R AT 3 gd & ded TUe AclSeedd H & ALIEAAr §
Uof dic IR AT FJ AT § FoT &7 Heeaqol el FHT HIRIDT oligel ASH hsiiscle-TA3$TT
383 3R AT FEAGSCH- gdhe. 3MUgeh ST NeqIqT &l gea § & Aol @ SRR
DA, dNETA-THUTH Age A dUCFH & Y Y gl g IR HAH T i@H e & AT
wqiceifesd faRelr e & SRAIver-2 & §eT ¢dT §13RE-IBR 3R d¥ce sdlc 37eqaed o $37Reh-
13 ThEr-1/2/3 & TARAIY BIEBRISANT HERIY & AT SIRH/THET Tehelol U3 HT fierT Hr
gﬁ'géﬁﬁaﬁrthww-m%qldumﬁqdﬁqwﬁﬂ%‘é:l’l?ﬁ%lEHRT’I?IW&
g ATl § o NUorsliv-aefAe-uaied & e e TR @ TR P H Aheen
3MMRMTSTeteh RIHT g1 Hehell § FPiAA & FAIT IR I & TEd IaYl Tl 3cU1g HT SAfdeh Hoit
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T yicher fhaT @ | AT, AU HEHAF-TANTH AT JASIAT & & H HHiAe Jebd 3cUre]
# &9 HT T FHS Uh & & H I HE H G &A1 S Hehell B

ausr &, Y U, gfaddr U, faer vw, i vw; g W, S uH, 918 U, qoar uH , aqgddr
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SCENARIO OF FOOD CONTAMINATION AND ADULTERATION IN INDIA
Mukul Das

Food, one of the fundamental necessities of life, is required for growth and maintenance of our
body. A major concern of human societies has been the attainment of sufficient quantities of
food to provide to their citizens. With the development of modern agricultural methodologies,
the need for food preservation and processing was realized to ensure an adequate food supply
during non-agriculturally productive periods. In the recent past, both developed and developing
countries experienced many life-style changes that have led to an increased demand for
processed foods. Processed food now represents more than half of the diet of many developed
societies. With the fast growth of food processing industry, the trend towards the use of various
food additives added for technological purposes has also increased. The use of additives has
acquired legitimacy in processed foods and is justified as they serve to maintain the nutritional
quality and enhance the shelf life of the product. Their use curtails wastage of seasonal
surpluses, especially in developing countries, which lack modern storage and adequate
transport facilities. Also, in tropical regions where high temperature and humidity stimulate
microbial growth and development of oxidative rancidity of foods, the use of additives can be
of much advantage. This has led to a global concern about food safety and unfair trade
practices in quality, quantity and presentation. The scientific and public debates over the safety
of chemical additives, contaminants, adulterants, and pollutants appearing in foodstuffs have
been emphasized from time to time. Thus the demand for an essentially risk-free food supply
has increased.
The common pollutants, contaminants and adulterants causing concern to food industry and
consumers could be broadly classified as (a) intentional and (b) non-intentional chemicals. The
first category includes deliberate added chemicals like additives and adulterants, the latter for
the purpose of disguising inferior commodities and/or earning undue profits. The second group
of non-intentional contaminants can come during production, processing, packaging and
storage or through absorption from soil such as DDT in the food chain and sewer irrigation
may result in microbial/mycotic contamination as well as heavy metal contamination such as
lead, chromium etc. In this article, an attempt has been made to highlight the commonly
encountered food contaminants and adulterants and their health implications.
1. Intentionally Added Chemicals In Foodstufs:

1.1. Colours in foodstuffs:
The use of colours for making foodstuffs aesthetically and psychologically attractive has been
known for centuries. Synthetic colours are added to food commodities to replace natural color
lost during processing, to reduce batch-to-batch variation and to produce products with
consumer appeal where no natural color exists. Thus coloration of food allows the desired
esthetic quality of a particular product, and for these reason it is of importance to food
industries. Several sociological, technical and economic factors have influenced the food
industry in the past. Hence food industry strives to provide visually appealing foods that have
good taste and meet the consumers demand on quality and price.
The use of an array of synthetic colours started in food industry in late 1800s without any
knowledge of their safety. This led to the frequent usage of colours for decorative purposes and
unfortunately to disguise low quality foods as well. Since there was no control over the use of
colours in food, inevitably the need for legislation on the approved list of colours, meeting the
health concerns eventually came into force in most countries.
Under the Food Safety and Standards Authority of India (FSSAI), eight synthetic colours viz,
Sunset Yellow FCF, Tartrazine, Ponceau 4R, Carmoisine, Erythrosine, Brilliant Blue FCF,
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Fast Green FCF and Indigocarmine are permitted to be added to food items The increasing
number of dyes has made their classification and nomenclature very difficult. The dual
classification system used in color index (Cl) is accepted internationally. The unique system
identifies each dye by a generic name (eg Basic yellow 2), which describes the application type
(i.e. Basic) and color (eg yellow). A specific number is also allocated which represent ClI
number. The maximum permissible level of all food colours that can be added either
individually or in blend form to different food is 100 parts per million (ppm or pg/g) except in
canned food where the level of 200 ppm is allowed because of technological necessity. It is
mandatory to declare the addition of artificial color on the label of the food item. In a
surveillance study it was observed that almost 20 and 31% foodstuffs from urban and rural
markets exceeded the permissible level of 100 ppm, respectively.

The safety data of various synthetic permitted food colours has been reviewed from time to
time by the Joint FAO/WHO Expert Committee on Food Additives (JECFA). Besides
synthetic colours, some natural pigments are also permitted under FSSAI. It has been
emphasized that some of the food commodities should be absolutely free from any synthetic
colours .

In spite of the regulatory provisions, studies have shown the use of various non-permitted
colours and also revealed that synthetic colours are being added in foods in which they are not
permitted. It has also been reported that same of the Hungarian ethnic foods and shrimp paste
in Malaysia were colored with non-permitted lead salts and Rhodamine B to impart orange and
pink shade. Recent studies have shown that the prevalence of non-permitted colours in food
commodities is more in rural markets (38%) as compared to urban (25%). The chemical class
and color index (CI) names of various non-permitted colours found in foodstuffs are depicted
in Table 1. All the non-permitted colours in food commodities are generally water soluble
except Sudan dyes, which are encountered in powdered red chili samples. Synthetic Sudan
colours and Ratanjot from the root of Onosma hispidum, which are not permitted, have also
been observed in meat and vegetable curry samples sold on street- side vendors.

Table 1: List of commonly encountered non-permitted colors in foodstuffs

Common Name C.l. Name Chemical Class
& Number
1. Amaranth C.l. Food Red 9 Monoazo
(16185)
2. Auramine C.l.Basic Yellow 2 Diarylmethane
(41000)
3. Blue VRS C.l. Food Blue 3 Triarylmethane
(42045)
4. Congo Red C.l. Direct Red 28 Diazo
(22120)
5. Fast Red E C.l. Acid Red 13 Monoazo
(16045)
6. Green S C.l. Food Green 4 Triarylmethane
(Wool Green BS) (44090)
7. Malachite C.l. Basic Green 4 Triarylmethane
Green (42000)

8. Metanil Yellow

C.l. Acid Yellow 36
(13065)
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9. Orange Il C.l. Acid Orange 7 Monoazo
(15510)

10. Rhodamine B C.l. Food Red 15 Xanthene
(45170)

11. Sudan | C.l. Solvent Yellow 14 Monoazo
(12055)

12. Sudan I C.l. Solvent Orange 7 Monoazo
(12140)

13. Sudan lll C.l. Solvent Red 23 Diazo
(26100)

14. Ratanjot C.l. Natural Red 20 Alkanet

(Alkanin) (75530)

As the unethical practice of coloration of food materials with non-permitted dyes is likely to
expose the consumer to various health hazards, it is pertinent to give a brief toxicological
profile of the non-permitted colours, which have been detected in food preparations. Animal
toxicity experiments revealed that most of the non-permitted dyes inhibit the growth. Orange
I, Auramine, Rhodamine B, Blue VRS, Malachite green and Sudan Il have been shown to
produce pathological lesions in vital organs like kidney, spleen and liver. Metanil yellow (Gau
Marka Rang), the most popular among the non-permitted dyes, has been shown to cause
degenerative changes in kidney, testis, ovary, liver and spleen. This dye has also been shown to
cause lesions in DNA generally referred to as mutagenic and cancer promoting activity.
Administration of Congo red resulted in the abnormal accumulation of cerebrospinal fluid in
ventricles of brain called hydrocephalus, hydronephrosis — a condition in which enlargement of
kidney occurs due to accumulation of urine and ocular defects in fetus. Studies suggest that
Congo red is a mutagenic compound.

Auramine, Congo red, Malachite green, Rhodamine B and Blue VRS have been shown to
cause cancer of lung, breast, ovary and liver; and teratogenic abnormality, a property which
causes deformities of an embryo or fetus. It has also been observed that the toxicity of blend of
non-permitted colours is more than the exposure to single dye.

1.2. Adulterants in edible oils:

Edible oils and fats serve as the only source of essential fatty acids, add special flavors and
maintain cell membrane integrity. This commodity has attracted maximum scope for addition
of variety of adulterants. Many a times it is the plain price variations and economic gain, which
is the prime cause of adulteration. However, huge gaps between supply and demand of edible
oils and shortages of particular oil also prompt the unscrupulous traders  to indulge in
malpractice of adulteration.

1.2.1. Argemone seed oil:

Argemone mexicana L. (Papaveraceae) is a wild plant (Figure 1a) popularly known as

satyanashi (Shailkanta in Bengal, Bharbhanda in Uttar Pradesh). Its seeds bear a close
superficial resemblance to black mustard seeds (Brassica nigra) (Figure 1b). Accidental
admixture of argemone seeds with those of mustard, growing in the same field, does not occur
as the harvesting time of mustard (February-March) and argemone (May-June) is different.
Argemone seeds are rich in oil (30%-35%) whose color is similar to that of mustard oil.
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Figure 1: Argemone plant having a pod (a) containing seeds (b)

o &)

Consumption of mustard oil contaminated with argemone seed oil is known to cause epidemic
dropsy, a disease where fluid is accumulated in different tissue causing swelling. Argemone
poisoning was first reported from Calcutta in 1877. Since then, several outbreaks have
occurred in different states of India as well as in Mauritius, Fiji Islands and South Africa. The
1998 dropsy in Delhi was possibly the largest in India so far wherein over 3000 persons were
hospitalized and 65 lost their lives. The problem of adulteration of mustard oil with argemone
still exists as evidenced by dropsy at Gwaliar in 2000, Kannauj in 2002 and Lucknow in 2005.
The clinical manifestations of argemone oil poisoning include vomiting, diarrhea, nausea,
fever, erythema, bilateral pitting edema of the lower limbs, breathlessness, tachycardia,
hepatomegaly, crepitations in the lungs and gallop rhythm. In severe cases, glaucoma and even
death due to cardiac and respiratory failure have been reported. Normocytic hypochromic
anemia indicating abnormal small erythrocytes with increased erythrocyte sedimentation rate
(ESR) is a constant feature. Pregnant women afflicted with epidemic dropsy either abort or
give birth to stillborn fetuses.

The toxicity of argemone oil has been attributed to its physiologically active
benzophenanthridine alkaloids-sanguinarine and dihydrosanguinarine. Both these compounds
are interconvertible by simple oxidation and reduction processes. The alkaloid content in
argemone oil varies from 0.044% to 0.5%, which may be due to climatic and geographical
factors on the toxin content of the plant.

Detection of argemone oil in mustard oil has always been a cause for concern. CSIR-IITR,

Lucknow has developed a qualitative test kit with a sensitivity of 100 ppm for the detection of
argemone oil at the field level The kit is easy to perform and takes about 15-20 minutes. A
portion of test oil is taken in a test tube and shaken with a reagent mixture. It is allowed to
stand to separate the two layers (hot water immersion shortens separation time). A drop of
lower layer is applied on a filter paper strip and viewed under AO kit. An orange to purplish
fluorescent spot indicates the presence of argemone oil (Figure 2). The kit was used during
1998 Delhi dropsy for expeditious analysis and clearance of accumulated oil samples at Delhi.
During that time analysis of the loose mustard oil samples from outskirts of Lucknow showed
that every fourth sample was adulterated with argemone oil, which led to ban on the sale of
loose mustard oil. However the scenario was quite bad when oil/ fat samples from the
consumers of Lucknow city were analyzed, which showed more than 50% samples adulterated
with argemone oil.
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Figure 2 Argemone oil detection kit

Experimental studies suggest that the skin, liver, lungs, kidneys and heart are the target sites
for argemone oil intoxication. Argemone oil causes a dilatation of the smaller arterioles and
capillaries. “Capillaritis’, a condition refers to inflammation and leakage of capillaries, leads to
the escape of serum albumin with a concomitant increase in globulin resulting in increased
capillary permeability, which may be responsible for edema and serous effusions in the
pericardium, lungs and pleural cavity. Studies suggest that argemone oil inactivates the hepatic
heme protein, cytochrome P-450, which is responsible for the biotransformation of a variety of
xenobiotics, thus impairing the clearance of argemone alkaloids from the body, resulting in
cumulative toxicity. A green fluorescent metabolite, benzacridine formed from sanguinarine,
was detected in the urine and feces of rats and guinea pigs even after 96 hours of oral
intubation of sanguinarine. This metabolite has also been detected in the milk of sheep grazing
on argemone plants. Argemone oil has also been reported to enhance the production of reactive
oxygen species (ROS), which are highly reactive and toxic. It has been shown that ROS like
singlet oxygen and hydroxyl radicals were involved in argemone oil toxicity which led to
oxidative damage of proteins, lipids and DNA in the blood of epidemic dropsy patients.
Argemone oil and its isolated alkaloid have also been shown to produce DNA lesion and
cancer causing effects in animals. Subsequent studies have shown that AO is responsible for
gall bladder cancer (GBC) if consumed orally, which is linked to higher incidence of GBC in
the population of Indo-Gangetic Basin. Several bioantioxidants were shown to protect against
argemone oil-induced toxicity in experimental animals. Based on these studies, a limited trial
of a combination of bioantioxidants (Riboflavin and a-tocopherol) was conducted in dropsy
patients at Barabanki. This regimen was adopted in several hospitals of Delhi, Kannauj and
Lucknow during 1998, 2002 and 2005 epidemic dropsy, respectively, which showed beneficial
effects in patients.
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1.2.2. Butter yellow:

Light pale cheaper oils, dyed with synthetic dyes along with the addition of mustard pungency
factor allyl isothiocyanate, are sometimes sold under the pretext of mustard oil. An earlier
study on analysis of edible oils from the state of Uttar Pradesh showed that almost 3.5%
samples were adulterated with a non-permitted fat-soluble azo dye, Butter yellow. However, in
a set of over 100 mustard oil loose samples collected during July 2002 from different markets
of Lucknow, showed that more than 50% samples were artificially colored with Butter yellow.

Butter yellow interacts with macromolecules like DNA and proteins to initiate toxic effects at
gene and DNA levels, referred to as genotoxic and mutagenic responses. It has been found to
produce hepatic and skin tumors as well as cancer in respiratory tract. Due to its highly
reactive and toxic property, this color has been banned for food usage in 1950s.

The detection of Butter yellow is performed by reverse phase chromatography on a paraffin
pre-coated paper sheets. A simple technology referred to as ‘MO Check’ (Mustard Oil Check
Strip) for the detection of Butter yellow in oils has been developed (Figure 4). This is a
chemically pre-coated test strip, which enables on the spot detection of Butter yellow in edible
oils. The test is easy to perform, takes only a few minutes and requires only visual observation.
The detection of butter yellow can be carried out by simply placing a drop of test oil on MO
Check Strip. If the color of spot changes to pink, the oil is considered to be adulterated with
butter yellow. The color of the spot can be matched with standard color printed on the cover
sheet of strip as shown in figure 3.

Figure 3 MO Check strip for detection of butter yellow in edible oil

1.2.3.  Tricresyl phosphate
Tricresyl phosphate (TCP) is an odorless, colorless, industrial and organophosphorus chemical.
It is used in lacquers and varnishes as a plasticizer and also in hydraulic fluid. TCP has been
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shown to cause paralysis of hands and feet in animals and humans (68). However, its mode of
action is not yet fully understood. It appears that ortho isomer of TCP is more toxic than its
meta or para isomers. Outbreaks of TCP poisoning have occurred in past in the USA,
Morocco, India, Durban and Sri Lanka. In July 1988, an outbreak through the consumption of
adulterated rapeseed oil took place at Behala area in Southwest outskirts of Calcutta. About
600 victims reported to hospital, of which 343 were admitted. During this period several
rapeseed oil samples of Behala area were analyzed and some them were found to be
contaminated with TCP. Majority of the patients gave a history of gastric upset at the onset
followed by numbness, tingling and weakness of lower limbs after 5-7 days of consumption of
contaminated oil. The weakness in the lower limbs increased in the second week and was
followed by the involvement of the upper limbs. Foot drop was encountered in nearly all the
severe cases showing weakness of proximal muscle. Upper limbs were affected in more than
half of the admitted patients, the salient feature being wrist drop. On examination, ankle jerk
was absent and knee reflexes were poor.

An 18 months follow-up study of these patients revealed that only 37.9% patients
recovered from TCP induced paralysis while the majority (62.1%) still had neurological
deficits. The factors of age, addiction and nutritional status have been observed to be of
importance in relation to recovery from neurological loss following TCP ingestion. Though all
types of addictions have an adverse effect on recovery, but addiction to alcohol was found to
be a significant factor. Even after eighteen months of the outbreak, recovery in these patients
was extremely slow and residual neurological loss persisted. Though complete recovery in
some of the severely affected cases is doubtful, regular physiotherapy exercises may yield
better rehabilitation prospects. It may even leave many victims permanently disabled and
crippled for rest of their life. It is equally important to note that no specific line of treatment is
known so far and efforts to work out suitable remedial measures of TCP poisoning must be
made.

1.3. Adulterants in pulses:

Among cereals, kesari dal (Lathyrus sativus) and its flour are at times mixed in dal arhar
(Cajanus indicus) and dehusked Bengal gram flour (Besan). L. sativus pulse is considered as
an inexpensive legume, which does not require much irrigational inputs. Lathyrus sativus
forms a staple food for the low-income group population in several parts of Central India. Its
continued consumption in appreciable quantities for a period of 2-3 months causes progressive
spastic paralysis of lower limbs, which is commonly referred to as lathyrism. The disease can
be categorized in 4 stages of spastic paralysis, (i) Non stick stage: in mild cases, victims walk
with short steps and jerky movements (Figure 4a); (ii) One stick stage: in advanced cases,
victims walk with bent knees, raising of heels and with the support of one stick; (iii) Two stick
stage: the victims show scissoring and crossed gait and are able to walk with the help of two
sticks (Figure 4b) and (iv) Crawler stage: in the advanced stage of disease, the victims are

forced to crawl on palms and knees as they cannot walk even with the support of two sticks.

Figure 4: Victims showing different stages of Lathyrism
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The disease has been responsible for crippling several thousand people. There was an earlier
report claiming about 32000 victims in Rewa and Satna districts of Madhya Pradesh alone. The
outbreak of this disease is highly prevalent in Ethiopia, Bangladesh and Afghanistan. The
etiological agent for neurolathyrism was found to be an unusual amino acid,

beta oxaly amino alanine (BOAA). The content of BOAA in L. sativus is known to vary from
0.2 to 2.5%. Due to the toxic nature of L. sativus many countries have banned its cultivation. In
India, majority of the states have imposed restrictions on its cultivation/ sale excluding West
Bengal, Bihar and Madhya Pradesh. During an outbreak of paralysis in some villages of Unnao
district of Uttar Pradesh an epidemiological survey was undertaken by ITRC. Various afflicted
persons were clinically examined (Figure 4a, b) and a batch of 45 samples of household atta
and dal examined for the presence of BOAA. Of these 16 samples showed positive test for
BOAA. Also, the ground water consumed by these victims contained 3-20 times higher
concentration of manganese than the permissible levels. However, any relationship between
manganese and lathyrism remained unresolved at that time. However, later it was observed that
some of the pre-disposing factors like ascorbic acid deficiency and low levels of manganese
exposure could be instrumental in producing lathyrism. However, in 2016 the ban on
cultivation of Lathyrus sativus has been lifted that may affect the pre-disposed population.
Thus, to ensure the good health of the citizens of our country, the ban on cultivation and sale of
Lathyrus sativus should be continued, till we get a low toxin variety of this pulse.

Efforts to propagate genetically engineered low toxin varieties of L. sativus by Indian Council
of Agriculture Research (ICAR) are in progress. Once the toxin is removed, lathyrus has all the
potential to offer not only affordable pulse for the vast section of the society but also an
extraordinarily environmentally tolerant, pest resistant, low irrigational need, hardy crop which
is otherwise quite rich in high protein, economical and acceptable taste.

2. Non-Intentional Food Contaminants:

2.1. Mycotoxins:

Mycotoxins are ubiquitous contaminants owing to the global distribution of toxigenic fungi,
thereby putting crops and consumers (man and cattle) at risk and causing serious problems in
agricultural economics and international trade of a wide range of products including cereals,
dried fruits, coffee beans and oils seeds. The level of mycotoxin contamination of such
commodities varies from year to year depending on climatic conditions, commodity and
location in a country as well as improper harvesting, storage and processing operation. It has
been estimated that one quarter of world’s food crops is at risk owing to mycotoxin
contamination. The mycotoxins produced by several toxigenic fungi lead to mycotoxicoses and
their occurrence as contaminants of major components of diet is listed in Table 2.
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Table 2: Occurrence of various mycotoxins in foodstuffs and their biological activities

Mycotoxin Producing Dccurrence Biological activity
Genus
Aflatoxin B1 Aspergillus Corn, Peanut, Dry fruits, Spices, [Carcinogenicity,
Rice Teratogenicity
Citrinin Penicillium, Maize, Rice, Wheat, Barley, Nephrotoxicity
Aspergillus Flour, Oats, Rye, Peanut
n-Cyclopiazonic acid Penicillium, Maize, Millet, Milk, Ham, Neurotoxicity
Aspergillus Tomato, Pulses, Cheese, Peanut,
Sausage
Ergotoxins Claviceps Wheat, Barley, Oats, Rye, Millet, Masoconstriction,
Maize Neurotoxicity
~Fumonisin B1 Fusarium Maize, Rice, Navy bean Carcinogenicity,
Neurotoxicity
Dchratoxin A Penicillium, Coffee, Wine, Beer, Cereal, Carcinogenicity,
Aspergillus Spices, Cocoa, Licorice Nephrotoxicity
Patulin Penicillium Apple, Orange, Pear, Mutagenicity
Grapes, Strawberry
Penitrem-A Penicillium Corn, Cheese, Maize, Nuts, Neurotoxicity
Processed meat
Phomopsin A Phomopsis L upinstubble Hepatotoxicity
Sporidesmin-A Pithomyces Pastures Hepatotoxicity,
Photosensitivity
Trichothecenes Fusarium Wheat, Barley, Rye, Oats, Rice, Dermatotoxicity,
Soya bean, Potatoes, Groundnuts, Heamopoietic effects
Mango
7earalenone Fusarium Maize, Corn, Bread, Walnut =strogenism,
Reproductive
rregularities

Aflatoxins are a group of highly toxic and carcinogenic secondary metabolites. There are four
main aflatoxins B1, B2, G1 and G2 denoting their fluorescence color and relative
chromatographic mobility. Aflatoxin M; (AFM;), a metabolite of AFB1, has been given the
name because of its presence in milk. Among the various aflatoxins, Aflatoxin B1 (AFB1) has
been implicated in highly lethal episodic outbreaks of mold poisoning in exposed human and
animal populations. Recently, AFM1 has been shown to be present in Indian infant milk
samples (65-1012 ng/l) and liquid milk (28-164 ng/l). Almost 99% of the contaminated
samples exceeded the European Communities recommended limits (50 ng/l) while 9 %
samples exceeded the prescribed limits of US regulations (500 ng/l). Studies on aflatoxins have
fastened an increasing concern about the possible health hazards engendered by the
introduction of toxic and possibly carcinogenic compounds into foods by molds. Aflatoxins,
fumonisins, ochratoxins, patulins, tricothecenes, zearalenone, etc. are some common
mycotoxin groups whose limits have been prescribed and are being regularly tested in
developed countries (Table 3). At present, FSSAI has limits for total content of aflatoxins and
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trichothecenes. Limits for individual aflatoxins like B;/B, M; and various other mycotoxins
have not yet been prescribed. There is an urgent need to formulate these limits and monitor
their levels in different food commodities.

Table 3: Prescribed levels of various mycotoxins by different regulatory organisations

Commodity Mycotoxin Maximum limits (ug/kg)

Codex U.S. —FDA EU India
Peanuts Aflatoxin B1 15 20 2 30
Cereals Frgotoxins 1000 1000 1000 No stds
Maize Fumonisin- B1 1000 1000 1000 No stds
Cereals Dchratoxin-A 5 20 5 No stds
Apple Patulin 50 50 50 No stds
Lupin Phomopsin-A 5 5 5 No stds
Cereals lrichothecenes No stds 500 500 1000
Cereals earalenone 1000 No stds 1000 No stds

Codex- Codex Alimentarious is an international organization, which develop food standards, guidelines and
related text for protecting health of consumers.

US-FDA- United States Food and Drug Administration.

EU- European Union countries like Austria, Belgium, Denmark, Finland, France, Germany, ltaly, Netherland,
United Kingdom, prepares food laws , which are followed collectively by them.

2. 2. Metals:

The rapid industrialization and use of fertilizers and pesticides in agriculture have led to
release significant quantities of metals in our environment. Various metals have been detected
in air, soil and water leading to absorption in food crops. Thus food and water is the main
sources through which human exposure to metals have been observed.

In general all the metals are probably toxic if consumed in large dose and hence it is difficult
to make clear distinction between essential and toxic metals. Some metals like

sodium, potassium, calcium, phosphorus have nutritional value, while the others are toxic
(arsenic, mercury, lead, cadmium) even at low levels of intake. Few of the metals have been
found essential for our body at low concentrations which include iron, copper, zinc,
manganese, cobalt, molybdenum, selenium, chromium, nickel, tin and valium, but excessive
intake of these may cause deleterious effects. The range of permissible level of various toxic
metals in some foodstuffs under FSSAI is described in Table 4. The estimation of metals in
foodstuffs is carried out by extraction followed by atomic absorption spectrophotometry. This
is an instrument which measures the content of various metals in samples.
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Table 4: Permissible levels of toxic metal in some foodstuffs under FSSALI.

Metal Article of food Parts per million
(ppm) by weight
Lead Infant milk substitute and infant foods 0.2
Turmeric whole and powder, tea, dehydrated 10.0
onions, dried herbs and spices, flavourings,
iquid pectin, food colouring other than caramel
and baking powder.
Solid pectin 50.0
Arsenic Infant milk substitue and infant foods 0.05
Dried herbs, clearing agents, solid pectin, 5.0
spices, food colouring other than synthetic
colouring
Tin Infant milk substitute and infant foods, hard 5.0
boiled sugar confectionery
Processed and canned products, jam, jellies 250.0
and marmalade, juices, pulp and pulp
oroducts, cooked ham, chopped meat, canned
chicken, canned mutton and goat meat.
Cadmium Infant milk substitute and infant foods, turmeric 0.1
~hole and powder
Other foods 15
Mercury Fish 0.5
Other foods 1.0
Methyl mercury All foods 0.25
‘Calculated as the element)
Chromium Refined Sugar 20 ppb
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The target organs of toxic metals are described in Table 5. The ill famous ‘Minamata’ disease
in 1950s due to consumption of fish from the Minamata Bay in Japan, polluted by methyl
mercury rich industrial effluents is well known. Over a thousand people became ill with
neurological deficits and more than fifty died as a result of the disease. In 1970s methyl
mercury poisoning again occurred in Iraq, when seed grain treated with a fungicide
containing this compound was ground into flour resulting in over 6000 cases with 600 deaths.
The relative toxicity of methyl mercury as compared to inorganic mercury salt has been
attributed due to its faster absorption through intestinal cells. A tolerable weekly intake of 5
Hg/kg body weight of total mercury, of which no more than 3.3ug/kg body weight should be
methyl mercury, has been recommended.

Table 5: Target organs of toxic metals

Metal Target organs

Arsenic Skin, lungs and kidney

Cadmium Kidney, lungs and liver

Chromium Skin

Lead Haematopoietic tissue, kidney, central and peripheral nervous system

Manganese Central nervous system

Mercury Central nervous system and kidney

The outbreak of Itai-Itai disease in Japan following consumption of rice contaminated with
high levels of cadmium has highlighted the risk due to inadvertent intake of such metals
through food chain. Plants from soil readily absorb cadmium. Food crops grown on cadmium-
contaminated soils, thus, become a source of exposure for man and animals. WHO has
recommended that the total weekly intake of cadmium should not be more than 7 ug/kg body
weight.

Food is the major source of lead exposure for humans. Food grains, vegetables, fruits etc
contain variable amount of lead. Absorption of lead is higher in children and infants than
adults. Pregnant women and developing fetuses appear to be more sensitive to lead due to
enhanced food intake. WHO has recommended that the total weekly intake of lead should not
exceed 25 pg/kg body weight for infants, children and adults.

The problem of arsenic in water has been a cause of global concern. Bangladesh and West
Bengal are one of the major endemic areas; however, in recent times Ballia town of Uttar
Pradesh has also shown several cases of arsenic poisoning due to contaminated ground water.
Efforts are being made to remove arsenic from ground water so as to obtain safe drinking
water. The first episode of arsenic poisoning occurred in Japan when over 12,000 infants
consumed contaminated dried milk along with 130 deaths. High levels of arsenic have been
reported in vegetables due to the soil contaminated with arsenic. The tolerable daily intake of
arsenic has been recommended to be 2ug/kg body weight.

Chromium can also enter through food chain either through the tannery effluents or in soil rich
in chromite ore as in Sukinda Valley. Chromium has been detected in various foodstuffs such
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as sugar, milk, vegetables, nuts etc. Chromium exist in trivalent state, which is inert, however,
conversion to hexavalent state enhances the toxicity. The tolerable daily intake of chromium
through food and water has been recommended to be 78+ 42 ug.

Nickel like many other trace elements is widespread in the contemporary human environment
including water, soil and food. Based on nickel content in 9 different US diets, an average
intake of 165 pg/day of nickel was calculated. The dietary nickel intake of 250 pg/day for UK
population has been reported, which includes an estimated 100 pg/day for nickel migrating
from metal cookware. Though studies employing certain nickel salts like subsulphide, oxide,
carbonyl etc provide unequivocal evidence of toxicity and/or carcinogenicity in experimental
animals and humans, no increased cancer risk have been demonstrated in workers exposed
exclusively to metallic nickel. Nickel is used as a catalyst for the hydrogenation of edible oils
that have to be removed. Thus, the Good Manufacturing Practice (GMP) generally governs the
levels of residual nickel catalyst in hydrogenated vegetable oils (HVO). A survey study in
which 1221 HVO samples were analyzed showed that 11.7% had 1ppm residual nickel, which
indicates that by adopting GMP, the levels of contamination with nickel could be appreciably
contained. However, almost 43% samples showed 10-30 ppm nickel putting unnecessary body
burden load. Based on these studies 1.5 ppm in HVO was recommended under FSSAL.

Metallic contaminants in some items, which are used in food commodities, are not known.
Silver foil (Chandi Ka Warq) is one such item for which specifications have not been prepared
except that it should be 99.9% pure. This leaves an unspecified margin of 0.1% or 1000 pg/g
for contaminants. The levels of metallic contaminants in silver foil (178 samples) showed that
90% contained silver, whilst 10% were fraudulently made up of aluminum. In the case of silver
foils, 46% of the samples adhered to the desired purity requirement of 99.9%, while 54% had a
lower silver content. Chromium and lead contamination was found in over 54% of samples
with an average value of 83 and 300 pg/g. Cadmium levels were detected in 28% of the silver
foils with an average level of 97 pg/g. Thus, Bureau of Indian Standards (BIS) and FSSAI
have now incorporated the limits of heavy toxic metals in food-grade silver foils.

2.3. Polycyclic aromatic hydrocarbons:

Polycyclic aromatic hydrocarbons (PAHSs) are ubiquitous environmental pollutants. They are
formed through a number of combustion processes and are present as a complex mixture of
many individual PAHs. Studies of various environmentally relevant matrices, such as coal
combustion effluent, motor vehicle exhaust, used motor lubricating oils and tobacco smoke
have shown that PAHs in these mixtures are mainly responsible for their carcinogenic
potential. Toxicity data of 33 PAHSs, which may pose health hazard to human health, have been
accumulated. It has been suggested that PAHs having four or less than 4 benzene rings in its
structure, referred to as light PAHSs, are relatively less toxic than that of heavy PAHSs having
more than four benzene rings.

Exposure to soot as a cause of scrotal cancer was noted for the first time in 1775. Occupational
exposure to tars and paraffin has been reported to induce skin cancer. The lung is supposed to
be the main site of PAHs induced cancer whereas skin tumors have become rare because of
better personal hygiene. Recent studies have shown that repeatedly fried oil generates
considerable amount of PAHS which are cytotoxic due to enhanced formation of a precursor
(BP-7, 8-diol) of ultimate carcinogenic species, diol epoxide, thereby leading to increased
DNA binding causing carcinogenesis in experimental animals.

The German Food Industries have recommended a maximum limit of PAHSs for refined fats
and oils to an extent of 25 pg/kg and 5 pg/kg for light (acenaphthylene, acenaphthene,
anthracene, benzo(a)flourene, benzanthracene, fluoranthene etc) and heavy PAHS
(benzo(a)pyrene, benzo(ghi)perylene, coronene, dibenzanthracene etc), respectively.
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Minimum risk level (MRL) doses have been proposed by United States-Environmental
Protection Agency (US-EPA) for anthracene (0.3 mg/kg/day), acenaphthylene (0.06
mg/kg/day), fluoranthene (0.04 mg/kg/day), flourene (0.04mg/kg/day) and pyrene (0.03
mg/kg/day).

Vegetable oils are reported to be naturally free of PAHs, and contamination is due to
technological processes like smoke drying of oil seeds or environmental sources such as
deposition from exhaust gases of traffic. The PAHs content of native olive oils was particularly
high. Benzo(a)pyrene was detected in 30 vegetable oils from Italy and France in 1994,
including 17 grape-seed oils and one pumpkinseed oil. The average concentration was 59
ug/kg and the maximum value was 140 pg/kg. The source of these high levels was the smoke
in drying ovens. In a recently conducted study in India, 296 oil samples comprising of coconut,
groundnut, hydrogenated vegetable, linseed, mustard, olive, palm, refined vegetable, rice bran,
safflower, sesame, soybean, and sunflower showed that 88.5% samples were contaminated
with different PAH. Of 262 contaminated edible oil samples, 66.4% of the samples showed
PAH content of more than the 25 pg/kg recommended by the German Society for Fat Science.
The total PAH content was highest in virgin olive oil (624 pg/kg) and lowest in refined
vegetable oils (40.2 pg/kg). The maximum content (265 pg/kg) of heavy PAH was found in
olive oil and the minimum (4.6 pg/kg) in rice bran oil. Phenanthrene was present in 58.3% of
the oil samples analyzed, followed by anthracene (53%). Among the heavy PAH,
benzo(e)pyrene was observed in 31.2% of the samples followed by benzo(a)pyrene (25.5%).
The intake of PAH was highest through olive oil (20.8 pg/day) followed by soybean oil (5.0
pg/day) and lowest through refined vegetable oil (1.3ug/day). Based on these monitoring
studies, international and national guidelines for permissible levels of PAH can be prepared so
as to restrict the intake of these toxic contaminants.

The intake of individual PAHs from food has been estimated to be 0.10-10 ug/day per person
in USA. The total daily intake of benzo(a)pyrene from drinking water was estimated to be
0.0002 pg/person. Cereals and cereal products are the main contributors to the intake of PAHs
from food because they are a major component of the total diet. It is estimated that exposure to
PAHSs in humans is considerably higher through food than from ambient air or drinking water.
Cereals seemed to be the main contributors (34%), followed by vegetable (about 18%) and oils
and fats (about 16%).

2. 4. Pesticides:

Pesticides are used extensively to increase agricultural crops and have become an integral
part of modern farming. Some of these chemicals are also employed in public health including
control of diseases like malaria. Based on biological activity, these compounds are categorized
as herbicides, insecticides and weedicides, nematicides etc. It has been indicated that
herbicides are maximally used (40%) followed by insecticides (30%) and fungicides (20%).
However, depending on their chemical structures, pesticides are classified into
organochlorines, organophosphates, carbamates, pyrethroids and triazines.

Due to spraying of pesticides on crops for control of pests, their residues are found in soil,
water, air and crops. Several pesticides have been reported in various foodstuffs including
fruits, vegetables, cereals, grains, grain products, milk and dairy products, eggs, meat, fish,
chicken etc. Because of their wide spread use, pesticides leach into surface and ground water,
which ultimately becomes the source of drinking water. Though some of the

persistent organic pesticides are banned or severely restricted in their use, they are still found
to be present in environment and thus pose a threat to human health. FSSAI has recommended
permissible levels of as many as 121 insectides and pesticides in different foodstuffs.
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Organochlorine pesticides have high persistence ability in the environment due to which they
accumulate in the tissues of living organisms including human beings. Many of the
organochlorine pesticides like DDT and HCH have been shown to be neurotoxic, mutagenic
and carcinogenic at low doses. The role of haem protein, cytochrome P-450 has been
suggested on the body burden of organochlorine residues. Because of these biological activities
many of the organochlorine pesticides have been banned for agricultural use.
Organophosphorus pesticides are relatively safer as compared to organochlorines as their
degradation is much faster in environment. However, long-term exposure has been shown to
cause toxic manifestations in animals. In general, organophosphates have neurotoxic potential
by acting as inhibitors of neuronal acetyl cholinesterase, an enzyme that regulates neuro-
transmission by hydrolyzing acetylcholine that accumulates at the synaptic junction during
propagation of nerve impulses. This esterase inhibition is non-reversible and thus the recovery
of delayed paralysis is either very slow or absent. Inhibitors and inducers of cytochrome P-450
may modulate the toxicity of organophosphates. Some of the organophosphates e.g.;
malathion, methyl parathion, dichlorvos etc have been shown to produce mutagenic and
carcinogenic effects.

Carbamate pesticides are relatively much safer as compared to organochlorines and
organophosphates. Although carbamates cause inhibition of acetyl cholinesterase to produce
neurotoxicity, nonetheless, inhibitory response is reversible due to which recovery occurs quite
frequently. Carbamates like carbaryl, propoxur, thiram etc have been found to be teratogenic in
experimental animals.

Pyrethroids are the structural analogs of naturally occurring pyrithrins from Chrysanthemum
plant. These compounds at low doses have severe toxicity to insects but nontoxic to mammals.
Some of these compounds may cause neurotoxicity. The toxicity of triazines is considered to
be mild. However few cases of human poisoning are known leading to dermatitis.

3. Food Borne Pathogens

Food-borne disease is a pervasive problem caused by consumption of contaminated food and
drink. An estimated 76 million cases occur annually round the globe, resulting in 300,000
hospitalizations and 5,000 deaths. Many disease-causing microbes, or pathogens, can
contaminate foods leading to various food borne infections. In addition, poisonous chemicals,
or other harmful substances can cause food borne diseases if they are present in food. We live
in a microbial world, and there are many opportunities for food to become contaminated as it is
produced and prepared. Meat and poultry carcasses can become contaminated during slaughter
by contact with small amounts of intestinal contents. Similarly, fresh fruits and vegetables
become contaminated if they are washed or irrigated with water that is contaminated with
animal manure or human sewage.

Food-borne diseases are caused basically by bacteria, parasites, toxins, and viruses. Bacterial
infestations to food are the most common causes for food borne diseases. The diseases caused
by viruses are likely to occur but are seldom confirmed because of the short duration and self-
limited nature of the illness. These diseases have several symptoms but not a single
"syndrome" is specific to a particular food borne pathogen. Further, microbe or toxin enters
the body through the gastrointestinal tract, and often causes symptoms like nausea, vomiting,
abdominal cramps and diarrheas in most of the food borne diseases. Contamination of food
usually arises from improper handling, preparation, or food storage. Good hygiene practices
before, during, and after food preparation can reduce the chances of an illness. The action of
monitoring food to ensure that it will not cause food borne illness is known as food safety.

The presence of pathogenic microbes is not perceivable generally by any sensory tests and at
times goes un-noticed. However, pathogens can enter the raw materials during processing.
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They can also be introduced into foods during processing from the air, unclean hands, in
sanitary utensils and equipment, unsafe water, and sewage, and through cross contamination
between raw and cooked product. Many high-risk pathogens that cause disease in humans are
transmitted through various food items. Due to increased illness, which leads to time lost at the
work place and reduced productivity, food-borne diseases across the world cost billions of
dollars annually. Because outbreaks of food-borne illnesses may be under-reported by a factor
of 30, the number of cases of gastroenteritis (referred to as disorders in gastrointestinal tract)
associated with food is estimated to be between 68 - 275 million per year. Even at the lower
end of this range, food-borne disease constitutes a major public health problem. Diarrhea
continues to plague the developing world, resulting in more than 3 million deaths. Children
especially those who are malnourished remain at a greater risk. More than 1.5 billion episodes
of diarrhea have been reported in the children below 5 years resulting in over 3 million deaths.
These studies reveal that besides, contaminated water, contamination of food also plays an
important role in the etiology of diarrhea. The chances of food contamination and cross
contamination become higher especially in the lower socio-economic due to unsatisfactory
environmental conditions, poor personal hygiene, poor quality and insufficient water supplies,
unhygienic preparation storage and feeding of foods. Since personal hygiene and
environmental sanitation are of utmost importance in the prevention of diarrhea, health
education in food safety must receive high priority. For this reason education of caretakers
particularly mothers, for the principles of food safety should be considered as an important
intervention in prevention of diarrheal diseases in young children.

Assessment of the quality and safety of foods is important in human health. Common
pathogenic bacteria that are the causes of food-borne diseases include strains of Salmonella and
Escherichia coli. Some of the common food borne pathogens is listed in Table 6. The
conventional microbiological methods for detection of these bacteria usually include multiple
subcultures and biotype- or serotype-identification steps and, thus are laborious and time-
consuming. One of the inherent difficulties in the detection of food pathogens is that they are
generally present in very low numbers (< 100 colony forming unit, c.f.u. g™) in the midst of up
to a million or more other bacteria. These microbes may be lost among a background of
indigenous micro flora, and substances in the foods themselves may hinder recovery. There is
also the difficulty of demonstrating that the strains recovered from a food sample are, indeed,
pathogenic to human beings. Rapid and easy detection of pathogenic organisms will facilitate
precautionary measures to maintain healthy food.

Table 6: Some of the common food borne pathogens

Pathogen name

Food infected

Disease caused

symptoms

Clostridium botulinum

Meats, sausages,
vegetables, and seafood
oroducts

Botulism (Food
boisoning)

Nausea, Vomiting
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Campylobacter jejuni  Raw milk and chicken Campylobacteriosis Diarrhea, fever,
vomiting, nausea,
neadache and
abdominal pain.

=scheria coli O157:H7 Raw hamburger Hemorrhagic colitis  Abdominal cramps and
diarrhea.
Cryptosporidium ~ertilizing salad ntestinal, tracheal or ~ever, stomach
barvum vegetables bulmonary cramps.
cryptosporidiosis
Listeria Milk, ice cream, Listeriosis Diarrhea, Fever and
monocytogenes vegetables, sausages vomiting

and smoked fish

Vibrio cholerae Shellfish, drinking water Cholera Abdominal cramps,
contaminated with algal nausea, vomiting,
olanktons dehydration, and

shock; after severe
fluid and electrolyte
oss, death may occur.

Shigella Salads (potato, tuna, Shigellosis Abdominal pain;
shrimp, macaroni, and cramps; diarrhea; fever;
vomiting; blood, pus,

thicken), raw .
DI Mucus In StOO'S;
vegetables, milk and enesmus.
dairy products, and
ooultry
Aeromonas Fish, shellfish and red Gastroenteritis Diarrhea and a
nydrophilic meat dysenteric illness
tharacterized by loose
stools containing blood
and mucus.
Salmonella Raw meats, eggs, milk Typhoid Nausea, vomiting,
and dairy products, fish, abdominal cramps,
shrimp, frog legs, yeast, diarrhea, fever, and
toconut, and gelatin. neadache.

The advent of gene probe techniques has allowed the development of powerful tests by which
particular bacterial strains can be rapidly identified without the need for isolating pure cultures.
The polymerase chain reaction (PCR) is a technique for amplification of specific segments of
DNA by using a pair of primers. A million-fold amplification of a particular region can often
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be realized as a sensitive detection of specific genes in samples. PCR are used to amplify genes
specific to taxonomic groups of bacteria and also to detect genes involved in the virulence of
food-borne bacteria. The recently developed techniques for amplifying specific DNA
sequences, allow the detection of very small amounts of target DNA in various specimens. By
amplifying a sequence that is unique to the pathogenic microorganism of interest, the
amplification methods can be used to indirectly detect extremely low concentrations of
microbes.

4. Diseases Due to Unintentional Food:

4.1. Methylene cyclopropyl glycine, a compound present in Litchi causes hypoglycemic
encephalopathy in undernourished children of Muzaffarpur, Bihar

The Muzaffarpur outbreaks had been an annual feature, investigated first by National Institute
of Communicable Diseases (currently National Centre for Disease Control, NCDC) in 1995
and thereafter repeatedly over many years, including 2010, 2011 and 2012. They had been
testing for various viruses, believing that the disease was encephalitis. During 2013 outbreak
season we diagnosed the Muzaffarpur mystery disease as acute encephalopathy, with some
children showing hypoglycemia, which was recouped following 10% dextrose infusion.
Further, it was found from literature search that Jamaican ackee and litchi belong to one plant
family. Also, there are reports on the presence of methylene cyclopropyl glycine (MCPG) in
litchi seed, an analogue of methylene cyclopropyl alanine (MCPA) found in ackee arils known
to cause acute encephalopathy disease. Thus, we found a biological link between the
hypoglycemic encephalopathy and litchi, which is due to inhibition of B-fatty acid oxidation
responsible for decrease in gluconeogenesis. Subsequently, CSIR-IITR showed the presence
of MCPG in litchi arils that was the missing link. Four major points have been inferred that are
listed in these publications: (a) Association of acute hypoglycemic encephalopathy with litchi
in under nourished or starved children; (b) the disease is due to the presence of
methylenecyclopropyl glycine, which we named as Hypoglycin G, in litchi pulp; (c) the
patients with unconsciousness should be given infusion of 10% dextrose for recovery; (d)
awareness was made to the parents of the families that no child should go to bed without night
meals. All these conclusions were re-validated in study published by NCDC during 2017.
However, the toxic doses of MCPG are still not known. These studies and recommendations to
Bihar Government resulted in no mortality since 2015, thus saving the lives of undernourished
children (125 children / year) that were occurring in previous years.

4.2. Association between children death and consumption of Cassia occidentalis seeds:
Clinical and experimental investigations

During the past decade an illness in young children has been observed in several adjoining
areas of western UP and Uttaranchal (India), with the involvement of muscle, liver and brain
resulting in almost 70% mortality. The outbreak was earlier diagnosed as acute encephalitis of
unknown viral etiology. Our recent studies showed that the disease, hepatomyoencephalopathy
(HME), is related to the consumption of Cassia occidentalis (CO) seeds (Figure 5). This was
proved in an investigation where CO seeds (0.5, 1 and 2% w/w) were given to wistar rats in
diet. After 28 days it was observed that CO seeds caused significant increases in the serum
markers along with histopathological lesions in hepatic tissue. CO consumption also showed
decrease in grip strength, vacuolization and myopathy of skeletal muscles along with increases
in serum creatinine and creatinine phosphokinase suggesting muscular damage in animals.
Neuronal damage in CO treated animals was evident by a marked increase in glial fibrilar
acidic protein and decrease in B-tubulin. The experimental findings of CO consumption
showed liver, muscles and brain to be the target organs, which were similar to that of the
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clinical data of poisoning cases, and are one of the etiological factors in children population
suffering from HME in India.
Figure 5: Association of children death with consumption of CO seeds

The toxic compounds in the CO seeds were characterized to be chrysophanol, physcion,
emodin, aloe-emodin & rhein; and further quantified in the serum and urine samples of HME
patients and experimental animals exposed to CO seeds. Further, rhein was found to be the
most toxic compound followed by emodin, aloe-emodin, physcion and chrysophanol. These
results suggest that anthraquinone aglycones are the etiological agents responsible for CO
induced HME; and that the presence of these compounds in the urine and blood samples of
patients and rats exposed to CO seeds may serve as diagnostic marker of the disease. Among
the various protective agents, cyclosporine A (CSA) and N-acetyl cysteine (NAC) were found
to be most effective in preventing the symptoms of disease by interfering in various metabolic
pathways. These studies along with awareness program helped in saving the life of
approximately 100 - 150 children every year due to HME disease since 2013. In a different
geographic location Malkangiri, Orrissa several children died in 2016 due to the same cause.

CONCLUSION

Deliberate adulteration of food generally occurs in unorganized sector by some unscrupulous
traders for economic gains, but some food contamination may arise in a non-intentional
manner. In India there exists a network of 80 government food laboratories spread across the
country. However, restricted resources and absence of manpower do not permit them to
enlarge their test capability umbrella to cope with the rapidly changing processed food scenario
in the country. A variety of new food additives and contaminants keep on finding their way
into the food chain eg veterinary drug residues, acrylamide, polycyclic aromatic hydrocarbons
etc, for which levels are not prescribed. As a measure of preparedness, we may have to take up
capacity building programmes with the objective of strengthening food quality—testing
infrastructures. It appears prudent that the government food analysis laboratories may have to
re-orient themselves and change the focus from the routine, proximate and economic offence
based testing parameters to more pressing toxic contaminants /adulterants which have wide
range of health implications. At the same time food industries should always adopt good
manufacturing practices (GMP) for ensuring adulterants /contaminants as low as reasonably
achievable (ALARA) to fulfill the basic requirement of health protection. The need of the hour
is to assess the multi-chemical exposure risk through food, as one commodity may contain
multiple contaminants / adulterants which may potentiate or synergise or antagonise the
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toxicity. These approaches shall help in fulfilling the basic requirement of safe food for the

humans.
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HReTe fawTeraar gofer 37 3 &1 9 fawerddr & gAEl & gar wem g fh SR IR-3eAfa
T godl & e i afd @ Gt &1 3G 11, 3R, dsdie O, s & 3 T, Hemese
et AR gl Il 7gel, weier 3R IR SR #geaqor 390 & ard gt g1 R-3egfed T & aod
A T Aafe F@r @ A @), F oG F A, gUOT, SR, T IR coer H TS
aRadel 9 9T g1 T§ &1 3 U T A ©ral B 4T A § S R 3caRads (Fgafafae) ¥ o3k
3 AR W FET B afafafe # ogerar o B gEt A HA T H & F oo A ATH &
dftFen & ARTHNY ggd & 3IWHACT TFIT & Adr § 9 gEsAwad gl ol g,
FESeThIaw - T vEr RRufa Ot #F & W9 & SROT 9Er 997 @ SArr § 3R Seer A g
ST 1 IETTA ¥ Il ToIdl § [ il 3 Tk IcaRaas s &1 3iRea, e 33, ddese
AT, Vsl ff 3R o & IR TH F FH3, T, 3T MR R # Fw g § 3R Seefas
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ITETHATAT, Teh S&T0T S T HOT & fIF(T F FROT gear &1 Fg o 9ram R § fR AT
AT arel T & fAsor B fawrerdar vhe &1 § 3HRE g
1.2 @y ddr # FamEe:

Tred dd 3R Far 3maeas e TAE FT THATT Wd & ¥ H HH - R g, [GAT TG

&d & 3R FHIRNFT & Bicelr HI J@SAT 90 @A &1 @ed  dd # [Affiesd 9R & fAcmae ga
g AR 5 TR RAF Ao fBestar 3R 3nfds amor & faw & Marae gidr §1 s0% 3aman, @ dd
@r 3qfet 3R AT & A Hr A Hawe o st @ e Aeae & 3wy A
AT A & v aRT a=ar gl
1.2.1 IRSANT st &1 de:
AT AfFTREr (Juadl) TE SeTell gl g S TRl a1 @ o g (e A
QITAHICT, 3AT USA H HHST)| TP sroil H AR Flell TXAT F SraAl (ST H3m) F FIET FATAT
€l Th & AT H g W WA & Y HRNAR disil w1 gHeAIcHR [AHOT AT g Fehcll Fifh
T BEd-ATT A 3N IRENAT AS-SH H Folal ¢l IENAT el &1 W7 AR 388 @Fha del
(30% -35%) H HATIAT glel & HRUT, TGN & dol H RHART HI do Berar Jrar gl

IRSHAA dor B TET & da T @ud ¥ Tsf@e gedy aFs T @7 S g
oA Fder # O qard AT & Sdar § AR R A FaT 30 S §1 IRENAT dor fasrerdar
I gl 1877 # shetwrar # A o a9 ¥ oRd & _ffes Tt & ary-ary Ay, e gdia
3R aferor ke & o e YeRld ST ST T g1 1998 # feoeh # gidr Harad: faeg A wed
IS R AT, ST 3000 ¥ HTOF A srEverer 7 vl gU I 65 At Hr Fyeg @ A 2000 H
TR, 2002 FAdhewfter R 2005 # oT@AS #H U SR & T & I TeidT & & Tal & el
# fAerae fr gFEEAr TR 50 €% &

IRSHAT dol & fasTeFaddr & 3o, g&d, Adell, JuR, wdaAr, fAwe e Wi a4 [
UfSAT, W Golell, erhehifsar, gareaeel R $wsl A Holel & HROT WI-HT AT A g
AR AT A, To[@lAT, §&T WI T W@HA Aol & FROT Ald §‘é’ g1 srafarses
gISUlshiaIeh THTAAT H gefl IMART Bi¢ TRYMSCH #T Hohd &l § 3N A1 € dedl TRErse
e &3 (3 TH 3R) UH 3 701 g et & DT msfach Afgemsit & stara ofr g amar &
I R AT ool & oA SN Bl IRSAT dof & Aveaar & v fharcas & @ @fea
SATRIAAYSS TeThlell58-HeAegellNel 3N SEESIATa AR I fTFAGR 3gIT a1 g1 31 alal
Tt T T JifeFiaor R Fgeeor gfRaTHt gaRT HATET®Y (interconvertible) faRar Sar 1
IREAT dd H TASIASs HT A 0.044% & 0.5% o g 8, St Sferaryg 3R silanferh HReAr &
HROT GieiT T fAFddr ded W 991G S & HROT gl

T & Aol H IARSART O @ Aerge gaer & [ar &1 sRor s g‘s’%l T AR-
ITSIMEEIR, TWAF A PR T TR W ARSANT dT HI TdT @ & faw 100 of O vy Hir
HaeaMerar & WY Teh Iulcash QeTor fohe fafdid fhar § | fohe &1 3T e 3= § 3R
e 15-20 A oerd §1 ¥ e @ vk REW vs e oge # fom oar § R uw
3fAsea® (Reagent) ASOT & @1y RART STaT €1 & WAl & 39T 8l & SdolR fHar e &
(@ gl F @A W& W el I T g S 8)| e W @ v §g fee 9w 9ed W
STl STl & 3R T 3 fohe & ¢@T Sar g1 ARG ¥ 976 W7 H FeaRbe T ARSA do Hr
sufeufa gefidr &1 1998 & feeh # vfsfae gl & ek ghed gU da & aFgl & caRd
feevoT 3R A & fov 5@ ffe &1 39T fFar =™ U1 39 §FT & R o@edF & g
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Soleh ¥ Shes fhU §U Gol WA & Il & gt 1 favewor femrar & & & dwr A
IRSNANET el [AmEer o, T 368 e WK @Rl Gl AT & ol H1 f¥shr o¥ gfdeer som
= arr am

YRS TG ¥ Uar el § 6 camn, IHhd, $ws, ¢ AR gew, IRGMAE Ao
RAureaar & fov aféra 31 §1 3IRSAT o ol gdAfaar 3R FRAF3T (Capillaries) & Shea &1
FROT T g1 'HREFRIL (capillaritis), TH T ST HRAFH & Toir HR Ra@ & o Gerer
¢ IR SE8 seosgfod & gefr & @y @A Tedda A AE g oeTdr g1 sde IRumETaEy
HRAA IR # JefTr giehl & 3R S 9{ehfsgs, $hs 3R wolistd Hfadt & Fora 3R o
Sgd & fav fSFAeR 8 Sl &1 3egyel adid ¢ fh IRGHA df Iohd g 9IS, FISchhiA
P450 &1, St foemaifead I te FeA & TAFUTRT & v SFer ¢ [AfSsT st aar g
3 UhR R T IRAAA Tohass & bR F Al &, TT@d worasy Ty Qwreddr &
STt €1 Toh Y T T FeARIC ACTEAISe Soishisise, St AaeaiRe & §eicr g, Tgi 3R [l fer
& AfTH soTecgeR= & 96 6¢ & d¢ 3 3% AF IR AT H YR AT I§ ACEIASE HRSAAT
diell W W gt (5 & gy # o ur arm Bl 3ENAT dd iafsarele it gefadt (3R
3N TE) F 3UEA I So H Y grar = g, S 3 ufatkanhe 3R [wea € 3 @
T g R IR M TE F UPR I [Rvee rRie 3R gssiadd ST St ARSIET oo $r
RAuredar & v GFaer g, thsfAs sl & AT & Fa & O, aar 3R & 7 v &
Herdsfea effd & faT fSFAeR gid 81 3IREAE dd 3R 388 q¥s f6U a0 Tewhdiss o & o
T 1 &7fd 3R IRt & FWR F g Yo7 R F AT a1 g1 318 318 & AR & 3ETIT ¥ gar
gl § o 3G do & Ife #Af@s &7 & daa far ar § aF a8 A s & for
fSFATR &, o 3W #ART & s dara (Indo-gangetic plain) 3merdr & Ramem Fw & 3=
SRl & ST §3T & | $ SR-3irsed FAcAs Sea’l & HRoae de & IRd fasreraar
HN T g1 3o IFEITYAT & YR R, TR & vfosfAs AT F sr-siedsey (Rerarasd
3R -SRI & HASA HT Tk AT gdieTor fhar aar arl g adier 1998, 2002 31k 2005 #,
FAM: oo, Foallel IR TWAF F Fs 3TATAT A TROSAF st AT & rvamar =, Say
AT F e weTa @ A
1.2.2 qeT gaiY
wef-ehell TEd 3R gooh Nl dell A, HEFA Wi & Y TN A GEH & dol T AGGA HRD
uferel IMSAURIAEAC & 1Y A, T3l & dd & Jgled 9dT Sl gl 30 962 g & Ted
dell & faRelYUT T Toh Ygel & MEATA H T el § o T 3.5% ool & aAofell H AT3HegAT
adn goreelier 3l 318, §eX el fACAT Ser &1 greliich, S[elis 2002 & &R o@es & fafdiee
SIERT & TSI 100 @ 3% AT & dof & A A g1 e § & 50% @ 4¥E T HEA
T A T A TN U A X ol & T T 3R NET & g 33T & @ HA:FRAT (interaction)
WA TA T IR FAY TR R A gamEt woqw wWar g, G SheeifFas ik meefas
FfAfRaT FET ST §1 IE T IR @O F YN F TY-AT qAS a7 A FIH 3cTos] HAT g
gahT et yiafsharefier 3R fasTerd o1 & SROT, 3@ W1 H 1950 & eh A HIS & 39T
¥ foT faeg o) & yfaef®a s fear amr am)
AT M-Afa T Mew W Ra¥ $g HASAH GaRT FeX Tl T Il AT Sl gl del H
X ol T HT UgaleT & ToIv 'TH 3 I (GIAT o ool &I g geel) & & H Th T dohellh
M 38 & IR & FHAT T § | Ig Th RS q@-aftd e g g, S 6 @eg ddr #
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JeX Fell & FTOIC Ygdleled H HEHA gl Ig T84T &dd T @ fAede & dd # deX Il & gdr o9
A B UH 30 U Bgu W TFe IgT B U qg sl Sl § 3R I 3§ U @ T e g
S @, @ def & deX ol H fAcrae g1 TWie & @1 #; FR Me 9 | Fghod A=w FT 4
AR 3ThT AT ST ITHTST M7 ST Fehell B

1.2.3 TEHASA BIEhe

gIShATSe Biekhe (& A1 ) e U, W, 3eaiffe 3R ImEAsienRa @ gl I8 TF
CelfeATSoR 3R gregifeih kel Uerd & &7 A 3uder fham Sirem &1 & €@ o & et AR #@egsat
& grdl 3R WY 7 veTard g SArar § | glelife, SHHT FREATT H ader N T I Re @ FqHS
JE AT B V0T vAT gt & & @ O & 3maf 3sEEt sue A r 3 AR ¥ Sl
AT g1aT 81 TgFd I IHANHT, ARFH!, R, Vo AR Aeemr 7 & @ & fawreraar 1 gehra
oo Fo qal # da@ &t A

STel$ 1988 #H Fefohel & STAIUT-UREH Sk & grell &1 & fAcady Yuehs e & fawreraar &
YR EHT| ST 600 ST 3redcel 9g, erdr @ 343 el FOw q¢ A| 5w @y & aRweT
SETCT &9 & &g YGAIS A o A HT faeevor fhar a@r 3R 3 @ o & @ @ & @y gia
qIT AT| AR AR & FGT Aol & 5-7 el Y @ud & YEINA H AMegh w2 v Rprad
@1, AR ae A el AT A Foorar, e IR FAGN H fGFhd Heqd ?Iﬁﬁﬁ?ﬁﬁr
FASY GEY AedE A a1 AR 3% arg 39N 3900 7 N FAAY 3= 6l wiFerHe AwafRar H
FHSN & HROT e Tl 1Y A A Peglv' (Th e w1 Rifafdw) ol awdr| 3w &
mﬂ?ﬁmﬁmmaﬁwﬁag,mﬁ‘ﬁwﬁq’ 7| 9deToT A W Urr = R
geal T Jiafshat @ A1 g7 AT & 18 #Ql &I 3efaci! (follow-up) 3ETTT & 9ol Tl § &
& @ & IR gaTETa & Hae 37.9% WM S gU SISfE 62.1% AR & 3 o FgyeiSHe Ay
g7 & A q FATEOT & dG FgUATSIhel qhaT T 8 gl & Hae H 35, eFFaT 3R GVoT Heelr
FRE AGAYUT g1 FTolifeh W GhR & SqA & sqUaiiorhe JoIoied R Sfdgel Jema Isar 8,
AftheT RIS &1 THT TH Hgea ol %l{*ﬂ@ﬁ?ﬁl@ﬂﬁﬁﬁﬁ?%ﬂ'@ﬁ*aﬁﬁﬁ,éﬂ
U & S g T a1 dge e & 3R rafise FgUditohel FJRaT HIEH | FeT TR
T gHlidd AHG # @ Fo & I ger T8y vy o1, FaAa sifds Riecas s
(physiotherapy) 9gcR JoTaTe HGAATT & Hehd &1 Tg STANT S NSAl 1 TR &9 & 31e1d 3R
Shaet & Sy §AT & fAT 3997 o B Fhdl &1 I§ AT @1 37 3T & FAgeaqol & fF 37
$r a5 Aftse &7 W@ 39 gk J& & R A @A Rueraar & 3T 39w F g Fr a=
EUrd

1.3 grat # fAdmEe

IR el (st dersad) 3R sHF T F IR IR T ot (Foad sf3ea) IR o fr
eTel & 90T H fHemar Snar § | TER e & @& Well & ¥ H AT ST &, oEe v S3mer
fEars & HaTHar A&7 B ¥ ALY HRG & FS REdt F FH 3 g HEE F v @ad g
T AT Hio U1l 2-3 #A A HA & fAv i A6 A @R R @ad & SRoT T
3 & HfAS (progressive) Tf¥es TamaTd giaT g, Y IMHAAR W AUSReH’ FHgl Sar g1 J9r
& T GeTETd & 4 Ol # gefiehd fohar S @ohal 8, (i) e o8 wRon Angelr A« &,
zaH difsd safaad oic o 3R 3 & FgA & AT ToIdl ¢, (i) Th TS RO 3Tadi AHAT 7
difS 73 geal & @Y, TS & 35 DI & WeR ¥ ToIdl g; (iii) a7 oI Wor: AfET & W Hivd
g 3R T AT 7 gz X A Fr a@ ISTRS gsd g 3R 38 e S & @GR olell Usal g 3R
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(iv) W= arer wROT: AR & Seeid woT A, AfSd Hr gAfert 3R geat d Aeg @ BT gsar §
Fifeh q e SfsA & HgR o 8 T Hehcd| Jg AT HS IR Wl &l I el o fov fSeaer &
T 99 RUE & IAR dhad #E 9o & qa1 3N Fdem Felt # ow@rewr 32000 difsd
STAATIAT, Sl 3R IFIMNEEdeT J 38 SHART FT JhIT d8¢ Tdiod gl

osRed & fav & e ofder ofdis der smeenfoe ofder warfas (@ 3 T o)
fHFATR 9T I | WERY Tl A ff 3T T U 0.2 ¥ 2.5% dF 9T ST g TIARY &rel i Awrerd
T & FROT F$ gl A SEH WA W ufday a9 GAm §1 9Rd 7 o sifteprer vt & (afRes
samer, fER AR AL geer A S5 sHR AN/AIHT X gfdey w9 g3 ar S 2016 # ger for
AT §l IR YA & 3oolld TSIl & Fo andl H GeTEd & Y9 & R 313 313 & 3R o T
e wderor fRar an Rffea Nfda cafeaar & Rfscha s @ = ik o 3mer 3R o
& 45 # & 30 © U &y 3ufEAf fir S H Q) SAA § 16 A A & 30 v v iy 3ufFufa g™
T gk Jelar g7 Sl CaRT ool fRAr AT ol A AT TR A JoN A 3-20 I@T
Haeler 1 1 #AET 9=l =i grenfes, 39 AT a% Hele 3R JusReA & 9 P15 oY ey
gl fAem 7| 91 & Ig 9rdr I % Fo qd-fFsures (pre-disposing) ®R& S UERIGH TS &
FA R AT 1 T TR W TR, dUREH W A FAgcaqer RS Herar g1 safav
A g F 3ueT W Uk AT JfAarT &1 339 FE3fd 3% tliderk REd (318 O T 3R)
CaRT WHRY & T HERAF T § FoNfes Fd faw arel gomfadl i 3amet v wifrer v o7 @r
gl te IR (Y T & I & 96, VALY T H o Fad 3AF T T FAGR 97 F v gedir
arel |ifed gl afesh v ATReT &9 @ qaia)or @fgsy], die GieRied, s fwrg arer, 3o 9
Ay, R 3R Farfese Asigd Baer gel|

2. IN-FTATHF WIET HGuF:
2.1 AFEFAT:

AFFde ¥ was @ FAwell Hdeaad: HoWe §, S BEell 3R Ut (AT
34’1??%;)ﬁwqgm?ﬁ%aﬂ'{ﬁfﬁﬁrumué?scqlqiﬁﬁrﬁdm,H‘:@W,aﬂ”‘q?raﬁmatﬂ?éﬁr
& Ao & HARSET AR A 7R FAEAT e el g1 W aEg3it & ASHIeirdeT Tquor i
T Y Aol STerarg aRads, a&q 3 T & 3R W)W IR Igiaa daae, #sRor iR gEEor
% MR W 3TelT-3eT BIaT g1 TG 3eTAI o9l I ¢ o Algehleiiads d givd gle o faeg &
TeT HHAT H TH AAS fear dFe A 93 1T B
¥ @aw @ERT 3curfed ARHICFHA ABHICTFAHIAT AHS 3T g ST §1 TS FHdeh G
HISTT T Al fhar STTer 8, a I #HTsT 3R SRt # 8 fawerd 9fafshard Scdeel T Hevell & |
ThATeiFl fa¥er sl & Icafd Sl AR FieAe TaTar #1 T @eg &1 IR 7T
ThdrelFdeT a1, @ 2, S 1 3R ST 2 3ue gfadftd v R U JoeeAs widcan e
FfaRierar 1 g2id &1 UhaTelddlsT O 1 & Ush TAYRT (metabolite) ThdCFET TH 1 (T TH
TH 1) B g¥ H Al F FROT T U6 A/ 1 A fGAwr mar g1 e therciada & o,
TWClirdeT & 1 (T T & 1) & A 3R oY e # e fAuredar & fov qad o371 Ar
IAT BB B A, T UH UH 1 B ARAT RIY & gy & A # (65-1012 sAetan/el) R e g
(28-164 =iiran/ell) # #Higeel Q@R =&l §1 o978 99% WeiNa FHAT # JUUT IgeT (3 )
I AT (50 AAa/e) § SAGT U U6 UH 1 9T 37 Safeh 9% & o 3ANHT 7t (500
Aetam/e) @ Fuia dar & 3f0s &) thaclRdd W AEIdT J ey gert A Rwea iR
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FIdAIS TS AR @ 3cUea FHTTET FORT Rl & IR H T g1 TheAiFde, FgAfafas,
hTETFT, Igell , ergahrdidie, SRR e $o @e Al ¢ fSeah dar HuiRa &
TS & 3R T ARl qotf & AT &7 @ odietor fRar S T &1 fhelgrer, 9RAT @reg geaT
IR AR Forea IAFTH (U6 TH TH U 31S) H had ThdiFdd 3R cshiffew & fov
dATe feiRa €1 3reer & & 1787 2, a1 3R 307 AFecEd @ @A 3 aw FuRa 7@
1 5 ) Rffea @y uerdt & sah Dt & JIR R IR 3T6 TR A PAIRET A fq
dcehlel 3TTaTSAT &l

2.2ﬂ1§:

F¥ # 38 AR Hrearm & ao & Me@fdrtor 3 3uAer & gAR gATROT A argst B
AT & e G ¥ gan, el Ak 9eh @ Rftew arqd @y weet 7 e g g1 sw
YR #iete AR A FET AT €, Ses Avas @ Affe urg Aeg iR & g9gad g

AT dR R ST AT # Jded el R e Gl arf fawrerd gl 8 3R safov smavas 3R
faured arg3it & @ Tose HX T ARFRA & ¥ FO UiqU AsyA, 9ReREA, Hews,
BRORE A diNfols #ged 8, Saih 3T (3T, 9RT, €@, HsfAEHE) urg e TR W dde
e @ ol AWFT gld Bl FT 4@t F S Y @er, die, Sedr, Heelel, Hidlee, AlelasaA,
T, Pifaad, Fed, T 3R 30T &7 a9 & gaR R F AT 3Egs g=r /= g,
AftheT ool IcTAF HAET glAhR 81 Hehell 81 HRAT Tied FRET AR Aol Hasol HAATH &
ded o Teg Yerdt # Affiea Selel erqai & AT TR A A aivia g1 weg gerdf A
TG T 3Teholel TASHYUT TUT IHh dle TRATY] IAAVOT TAFSIBICIA (T T TH) GarT foham e
€1 TE Ueh 3YMOT § ST A A APt rq3it & A= S A gl

1950 # gfdeer ey Ararer Qo1 S # fRAge #6Y Jeid JeAAS gdr & FROT g
aqr| g AP gae e § A& fFodr O e Acfodr gl arar O g FAofaar #
RUTSTT HARY FTAT & AT AT 3R 3T T A F Tg AT 8T ATl T goR F 318 arar
Urdlitoreher faehR & RIAR & 71T 3R AR & gRomATas garF 3@ &1 Jog & TS| 1970
ﬁﬁrmﬂﬁﬁwﬁﬂmﬁwﬁwﬁg@,mww&ﬁ(ﬁmﬁwmmgwm
% 3¢ F JaoT R I o1, Ed IROMAFGET 6000 & TG AT SIAR §U 3R 600 H A7y
§‘s‘r| Ause ASKY 1 fANEdar s #HRT H ol F ST § Fifh Jg At IR
# O @ @M @M &l P HRY &k 5 AgHE/fhelar R & ol w1 (EA 3.3
AT/ R R & Jold & SA1eT fAAST IRT =1gr g1 A1fgv), T crelkadl Acdiiesd daed (S
Secg 318) T FAEING &1 a1 §| AU A eSS W H YT, 3= TN & HsTAIA § ¥
Wassqaﬂwaswgaﬂm,aTmmasmm@gvma:mg}ﬁa:mﬁm
el & HRUT BIaT ¢l A & aiet &l e & FSAIH 3a™d Far &1 HstAgA-giva fAedr
W 3T 9T Gled BEel, HIST 3R SRt & v Af@s &1 did o o g1 faea ey daree
a RAwiRer r & & FsHaa w1 acaks g 7 Assan/fedaEr RR F aod & 30 {8 g
Bl

ST o fow drar & @A &1 9@ Wid Tieg &1 e, Giesrdn, bell e & @ar & Qe
AT O Sl g1 @A #r yraeiwor geal 3R REt A quenl & Joen A wfRE §)oastach
Afgem3it 3R fasraie oo A7 & AU 3fd ddeafier g1d &1 fava Ty daree ganrt Resf,
ool 3R TRl & fou I &7 dcdariged dad 25 ABHEA/fRAET & R & ol & e
Ehd &1 IR g
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gt & 3dAe fr gEewr dRgw [ar &1 s FRoT &1 §Pdey 3R aRew §era 3R
AT & U v TUiesh &5 A @ U & g, gl & & FAY H 3R YU & oo Mgl A
&l o7aTel & HROT IR fAerdar & &$ A T §| ¥l § A 1 ge= & gAw fhe
ST @ § df gRiaid 9 Sfor e foRar S &) 3mffass fawrerddr &1 ggell yend o1|-||o1ﬁ§3ﬂ
SI9 12,000 & 3t AT o g gur &1 daeT frar 3R 130 R H 7 @ = IR &
¥ fAed & RUT Ficear # HRifHS & 3Ta TR S AT Aol g1 S w1 2pg / kg R
& Tofel & SR ST Yool T FdIpiad &7 75§

PIATH THS & FRE & Yal§ & ALTA § AT HIAGS 3TEH H FHY Ad @ (S gikear
°IEY) WIeT HTell # YA H Fehal ¢l HITATHA AfFe @reg veredt Sid =el, g, dfesran, arers
NfE & urm I ¥ HAIH S9 rsdeie e A Algg §, dF WAfSRT giar g, duify, geardee gar
H TOTROT [qWaFdar & Serar g1 e 3R g & Aegd ¥ AT &1 &P 3uaer 78 + 42
ATSHIAH gt &1 TP & TS ¢

F5 3T AV dedl HI Rg Wfha arel, Fedr 3R e afgd A9 & gATRoT & F9w g1 9
ITST-3TA9T ARG 3ERT H Aferer Hr AT & 3R W AfFea T 165 AHad / o & 3iaa
Qoo aF fFar aar an| fyes i ey & v 250 AssEng / fd R & dad g = §
fSEa arg FohdaR @ fo¥ehel AT 100 ASshrae / et BAfehel anffier 81 aeg™ $o fAfher
AU HT FAET A FE HABISs, diwarss, FElfae i gfAE SieAeRt R Aqsat # fwrerdar
3R/ 1 FEAS AR & TISC GAOT Felod Har ¢, Afhed AR F AT &7 § urg AAfeher &
TFAASR ¥ Hg HEX FH GT g1 9T T §| AP & Wed del & gsgIeea]or & o
3ORE & & H 3997 fRar Sar § Seg ger fgar s anfge| o fafaAtor dfeew (S v )
A R 9T gISgIeTelieha ool (T &7 30) A afse Afhe 3oRE & &R 1 HADT Far g1 o
FARTOT & AT F TFHA 1221 v & 30 AT 1 faRAwor fRar gy or, gar =er § 6 11.7%
H 1O @ vH 3afRise Afea §, S 3Ad oar § & St wa O & 39 & @fea & gquor &
TR & TGAT § § A fhaT ST bl &1 FTelifeh, oamst 43% a1 H 10-30 & & wa Afeper
U7 IAT| S HEATAl & IMUR W AR A Wied JIaT IR AT Foroet i & dgd va @t
3 A 1.5 O o v Afva i w@Ffa & w1 o

gy vert # 3uAer Y S At $o gt F urgs Heuer A A &1 fear wiser (Al @
a%h) Th W aE] & o faT afadt a aar @@ e a8, e sae a8 99.9% ey
gl =IfRT| I 0.1% AT 1000 pg / a1 & 3fAfdse 3R &1 ©I5 a1 g1 =& & & (178 =) &
faeeiwor & gar =elm & fF 90% = & g% A, FafF 10% TegAgHm & a6 ¥ a4 & 9% &
46% HA 99.9% H ATSAT YT H IHNALIHAT HI Uleld F g &, STafh 54% # AT HT A
wH A 54% AT A FfATA IR Aar vquor v 3ad AT 83 X 300 ASHIIH / AT 9T AT
AqT| 28% TET & Wigel H FsfATH #7 3ad TaX 97 FASHAE / IT 9T IAT| 3H TR, IRA &
e guaT AR Ah Horee FfAfead & Hada @eg-Aol arel wid & gk H fawerd a3
T feiRa &Y & = § Sad 3usiierar sedier #l a3t & §9s & a9 Kl

2.3 ureiasfFas wEfles sEgiaEs:

diferdfos wARtE grEgies (@ T wE) ddeardt qaierRoliy Yeue g1 9 #$ gEe UhhaArst &
ATH ¥ FoAd § AN F @ @ ¢ wa & FH0r & &7 A AlGE 1 FIT ggl Jarg, Al drgel
forere, sEaATe R Alex fehars dor 3R darg & YU & HeqTT & 9ol Tl § o 5o Amor A
Aicle @ v g HTASHE A & v qew &7 @ SeAer €1 33 @ U vy & fawedar &
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37hs, St Held TEELT & AT TRT Y7 o) Fohd €, ST v a1w &) I8 gema fer oram & fon o
T T I GG H 4 AT 4 F FF Solled & Bod gl TW Fog goh O T TT Hgl oIl § AR Serehr
faurerdar sy & v Tw (S d7wen & 4 & 3% Sl & Sod §1d §) H Jolell H FA g B
g @ T T Y G T 8 & e At )

1775 §. & FIfor@ & TR H 3 T IFHWT FTX FT TRT Tl R 3eo@ fhar a=dm am|
dR& 3R I & caaaRE TeEdior & cadr F HAT g Fhar g1 i v v 9Ra FW Fr
ALY Trife BHeT HI AT ST § Sdih caal hEk 9§k hiFdIld TTTOAl HT T8 @WET?FU
%lm%mﬁ@ww%%m—mwgma(-»rd’rtrwﬁramﬁram 3ol LT &
St 7o wrsereiidas § #ifh a SE3iler TNaarss & Uh el (A7, 8-diol) & Jeftr oear & i
& 3 vaT U & SIgAfST A g § AR TARIcAS g3 H FAX IcUedd HIAT
ST Wied 36T o Rwgs gar 3R dal & fav diveg & sifREan @ go @ T T
(CREwAN, TRAHA, Ty, sAl(U)FARA, Soeddlsd, FaARIT Scarfe) 25 ASshia/ Rt
IR o & v v (dN(U)usie, SO (Shvasms) aRels, ®RiAHE, sReaendd 3e), & fow 5
ATSHIA/ AT Teh T TRl & § | T Usd IARA-TAGROT TG Toidr (Z TE-§ ¢ 1)
EaRT AdH SHUHA TR (VA AR Tel) GUeh Tyl (0.3 Aehama/fhan/fes), tfdwiens (0.06
fAeemA/fFan/fes) wfdT (0.04 AT/ fRa/ee), welilRer (0.04 fAchama/faran/feeT) 3R argRer
(0.03 fAIEmA/fFan/feeT) | & foT geaifad fmar arr g
geeafd dell B @ U vg @ T@eiide §9 @ Had T S g, AR s O U T & deyor
Tehetlehl ThAT3T S el & YU & IT GATROT Wi S8 Sfher & Todsee A& & HROT g &l
1994 # zeol 3R WiF & 30 FaEafa dar H Se(@)usReT &1 gar ger o1 5ge 17 Judis & ao
IR v grufera dis &1 aa af@a ar & v g v g @ 59 AseEn/fear 3R if®eas
HIAT 140 HISSHIA/RAT AT ITAT| $oT 3T TRT 1 WA U dTd Yoo bl YT AT| R & gTeT &
# U a0 T AT A, AT A, B def, FAEATT del, A dof, W deA, SAefa oo,
RGEs def, amael ¥ 8@ #1 del, AFaR de, fde dd, FAE e 3R G ddl F 296
AHAT @ T Tl § T 88.5% FAHA faffies o v T & gf¥a & 262 o U vH Yg¥A @Wieg del &
AT H 66.4% FHA H ST AT GEASE BR ASH AR Fdishd 25 Agshian/fham & e &
T T AET G | Fel O T T A AET S & dol (624 Agshian / fham) A Fed e o
AR Rpr$s aereafa del (40.2 AgEN/fean # qoad ®A A 6 & T v & 3if¥had AT S
& del # (265 AsshIa/fha) iR FPATH AT (4.6 ATSHIA/fha) TG T Wt & ol H Ferm|
faawor RRT 1T A & AT F e 58.3% A F Ao o 3R 36F S1E CyRAE (53%)
T HY @ T T A, SHE)USIA 31.2% FAAA A W TN, IEE dIG SS(Q)ISdA (25.5%) H
U7 AT Al & GaRT O T T & {deT Sl T el (20.8 AsshiamA wid f&et) & we@ Srer
O 91 Qe do # (5.0 AHAH / &) IR Rwgs gaeafa da (1.3 #Asand / &) &
I ®A U1 54 [IREN HeaTell & HUR R @ T 0T & A &R & AU Aasgy 3R
TS fEenfAder AR v S Heavd § df 3o fawrerd gi¥d uerf & dae gfaefad &l
AR A ST & OF T T & da 0.10-10 Ahine / o ufa safed A= Jrar g1 dasia &
So(U)asRa &1 Fol &faeh @Id AT 0.0002 HAGHIAH / FiFa gl e AR Helrsl Scarel
HT ST F O U T H da HA & AU HCT Aerer § Fih 3 Pl HER F Th WHE HChH
€1 3TATE ofemar I ¢ At A O T v" AT THHGGR 9T A7 U & Jhe Hisld & ACITH
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¥ HA AR Bl HET AR H ISl (34%) T Ugal ¢ 3N 38 aC Feoll (efarsyar
18%), deT 3R TAT (SETHT 16%) H 37T &l

2.4 freATF:

IRl I SUANT Y BHAT T do= & AT o S § AR Ig 3megires Welr 1 v 3ot
3§ T R A @ PO WA HARAT ST Wt & Ao & arfde g sthe afafafer &
IMUR 9 o1 AT T STS-FET AR, hIeaereh IR TI-TddR ARMR, HiFA AR A & &7 H
gaffepaT TohaT ST §1 IE 9T a1 § T SISl ARt (40%) HT HfUHR IUET fHAT ST g,
3% d¢ A (30%) IR FawaAredl (20%) FOYIART AT &1 g, 30 qAIAS
T BT F ONUR W, Peard H ARfAFA, REABERcT, dRaACH, grRYEs dR
grsuioled A gefiehet fanar e Bl

dret & AT & foU wHel W HleAreh & BsHa & HROT 3 Ay A, i, ag iR
GGl # 91T ST 81 Well, @ieordl, 3rel, el 3cdel, gy 3N ST 3cUrel, 378, AW, HS,
Rreret 3nfe afea Afeesr @eg derdt & w3 Hrearesn & oo o=l 7% §1 3% A9F TR &
$ROT, HIARMR g AR el H g S § AR IJAd: q & dell & @ a S g1 grefifeh
T A Fo SUEUE SAfdh el W gfaeer o Ir A § 41 3o 3uhe # AR w9 4
gfdeer oo f&ar a™r §, W 319 o 9ATRer A Aleg § 3R 56 YR AT @ & A g
4 A § HRA & Ted TET IR Ao Food IUH A Affed @eg gerdf & 121
Frearerht 3R Hrearerml & AT T A Tl & g

feTeFeIeT el & ardeRor # JEEAS g H & g § SEe dRoT Jesy afed
Sifad Shat & Fael & ST g S g1 31 31 & 3R va O va 3 &8 ARt hleateen Hr
A AT A N FgUciiaas, Feefae AR wffae@es fGarr mr g1l &7 siifaearie
3EANT & FROT FH WA AR AsermA N-450 FH HAFT W AT I5aT gl 3 A forareharat
& HRUT S FHlefelch Herhl H H¥ 39T & fav giaafd w7 = gl

HRAABIEPRE e HifAFale Hrearrn H Joem A eTHa FRaa § Fifs 3eear
m&wmﬁa?wﬁrag?réa%l grolifeh, ofd IHAT do TFHUeR & AaRT H STgdel fdeafea der
g o € §Fed dR W, AREeescE # Seliedd &TAdT gl § S Sid viaesd
PINAECH & HAUF & F H S HAT | Ig T UllSH ¢ i ZU-AAL A FAT Her
g1 I8 vfAcIsadlelsd @l gISsIassl adl § Sif il 379 & YHR & R edd el ST U
aﬂm%l%u@vmﬂﬂ@mﬁaﬁéaﬂ?sﬂwﬁaﬁawﬁa@rﬂwﬁaﬁmﬁa@
el g ST A1 HuiUd TEaT B WisHIA W-450 & gefefded R Ssgad sififiereded &
AuFaar & Faityd & Fhd g1 Fo IEiCeehed SF, Ao, Ay R,
SEFARIGTT 3TE & 3ARTINT 3T FiAATS R THT 3T ) & [T @rar am gl
FISTHE Hreaerh fdlegaie 3R Hefchiehed Hrearreht H Jel=l F IUahd saET FIHaTdT &l
gleliteh IETACH QUAFAAE & 3cUlee & fov tfAese Flellaeed & Iausd H HRUT Fod g,
g STdele, aHTcHs Ffdfshar gfdadl & forae sRoT W1 fAgfa 3R g Sl 81 $ReTR,
gaeRER, AR 3nfe Feed e et #§ eefas 9 = g

GRS Teerel Y & gipfae &9 @ Ahd aeRRAH T SalcAs IqET &1 FF A= 7 ¥
Iifaer Hrst & fav MR &0 F Awerd § Afhd Taauial & fov R-faver §1 s @ o At
¥ ~eFarér g Gendl §1 ST T fAWTRIaT ol AT S 81 gTelifeh Hleld H Ho HHo
F Ay & FHROT AT ST &
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3. gy Sifad ey

¥ #ie 3R 9 T @UT & FHROT TieF Sfd TAR Teh 196 FAET &1 fad &7 A relren
3qArfad 76 fAfeae @mel @ v §, fSas gRumATa®y 300,000 3dder # &1 3R 5,000
Al gl €1 S AT e A arel AUt A1 geAsiar], Affe Gegead dhao der & e
gt g R FHd &1 $HS oA, Hiow # Al AT WE, a1 3 giHeRE e
HISTe ¥ 3cYeed 9N HT HROT §of Tohd &1 §H Teh FaHoNT gfadm # E|d § AR sl Tgfid gl
& foU sga & aw A & qusEE # SN A & FuH F A A g @ Fhar 81 g e
arsl Bl 3R AieSAT 3R 9 Wi AT AT Hololel ¥ iV =il & e a1 Farg fhar sfrar § ar
I gf¥d g S gl

e SfAd W FAoAd: SFEARAT, waid, Auerd gerd, iR arRE garm gid g1 #ele AdFaRTe
THAUT AT T 3ol Ul & TOIT JIF 3T $ROT &1 IRRI & HROT gled arer W91 1 off gargar
¢ Afhd A & eA-AAT gpfa 3R 1 afr & wRoT arge & H3h sHAr gfte gl &1 5
W F FS A&T0T §, el PIs TH o "RAIH" T QAT AT T 3cUed Wil & forw Afse
e Tl 3G Heldr, GEA Sld AT /Y FoUed AR & AgH @ N A 9 Fd §1 AFR
ey FfAd SREt 7 3 AdA, o€, 9T A Yo AR ard & et @ &1 e @ Hawor
AN TR 3T gsfoler, AR a1 @iy $SROT § 3cUe T g Wl B AN F GEe, W &
a1 3R s & 3= TaToar g, fRAr oY SR i THTET F FH W Fhd B

geAsa Aot # sufeafa fredr o §adr qleroll garr aEeg &9 & A A6 gl § 3R
wef-ansfll 3R g1 Sl €1 gTelitch, TH®OT & GRIeT IEM] e Al H Jdq A Hhd gl
Tleg Yerdf # JEERuT & SRIe gaT ¥, 3Faeo Ul ¥, g0 3R 3uaol &, e g 3R
s & g mmqasgcma:aiaﬁmﬁma:mm@aﬁqﬁgrwm%la%
faurere ey, S foh #egsat & FARY H HROT G0 €, AT @eg verdt & AeIH @ wERd
?I?T%“Iwﬁm,ﬁWWWWWWWscmq¢dlé?chuw gelcll §, glevar
A AT IRET STeR & JHae Bl &1 ol & Y 3 STt SAfea et i dear ufa
ay 68-275 fAfoe & o glel &1 AT ¢ 3R 58§ OE, Wed S SAN Toh 931 Adeiias
Oy gHET &1 o&d, Qwraeher & & e off el & ww A Yo snar & Sas
IRUTATIET X Tl 30 o & 31fae Al gt €1

o S fA9Y &9 & FUIRT § 9 3% R A @ &1 5 Wl § HA 37 & gl H & H 1.5
mﬁmmwm%,mqwqwmﬁmmﬁgé%lsﬂmmﬁw
ol § 1, g arlt & 3remar, el & wouor $ff gFd & URRIAfS (etiology) H Hecaqul AT
fsrar ¥ wehes deyor 3R IR Heuor I Gaae Ues nfde aoft # swdvees ey
aRfEufca, TRe safFdera Taeadr, TE urEdr 3R IoAcd 9=t $ 39fd, saes #sRoT 3R
A & HROT FAGT I S0 1 G gFd & IhaA 7 el Faeoar 3R ey w@aeoar
I Ageaqot §, sEfv wWieg guaT A wEeed e & 3ww grufAsar god gt @ifitvl 5|
HRUT ¥ CEHTS A dTeil T [aAwent Acsit v fRewr, @ geen & fewidar & fov gar s==i &
gFd Haelr Qo Y QrATH F U Ageaqul A B

Hild T A IUIE 3R Wieg Yerdt H T 1 Jeheled Hecaqul g1 A AN W Wiy
Sharo] St #isil & e glel arel M & &ROT &eldd &, 3o AleAlden 3R veaRfar $ers (E.
coli) & E& MAT §| 3H TG SAfad Aereietshl #H F Fo il 10 F ey g1 3o Slaropsi
& Tl ol & T WRET gEASTaaAe alel # MAAR W F3 Fohorad iR Fresy- ar
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ERIECSY-Ugard TUT A &, S HAarey 3R 36 AT o arar &1 A J9TeTddhl $I ggard
# 3iafafed sfoasal # O v FRUT Ig & F 3 39 d W v @ a1 3¥% 37 SFERAIm F
& & Sgd FA dear A Ao @d § (<100 Flell Sl aTer sHg, W UG F SN -1)1 3 ggA
SATop3t S IesafA & T Ty A0 W Fh &, N Wieh qerdf & e A rem 3 dehdr &
Wﬁﬂﬂﬁ?ﬁﬁﬁﬁmtﬂ?ﬁ%%amd$dﬂﬁﬁwbd§'U<|d||ug aredd # Agsal & fav
ATSTeTh &1 WdTeleAsh Al Hl doil & 3R A 9aT o9l & 3Ul & T Ao S0 I@ed &l
gfaer graf|
ST ST dehellepl & 3ITHT & AfFaemer qﬂmﬁa@ag%maﬁma@r T T AT
FT P METSAT & 9T AT T T TRINIA 3IHGT H doil T UgAT ST bl gl el
G giafshar (fF @ HR) WSAT HT T ST &1 3IAET STk 3 U U & fafrse &3 & yada &
T ush dehelten &1 el fAAW &1 & Toh oG I Gade X R e A fafdse She @ aar
ofaAT ST Hehell &1 U7 & R T 3TN SFEARAT o SFA=AITAS Fegl & v faRse i i g
AR @y Ifad ST R & @R A AT AT F gar WA F o FAr S g oerer & F
faspfid Tepeiih, fafrse & war v Aol & el o & fov, Qe T # sga 7 7 A
Afeld S Tl T & T o9 BT AT Sl §1 Aeroledeh FeHShae & & & fav v refadg
3ehel T Tl & ganT, gadsT AT 1 3T FT 3UTET W@Wjﬁ%a@awmaﬂ
9T @TET ST TehT B
4. Iruqfaa siea ¥ FRoT T
4.1 N & Ay FEFaIEd Tasda (T7 @ @ &) §F 36T AT

HAFRGT A ol & JehlT Toh aTi¥eh TohiT o &7 & 1995 & Ugell SR #ieeTel $EICIC
3T HEgfoichael TSHIST (T H AT HeX BR 3T dhelel, Tl A 31 @) & @Ry oid & =
3R 3@k a1 2010, 2011 3R 2012 & TRT Ig YoYU TR TR 3WER THS 3| Jg Aaw
mg%wmwmwmmﬁ%m$ﬁvwﬂwmm| 2013 &
YRT & R WTHANBIR-IASINEIINN & AT & [EIAD 70 @ $o aeal &
FEUTASHAAT ST & d1G (SN 10% SFHSS 3% & & g 7T q), Uage geuesHIiAS
TANhAId T AT AT| sH% 3eiar, Aifgcy Wiet & 9T AT AT foh STHST & 3FhT (Ackee) 3R
oy T g 9l & qRar & Fefad g1 39 3tarar, e di # fAusfosd ansdbase Tdasd
(T & @ S & 3ufeAfd & IS § T R Bol & I A U S dren AU
ASFANISS Tellfeled (TH & & T) & ToAreleT § AR voge vaathadedy femd &1 #RoT &1 59
YR, & EBUARSAHG Taahaddy i ot & e Sifasw w3 e, o -ty v siterdieor
& HEY F FROT IHAAATE # Hlt & fav FeAer B s6& ae, @ wF 3 3R-308 318
O IR A IR B F oA A ww @ Sty Al Rmr &, S w3 el aF araar O s
TGS ¥ IR GHE Ay A qw § (3) AT A W weel A RN & @y vage
FIBUTASA RS TrAhad & AU FEY; (F) I§ AR N & g A fRusfow wwwease
Tarsdld $r 3ufTAfa & HRT g §, 90 @ TH S AR-31E 3 & 3R A g ASH-S @7
A foar & (@) 99 g arer At @ S g & T 10% e &a WifRyT; (3) gRaERy &
ATT-TAT & SFhRT & 75 o AT & #fislet & 9 god & ool ag wiiev| o0 3eggar 3R
ﬁrm%ﬁa:qﬁmwcrzms%aﬁﬁgagaﬁ#ﬁaﬁéﬂaﬁgé%‘sﬂisﬂwﬁmaré
asl & (125 sedi / a¥) FONT qeai & Sfige T qarr o @1 gl 50 gl faswhst a1 2017 &
ST U & S qanT yefd Hewdsd A R @ denfua R amr g grenfd, e Er o S @
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fawrea e 3l off A A€ €l v O @A A A S8 & F o Tawy aei & fav
fSetepel gifaiehen €T & dfcsh S8%h HS oo g

4.2| Ffaar smedsafaw & i @@ @ qeal f g F g A 3R g s

o gerh & SR gREHr 3T 9 3R 3T (WRd) & $$ HE-IF & Solleht & gar Fedt
#A s A0 & s &, Swd @R, SR 3R afeass wanfaa g &, Sas aRumaeasy
HUd 70% Hcg & B &1 $ ThIT H Tgel AT Tl SRATAAlST & THIE Thhellddq & &
A e fhar = ar @ T OAE AR NS & AR F O NEGIAT ¥ IdT Tl g R
RiTHATagthaddt (va v §) SR, P sEEated (@ ) i fT @ud T dafd §
(R 9) I& us ST & @nied g3 & @ 3 <o 28 el I el A W F AR AR
T d §¢ g 9 1T AR @ & RARSF I # fererdeheliisne o fAer| @ 3 & god &
Jhsa H dlehd A FHI, Thfdced A@IRE A Jagerserne AR AR, 3R @y & d/A
frufefas 3k frefelde wrewsEas F Teall & a1y IRt J At fr afd & doa Bl
& 3 & GUd g St # T hsier thafss Wide (GFP) # 3ed@eg gefer 3R dfer
T & FHll § ~gUTSl Johdlel & Herd Ao &1 A 30 @ud & gAemeas st 3 SR,
AFUTAAT 3R AfTSeh H AfQya 31 Iamw, S F [AEFATT & ATHAT & A 3hsr & JHAT o,
IR 9RaT & o vH § @ N s=ar fr seaddifoed FRer & F & B

@ 3 A F Sl AP F F A RTed @9 g eiFadA: weathdard, e,
SAISA, Tell- AN 3R REA &, 3R w9 vw § AT 3R &Y 3 Sfisr & A9 A arel g
STeTa’l & @A 3R FqF & 7oA & 19 90| $Hb 3o, RET qa@ 3 fader difae arar o,
3% 91 FAIS, Tdl- gAIfsd, o iR Fearhaid a2 | 3 IROTAT & Fohd Aed & [
TYUIfFaAlT TaSahed Ufe3idiiolehd Toie & off @ 3 9Ra v v § & fav Seaer &1 3ra: I8
TeyTieaalsl St AT 3R & 3T el & @aeT i arel Gl & HT AR &Fd & F760 A Aol I
T, T e & & A FE W Gad ¢ A graners weidh #, dsFeeaie T (E e 1)
3R Ta-tAesy RET (T v @) [T oargay Aef F gededT e Ao & &0 ¥ by F
S AT WS G SRR FEAHHA & T F 3eqTA 2013 & TIUAS AT F Ui a¥ SA9e7er
100-150 S=di & Sfiaed &I SO H #AGE Fd W &l Th 3T Mo TAT HAedhIRRT 33T #,
sy HRUT & 2016 H s g<di &1 AU & AT ST FoEasy 3WFd JEIIAT I 3ET TIHR
F 37T AT AT difes 3T R Hr 51 TF|

sy

SAgER ot & fAcae 3@ dR T 3rEerfod &F & e o & fov o 9$AE caaiREt
CarT frar Sar &, Afhd T weg dger AT ald § o 3o g Hahd Bl oRa A
el §T 80 WHN Tied TANRIIHT HT Teh Aeash Hiolg 1 greiifsh, Ffasfd Fame 3R siorefed
@ weAl A A Aol A deeld THERd Wieg IR F AU & AT 37¢ 9=l qlefor amHar oF
& faEdRA &¥el 1 At ¢ A g e A @y uisieed 3R Howe S gep fRfhear
gar 3raAs, TlhellATgs, il WHARRE ggiaes e @eg s@el # Y9 & Jd &,
St TR @ieg verdt # f@uiRa 781 §1 388 @uea & fov, gd @eg [umEar arer glieon &
IS B Y Feo Tl b 3T § &TAAT [HHUT HRHH AT IS9N| AR & Wi favaivor
TAETRITEN3T 1 Tad 1 Aaf@Ad, seqarad 3R 3nfdes sy smerRa aferor At @ 3ifee,
TSI JENUIRY / egctest Yerdll W €A Hhigd e =gy, oot camash Fareey deth usa gl
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Y E WeT 3NN T GAAT FALT FIETUT AT Hl HTaRIhcl T QA Fel & AU Aerady gi¥a
gerdt @ GARYT aa & fov e fAfaATor gursi (S v o) & 3ueen aiRv] a6 f ST
ISl & ATETA @ﬁ-mmmﬂmﬂm%,ﬁ%waﬁﬁﬁqﬁﬁ
uery | fAeae AT g Fehd § S FAWRAT I 96T Fohd €1 31 et & Hepsdl & fav @Ria
HISTeT & JIAATE IRl H R FA H Heg [HolaM |
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