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HTFIMEIT ISITEAIR-TANAAET aer gl

40(1) 2020

o UUEIMSHR-IEIEENN fANIAGT eTHeneT # 3o § aur Ag Faeey qur
TR0l HT FHEABN & THGROT @ Wl il & | HEUE HUA ol
frafaf@d 3egeat & aY QU e &1 K47 @ §

o 3T, HN T4 A Shasl # 3UANT A A0 ST arel THIAT T FIET FHodiehel
T |

o TawIe] TETgS/SgeNent @ fohar fafer &1 feiRa e

o UGWh ¥ TAFLY T GATGROT I LT & STHRIcHS/ fAare 3urdi &1 g
STl

o TER 3N, e, HiY &fE Ud 9ATeRor A @A & HROT gl ard SaradTidsh
TAELT GRT FI IgdTed e

o N vd vAtaRe @EET F HROT 3cue fAERT & Fgeely et Sita
hTeT|

o fawTerT RS T FAAT T HAGUT, HSRUT T FHR e

o 3T Td gTeRoT Hth FAEGRT @ Aue g AlTd FEYe ARl e

o TEET, Ao TUT Scural S GIET /AW & HesT & sl 3N A3 g w=n
A & T Saar 3R 3cafAAT S AT 39y F |

TEIA 9 cerem ¥ ot 310 g @ R_vidas & &7 TR g § vd saa Ag
T & PUR g Fadieh, e vd waieaxor RAwfaars & et dwrere fear
€ EEAT & HIA Al HT T FAET & H geliehel fohar I g

1) wTaRor fawiaare

2) ey, VY g yaafas Aufaas

3) AAFRTe AwfaareT

4) g faufaasT wa

5) gotel faNfa=ier v Faeed Sifed Hedishe|

I TAWIARAIe 3eTaen=l Uil HEAT & Gl g d2MMfoteh Jehrlal T HIRTCA reeilehat
gl

denfae Iuafera
gataver faufaae
HTHEIMEHRIMEHSENR- H qfaxor fAufaser Tg @ qAeR0T ¥ S5 Alid T H
SER Tl & U edger fhar 3R A aur giueReTe deEl Ay gardr @t
HYAT| fASTFAT Hedished & U 39T U el drel AlSer Sild S8 Sraifther
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AeAARIEER, safar Hieer, Fagesfea vfoda 3R 3w Az fawea gerdt fr Feat &
SEH e & T 3 garT AR &1 JweT % aRoms Rt Sew
FI Nholed IR HdcAMadr TAHAE HT Ugde], GATEROT  SAHTH, HASHITST
AeoAIATT S gITaRor-37d:fohar, gaTaror Tareey, gotelsd Siafaald, 3caRdde, 3afrse
3TAR AR SRIRATSTIT & FAeg A &1 Sig TWeTor W Afds [™asit & @ swayye -
fAUTFaaTd it STRT U9 ShlefFaPIdlorhd JETTT & [T gl 3USOT HT WieT dr
MERIHAT &1 FHIT, 3T YUe dehiodeh HSH & (I, AIAT HR UL & AU -
SHICIFHH AT & fAveiq Alsel & AT fasweq srciiaamidish # 3a graffisar
gl AFTCAS TTARTAAf gaul & 9red 3uAeT-, TeFaaier 3R 9Tl 1 SR, g
1 aftn, fder gay @ dar 3 o [{ar gfefor ¥ ggd o7 fe) udietor @t &
e g, peael IR SR gHd SEE Aodiee & fov medl AT g1 feerEr
qrRfEfad yonforat & oiaR FRoT-ysTa el & S & AU &= & O w9
Tl detfaies  aTACI3 #T b B SER FE UaT ofene H Ace fReeh f Alser
FURIcH® Hle@Iihai fha gg de vl § 3R SIfA gevel # Jaeas  gur &
HTILIHAT gl
%@ﬁtmﬁwﬁg,mmmﬁwma% H 36527
el &7 & yfe iRfREufas s deaiee 7 gur e 3R oiawer gquet
N FA FEAT ¢ TR AN & & JHaeta wrE IeEuT & g,

* JATEROT FeNehl el TANTeFcdT & o

« fATE, Tl 3R 3IF FR & @A AR TImarR qEfAs gerf #r fearor

« SRISTTFATAET 3R TTaToT 3regeiaror

danfassiew vfeeew & Reew F1 RAwFdar gear

T F A AR ST T AR T & QT AT SHRRER AR AfFaa s
3cUlEl & ¥ H GORI THRA! &1 IYAET HIar gl IEMORIET ol & HROT, Nieded
39T HIST, SATFT @A 3cUmal, 3R FHATTgREed # Th weTd & §9 & famar
ST g1 ARFFE T W, Weed I AVIREST  (AUAs), SUSTRET (S,
NATSTREA(PIRY) |, TSRS ( TR deat () gar, Bedl, deroe, shef,
HETAT, HEMNR 3R 3Mhieh &9 & HAg & e # 9v aw g1 | e Weew &
fOuea gomEal ) ”™ar §¢ 918 g1 56 9ol @ IR Weed H AWEddr eqde
difassica tfonea Atz & fhar &1 oad Weeg fr ted@-50  (ards digar-50)
&1 %A ST > dI3RdT > $8dr > TAgdr (278.1, 217.8, 169.2, 3R 131.88 HISH! ATH
| B dey), FeafEd w9 F oRr T et REew w1 A @ R
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ARG deh f&ar arar| s 3rermar, W vfeRi # WIded $r 3aRe Higal JuAadiverd &
AT F AEIA F AT g9l Ig HARF Higcr 1.67 F 2.83 HSh IH / TH Y
R, IS IS, SI9 TAA-50 & urod REw &1 Sif@s Rar Reew & g @ [e,
AR 3R Tolelel S AR fohareash N3t W AhRicaAs verra fe@rs aar &1 sas
3T [ Ree, 3Fdeica daa iR Afafer gfdead FREr Siied (THhUA-1, SUUH-
16 3R TguaET®H-1) Hr FATFT H ARG =ad § | Rideq @ vfodia & iq:@mdr
aeaer Siea S & facaefes shieq @ iffcafdd & &Ar & ¢d gl i
Reew A vlored 7 3iedsitd daa 3R fAwrerdar &1 #RoT §a@dr § AR 3id-ardi-
UTfdEeshRT I TERid #d g

MR dT8, 3IPHR RTY, WAH ¢, Ued Sids, I IH &, eI T (2020) FHARfTeieq wfermg
RIS &1 fauTaad Hedich . fHRBRR, 125730 :246

YT FT EHAT AR

ure @ aH), I F MR AR W HAF TEER FT 3T FWE AU 5o 51 F
gerar fagaor, s, IR FEAfeTw sreage

el I TR (IRTEE), MY & e TR (HEE) 3R SRS ™ERr
(TH) & 3YART e AU oo (THS) 318 & gell & 3¢aT ¥ 500 3ol afcwaw
R el IRRIAE & ATEgd § OiNd fhar a3am| SeR &1 39T Bdfesd S
THET 3§ & A@e & fov fRar Sar onl e ST gaer A d@E8E, 3Rugsr 3R waer
CART UAST &I geled &l &TAdT 97.0-99.0 T, 71.0-99.0 3R 73.0-98.9% Feufadi |,
g (2.0-11.0); 5 oAt & for IR TUF (0.56.0 IMH / 100 THTE)| ol
e (KL) & d/@e 1 fohar &r swaer: RHB, CDB 3k SB & foiw 0.101, 0.583 3k
0.128 grca fhar aram| g 3ramaEr, 3RTad], @8 3R Tae & fov oA 9UH A &
FeAAT Fgafead 0.068, 0.018 3R 0.066 &, ST&fh BEH GlddT HH FSAcFd
foT Ig 0.031, 0.023 3iX 0.273 U7l 30 YR, TEET 3 gl & fow 31f¥s gardr
MYEH T

AGT U, TS T, TR @ ww, ey @, wgddr @ (2020) sREs
caFATalal, 306:123202
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YT FT EHAT R

ey, 3N va faw RvfRee
gy & FEfUE Ao § AN T SNad YA & g 9Ad AT H gHe
RIS lcl g1 TAaROT YGNUT AT IUTHHUT & AETH & TWed @ T4 @ed
HeuoT % SR A faeg oW A AT 98 W &1 IR-PW 3cUEH A & N g2ied e
3Mqfct GARET el 8 Wieg I AT Fa TUT FAAT e Al @ieren
AT 3TaeTE g I gl WET JEEUT 3¢ & g faera & @y & dledfih
3eeRdl & SS90 fafdest wie Aereil (%3 U3fed) & 3uaer & 3R T o Ser g
Ted #H Ut & ¥ #H A% TS Teed! & AcAfd 39A9T fRar S T@T g
&eHAY T AR o7 FAW & HRUT Wed A foeet A3 Tolel &I SaAqgian AT
AT 3 T MR FHEAT &1 3T ATARSEd, 8T H 3cUesT IT JHERIOT JAT HSRUT &
aReT o IRSEdeT Heuur el Fhd Bl SIUH WiE ARSI & IcUeA &
gerdferst (RepifFaeiee) Svae dieafashr 1 sRqy 3uer g2ied @reg 3mqfd & faw faar
ST IRV 3R S8 AY AY AGERNOT & qd  SUA @i / HEeT . T T1iid
@I ST TR IRARE AT & IMUR WSS fedl & AIHEHRT FHT F 3eAsh ThR ol
faNTerdar &1 AHeT 8 3reaTeT A9 & §1 36 YR, SIUA Wed Ud  IRURE &7 4
3UANRT &I Sl dlell Se-giedl & WY g TEEee  efEAed Algs-d) g

)
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ﬁWHT@TaﬂT?,ErscqmﬁdeldlﬂT%UIWﬁmlﬂgﬁ%&ﬂﬁﬁgﬁm
IRTeT fear §1 AR WeT TRET U4 Aldsd Tl (THUATHUIS) o 50 TEAT
HT &THAAT N AIAT & § AR THTHATHAUINGS HT YW FATEMAT TUT HTHITSIR-
IMEITSEHRN H THTHATHUINS & §3 Il el I TUMTAT g FHol Telel T g1 FEAT
ATHIEIR & AT AlS FRHA “Ps U5 Shodel AW Fogel (TH3HIUH) ” 8]
Al YANTRATST & &7 A 8 R Al §1 THg canr fovw arv vy @ (i) afdes Afcaw
# dafad fa¥er vole &1 Ui aar & v sRiyonfodt &1 e/ vd / a1 T,
(i) PISCIhiA®ed / gadl AT deradf & ugae, S 3Wigd Tarafas 3refer(hiase
AlS-3-81) T ANFAAT FT FH I Thd &; (i) T3 TR T & _ANFdar & a7
I HHST, (iv) SIUH WIeF / B I YT SHIAT Td 3efehl TIET / Tololl Heell Hediehat
3R (v) Teg TE TERIfHE GReT &g e weiteat & e fGer-fadet fr s, v
saA fafed €l

NANAF @A F WEE F AT da T AFdscH AR b Fr ayfTr

HIRABT HT SAAAS IWSAT FIRBT & 3Hdca & AT AR eERIS AFRRT & qhel
FWOT & AU Agcaqul g1 3ideiid 3R afgea veiel garr 9Rd eemdr Sivae &fa
faffes Ty sffcafdadl # siffcgad #ar g1 388 Aued & fav, gaRdes &
ST affd gfdfehar (SII3R) 91U &1 [afdd far § S Sivae aifd & Agqd dr &
3R aIfgrea Sivav i FEAT F AT TARAT # GfFHT Far g1 AT H #AEAT F
fov dfha 9re sgfFedicss THEdEEHd RO (WISHR), 9§ Toraasds RUaR
(33R) IR FadT RO (TATA3R) [fore-wgs s R & fov g Sefh sso-s
s RUIR & oI grATaeTd RepFaeiesT (TI3R) AR Ald-gAtaerd TSerafadr (Tauds)
g1 0GG1 Us ATAT TgHITAAST § S BER I &3l FcAT & SIafeh Mre11- Rad50-Nbs1
(MRN) STETeT hiFColerd, DSBs T WTATHS TegeX & it &1 aTel Tl T TG &1 STl
gl ST gfd gfafhar & di9 d@6fid a9 TauA, TR AR Svau-diss gant
rauEgds fasarfed frar Srar 81 @53, chkl, 3R chk2 & wéwa 3R wdua i
BRI HAA: T Tsh & G1/S, 3C-UH, AT G2/ M Idhudised & Afaaf@a & g
Aferhsll T HfAd 7 @ WiEaT gfkar § 3 Sivaw i AFAT F [AIAT 7 Agcaqor
HiAwr @ § 3R Aoer AfFEeRfEw & sAr @ g1 Sheelieds derE-aRd
gRafdd 3iferthell O 53 W IR gt § o F Sheeiieas daa &1 Ay @awe o
g1 3iehol 7 enfAer W &1 v #@Ag p53 ganr fafaffa giar § s DRAM, DAPK
3R AMPK efAer gid &1 ST foh Fose §, 3mEitd 3cufa & ¥ & fiehe gl & &RoT
AR STAT A 7gfForey Swav f Joom A 3w aifq H domaan &1 afa &
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AT & YR 9T AT O AT oF IT Bl o & arar § 5 SIRT1 s & #Areex
s & RERT war g
37Teie; GIAT &, AT 3ifehar, g oigT, ey T, (2020) SIvav RO, 86: 102748

AT fwfaa=

TEIA Teh oo & 3fF AT H aAdlciFaamidion & &89 H HHA H 7 ¢ AR v
faeiel & 5§ 3d & # INET S aTell UGl delfeleh Sfellibd & Teh Hgcdqur
AeET & Y AAVAAT @AFd e A WEH Bl HEH A Al dehelle W
TSI FT &l g Acash IRASAHT i 3epars 3N AT Fa-uhd7, I, T
IR U B BE HRSET vHE IRASEBT A HElieR s §EUE A Sl
AAATRICH (STATH) & YT 3R o871 quTe, fasTerdal Hedishel & T RGO /
T / doelihl & G, Aarbwer & fou fGen-fder, defeus Alsa 3R Sifae gonferi &
Y AT & BRar dF & R w1 Aqed fRAT WA S mSINSE, ISy,
faeataererdy, JTaue e X 3c@EIT & WY Al dohelieh & 8T H Sfdd weash
IR T &1 AAECRTeH B G / fANEdar &1 3hele WA & AU, $T gl
HEcaYUT Heal I FEITT el S AT §: i) 3R 3R DR T THTE; i) SHAAE
iii) faaRor 3 SRR @1 AT iv) TheTor Atse FT e 3R TeAsT; v) 3o faer g et s
faaY weragITeRE #; vi) IRTEATAFAT; vi) Hregeerte dateiaafddr 3 vii) g o5
faeamoT| AAAReE cIfFapIcion HAE & Al &l 36T § & aAaieRTed &
TR IR ARl qomal T ST aell, 3ofehl fauTeFddr &l &e HLAT 3R 3TeeFar
3cUTel, FTEeT |t Sedrar 3R Rfercar 3o F g 3uder @1 mearae & B

SR Tole & T A TR FT ITANT FF IR-FFCIFER Nes AdIIIcHed & TATT
3R waor gofer A AR F qae TieHT

SIGehT o7 31T ATET T TR T ST Flch Tlel & AAThUI ! LA Tt T Teh AdIA  TfohaT
T G@TT §| 3oiet 4T AAeAteolt & forw Hfer & &9 # ggoll IR IR &1 39T R a=ifs
SHHT IR-TTSCICI TR Tehid & HRUT STHFAT VAN F 19 §T & YA fohT ST &
ITHUT § Tl Tl § & Aol & Aetervtt t fafdewr sranfires Reufaat 7 deafda frar amr ar
S ATaTieRed & TR &l FAUTRAT el W AT T1Ta STerdd A | 3ol TS T fafer &
HEIH  6UATH 3R 46 TATH & Had HTHR H AT foRAT I737| dI@eht o 379a) Mer
femmar fof el afeaesRusa3maTa SIAES (CTAB) T U dga) [A%hed & ST SIfIHr3iT
& fow srcaftes siedien § 3R SMfaw sepiet i @A axar &1 affesr dastet a1 olaTor
e arem T St &7 A AT o Hifcier-TaTa i Ui @ TR A & foT elReT & a1y aar
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B3 UT| 3ogiat fer@mar § T2 IR Tt o SYeilethar & T hidar 3R eefaremstoier Tsie & &9 &
HIH AT | HJHUTA o Sifdeh eIy T 3R o@ fohar § ardifeh <R & |1 A
AR o AT Thel FIGATAT HIRNFTI R 1S FawTerear ¢ feams ¢

$AR U, & Tel, AT Ueleh, Hegg o, AT THb, TWERY AR (2020) AR,
10:45

wF R-wseEifFad FRT o F T H ARG F 370T F&F S & AAESTW & T T
AT PR F WART T F fAv wF qaar efeHor

foamae Rwfaa=

s faufaerer @ e Aftaw ik fo=ifost ik R Scurel & fov geer ser &
faewueAss a1 1 G H A B @ wIw A W@El, wieiAwed,
BHIEI e, HEARE 3cdTe, @ieg / ©is tfiften, afe & Rffes R & s
3cures, fauuret 3R suder A vy oF A e wefdel f Aeg #ar B, 5 deRed
YiFefaa (Shwed) 1 Jeure &1 e, gar, @eyg / B8 3R 3Ue 3crel W geet
ST / ROE i HRSET Tpfd & T Fgeaqel g1 2014 @ fafaes o e sreags
& U Sliverdt Fe giawr g MUHNSIHR-ASHSENR fawrerdar qdefor & fov s
YHTOT e &Y alell TR &1 A gadl 3N MTEMEHR JAemmmen 7 ugel g1 shwed
giaem & g #T AEAR A & §AR R JarEl & IROTAEETRT e 2016 & "Siely
3R Ty Shiat W) gAiaRolr reaae” & fT gHuTE gTod g3, S gehleiaateon e
el & T THRT &8 H hael ST FATOIT AR SArcl g1 2017 & Fhaer & ga:
YA & aNteT giaem & Sl fasreraar sreagat & fau 3mer arRr ot f&ar B s+ fad
FLIATAE TSNS, Ui caar 1 Sie 3R caem gadeor qdefor| e 3k
39S 3cutel W FRET ser / RUE 3R #Hg o Sivad gaAwv & dgd g fhu aw
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G & S H 96 & T 3y gard fomar g1 grer & &, ST 2019 &, glaer i fAorrer
etor & e, waTeT fAwerdar reaye 3R S Atsa oot & IR 3R sHeiFaad
IEYTAT B SNTATH THIOT & SRR H ST 97 U711 gg Glawr 3o dRgs Bufa & faw
oY 3R FLIA 3cFAl IR faRfAd g, QA IR Il FTOGRET Hedichd Fh
"Heh 3T SfSAT" & FRUT H FAYA HIcl ¢ AT Hl J3ATfeich Ald Yald Hat, 3GA9T & A
Ty g 3R FaElor gaq e & v ody [/ Faisd Gen-dét & s AlsEr
AUt &l THMAR 3eoicd fhar S @M &1 SEfaeh Tquh IREAfds oF # vh Fdeard
Heush g1 &R Heueh fodiithforn § 3 38 YR 3T ¢iftheh TR & Sial & AT 81 &,
e HGell & AEYH § Al H FARAAR 8 Sd § AN 3T & glidhReh JeId 3cead
wd ¢ safay, oftafas 97 & R Redl ¥ vea B av are Jo@t & ast &
R e Sl W@ & AU AT T & fRCHIOT § Agcaqul g1 FHS ol F81
AT H Ye¥hl & doll ¥ 3Meholed & foIw qlenl &1 dprd 3R FcA0 T Agea ol &
difh EAY W gEASTT I WA & ANofell delrg o Fah| Al Ay e ¥ gan
AT Heg &) i) TR & ofefor gofe 3R aRANRT & T JU faeeyuncAs aliet &1
faehrer 3R )ii) Sliverdy feenfadet & @R gt 3R 3cdrel & fawerd GRaT Hedichet| /
THE & 3687 ¢

« TGS & &ToT guiel AR GRATONERT & favw AU faRelsucas aliel @1 fane|
- SiTed feenmfadelt & AR =T 3R Scdrel ST faverd et Hodicha | /
- T U faohre HRIshAT & fov T FETemer g2t & @RaEE AR 3mgfd|

faedaler oW TFEWeR & FROT TF g & Alsd A AcElfad A5a3 GaRT Scdeed
TATSHIATS ek T U gruTarsafaar

fSeharer T (ddiew) e 3R T § S 39e A1d I SEhdle T (ST &
eIl glfeishRen 8Tl & ToIT fSIFAeR 81 30 TGl I 3eced NAwd & cfiel 3eT-3refer
Gl & WU H 3T Tl [aFER g1 & WA 3R 7T To{eA1 H ISl Aeraloscd hT HHTad
faeha sifdrcafed T Sira e U1l ST &, 3ol Tofhlsl ST SFE (AISNER) 3R sgfa
TTek® re (IS & garT fer ggt # fifvd & 39- Jdwfow Sf@w d aRd
RIS H RS U 2T IRT § | 39 &1 A, AT FiACHmh-ag WAl (She-vaey)
RIQAIOT 5T ST ek W A T 3 TTT A arer AcTaeTsTy B Feraitos g #
I § | ACTSAFE ST Y Tehol-HIFN FEROT fARANUT (TaAtaT), Y@ € fagaivor (),
3111 &7 & A [Feieeh [aeelyor (NUered-8v) & A-A1Y fahd TAq= ARl & AT
CART GATAT AT & | INSNEET 3R IS ganT grsueensafAar $r iffcafeda Avad 3R 3w
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G & FHTIAT Ygi H IS I § | ATaToieh NAISTAT SanRT SR 3N HF & A1 & &I &7
¥ 3 Ui, A 3R Pl 3l & TR A Agcaqul M5 ar$ aTg ATl SHSE el
STg Yo & SRUT 8638 Sifdeh JUTell T fARevuT St 3R Siae 3maRd Farer

TAATSFATIITST (Shgotiol) T T I fohaT I 8|
HEIE P, O a1, 3R & T, T TY &, TAHed clfagamias Ug BIHibIdmS. 2020,77:

103372

REbaATd-vw NfEH & IRT TII=T T59D F7 faedvor

yorrell fawfaser ve waeey Sf@s Ao

HTST GTEROT & ATEIA § Ud R & ®0 A e W@REl § vadies ¢ i v
A TFgdioR & AlId TERLT W IS dlel SIT&H Hf A o folv, Ig THSAT
AT ¢ fh 3 SFAeredd THAT ol Iihamst &7 Fa vanfad X Fehd & T
fawTeFerdr qut qRUMAT & §grar & Fhd §1 3T Yo SRS Thid & 3JNHAT § Sifds
yonfodlt & SAERiftFE & vHIE F FAGS H WG @A YEA @ IS &l FEE
AR, Jelerfed TradioR & AR & &7 7 g NfAs wder & 3m3eqe &
3T Fel T FATGA IR & IR 3H YR fa¥T @R HI UgEE g T GETor
UishdT & ® A § | Ig FHE Siideh Hilod & fAffedd TRI W WA Td 309
RO FEE & Gl 1 U Ud Hfasgarol ael g e ardrsh gfSeanior
] T § 3R ufdeer Fareew aRomAT 8 WHE Ut T qgEeT AT §1 36 WIg
T 3652 I U9 EHA GanT AAfdss omferdi &I aIsesl & HETTT el 81 g,
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HUfdd Ydhed T4  IRURE Qudddr Agst # qRadd : AeReEN e, fafse
fasTercar 1 forarfaftier  @@sT 1 urcd el 8 ST @I GoT: Thihd Xl 3R 3 3o
fasTercrar wfafsransit &1 sfasgamol #te g TRASE &1 f[AeE Td @i T g
AfFaeIel ool TTUdst Ud ST fARalWor 3Uaull T UgHe & ATLIA § Th Thihd
ShAah HT dhrH A FTEELY TUT  GAERUT W A>A! U6 300 EEE & Tidene
THTET T HAS & THI A 1 Teh HiPewl 3T g1 GARONT @I & Ticiepel Fomat
dI 3Thelel HeT g ATl & faohr, HedioeT T 3qoaleT X ARV g fear o gl
g8 JHTARF, T T 37 Hell fawrercl 37cT:-Than3il 1 gulel a¥el & ToIw Tehlehel waTor
AR & Fediea W AT = § S a9a & 3T U Siifad somel & #iaT gl
g OUT 3T Golfadl # FAW Tolel &I sRars fhanafer &1 sfqsgao & g T
ySiifd & g3 AfFaareicias gfafhar & e 1 AT d §1 gomel favfase wd
T SIEHA Hedihed FHE & [a9F ) @) @G Td FET g@nT Sifde gomied &
SIS H WIS, (ii) 3NUIAH Yehed] UG URING fAWFdar #UEst H uRade &
IINEToT HAT AT fARIse fsrerder H frarfafr f1 @HS god ae & AT Ser @
Tehishd LT, Ud (i) fawmeraar  gfafshansit & sifasgaol oter g s fawiad
AT TUT RATATT TATAT |

AR @R 1-Aua-4-RaEa-1,2,3,6-2crsasRiza-aRa wfFewa  Qer-wwast
el (PR Tasreton) & gRamw

1-reTser-4-feaga-1,2,3,6-2ETsaiasR A (wrdién)), aawizgar (ga-Horw) & g
arel F-RAEfa qur dfEr-aF H FIRAFT 7 9> e el Iew-RegfFod & TR 7 e
YT 8, FoTaeh SROT drfehedlel 9T glet hT FFATAAT &G SATcil ¢ HehI3Tetholl (JEcl-HIRIST
Tasreor) 3R ARA-FAfETeE sitehthel (TRIAH-FEITYT RITART TIHEI0T) UfhITT, H-
TagleT GO 3R 3o AT & G Sl aTel ehl- Ay fFerel @I ghsi-gehsl H Wisd
e HIRIFET F qe Aprerct & | ReNARa, 39a fafdea qoit & $ror, ierdsiea
(3HTrEIShel) TToATa-STiotcl ook ST (HIRABIT &Tfct) & FI&T Teled il o1 HITRIIT FFsafor
#, THEdaRa aRadet W RAARe & v & an 7 3l aF To Ay A 76 9 |
37U, 3 HEATA HT HET e HIAPT-TaaT0T H TANAN-IRT IRt o AR
o T T HHSAT AT | 8 B g, 7 YT (20-25 ATH) Y 2 FCATE deh FHA R (3107 I[6T
4, vidfesT 40 faelama/fham) fear aram| |rad fe=, g3 @ $o i I THNE (Seraor I[eT
¥, 20 Ao/ han, 2 6 & ATl W 4 GRAGHROT) AT FS Fgi H A Afgend ([emas
aTee) T T 1 TET & ARASH & TEINCH H SIHIA & T &l AT IAT| Aaeguee
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HET H 9 S dTel 3ohl-[Aegiaels, didele-1, MFdEcdA, BIEBRGACS 5' TSI
AATRIEhe-TfHT NET FlStol (PIEPRISACS-TTHUS), ASEANH (TIThT)-Tafad oot
-2 (elF9-2), TIhI-TFafedd Bieel UIEd-2 T (oF9-2 T), g AUldh Hldalc (F5A-
AT Hfd) WET -70  (TIATHI-70), BIEPRISICS 3Hh-51-T8T HITART  TIeToT
TfhIPRE Fr5aet (M-376h 1) 3R BIEERBAS TIASAA-Farfafer afea ids (f-vaer)
ST AT &1 fIeW0T, d¥Te sle & gaRT fohdm 3T ReaARe of taAdiddrafia afFea-1,
HFaTeas, W"Fﬁ?@ﬁé@-ﬂ@tﬂ?ﬁ?ﬁ-%l?ﬁﬁg‘éaﬁﬁrmm& -2 Tk
N-THER & TR H g5 AT & Fa19 fohar| RMART o v ddoaRa srewr-Regfeers 3R
ST & TR A §$ A @ o GR&T ere | rewwe & aRomaAr & 7€ deRid g & %
ARG RIS Tas7aTor H TAUIE & HROT &Y I¢ IR & &I FeleT il |

BaTér Tas, e TATEY, fAST Uk, 9o e, f8ig TAW.(2020) Sieler 3 AlfGIeR FgIETSE,
70:76-283

ReaRe o T diad-9Ra srew-RegfFas & Tt # g8 Jefr & quar var &l sew-RegfFea &
aFee sarre &1 fRor (I 372 3R 37F O3 F gerca w1 fer-AFea & wror Jaancas rgara (Freer 3
ferama aram 31 et F A It (@EAr=3) F g geRiia B ¢ 3k sedwy aRada #
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HATTATIT BY, *»FHTGT<0.01 mﬁﬁmmﬁwﬁaﬁw##ﬂﬁmm.os AN R arw
Tag Y Jore A, @ T R

fredraw sifEefRe & FEgfAe &1 gome, Redata-v (@idv) aRa oReds &
AregA @ AnR-Rfagaa

oAy Asfeses gfear 7 gar 3R sfifaensgise qder HIfsi (3dded) &
faeidrantor enfder 81 ot Arsfomes dfer detl fasrt T &3 HT HROT FdT &
el a&3il & Teh Teeh [SEhale-U () Aea Faeed W Glidehel F8d STeld &
AR oo 3Ll & Hohd Aaar § & ddiv =uewfte 3R Asfose= gfear
Ahdr § S FaeicAs R¥adr & afad axar g1 e, ddiv 9Rka S-Arsarsaer=
IR AT garT FIfad =micaRe & dffed oF ARTET @ gl & 9 &
EGAA o NTAINEARR MY W Gidhel THE STell| FFG[AT o AT TR 5o
faer 3R so-faar gl W gaR 3R A & fades HA b guR R A A
ST 3T ¢ Reddemd # wHEIRTaT dAffedfFa R e &R & ARfoee
AR &l TGN WFGAA o TFgfe / MBP+ SR (wguiaA-3fifeensgrase -
Fe) 3R G & FRIRIATIT BT 3N =ifheldic /| THAN + e H d61 &
ATH ¥ Al &THAT A UR fRan| soA-f@faer Sifher semme # ddiv iR
EGAA & FAMAT oedl & T H Ad G Siel W GG 9T AT | IFG AT oA
e &1 AL AU B A g S fReafdd A gefr & Aveaw @ 3oc
f&aml DAPT 3R Notch-1 siRNA Z@RT Siaifed 3R wATRIdSiha Ald 91ad &l &H &
e mn, e aEgiAe d1 HEgEdaT SgUWeHR wA B Sl gl Hel A,
RO &ad § & wErg@a e IRa S-aAsfaae iR gagr gath aie # A
QAT & FHRIUT F ATCTH T AT Bl

<sd U, g TES, qoar A, f8g U, 9 o, 3RGIRAT U, IS T, dddal 3R
(2020). SToieT 3TH gl Hex, 392: 122052
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F F1 W g

TEe # FA aRafda Reddrra vad-$eiew sk st & ameaw @ i el
# 9Ra &y §

TECISled &l AT TEgIold RATCI-3eWT (SN 3HeHN) Hl HF Al ¢ AR Rodihead H
TACfAT # derar &t &, OTw AES-AA fr welt @it §; graite, iafafRka 97 F7
A S1d €1 F§T g T NARuacIARes (HdwEE) 9§ & Alse H Morfas JF i
@rer Y, 3iferhelr 3R e FRe RBeafeer fr sy fr IREeuar fr st e ag
¥ G &1 gAA 3Ndewrd gt A 9¢ gu Reddheuer 3ifertheh o e fhar, e
3iferthalt M &F ¢ U &R, A H sURAT 3R THE-TAANIN Fawfelr &
vy & [FAYAT &1 FH THS-TABNIR Reafelsr & 30EA Shaed N ST F
fReathrder gURA-aEE thisde My haey (Tad-3oNtw) 3R BRE-SSTHEIR & HaAr
FI 9dT TATl TP 3iA@r, 17de-vEesdia 3R tId-Seits 3uaRT o fgedieheger
SSlUh3R Hishaor & Sgrel fahar 3 afdived Tgi # sEaede 3iferhal gfthar 3k
QU FqhdT H HA AT T RATEX (S3R- 36N HT 3UTNT Feh 3o Tde
I A - W NAfAF Fodtdede sgiew o faar feoafort & my & gfte 4|
% AfaRed, fFar 3R s Qe sreaaal # e 3 $3m-3rewr selt 1 Bufa &
feeiidraer =qUee TTd-SSiTE T el 3R Rodideud SRlew & Tdeetad &
Jfethall @l do= w1 Ferd foAr TN, FHS a6, gH AT i IR SIR-3WT -
ASelete AT & Fealhede #gqUed H AGCIRllesdel gliel 3N HASIhell & JHATOT
Ao, $3R-31WT -ATSelete HITABIT of TET Iculed IR TAN-SHAUTH-HEIEAAT TgTell
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# o ol fe@g| Ha & e AT & AU HeATd A, JHdvewd ggi A TSl
ST & Ty ekl 3R ITAR & A%y o TARICHS YAl S dgTal fohdr, ars-Aef
IR AShT aRER @Rt & Aead @ Hediched fhar a1 FHel AR, §ART IHETT,
Ugell AR, sUeTel THE-SlUh / SSNUHIN fAvafoler 3w 3iferthal &1 311 3rewr 3R
AARY YT & AT ST g, S vEeeid-sar @ fufa & sifga gar &1

TFATA IS, Toodl YeFell, o 3i5[A, RAY YadpaAR e, ey o, fafer e,
HIfcd e, AsdsAT GCOTedE, Afgd T f@eer, HOfAEAT  de@ored. (2020).
USIfshalaliall Sfeidl, 244: 53-70

TS (E2) 1 FHAT ER then & qauTell § 3R AR Redtdeaw =i=w # HB-EGF / -9 EGFR
afFgar A gar & &1 vEE-ESITE / SSUEIR F A w6 § et Rffwws F wd )
meIW1Hﬁﬁaﬁtmﬁﬁﬁam%,mmm3#qaﬁr§§
¢, et 3-wrereyar siternd 3k ASFifegaa gRae # FA aE ¥ IF dgas Td-SSive
| SMTEHR 3R 3ierbs ard, Reaidraw =iaa v 3k § 2 @ FA arelt afgamat &
fer-efy @ & P T Ageayst FROT @ ¥ o §3E a1 wad-Sshuw woohete gam
aiftra g |&ar Bl
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YHARY SIEdT a1 Redde @ R € yar Seae-9ia nfasfoe a9 -
FRAFET i afa F T Far 97 FNFET F AT rrvaaT #
Aedaseree

qOHAT HEATT H STEAT (YUT) 3HYaT W (Fieareh) & [ahrrcasts qae &
WeTaedTed # SEAT 3HYaT RWierdle § AT <G & A eUcel Slialei ol
AFRITARIAT W IS4 arel woTd &1 fad=er fham aram 81 Tl 1 Fhael Sleraedi &
ek SEar rgar Wigdee 3TaiRad et W A afafldfoar qur Revea
SIUfA & SR & =araedl & AT S 30, T & 1Y el & & g
SQfAARTS HIRBHT H FCar F1 o Fa Q1 TGRIT g3HT| Safh PIRBHT F
TN 3Tl 0T, NET Fleffaled, GO JHiFASS BEger  ¢F &1 3o aifafafer
WSFATHSY FSHS T 4 — TS FAAGTT & Wfed TR F Fefdr urly ariy
SEAT 37UaT WIeFde AU A SR, THUR, ASHITadd A Iba-1 dAT
fshdpd AGRITTT FRFBT & TR A GG & -, ~GFa heea
UA. U, &odT &Y. & AhIUT & ATI-ATT HASCIhIgde ATSCIhiA Al o Fra Jodr
FEUNT 3 9 HE4-F 9 & dfed TR A M Jgaedl q@a Fr Al sefd
afferger AlH-31H T THUIEY T TSUTAT gISgiiedciol &l HET H Al & JATOT
gIeT g FeI Jgl A A I WHdlE F FHAR HAR0T GgRT IHY
eAGeT fhd Y ATUCST H HIS IRATA FAG T TGN Wo  [AhrcHs FHT &
3WIed ST T WNEE ¥ aIFF Fg1 T Iof: 3TN har I-07 a9 39dad G
T Avcst A A% Heraeue A IR g arel gl T ol & fUd Hged
qoT aR@ds 9 T | dd: 9RomA FE gefar § fF Sear srEr e @
JHalee] 3TATERUT HTeHh Talld, SeFellehaRleT, SITRIT Hcg TUT ST AT
T 3HH TAMRA F dF W Afdge THT D5 § o dg@ear  F e g
arel TAYTeFd R 31T UdeT &l d6T & gl

=T e, dleret v, g S, gea 3, g &l (2020). AlldeR AT STATRIATL, 467
27-43
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gHareR At & aRrer 3R / A1 awar F R s T T SEat F Aafevded Fae A
39 NAT F TR W fFF / WiFae F1 e

FEfadT F FFHERT TAT-AEITIAT FRATFARE AT caur FRFT FioAarst Hr
e

I i W fafeer & v gl fr @dg & o AT 9% §96 7 G 8 e
caar (T IR Afawiee & Ted g1 FEfela (CBZ), Tdh Uleldsides, WHEH
gIsgIehTeel (NUT™) & &9 #, UM HeET il gad Rer & @y @ARBT giar g1 I
e & g¥, wen, i@ @gd, &g &6, AR oS F ggr A U onar § 3R
faffed gFR & gaeafadl 3R Shar & garfad &ar g1 gaR ey sag § & CBZ
gafsrareler e genfadt (ROS) & 02¢— & TRE §IdT & - B5U-1 PeSIAA®
giafshar & aAregd ¥ 3R A9 WifeAmse dd osd (HaCaT) & wieRiiFaradr Hr
HROT &Il §, St Algerhii-sdel fSgrggioiael 3R MYggel I8 U (T AR F) assays
aﬁmmﬁ?rgaﬂ%‘l CBZ Ul &35 SITAT &ifd & IRT &l &1 §HA PP FoJ &
TqIcelfee deet BT HENERY @ St @ g 3N sHeT qite drscrhiA-dl @ Refel wih
ASCIRllesdl 3R IS activation 9 HFHAUT & &I gl FHT G, BIC-ASHITG TN
6 CBZIRT BIICFAAE & 3T UT| 36 IHeqTA & IRUMA Tl & TAdd A 8
f& bax, cyto-C, Apaf-1, casp-9 & 3U-3[elell 3R bcl2, keap-1, nrf-2, 3R hmox-1
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St & ST3T-YI[eIIeT HIRART HcF HT HRUT oAl &| TEFAST Slll & SEBA-Jeler o
BIERIfACEsSCBZ ganT gfafsareier s yanfadl (ROS) T weh Hgcaqol AT &
feama| safaw, adde seaae ¥ @ AT @ 9RT CBZ & @A & AWa it Ww@T
& foIT Tk shaa 3T gl |

AETT T &, go I, Wogr Y, g o, @90 vF, Holaer TH U, gfaad U 3R I IR
TH. (2020) Aefork STAKIAE Siotel, 121:1273-1282
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CSIR-IITR Toxicology Research Bulletin
40(1) 2020

CSIR-IITR, 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 institute has been continuously working in the field of toxicology for more than five
decades and has made unique contribution in commercial, industrial and environmental
toxicology for the improvement of human health. The institute’s activities are categorized
under five major areas viz:

1) Environmental Toxicology

2) Food Drug and Chemical Toxicology

3) Nanomaterial Toxicology

4) Regulatory Toxicology and

5) Systems Toxicology and Health risk Assessment.

The present Toxicology Research Bulletin is a representation of our all the activities appeared
in peer reviewed and refereed scientific publications.

Research Highlights

Environmental Toxicology

Environmental Toxicology group at CSIR-IITR wundertakes studies to improve
environmentally linked human health employing basic and translational research endeavors.
Model organism used for toxicity evaluations such as Drosophila melanogaster, Eisenia
fetida, Caenorhabditis elegans and other models are compatible and approved by OECD for
the risk assessment of varieties of toxicants. The research outcome helps in assessment of the
chemical exposure and identification of susceptibility biomarkers, environmental genomics,
microbial metagenomics gene-environment interaction, environmental health, reproductive
biology, mutagenesis, waste treatment and bioremediation. 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
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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 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 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.Major research domains
under Environmental Toxicology area are,

e Mechanism of toxicity of environmental pollutants

e Remediation of hazardous and persistent chemical substances from soil, water and

industrial wastes
¢ Ecotoxicity and Environmental Monitoring

Toxicity assessment of parabens in Caenorhabditis elegans

Parabens, the alkyl esters of p-hydroxybenzoic acid such as methylparaben (MeP),
ethylparaben (EtP), propylparaben (PrP), butylparaben (BuP) are used as a preservative in
food, personal care products (PCPs), and pharmaceuticals, due to their antimicrobial
properties. Parabens are continuously released into the environment, during washout of PCPs,
disposal of industrial waste from the pharmaceutical and paper industries. Parabens have
been detected in the indoor dust, wastewater stream, surface water of rivers, and the marine
system. Recent eco-toxicological data and the environmental presence of parabens, has raised
concerns regarding the safety and health of environment/humans. Thus, to further understand
the toxicity of parabens, a study was carried out in the soil nematode and a well established
biological model organism, Caenorhabditis elegans. In this study, LCsy of MeP, EtP, PrP and
BuP for 72 h exposure from L1 larva to adult stage was found to be 278.1, 217.8, 169.2, and
131.88 pg/ml, respectively. Further exposure to 1/5th of LCs of parabens yielded an internal
concentration ranging from 1.67 to 2.83 pg/g dry weight of the organism. The toxicity of
parabens on the survival, growth, behavior, and reproduction of the C. elegans was found in
the order of BuP>PrP>EtP>MeP. Worms exposed to parabens showed significant down-
regulation of vitellogenin genes, high levels of reactive oxygen species and anti-oxidant
transcripts, the latter being concordant with nuclear localization of DAF-16 and up-regulation
of HSF-1 and SKN-1/Nrf. Hence, parabens caused endocrine disruption, oxidative stress and
toxicity in C. elegans at environment relevant concentration of parabens.

Nagar Y, Thakur RS, Parveen T, Patel DK, Ravi Ram K, Satish A (2020) Chemosphere 246:
125730.
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Graphical representation of work

Removal of methylene blue dye using rice husk, cow dung and sludge biochar:
Characterization, application and Kinetic studies

The study aimed for the removal of Methylene blue (MB) dye using the rice husk biochar
(RHB), cow dung biochar (CDB) and domestic sludge biochar (SB) synthesized through slow
pyrolysis at 500°C. The biochar was used for the adsorption of synthetic aqueous MB dye.
The removal efficiencies of MB by CDB, RHB and SB in a batch experiment were 97.0—
99.0; 71.0-99.0 and 73.0-98.9% at conditions, pH (2.0-11.0); Biochar dosage (0.5—
6.0 g/100 mL) for 5 days. Adsorption isotherm of Langmuir constant (K;) were obtained
0.101, 0.583 and 0.128 for RHB, CDB and SB respectively. Further, adsorption kinetics of
pseudo first order for RHB, CDB and SB were 0.068, 0.018, and 0.066 while it was 0.031,
0.023 and 0.273 for pseudo second order kinetics. Thus, CDB was more effective adsorbent
for the dye removal.

Ahmad A, Khan N, Giri BS, Chowdhary P, Chaturvedi P. (2020). Bioresource Technology,
306: 123202.

Graphical abstract of the study
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Food Drug and Chemical Toxicology

Food is of paramount importance as it is required in sufficient quantity to provide a healthy life.
There is an 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 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. Since the institute has contributed immensely in the area of food safety,
Food Safety and Standards Authority of India (FSSAI) has recognized the potential of this
institute and has approved for the establishment of Referral Laboratory of FSSAI and Food
Reference Centre of FSSAI at CSIR-IITR. The institute also acts as the nodal laboratory for a
CSIR Mission mode programme on Food and Consumer Safety Solutions (FOCUS).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/allergenicity assessment and (v) establishment of guidelines for food and chemical safety
for regulatory agencies.

Entrenching role of cell cycle checkpoints and autophagy for maintenance of genomic
integrity

Genomic integrity of the cell is crucial for the successful transmission of genetic information
to the offspring and its survival. Persistent DNA damage induced by endogenous and
exogenous agents leads to various metabolic manifestations. To combat this, eukaryotes have
developed complex DNA damage response (DDR) pathway which senses the DNA damage
and activates an arsenal of enzymes for the repair of damaged DNA. The active pathways for
DNA repair are nucleotide excision repair (NER), base excision repair (BER) and mismatch
repair (MMR) for single-strand break repair whereas homologous recombination (HR) and
non-homologous endjoining (NHEJ) for double-strand break repair. OGGIl is a DNA
glycosylase which initiates BER while Mrell- Rad50-Nbsl (MRN) protein complex is the
primary responder to DSBs which gets localized to damage sites. DNA damage response is
meticulously executed by three related kinases: ATM, ATR, and DNA-PK. ATM- and ATR
dependent phosphorylation of p53, Chkl, and Chk2 regulate the G1/S, intra-S, or G2/M
checkpoints of the cell cycle, respectively. Autophagy is an evolutionarily conserved process
that plays a pivotal role in the regulation of DNA repair and maintains the cellular
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homeostasis. Genotoxic stress-induced altered autophagy occurs in a P53 dependent manner
which is also the master regulator of genotoxic stress. A plethora of proteins involved in
autophagy is regulated by p53 which involve DRAM, DAPK, and AMPK. As evident, the
mtDNA is more prone to damage than nuclear DNA because of its close proximity to the site
of ROS generation. Depending on the extent of damage either the repair mechanism or
mitophagy gets triggered. SIRT1 is the master regulator which directs.

Anand Sumit Kr, Sharma Ankita, Singh Neha, Kakkar Poonam. (2020). DNA Repair,

86:102748.

Nanomaterial Toxicology

The institute has been working in the area of nanotoxicology for most than a decade and has
been able to develop expertise, with a critical mass 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, and mechanisms of action and interaction of ENMs
with biological systems. The institute has created vibrant network in the area of nanotechnology
with IITs, IISc, 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.

A novel approach towards synthesis and characterization of non-cytotoxic gold
nanoparticles using taurine as capping agent

The authors have shown in their research a novel process of synthesizing gold nanoparticles
using Taurine. Taurine has been used for the first time as capping for metal nanoparticles
since it is widely used in consumer applications owing to its non-cytotoxic nature. The
research has shown that gold nanoparticles synthesized at different experimental conditions
had strong influence on determining the size of nanoparticles. Average size of 6nm and 46nm
were synthesized via wet chemical reduction method. It is shown that taurine is a better
alternative to cetyltrimethyl ammonium bromide (CTAB) that is highly toxic to cells and
limits biological applications. Various techniques were performed for determining the
physico-chemical properties of metal nanospheres capped with taurine. It is shown that
taurine acts as a capping and stabilizing agent for gold nanospheres. The research has led
towards biological applications because the synthesized nanoparticles with taurine showed no
toxicity on human liver carcinoma cells.

Kumar A, Das N, Satija NK, Mandrah K, Roy SK, Rayavarapu RG.(2020). Nanomaterials,
10:45.
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A novel approach for synthesizing tunable sizes of gold nanospheres using taurine as a non-
cytotoxic capping agent

Regulatory Toxicology

Regulatory toxicology group is involved in the generation of analytical data in different
matrices and safety data for intermediaries and finished products. This endeavour helps
regulatory agencies in decision making vis-a-vis production, marketing and usage of a vast
variety of industrial chemicals, agrochemicals, pharmaceuticals, cosmetic products, food/feed
additives, etc. Compliance to Good Laboratory Practices (GLPs) is the key to international
acceptance of safety data/reports on industrial, pharmaceutical, food/feed 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 obtain GLP certification for toxicity testing. Our constant efforts to expand the
scope of the GLP 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 vifro mutagenicity studies, primary
skin irritation and skin sensitization tests during the re-certification of the facility in 2017.
Compliance to Good Laboratory Practices (GLPs) is the key to international acceptance of
safety data/reports on industrial and consumable products and the group has tirelessly strived
to increase the scope of safety studied under GLP Certification. More recently, in June 2019,
during the surveillance inspection of the facility, inhalation toxicity studies and four more
ecotoxicity studies in aquatic model systems were brought under the scope of GLP
Certification.

This facility supports the cause of “Make in India” by carrying out safety assessment of
chemicals, materials and products developed by small and medium enterprises for their
global positioning. The existing facilities are constantly being upgraded following
National/International guidelines to provide scientific knowledge to society, forge linkages
with industry and for all round sustainable development.

Organic pollutants are a ubiquitous contaminant in ecosystems. Most of the contaminants are
lipophilic and thus accumulate in higher trophic level organisms, get transferred through the
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food chain to humans and finally induce harmful effects. It is, therefore, critical from the
human health perspective to continue monitoring residues in culinary samples collected from
various parts of ecosystem. Also, it is important to develop and validate methods for rapid
estimation of large number of pollutants so that timely intervention strategies can be planned.
The issues addressed by the Regulatory Toxicology 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. Objectives of
the Group are:

e Development of newer analytical methods for characterization and quantification of

chemicals.
e Toxicological/safety evaluation of chemicals and products as per GLP guidelines.
e Maintenance and supply of healthy laboratory animals for R&D programmes.

Metabolomic perturbation precedes glycolytic dysfunction and procreates
hyperglycemia in a rat model due to bisphenol S exposure

Bisphenol S (BPS) is an industrial chemical responsible for harmful effects comparable to its
known congener bisphenol A (BPA). This study aimed to investigate the possible perturbed
expression of endogenous metabolites in serum and urine samples of Wistar rats, exposed to
three different concentrations of BPS. Experimentally, the Oral Glucose Tolerance Test
(OGTT) and Insulin Tolerance Test (ITT) confirmed the induced hyperglycemic condition by
sub-chronic exposure to BPS in Wistar rats. Metabolomic profiling of serum and urinary
metabolites was done using Gas Chromatography-Mass Spectrometry (GC-MS) analysis.
The metabolomics data were represented by one way ANOVA, principal component analysis
(PCA), partial least squares discriminant analysis (PLS-DA) along with the mapping of
perturbed metabolic pathways. Manifestation of hyperglycemia was observed in treated
animals with median and high doses by OGTT and ITT. A significant perturbation was found
mainly in the levels of amino acids, sugars, and organic acids in metabolomic profiling of
serum and urine samples. In addition, the altered systematic pathways due to BPS exposure
were determined using the Kyoto Encyclopedia of Genes and Genomes (KEGG) based
pathway analysis.

Mandrah K, Jain V, Ansari JA, Roy SK. (2020). Environmental Toxicology and
Pharmacology, 77: 103372.
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Analysis of metabolic perturbation induced by Bisphenol-S exposure

Systems Toxicology and Health Risk Assessment

Humans are exposed to many chemicals through the environment and in the form of drugs. In
order to understand the risk to human health of drug and chemical exposure, it is necessary to
understand how these xenobiotics may affect normal cellular processes and lead to toxicological
consequences. The advent of high throughput genomic screens has led to the possibility of much
greater breadth of understanding of the effect of xenobiotics in biological systems. Furthermore,
there has been interest in the possibility of using the output of these genomic assays as a
signature of xenobiotic exposure, and thus as a test procedure for the recognition of toxicological
hazard. The group aims to apply a system biology approach to describe and predict the effects of
chemicals and other environmental stressors at different levels of biological organization and
identify key events leading to adverse health outcomes. The group also aims to study the
perturbation of biological systems by chemicals and stressors, monitoring changes in molecular
expression and conventional toxicological parameters, iteratively integrating data to achieve a
mechanistic understanding of the specific toxicity and eventually develop and validate
biomarkers for predicting these toxicological responses. The development of an integrated
framework through the identification of toxicological pathways and data analysis tools is an
integral part of the overall attempt to understand the adverse effects of chemicals and other
stressors on human health and the environment. Particular focus has been on the development,
assessment and application of methods to assess the adverse effects of environmental chemicals.
Further, the endeavour has been on the evaluation of Integrated Testing Strategies to describe all
the toxicological interactions that occur within a living system under stress and use the
knowledge of toxico-genomic responses in one species to predict the mode of action of similar
agents in other species. The issues addressed by the group are: (i) study the perturbation of
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biological systems by chemicals and stressors; (ii) monitoring changes in molecular expression
and conventional toxicological parameters and integrating data to achieve a mechanistic
understanding of the specific toxicity and (ii1) develop and validate biomarkers for predicting the
toxicological responses.

Silymarin protects against impaired autophagy associated with 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine-induced Parkinsonism
1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) exacerbates mitochondrial
impairment and a-synuclein expression leading to Parkinsonism. Impaired mitochondria and
over-expressed a-synuclein are degraded and eliminated via macroautophagy and chaperone-
mediated autophagy. Owing to multiple properties, silymarin protects from oxidative stress-
mediated cellular injury. However, its effect on MPTP-induced changes in autophagy is not
yet known. The study aimed to decipher the effect of silymarin on MPTP-induced changes in
autophagy. Male mice (20-25 g) were treated with silymarin (intraperitoneally, daily, 40
mg/kg) for 2 weeks. On day 7, a few animals were also administered with MPTP
(intraperitoneally, 20 mg/kg, 4 injections at 2-h interval) along with vehicles. Striatal
dopamine content was determined. Western blot analysis was done to assess a-synuclein,
beclin-1, sequestosome, phosphorylated 5' adenosine monophosphate-activated protein kinase
(p-AMPK), lysosome-associated membrane protein-2 (LAMP-2), heat shock cognate-70
(Hsc-70), LAMP-2A, phosphorylated unc-51-like autophagy activating kinase (p-Ulkl), and
phosphorylated mechanistic target of rapamycin (p-mTOR) levels in the nigrostriatal tissue.
Silymarin rescued from MPTP-induced increase in beclin-1, sequestosome, p-AMPK, and p-
Ulkl and decrease in LAMP-2, p-mTOR, and LAMP-2A levels. Silymarin defended against
MPTP-induced increase in a-synuclein and reduction in dopamine content. The results
demonstrate that silymarin protects against MPTP-induced changes in autophagy leading to
Parkinsonism.

Tripathi MK, Rasheed MSU, Mishra AK, Patel DK, Singh MP. (2020). Journal of Molecular
Neuroscice, 70: 276-283
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Silymarin rescued from MPTP-induced changes in the expression of a-synuclein. Western blot

(upper panel) and band density ratio (lower panel) of a-synuclein are shown with relation to -

actin. Values are shown in mean = standard error (n=3) and noteworthy changes are presented
in ** p<0.01 with relation to control and # p<0.05 with relation to MPTP-treated group

Notch pathway up-regulation via curcumin mitigates bisphenol-A (BPA) induced
alterations in hippocampal oligodendrogenesis

CNS myelination process involves proliferation and differentiation of oligodendrocyte
progenitor cells (OPCs). Defective myelination causes onset of neurological disorders.
Bisphenol-A (BPA), a component of plastic items, exerts adverse effects on human health.
Authors previous studies indicated that BPA impairs neurogenesis and myelination process
stimulating cognitive dysfunctions. But, the underlying mechanism(s) of BPA induced de-
myelination and probable neuroprotection by curcumin remains elusive. Authors found that
curcumin protected BPA mediated adverse effects on oligosphere growth kinetics. Curcumin
significantly improved proliferation and differentiation of OPCs upon BPA exposure both in-
vitro and in-vivo. Curcumin enhanced the mRNA expression and protein levels of
myelination markers in BPA treated rat hippocampus. Curcumin improved myelination
potential via increasing B-III tubulin-/MBP" cells (neuron-oligodendrocyte co-culture) and
augmented fluoromyelin intensity and neurofilament/MBP" neurons in vivo. In silico docking
studies suggested Notch pathway genes (Notch-1, Hes-1 and Mib-1) as potential targets of
BPA and curcumin. Curcumin reversed BPA mediated myelination inhibition via increasing
the Notch pathway gene expression. Genetic and pharmacological Notch pathway inhibition
by DAPT and Notch-1 siRNA exhibited decreased curcumin mediated neuroprotection.
Curcumin improved BPA mediated myelin sheath degeneration and neurobehavioral
impairments. Altogether, results suggest that curcumin protected BPA induced de-
myelination and behavioural deficits through Notch pathway activation.

PYE Rysfaser ey af¥er TANTdeATe] QT GTEeRT /Toxicology Research Bulletin 40 (1) 2020



Tandon A, Singh SJ, Gupta M, Singh N, Shankar J, Arjaria N, Goyal S, Chaturvedi RK.
(2020). Journal of Hazardous Material, 392: 122052.

Notch pathway up-regulation via curcumin mitigates bisphenol-A (BPA) induced alterations in
hippocampal oligodendrogenesis

Estrogen deficiency induces memory loss via altered hippocampal HB-EGF and
autophagy

Estrogen deficiency reduces estrogen receptor-alpha (ERa) and promotes apoptosis in the
hippocampus, inducing learning-memory deficits; however, underlying mechanisms remain
less understood. Here, authors explored the molecular mechanism in an ovariectomized
(OVX) rat model, hypothesizing participation of autophagy and growth factor signaling that
relate with apoptosis. They observed enhanced hippocampal autophagy in OVX rats,
characterized by increased levels of autophagy proteins, presence of autophagosomes and
inhibition of AKT-mTOR signaling. Investigating upstream effectors of reduced AKT-mTOR
signaling revealed a decrease in hippocampal heparin-binding epidermal growth factor (HB-
EGF) and p-EGFR. Moreover, 173-estradiol and HB-EGF treatments restored hippocampal
EGFR activation and alleviated downstream autophagy process and neuronal loss in OVX
rats. In vitro studies using estrogen receptor (ERa)-silenced primary hippocampal neurons
further corroborated the in vivo observations. Additionally, in vivo and in vitro studies
suggested the participation of an attenuated hippocampal neuronal HB-EGF and enhanced
autophagy in apoptosis of hippocampal neurons in estrogen- and ERa-deficient conditions.
Subsequently, they found evidence of mitochondrial loss and mitophagy in hippocampal
neurons of OVX rats and ERa-silenced cells. The ERa-silenced cells also showed a reduction
in ATP production and an HB-EGF-mediated restoration. Finally in concordance with
molecular studies, inhibition of autophagy and treatment with HB-EGF in OVX rats restored
cognitive performances, assessed through Y-Maze and passive avoidance tasks. Overall, this
study, for the first time, links neuronal HB-EGF/EGFR signaling and autophagy with ERa
and memory performance, disrupted in estrogen-deficient condition.
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Pandey R, Shukla P, B. Anjum, Himanshu, Gupta PK, Pal S, Arjaria N, Gupta K,
Chattopadhyay N, Sinha RA, Bandyopadhyay S. (2020). Journal of Endocrinology, 244:53-
70.

and then suppresses HB-EGF/-dependent EGFR
activation in hippocampal neurons. Reduced HB-EGF/EGFR signaling further down-regulates
AKT/mTOR/ULK1 pathway of autophagy regulation, resulting in increased LC3/Beclin an
decreased p62-mediated autophagy and mitochondrial loss. This deregulated HB-EGF/EGFR
and autophagy pathway forms a key reason for hippocampal neuronal apoptosis and learning-
memory impairment in E2 deficient females, which may be inhibited by E2 or HB-EGF
supplementation.

Postnatal zinc or paraquat administration increases paraquat or zinc-induced loss of
dopaminergic neurons: Insight into augmented neurodegeneration

The current study explored the effect of developmental exposure to zinc (Zn), a metal or
paraquat (PQ), a pesticide on the nigrostriatal dopaminergic neurons of rats challenged to Zn
or PQ during adulthood. Exposure of Zn or PQ during adulthood alone exhibited marked re-
duction in motor activities, striatal dopamine and metabolites, glutathione content and
number of dopaminergic neurons. However, the levels of lipid peroxidation, protein carbo-
nyls, superoxide dismutase activity, pro-inflammatory cytokines and 4-hydroxynonenal-
protein adducts were increased. While the expression of vesicular monoamine transporter-2
and tyrosine hydroxylase were attenuated, dopamine transporter and microglial marker Iba-1
expression, activated microglia, nuclear factor-kappa B activation, mitochondrial cyto-
chrome-c release and caspase-3/9 activation were augmented following Zn or PQ exposure.
Albeit postnatal alone exposure did not alter any of the studied parameters, the developmental
administration of Zn/PQ in re-challenged adult rats produced more pronounced changes in
the aforementioned variables as compared with adulthood Zn or PQ alone intoxicated
animals. The results demonstrate that postnatal Zn/PQ intoxication dents the oxidative stress,
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inflammation, cell death and dopamine metabolism and storage regulating machineries,
which speed up the toxicant-induced degeneration during adulthood.

Mittra N, Chauhan AK, Singh G, Patel DK, Singh C. (2020). Molecular Cell Biochemistry,
467:27-43.

Effect of Zn/PQ on procaspase 3/9 protein levels in nigrostriatal tissues of animals treated during
postnatal days and/or during adulthood. Data are expressed as mean = SEM (n = 4). (C = control group;
Zn(A) = Zn exposure during adulthood; PQ(A) = PQ exposure during adulthood; Zn(PN)+Veh = Zn
treatment during postnatal days and vehicle during adulthood; Zn(PN)+Zn(A) = Zn exposure during
postnatal days and adulthood; Zn(PN)+PQ(A) = Zn exposure during postnatal days + PQ exposure
during adulthood; PQ(PN)+Veh = PQ exposure during postnatal days and vehicle during adulthood;
PQ(PN)+Zn(A) = PQ exposure during postnatal days + Zn exposure during adulthood; PQ(PN)+PQ(A) =
PQ exposure during postnatal days and adulthood). (*** = p<0.001 denotes comparison with control
group; ### = p<0.001 and # = p<0.05 denote comparison with group exposed to Zn during adulthood
only; $$$ = p<0.001 and $$= p<0.01 denote comparison with group exposed to PQ during adulthood
only).

Oxidative stress—mediated photoactivation of carbazole inhibits human skin cell
physiology

Prolonged exposure of the earth's surface to the sun's ultraviolet radiation may result in
various skin diseases and cataract. Carbazole (CBZ), as a polycyclic-aromatic hydrocarbon
(PAH), is blended with a five-member nitrogen-containing ring. It is found in cigarette
smoke, coal, eye kohl, tattoo ink, and wood combustion and affects various types of flora and
fauna. Authors findings suggest that CBZ generates reactive oxygen species (ROS) like O,
through type-I photodynamic reaction and causes phototoxicity in the human keratinocyte
cell line (HaCaT), which has been proved by mitochondrial dehydrogenase and neutral red
uptake assays. CBZ induces single strand DNA damage. They have investigated the
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involvement of the apoptotic pattern of cell death and confirmed it by cytochrome C release
from mitochondria and caspase-9 activation. Similarly, photo-micronuclei formation was
associated to CBZ-induced phototoxicity. The results of this study strongly support that the
upregulation of bax, cyto-C, apaf-1, casp-9 and down regulation of bcl2, keap-1, nrf-2, and
hmox-1 genes cause apoptotic cell death. Downregulation of antioxidant genes showed a
significant amount of ROS generation by photosensitized CBZ. Therefore, the current study
will be a step forward to safeguard human beings from sunlight-induced photosensitive CBZ
prolonged exposure.

Srivastav AK, Dubey D, Chopra D, Singh J, Negi S, Mujtaba SF, Dwivedi A, Ray RS.
(2020). Journal of Cellular Biochemistry,121: 1273-1282.
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