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HTHIMEHR-INSINSEINN AN IgaeneT & 3ol § aUT AleTd FEeed qAT G0
1 FAEAST & FAIROT g TN § | AT 9 ofedr el 3egedt &
Y QT HA AT AT @l § -
o 3¢9, HY Td SfAeh Sliaet # 3uAeT # A0 S drel THAT T F&TT Hediehel
AT
o TANTe] TEH/SIENeRT T fohar fafer 1 feiRa e
o YUl ¥ TR UG UHEROT T FET g STIRICHS/[HaRe U &1 geird
el
o TEYS 3TN, Wiel, HY & Td qA;aRor H SHEHA & HROT gl dlel cATadTideh
TARLT GRi T IgaTed HieT|
o 3l Td gHaRe® @G & HROT el fahRT & eor/2fer sAcrisien S
AT
o TANTFd THRID Y FAT T HIFUT, HSRUT T JHR AT
o 3l Td gTeRor Gt HEERT @ Aue & Al Faree faRfdd wer|
o THE Qo AT 3cUIET T GIET /fAWTIer & Feey 7 weat R Riamsit g ==h
F & U SAar 3 AR @1 AT ITersr HE|
ToiHTT fAWIfaaTs 3TauTe afel ST & dAIeh Gohrre! 1 Hacllehe §

LGB ICE T

TR fAuRhdT & H HAgcqqui Al STevlel &Hdr - arel U XA f5+e favel ywmal &
T Sfihs SUA el © S9d UaUoR WRI @l YAigAM &4 @ oIy g9dl dRid UsT &=
2| 39D oIy B WD I TSI T H Taiel [N DI Uga™ B DI AaIHRdT © | 3D
foy S e R & Sxd © | STd WAl f[Auhdl e SR Uy wEe WRAdS

Rl 7 fAdTdR shIcHdRIdIaiThd NeTIT & Tl I8dR SYBRUN &I Wil Pl STexd oidTs & |

galely, I=d YUc ddhfcdd HAise & [dbTd, FAYT AR IMMda & A U] Aled & fddbed
d W9 H THCHNNS gIT @ fdU ghlcHagdidiol Swa  WIfedr 21 HAEED
IR Fee, ged & axidl, favel ugel & JIHeR I U SUdNT, SIRgH 3R u4Td
SMSHRI AR 9 faal gR1eror 3 ugel 39 fagT Wievr Al & SR Jedidhd & foly e ],
FHIA IR AN gHrET B | Qe eamell #1 fder o iRRefae 93 @ fiaR dRo—u9E
daedf @ 9w wu W fuiRd & @ fou e a5 g g1 98 AlN@l SWER
o /drenfirfeat SiRaw weem # fog W 9o gardl © ok saw fhaw uRsmes &
Jraegear & fFEiRd &4 H We™dar e | s Bl Bl ' # o REd gy

—
1
=
1
| —
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HIUAATSIAR—IATEATE IR H YRV fAURhAT TE BT @ed & GRET & AF—A1 qIRReIfaT dF
gl & magd & foy ok uiRRefdaa waamsil & dqer, Mgaiftie iR Sfig s R w®
faf=1 oRRerfaa § gaRe & forw uiRRerfde SIRew Jeid &1 |AST BI 3 98 & [y
3R YYTeRT FgUYT Bl PHH PR D Y SYAN S/ SUDRV] I~ PX | AqE gRT AaIed Je &
(1) gafaRor yguor @) faurhar & wfshamy; (2) g, o QiR efenfie Ui | @R iR
SR HIG[E RIS geri 6T SU=R 3R (3 uiRRefredr iR gaiaRor &1 FERTE |

N RFSRe @ oqrd s & TARdEw @ wEdEFaid,
SeRfFafRd aur asdRFaRRd ey garr saF RfATIEr

HUST 3IET H Toll T YAEROT YeuUT & Ush YAG Ald ¢ Td  Sleld deiedfadl ud
Sal & fou oy @aw ¥a7 X §1 A AT H 368eT Ued GUS fofders
UFETSSH  (Telydl) TSlSH 1 &THAT & Hodishel A1 § oIl TogL-a(Tel) 38 &
3awAoT # WA fAfFahffTaa #1 3cuga &ar g1 @i dA% AIA (VATHUA)
0.2% Jofhlsl Td WHR Uedcae & WY UH fafFahfited Tl 31§ (100 fAcem) &
dgar & Aaoi(Eaerrsaiee) G@r 90% & 330+ 35 faaui(EFersaes) 30 fsaf
ACHTH W SHaeled THI 48 6¢  H @ I=T UT| SiFH-Sgadehe fSorse (i)
39T FA §C Oi-d ThE AYSlel (3IRTATA) garT faaot(Eaermgsrers) gemsii &
Jfeepiold TR 7| TEBR-UGANEIR Ud  SI-UATH AReN0T &ary 31§ # &er &
giSe &1 95| IERA(IE) vd  SfEn] 3TER (@) w3 fAede & fasrerdar
HETYA FIESISFAAC, NARFARAE vd AR FAfAEr vsdisey & 3UAT Fh
fepar aram el fquer WBTer &1 3T A §U wEIAFAR W A Fhd e
Wwﬁwﬁﬂﬁmmgmluﬁmw*waﬂﬁwqw
o e & ey Tdl 318 AT A Agfd: g3 (THINS) HT HhT wA R § wd
i JorE IEEAEEARit (devd) S d-AgafdE, Ruafkdes, qurE gw, ey
o, e FAEA T SegFeics td ABFgFecs  FIRE ¢ T HR@C H
aRe forar §1 STafes, Sfiamo] 3uamid faerdsr o yepfd & 319efhd & Sereieaad IRkd
forar| eqeer s faerget &7 Joret & vy, ffFahflved 3Uaid 518 fdedsl 3uaR 3Wid
JgR Tl Shfaddr (%) & fhsell T a8 (VANRS-52 §) & off sic fohar s am
sy gefid € & wo fAfFa®hfved weh 318 srawAvr 8 U dewd dREREH @
ThdT &, it Tg TS 315 & AVl IHG A HF A & JHET B

3TS. &, T. TS, AT, FATTH3IR  2018; 196: 58-68.
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FIIAT FoAT$ AU FT IRT A7 w7 W FW offFr @ arqgat F wERAIveT &g
¥ dreng ¥ 9¢ ¢ 9t FT 39T

P STl TN & Fells VA (VHY) Td  HURISE el & 3elfad fFuersT & HrRor
IrEITE A T3t & AR ¥ TR # g # o R ¥ dew Tefaw
HETIAT T GRET & , e vd g Siefaifnat & 3uder i smaeddar § oo
f& WS fhwrrd, qAieRer W vd ygi¥d TUel @ U & I &g Th
dec} fdehod g1 IRg diul $r gonfaat # RMIRE & 1@ Tehi(35h) § 77s fov aw
q Td FH YA g U3 & T F AU Sirg dr S Y| giEeline SR iR
A & AU A @ diY T arqsit & ASATSRIA 3Hedrd T Hodichal fohar arm 27|
W3MSTATATTE 320, (AT TUFeEhIdY U9 UISUHA-SSUGFE I 39ANET HUT 3R,
FTCHS FHGI T4 Folls VA & TR ofaTor g fohar arar ar| aRoms qefia § &
o A & urg & Higdl : UhS, TATH, H3R, HIsSUA, Ua3Tg, Y, €18 td il &
forT 909.4, 60.6, 9.5, 134.8, 13.6, 26.7, 2.9 Tad 25.4 ug/g HaLw: A 9?)'@? T %Fj
fAcé, 55 vd ¢ & AU THCY &R Sisva & fov 1.9, 3.8 g 4.3 td HIF & v
2.7, 35 ©d 3.8 ¥| MV GETAT & WU BF FHW- IHFFIoe > 1 4. 36,
Fiferar, vd @A, wE. Hor, & eedienioan, @ Sfacdld Tt @, REeReRrE &
TElel I IS fSiee Aholargdeh [Afld Y &ifdared $V i & gof: god td Wl 8q
qeAifd forar S wehar ¢

SR foheg, & FAR, 0 TG, N FAR, T FAR| FAAAST Selel HH PISCREANSITRIA.
2018, 20: 330-337.

FSisa # AFad & & 9 IR & F FAMCAA F IeaAd GGEBEAS
AT FIEFFTae IHaHAT

3 AT H, §H HIASA 7 GGIAT F5 AccIudl UelaIBFeld WHCH FRISIHE=T
(M) & AT §] TCACIBIATT HeclhiTodT, Jshlddeda T, TgEHAH
R8T, ABHIFARTA sRWARFA td  FEHATE  wEolar  Hr aHar @ RAE
foram| f3orels ol Rorsall, %R @ e FHEA & T A NUCH (@B (10.0
e T ), wole (1.9 e e ), (3.5 fAdRmA ve ) ua dear (d)
TRl (6.5 TAMATA U ")3fiehelal fohar aram 7| gEdisel & U eEr-3rc@T derdiRar
F TFHUISR o 45 fEar 7 vH. sTRAREHH, 81.4% -AFATTA UT.; TeoIET, 67.1% -
BAfleT T 61.0% -Seail (d) Forded;, a8 Acclfhforr, 47.9% -weke carr fafase
WU & Sidfelealeul & 3 o QU I, Fs3sd A 0 JFdRAT &
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FlANCTH o AHeld- 89.1%, Tl - 63.8%, Beledlled - 81% TA deall (d)
FoRAT 72.8% @ dRId  SHdfcFAoT Yehe fhaT| 40pSTTATS AFHTANS SR -
425 SrAEhdee Y AWSRAT W FACTA F Slafas=iaor &t 10% do vd  Far &
g oo g § B divew 3wER g e dedRar slediicad # Ageaqul
&THT B

TH $ARY, Rk VR, Tel AfOFhA. SRREN FaAlelisll. 2018; 254: 174-179.

TFEIIes ST AAARTE # el IRT 9faer: 3=ad R{wgor (BeFafrere) g
ST ATgAT FT qROmT

S TaadoR & d1g @ difedl # 3oadd Uiy dhfad el #§ Tdh g &l
HIHolT SGgR HI UHFEIRdT Bl Teh Sofcdel dFedol US heRlddl  Foaddc
ATSA(HTTAIRIS & FIAUT SeTeh Td HRATCHS Hic HSe) ST AeAAITE, H 3T
h, §H Soiied, Teh eIl Td YAaRUI-TEREIA AT 991 | #Ad heelel & Jeradt
TFAUSR & favey  Sig & ufekig &1 g a1 agd O S6th I G & o
e quel AfFEAt & 100 UH ol TFadoR & HROT ~ 95% Heg &X (TH0) g‘é’
AfFEdl T 3ETel Nieat & TredioR # #cg & # SedTalg Hal S Td TH 28 R
H TS ®9 A FMAFAH 3Tehiadr (T85%) M uRfAe difeal # S vd 3@
fAurrd AcElensca & AR 3if8«% o1, g & dfedi (Th 24w 28) &, &A AOver
ATTEIeTSeH T Algdr s AT AR, 3eaid I, HF ST delld, Tauadr
60 Td TIUHYr 70 H HH SIHAST JAT TACHAUGr 26 § TICHH 27 F ITT S5HAA &
ary i Sl (Farsdi6sl, TANRE, va asdr 1281) & affid gue 3edd & 4y,
JoleT Tardies AfFEat & a1 fr DAt #F vw 28 W 7 ured ’fwas orer Wit &
TS| Uh 28 WG & AFEAl H AR 9fae F qHAecaf(IWsHRE) W ARRICHS
JHId 93T S TA(ASRIA) & A%y EId & HRUT @ Tehdl gl eI TR
3MTIaifeh aREcT & HY St H Solied Tfekie & e 1 gaifer B

S oA, vAdr g, 31 faAe, TH $AR, INAR 0, S wiedl. hAEhIR. 2018; 201:
144-158.

IRee #1 AlggRaa FPen FAaevrer § (@) @FFaree FfFawA) WNa
=T FIRHT Heg T FIETT T&= FIT §

aftia 3fferdisfed dara & W@ ®RUT # gaamarclee AT [MHR (d13E)] T g, ol
arq fafdest 3ol vd  geieReig Iuieufd & g @fed THEGles Sild A
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Tl FAEATT URA L §1 AT (THsuHe), Teh 3fierdisied dera gfafsaniier i,
JdfFaefca dag gfafhar & uste & UH Add (Algd) Tk & ®9 H 3T Tg
AT & dag@Eam, <rkfe 3w WNAefe) o FEfRa fFar arar § vd g9
FNNIMSBS) A AT #ar § T FURESeReT & HUH A vE HAgcaqor
HAHT 1T Bl TR IR AefoR Ticiheldi3il & AHA(THSTATS) T fAHT & aR H
AT ST & HROT, Tg AT AT AT AT fF FEA(THSTHT) & AlgZIned &
SrAIRRET 7 Wy (A3TS) (FFAeE FHIfFTH) IRT 7ol Tl 7 FUR g T
SAVAITE olal (Secg; YO AIA0N) H Hln(d13S) (FFETaeic fAT#)(5.0-20.0
Hg/fAeN) & TaEdIoR #, ~gUTl HIABT Hog T Wy(A1ATS) (FFATAIC SITAIH) ThTIrT
& 20.0 pg/fAelielle & 2@ 141 U1, el Tidfshaeier 3ierdiole Follfordl (IR3NTH)
TR, G-Hredl-, N-o0adh- Td  d-UEIE-ER & AT 3iTerhell T H WOT F THEdIss-
Sig &1 37 FHRFBIT HA Af@d A6T  NRTFHAIAA(STATA-STTA4>  JUTH-THeA)
weAfdE A w3 sEd Q| gl HIREEBT A GET AlRsBd  (STAT-
STE4> JUUH-THSTHTA ) qeald, & 3feeeRa dad wd  wadfdw @
ANl (Toriael) & STd 81 S AR, Taetles Sl $ wgietel RSB H
JT(TESTHTS) FT Alhs3e & IRUMTATIRT E3MBR Td N-TH6FH, & TR & Jeldir
& @Y Jehol ®A g IS, SEfh ATA(THSUHUS) & aRTFEUIT o ook
FURAR) A gefr &1 Rear & =aa AR w@eaicwor s (RfFr vesl) 7
gl IUAA(TAdITaR) T aftia roel (Femifow) afafafr & dha Rul g
fAomes, ¥ 3T TS S # WRE 9Rd ~guedd gfdgerdnt & faeey
YHA(THSTHTS) & TATRcEhI GHIE &1 FoI1d &l g

dr R, S el ARSI 2018, 91: 302-314.

FAfFar AdETY A TATAUT! F AT Yeee AT §  sdpifasefae
(FATS3nfeaw) FifA 3R, AT FifasFew vd B9 TfFIor W wsm@ F1 IROMH

AT RUT (TATANR) Oeed, T WA SIvAT AWAT 9rd, ST GoAddield #
FAgcaqut fFe e § vd goAw oo (AfFCefae) 7 Aelier &1 TRl e
&TAA T N & TATANR TRAR(FERIT TH»TH  Td UHqgnTol BIATAETH)H TR
H AT S RE ¥ Ji@d gl I, N-Tdaury Sfal & Toleded  H TAUANR Hr
HiAST &I Hae™e AT Bl Hd: TdA AT H, §HA AT  HITGT
NR/GATAISA T Fololel &THAT T UATAUH1 (Th UHU AT & THE HT
faeivor fomam, St 3efafRies &0 @ Weldl @ FoIiad gl arer (SeFeael) AlSe, Sraifthel
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AT H gl TATATT1:0030 grediAIfthes Tellel &l 3UANT dlch, g SAIThell H Ha
TATAT1 & fav AEer Aftrse gfdge goee aRome @ RO ad § wAvETE s
0030FHTIAS (BTHIGISIN) HICIHT & Yslelel &THAT H hH R foar § sefd R~ &
Uoletel &TAAT At g8 3faRed, tATaTals 0030 AT # URfAE O & a9
HEA 7 B HERRAIGNERS) 8 & td uRued ESmoyFarscE) H FIr S 3s o,
T4 38 & el Ud  JEcwd(3iegerE) A fageriaat i SR aa gu A 33 @ 2
T 3racliehel TolaT Faad & favwA Ta/ar gey faRise sigids (RRfAE) @ qHeg Hius
(PIfOFGeR)  fashr & TY-HY TAAURAT # TATAINR IRGR N g 3T oh
HScHA(3Negelere) Uldafed sd &1 A, #AS3RH HIMGT NN A THATaw=! H
HAFT Td  ATAT FFAT IRRABT F FAGAIR TATURY Totetel, THTSTT 1% A3t &
3R (3NART) PifeFed H AT ST TS TFH (STHHew) H FHT &0 g5 &
ABACTAAST S BIFS (TH3NARE) FA & 75 &1 306 HfaRed, 39Ra 3ist
(Wicamsss waw) & 3 3t & 337 afkger F fawefaal & weifia &=a §
HUTSTA(UFsAATATRH) & =T 5 F 30T dgaf A el W@ &1 3T AT W
TR A FT Q9qUT NHRTH & FROT g § St AT & ueand sue=a(vrsaafafiaa)
d qOT FeT H Aot gl § fSa@ Alel Toielal &THcT e g1 Sl g

S faAe, T8 $AR, U U3, S A, v dell, v e, & W @, G Al e
SRSl 36 A ardtdist. 2018, 97: 75-89.

ey A w9 e JAefaans

WIS W HAecdqul § Rl WRI Sigd U B b (ol SHD! g AT H AeDhl il
2| Wrer JRen AR Wi Yguul & giT R H uaiaRer yguvr A1 fidae & HRYT R 93 @ 2
s @re Sy gHRkead k1 & fou IR—3¥ Swes s[@fd & SRM, Ao $ ARfad 3iiR
HAMAT B B ARl B e 3awded 8 TN 2| WE YA A B doll I glg B
A, Tl LA & U g Y A= W Joadl & SUAET &1 fdem 5 9 gig 83 © |
Ao H ATl & ®Y H 5 IRMNG gDl Bl gl Sff I8 & | SITGT H SATGT o 3fold B
% forw /99 I8 Toiel @I SFggiaR Ao H# fAar td TR FHRIT 99T S I8 ' | S
JTATAT, IHTE IT THEHRYT AR HERY & SR B USHG 91 o 931 e 9t € | 9igt v
Qe YA & oIy SgH s & IdIad =g RebrFe SIUay URifia] & ISTIRT Bl ST9)d &
&I ATARIIEHRYT ¥ Ugel SIYH T/ BAd B GReT IR AT 2Y & Sxd 2 | TAR URARS o

F MR TR, el el & BRIGHE YT By ITARI TR AT Aheld] I R 2 | 39 TR,
SHUH o[ & 91 WRE §9 ¥ 3)Ad el gfedl & 39 I9EHa soral & fou
fquTehall / REM ST Bl I~ PR Bl Soxd © | q98 g1 G e 39 bR & (1) faf=
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yerif # G9Ifad el Uoic & "9 & foly ugfoadl @) modr (2) S9 wigeismded / gdd
Sel—qfedl ® YA, Sl IWIh SA-INE SHEAl B fAURhdT B FH IR Fhd ©; (3) T
IS ghEAl & fAuhdl & dF PN FESHL (4) SIUA @R/ Bdd $H Jedidhd 3R Sd]
ReTT /TS BT Ul R 3R (5) wIueT YoiRkral @& forg @mer oiR omfe gRem @
feemfaden @1 e TR S|

AT e &, oF Wieg ad ufdss, Ruedar seags #, soa/l 98t & 28 Rt
gradi(Rdes) #iffs gue & saftya afeemeasr (srgaravee) aRa frar
IMSTART dd (T3) & Hed @iy ddr & @ud "tisfas gredr a s dafqe fufa
AT S B gg F I § qar T § fF wwvEy vd 3iesfed ade g
T H N fAWedar # IRE &d §, IS, YTAET Womell v GgHIEAr 1 3Hieholed
¥} T w61 fohar o g1 safaT, sea/d ggi @ 9faet gomel & $r W U3 veradier
F YHIT FT 3MThold el & [T TaHAT METTS fhar aram| A do (T3) & 28
feait & GoRTadl THEdloR & Toligl Ud UHE & RN Wehe g T HROT §a; fafise
Gifoehed & &Tfd afold Tollgl & I@eT HolollcAd IRade, aftdd  AgHeeal eI
(AIMHR3ASE) sFhoeer, Td Holdd AR ( 3nTA3NTH U HETEH -2) & afld &R
mgmmmww,vaﬁmmmﬁawamaﬁaﬁrﬁﬁam
gfafear g fAeea-3dafaa PremifoRfea sfafafer & w1 gg a& Asgendr &=
fear, oY tfesa TermUioR WX g formrarse Y &1 gfafsfad axar §1 U3 taediss
St # forwsc & FRicrs afdfafr & afa & @y gEedd(@Eeesea) #, 5
gEr T R Ut A A8, d@EdY, tg W88t & Fiftensit & amer gfawrd @
aRafdd # fear godh HfaRed, w3 veadies TooqEEed d 909 AT Ud
A b arell RRAFBT & G987 TRT F Iea@aig wl 31| 38+ AR,
GIAReTT 3deie ATscled (SUATh-0, 3SUHUA-y, STA-2, 3STA-4, UF 3STA-6) &
T T, vd U3 3YWIRA T & A A IRETeHAADN  (SFIARIUTaa) aArsetiehel
ST -10 & ¢ TAR FI 9aT Tdoml & Ug o FIfRASRT & Ty, OB tFHdeR o
TEANETHHIAAT (Heplthar) T Fellersd Tad  Afhgor afa &t off wnfaa frar st
"JEAHETRIRIAT (HshIthol)h dehfoush ARhIU" G od ol &1 Fo Hama, gforen
FIAABT A F FrAfcAs TRAdeT T IRT GlReTeHmd (SFIAAUN) H ANEE el
gl R 8

@ #sel, @ fdall, T8 FAR, T IEd, T AR, IRe ddddl, TH gF, T Ford,
FAD- qATIolehel Sedaerd. 2018, 287: 57-69.
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fleguadidi1 & aAregsd d Shvas3p/ p-A3IRFT a7 HT FiHIT TANRTE2 HIHHAIT Y
deor Fxar 7 foed A awndt F She It wfaca ant 7 afa @ @
TAUH-52145- FET HRA2 (TIHRTH2), Teh YAG (S HacaTellel SHfhee HRe &
St T Fele Taey @ fAfAafAd & # ve Agcaqul SfAS @ §1 Te3mus2
ﬁﬁWWMWﬁ@@?%,W,WWZM(WQH)@
aRET & atel o IYOT A S §| §HA A o foh Nuawedidr! Suaeh3p
BEIRATGT TATRUCE  UANRUE2 BIThIReR Td 37dshaul &l URT del & folv Tfhg
AT &1 o7 dIAY HEATA THESS-TAT IRT AYAE JohR2 X faTer ggi W fomar omr
qT| SugHh3p fASTES UANRUE2 Fdacardieor Sfitde 3 37y (TA3NSAT!; 60
HN/AST disged)) Mwf qarr (vsfAfaadee gann) qite @ o8 o, fGwe wades-
TAU 3YUIRd AYAT @I H TANRTH 2 W& & TR H dlgdl § qerr o1l 38
HfaRerd, 3= Jolal (30 UAUH; 48U<) 3UdRd Jodd  Uifddde TIdok HIfRAHI3N
TANRH528 o TANRTD2 AMHPIT TARIROT H wer e, 3ifedisfea aoma va
g3 wirgor F gefr fadh safF, s g Aden fAaefdw sivas3p radeus
THA1216763 & @Y falkise 3oy, Tl 3UeHh U TR HRAT g # Far
Sl SFIARANCT U SFIATSCIHATT 3¢T o g2 o wake {oAa Tt welerd
Tef@lSl ST FRT A U153 fAfdues Afgeles & S5 @l § el @153 dr gehed
TARUG2 3erRl TASUHA2 WéT & #ARgd ¥ 3Wcge] & ¥ ofed g gl
TANRG528 HIfASRT F Nuaguaddit & ST AFsSEd d TIRTE  2-39ERY
TEniteise UasAT TE3N-1 Td TASGH-1 @ derm ot geffar § & gmwiTafataer &
el dregrerdidt 3o-fAfaassr Shvas3p  afhgor & ATETd & TA3RTG 2 EeRar &
HH AT g1 3HF Ageaqol ad Tg ¢ 6 Swas3p 3@y 3 AYAg @i A Jolell A
TANRUG2-UHRS SUARIRAT FI d¢ 21, SF0 AYAg & FT o & R TAIRTH2
AIhTUT & FH A H NTHN3P/B-EHNRAD gryd & faw vd  gfte fhar) o @y
forar 9, gAR 9RumE dhd ¢d § fF divavedidilt & TaRew 2/p-EimRErdr
TOfATAT I Folar SHT TI3RUB2 AfAHT  FEUET & ST § T STHT a0y
AYAT ABIAT & Jatel F HAgeaqol g Fehdl Bl

T AR, di% 1S, of Faws. i swd ardielon Us AfSRAE. 2018, 120:414-424.

6,7-3RYTFHI-1,2,3,4-¢EB-AsAFaAlad -3-FEfFaBSAF IHFa ST -6 ATRE
FHhdl & Vbl & IRT Frol FEoad F &ffora Far §
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%ﬁwﬁ,mmﬁw%wwmgm(m
ORI PreRFcd FIAAAT (TRRA) F 6,7-3AUTFH-1,2,3,4-C@S3I-3TsH fFaaA o -3-
FrefFarsios 3Fd  (TH 1) & 3o faar vémifomfea afafafer $r s & w1 &1 15
fgat & fav fBAurEEsiaa (Svare) aRd @R (Frekace HAEA) <@gl & 10
Td 25 THSH/hol T & AT I A1) vA1 T R AN &THAT T Hodichel el
tq Rfee ioaafomre, ifedsiea ey, REdelsn, Svasmsway, sha qur
QIETeT Tehead(TFEURT) 31egd fohw 90| Reeiierst g sTaichfaehe I&ul o JvaATT
IR Flelel HEX H TH1 &Hr WcAs  fhamefieran(wefdea ) &1 Tohd Tl
SUSITETAT A g H § F w1 A ImETe6 F S ge Aigdl H T2 TH
A3NTFE2 d JolelT H S Tod F wA A T §1 ST geheeT fARANOT § geT el
fF TH1 o FSTA-6, STH2 Td THATIS & §¢  THIRTAU & HfAF Yhed &l
afifora foram &1 AMETcAs® IfRgsAT sl faRevor & gred ddiat 8 9ar dorm o S &
feufa amguer -6 aRa afpauraes2 v waditdl3 & wieniRees garr AfAa oOf g
3 TAT 3TAR & @Y A &9 F RfeAd g1 aw e serameRa iy
AlSTEIT & 3T & Ay S g § AT U1l fihe Alsd & o] & & o,
§HA0 THATEZ UIPolRleT & HMHCHS eddgR i Hfasgaol & § S J&ecas A9 &
foT gosr &€ 81 o #A, T TAUANR IURd @RA TOEd A SRS i)
3w 9Rd Taroey aRadslt W A1 & gaa dr Sirg & e 9g @ @ 39T w1
forar arr 1) Tl A AR B Fufd # ot Aceiosed # ey Bufa J oo
TUAT e T 3N T fe@ril| ol Ao, §AR 3Tl o YUH SR @ied fear
fFar fF w1 AEUA-6/UR2/TaETE3 HieAdloiieleh AIeAfeidl P Jehed & GaART Tl
T &TAAT FG IR T &

dr e, d e, vl seE, v g, U I, O AR, Uk Rl U 8, U EHedT, g
FAR, 3 FAR, ¥ AL, TH AU, T YR, FCHA FAR, TH Al SAARRT i3
HIATRINGT. 2018,100:282-295.

AT 1,3,4-UESES3Sed IETA-6 /Hivaw-2 Affwes Sth2/ tHATH3 Rvaa &
HAY F IR PARFCA(PIad Td FeHA & Faftd) Fw A AFar ¢, w1 & ser-
AR IO AT & Arcyw ¥ yog §

gHY BTt &1 7 HRANT 1,3,4-UTSST83N e Y TATYFR &TAAT HT Hedihe ot & fow
STATT-IRT WA FERT) AT & YA b Toh NiFellderel a1 garg
fhaT| SUAIMSTAT, IREA-NAIRN Ud  decel sdlic TARANIT & ARTH & Hddgor
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grSeH T gt &1 78| A AVTFH-2 UG IHETA-6 IRA  ATH2/THETES & Hfghaor
&1 gfafhar & IR & ger s off, St fF JUTH2 vd THATES & 9¢ BITHIRAAA
HI GROMH  AT| 1,3,4-UssE3eed sRafeced (@324 vd  d13/R27) & A 3U9UR o
5d f@edAfler g & Agcaqul a0y T HRUT §=A1| STET-3MTRA 0T Alsfelar &
ATEIH H AECHS AT sallc 3IET T 3YINRT dleh BUA-6 TT TINTFH-2 3ASTATT ST
gfdfshar # THATES UlcgeRle & S¥agR d1 Yol YfSe &I 15| 3Hd #, dI3R24 Ud
AR27 A FTATT-IRNT IR F 53 I AEIASed & dgo fohar siar foe =
TATANR MR XA ACEIAFH & GaRl FHOIT gl di3R24 Td  dI3R27 &
YA GUETT &THAT JolelcAs AT F© WA & a6k & HARRGRFH, 5-FARRAr &
g 9T IAT|

dr IS, T U N, U & g, g $AR, U I, T d R, 7 $AR, I HAR, & A,
T AT, T YR, $UH AR, S T Sie, TH HIEl. dBcdnd. 2018, di3Esms: wa
1043-4666 (18) 30112-1.

frearadidi2-tad-tarad FEae Reafar & qdffie WRa Alsgere Asawi-saa
afa vd e PR (AT 39) F JI

W e 1 (THEY), WA Fast O (Tondl) Td  RardAsd 9T tH 6 e
(TH6%) duauaddi2 & 3EAcEied AT &, ot fh Siaa gfsearst & 3if@ear
fafeafaa w=a § oSO & FIRe Jem, sweifaar td vy & FaE(Eas)|
TIAT 3ETTT A KT (N3R) & 39aRd AT gUedAr Rt F dAv e v
TUASRRT TEHINT TIAURN(FATAIA) TS 20-510 FSAST1 (TATHEI) & TTY RTINS
fohaT & arT Tucalf@d @l IR e # Nuaverdidi2 $Hr Ageaqul AR HT qar
T (Srprs ThaT) g1 TTSUei2 I (50pM, 100pM)afded THT 3iavre (189, 24
) & fau el & guh & off| oRondat & s@ds svaRa waddeh? sifRewEt &
ATITANRN2 A TSR (2,13 &1, @ <0.01) e TedoRAd F (4 =T, o
<0.001) W afffd wehe forar, Wq  droaveddr 1 & 767 dwaveddr 2 afta
YehesT I Uehdl &l TESIHRA73(dr <0.001) R FBohiewmiRee aa Wisha wia g Ruie
T 17| iR TR WA & TR wed &7 Aehe & fT ST ST ¥, gHer O
for aftrr dsT SUEam183 (1.5 6, € <0.001) R wHATES & aftfid wienRoRe &
FROT Tehdl dI drogreddi2 fAfsees AfSraar tadl & Roaa = Relig & 2
IRUTHAETEY, NTIUAU 2, THhel U9 TATHE 1 & §Id HeAT o SB3ATCIH oIgdl- -
ST UeA-STiHeTel @lSalel (SiUaIsh), f9H Td e 1 3dfold fhar S T g-waceliess wiée
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& gcuel Aishaeh & S AT g &g Jomdl ad g1 g8 3faRed, feaverddiz/earad
o S3ATCIA UCI-UGIElieeh UIEid o dfHol T I dglel dich sialllel & Uer-Hifarfea
TG S FRAAAYAh HH H AT $qH 37eTl, TATH(STATH) & YI-39aR & Il Fell
fF 3BT AR TH FEIsl I Tfhddl IR A & v T gl geaAtr(fafea
sde) M 38 YR, AR fashy ged & fF divaueadd2, whér v wHTEE1 TR
3ifeTgrgiocy BT &7 6 X § S foF SoReT & Tienshiicd god & fav ifdes
T § ITERT g Hehell B

TH HFHAT, TH e, N Hehs. AFTRIGST U5 UCligs WAl 2018, 347: 92-
103.

AadRTe v

Hee fiwe 9 ¥ AAIANfas= & &3 § BM &R @ © 3R 40: IS s faee & g4
WA & # faRvsar e e # AEagel areM § R E | HIUHSSIR—3nSens ek J
HIWAANEAR DI & W =41 WeNfdl dead aRAHRi & Agad fhar ik 88 fdis
TR aRATSTRI JRUR FE—gHdT 7, ficd, W iR SMUE H 9FIER o | 6 7 goilas
RIS (TATATH) & H3eroT 3R faRrydn, faurhar & forv ugfa /v /ddsiial &1 fasr
e, HgRen & fog ey, dafous Afed, iR Sifdw gonferdl & | gAgAwH &
aRERe fharafey gei d ol qffier M| WM A A Sl aF H o Sgangdl,
JSensuHdl, favafdencrl, o du™ WRUMl R SER @ WY WYEd fcdd 99RT %
RIS B GRe Ud [AuRhdl, AP R b o H Heyul Yel Bl FIRT I Dl
JNMEATIHAT &, 9 WM & 1) MHR AR MBR & J91G; 2) SIS 3) faaRor iR SfdbT @
AN 4) WRIEVT Aed & f[deN iR A 5) 4 fagl 99 39 faal yaNiges™; 6)
qRRARSHAT, 7) HFICIAA SACHIANIC] 3R 8) Silad dh [Ieelyor| SFHSRIA & JeiiTaD
faurs fagm g &1 Seeg AAieRuey & WRed iR yafaRefi ywral @ Siie @A & st 9
T IUHRHT TGl & fAuThar & faf3a & &R, WaRey @Il SadTel iR fafdrear Susvor &
GRINT STANT BT AT PR TS |

tFasHes WA N ~Rea e Befladl ¢q ava T F W A FE-wafea
AeFeFaR

ST AT T FholdlT H FUR F1 ¢ H&TH Td  FI&AT wgfFelh TS digesh I fahrg
I FoAlcqoT MaRIHABT 7 & T gl Igl, §Aa U oy, 3- (goramsf@eierd) -1-
FARINGIA-2-01 T HANA a1, Td H TAS-TANSIHTS UITAT T Teh @l TeT
A & AT 3FeEr-370T AT F WS gfeasdi@aAsT W IR Far st & ga-gafsa
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SAAIhUT (THUA) T Folled & qaTH | i, Test & anforcar &1 daAr HuiRa aer 8q
TI-UAIUANR TAFCIACT T 3UATT TAUIS3S dhaled WX FIr a@ar arl gda vas-
TSNS & TAG-HIMSA AAlhvil (THTA) &I CAEHS SITAT (WETAT) & WY HYFT
frar Ta aRUMHAT sdlcaldd @ 3% IRR AT ATl &AaT ¥ RAfgaa fRar ar wa
Th @ THAUG -7 HIRAFPBT H a0 iAPAh(Cechadele) &FdT  addr
WECRFANEE & [T Hedirad fham a1 H@en #H, TEE-UAURIHE -3 (T 15%
FIAEATYS) & TEG-HITST sAelchvll (THTA) o dMOodsh Teatherelel 3fAehaiehl T Jofell
# I-Agcaqol A Fafad & Ay ITadA HfAdHE qatar (T 9 1%) G@rh| s fagr
e AlRSI3eT IETTA o TIS-UAUISIS -3/43ITAT/ s 3RUAT PIFColFH & THUA SR
Shuedt S ffcafda & 80% 3y &l Yeiiad fohar, S&fe  forditheerasA
N ATTT/ANIMEHRUAT ey IFHATFT &l shael ~ 48% o HAUY & Hehell Bl
e/ Ggi & e Agcaqul 30 # TOS-UadiSINg -3 & FEI-HIfed el
(THUST) T 39T $Ih A Shel & d¢ U Teheet o 3 ST el & regonfara
IR T THLY 1 yede fhar| & gfFas s & faror & fav waE-radigans -
3 difal & TaI-HIIfdd AAlHUl (THUS) & 3cHlgolelsh URUMHA TS HA gleAcl
wmdRUT & T SHRI &THAT T Hedichel el © 3o [l Td FoT Al AT GeRed
fhar| o -egeels SlieT & fa%ctr THRATSERN ool alel wpums3RUAT 6 AT vd  qears
R FEs Bdlel ~iaa Bdad & fav off deey & & & vS-vasdems -3
THUS & FHTTAT FAleTar $hT qive X gl

Tredr| 397 f3feradl graelereT R&wr| 2018, S13S: 10.1007/78 13346-018-0517-5.

ta-cfiae vd wfdias dier dwems & ALy & F WY Foll dul FaRdd A
AT FUaHEN (Yhiwerd aEf3er): v s fAfaw s

THIeSs der (Ap) T3Ufied reoiisat AT S gid ~QUTSeleRied ARt & Aarsteter
H »g a0 & TdAeT 3eadd #, vHerss dier (Ap) & O RAffied gag e (b
HIATE) dTel HIEA-ITURA AUl (THRTH) ST Polllel Td PolReiler T RER fohar
1 3murfaen arfcrelierar fAFee= qur  Sifeher AT HT IUANET e Sira T TS| Sifehar
aRuTEr & faEqa faeelwor & gar =en § f& viAdigs der (Ap) 3EEUAr & 68% #H,
PRl Td PoRellel Td PeAReAlel o UTegs & Tl &9 & &Y WER fhar 1|
Jcaf, Pl & gIS-Uihiadr Sy @se (§ = -48.31 &Hol/UA3NTA) Ucerss &
gISSIhIfash HET &1 H T@d §, SIdich Polellel ol UA-CfHaer &1F & A1 -50.42 o/
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THIUS T SRR Fofl & Y 3efohed §T A WER ThAT AT g1 SRR &
39dFd AT FelleT Td  GoREIST T Tl T Al STRERT ST ST Hehell &
g% IaRad, TfAds & (Ap) & TA-<fidd Td  #HEg &F UfAdigs &ier (Ap)
THARIUT H Teh Hgcaqul fAs @8 &1 SAfAT, ol T BaReIer 1 SeeenRal
ufAclas fier (AB) THAERUT & Uk hdl ¢l Tg SMAP TAGIS § dafd GaRT &t
el el g Aol (Tded) Hr 3erser et A wErw gl

dr 913aT, TS S1dell, U YTds]. Scieileddl siRaldl 36 AdAfsi@sT. 2018,13: 71-73|

agaﬁﬁm(@gm)a&ﬁ#mﬁmﬁ#ﬂﬁam,mmm(éﬁa
sfeawi) # A FaEdar (FeRde) @ AERa § e Ageaqet §

oo gl & §is Weaed Harerdr wfat & fHfAd 3ucsydr & FROT Harel TshaAvT
Tq 3N gfay @ ueansi A Sedwey def 3T I B AAAfRRe @ fafe
Mwfr gfadeh geasldl & favey  Agcaqel Fershdrid (TaAEHmidse) aHar e
gl et Aahull (TITTdTd) T 3o eFolldRIET (TEATSHIT3TE) Ui Ud HA ge
fasTerar & v S Sird € Iegi, sAerias gl & faw, deer Jur 3ords &R
W 3o AT FT Hedichel EATh gl TAA AT HT 36T Teh HHAGT Halel
WTsteTeh, $hissT feashid # Aea oA=lehor (ToliTadied) IRA faueadr & ek Td
OIS dF &I TASAT g ReaX A=t (TSTAUITH)  F hifAdd BHIA AYS gaRT
TN fhar =r o1 T gA-AfSee WEcEnd, TaEY 9Est fSnieere, grafaere
Solaclol  HISHIERITT, ThiAdT Soldcled HISHIEHIU-Tetoll SEAHT TFH-Y FUFIERI,
TAsl f3edafdia taa-Y We¥ed Ud Sl &THAAT F 3 e Rfda@EaeEss) R
T ATl f¥ear Atwr (TelitaAdies)  dr HSsRIEN(Wa-+iEsn) afafafer &1 Aeaine sy
HISHISISeYL Td  FOIC T GaRT fohar aram 7| AefoR U4 3MM0ges oedi W ffeay
SAAlRUT (TSIUAANITH) & YHTEl &1 3Tehold Siicder idfsharelielr Jierdiotel Safliaat
(IR3NTH) 3cUIeA I Tihiceh TSNS &I Hequiedfad & vd 3uEUfd, Tcg & 3R
# gREA, Ao’ Hegkeae], AT HAGHISAASUHAC, HFST ololdl (FASEN), AFseT
it FAE vd hEr ts A sredieror (AR ae Hedihe fRar
MATPR TATTANTH (10-30 TATH) o 40 pg/TATS T ogAdH e digal (90%
Sftat o I & 37’1 g HTaeTeh A Higdl) Feiid HI| AR IROUMAT & aiar
f& Toliadivd aRa G- Sedieger IR3NTH St TEtharel era STefdl §; Jediy,
TEBHIFAST GaRT 3R3NTH AT B Al (Fhdioidl) e & T Tolwardr fAfswes ag &
TIETOT Adl UIed g Harl {eax AdAIeor (THTadITd) & AT 39AR & ddg AlKhidis,
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Ao ogigaay, AFSe HABSHISAABUAC, HFslel a’eadl (FABE), FFslel wfeeiel
aH va e vfas Hues, fOW w0 & 3oisd vfas aRafda & = @eig A, e
AAHUT (TATAdTE) o T RRERT # AW gfoiy g Qeredear & v
HEcAYUT $S Yol ofe Tl I FHIAT FhaT| 3eTTeT o ey Adhol (TIUTded) & AT
AR oIgdl &1 Gerdm forar S@A egs tfds o ) vids afeafad g, S gt
ABSATEE (HTSST T Aaretereh [FAVT) & foIv FHgeaqoT g1 fAWOEr v Srifthes e
& v @AR () & BN HHAUT Hgedqul ¢, BHard (Balel) 3TUN g TAWOfr &t
e e & fav Rfecda gyt &g e feat 3maia Nt s w3 & o
g Th AT YA & & F 3R Tham 8

divE TUFSUE, UHAS AIA I, tAS FAR, AN fadd), wHdr g, & vl
STl SeTol 3Th AASTAT. 2018, 13: 2647-2663.

TREAFART & dfivesht Aaerdeers it Fd-3mR veader aR@w & sidea
BINIFT &A1 F WY gitfa Shaord afafafer

TREFAFATA  (CHAUHTFE) Th A6 FFeH TEERIRRE § st Sha]  Sivav
STEA(SIaEHRUTHS) USsA dIfafafy & bl &l I, Jdw & ufeafa &
PreIfSISee SHehT SR afafafer s MAT T § vd BrereFaqrads wF IR Har
g 3 YR, SH GHEAT & FHAT el & [T gHal diell &Y, Td-ofFceh-pl-Togehlioeh
U%(W)ﬁ@ﬂ@@ﬁﬁﬂ(maﬁgwmqﬁw)
fowfaa fre €1 J8l, gFa 3uifade sifher td  Tolc Hagereielar TH(IRAEE td) g@nr
THNUHTFH T gHb oAclehvll (Teidley) HT Jolellcdsh SHauRie aifafafer fhariead &
gl waike  JET EEAeR F AR, BRISSd(PIRITEFHESeS) THUUHUEH Al
cadT HIART BT (ThENC) H ATeASNT- THUFH-UAUT TelUl (el THIIUHTSR) Hr
doleTr # HR3TE, AT & td Ascsieead [AfSues e gog@d su) &t
3oolTed T { 3cUeel HIAT gl FAIU & URATT #, Uk (Joh) THNTHTRE IR
FIVA T IFAY 39501 diF & 3uRAfa & Ty theafdy @ § J@fe oS
THNUHUFE o Hs aRadd 8l GErr| taiuhEtad a@ NUaehU-TaNUHUFT-Teltley
T JoT H ASIHIesAr vd  fodEH f B ofar A aRade & qarr  warefdw
fRaR farar| wsdwTsge Afdves FfAF Feg & delielr td-racafes fidfve-2 wd
WhEAH-3 & SFeRIgeRleT dUT W-UAEHeh doFE, FECHhA-ET Td HEIE-3 Wil
Yehesl & IRIGeRNT  EaRT GfSe T a1g oY) fARISe Heqq iU, SIs-dIus-Uhuas
o TOCIfaE H HEIH FEhs 9y Fr AEfERT S G@mT| AR @i ¥ 9dr IedT §
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fF NueeT-taNUhuad-tddly & TNUHUEd &7 AIEd Hedd 399 Ass sthaed
H HA H Hehal g Td  gHA SIAOREN AfAfaf®r A g @HAar g 5§ IR,
FRIFaAAE H AT 56 THE & TNY Td  GRIRHFETae i FHEAT A FH
HA g T FAgaqUT PeH g

o f8g, T gfaadl, v ¥, S WusT, & gd, U Aavdd, TH $AR, R Tied, THD
3, W Fodl, IRUH Y. STLRAS Setel 3% BrAEgfesFd. 2018, 541:173-187.

ST deersE & WREAeAE T YA AqEIanit (Flwefaew) T dde smeia
At (AaEaRee)  (SdAivavayy) 1 90T

P -3MRT  AAAHN(AAARSEH)  (SNTATH) & cO9dh &9 F  Afdeer
e@faer wa Safafhear eqy@En A 3uder fear Srar g1 foeme et &
ISt & HRUT fafdeet A3, MR T IMHfA & NNTATH (AhreT -3menia
AAAARSEE) Eidar Aveadr Aediead & o= 39aer o o1 © § 95 awEEr &
HRUT gl dld TAELY Fat WRI &1 aRd Hedlched i g faaras fasrat carn
HEGLRAeTSl faNTerdar qaliAT fafeat & suzier fomar siar g1 3te@ifder va  sustierar
3R 3 A AT R quT FrdicAs FHEN A SNAUATH $T ol AT &
SROT g Ud TR HecgeueTel [auTerdar Hedrhel il $ dohrel 3Maedehar gl
adH FE A, §H oY CHS ITerss & WAeAcHS HEAIST (Fehiaiied) T AhreT
g P 3iTFass AANFHARN T F UHT f FT WS § IAT 3% TWIACHSAT T
TeATCH® IRadel & THM H ol A &1 AR 3O Irfaeiierdr e
IEATAT F ANTATA & Y IREANG AT & HROT AT A ETAcAs aRadd
A1 ge §, S aRvmrasy gas wrficAs O Y gife g5 Bl gAR GROTE Hehel
¢ g o gftwdl deergs S AhieT Jiirarss e T e & A ol oY w@r ST §
ar 3R TR RFfaai(@widera) & 77d & J1ar €1 37 AHaeldal & 9ar qodr §
for AP 5Tt & & AT 3fFarss Adrhe ¥ 3% Awed §1 T57T §7 &, Jg 3AeIIT
USC AT & o Joriaen Tfeierr (THS)) fAHeRE &7 3URT i EdelcHAs fashid
& AUR W HFGeelel fAftl w1 3uder e el A ( Ao AAHER3eH) &
TaSTerctcr &1 & <fer FedieheT & fohar S @hell Bl

SdT {8, T ardel, 30 dlehelglay, FY TEHAW, THd Cal. Sleolel 3 HTYI-USS
Aol f3irg+T. 2018, 32: 487-496.
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T 3ly TFAAT FIAAAT PIRAST ABA1 T FBT JHfFarEs srarnadeT (S-state)
31 Y wgerRFaiad

gAx TAfT gaR RfYr & suahr e P sffFass (She) Aarica #F dweia Far
g U 0 Uw FEdr 3, sHAelEe (3w & 6 @A R g1 e
NTFH FYIAST F M Nelar Fadgd o 3oy feg & i Refe &1 d@aha
fear| TS, grEurhisioiiel $HET Al ofisal W ot a0 vASE 3 & qar o oAb
3TFATSS STFAIEIET (SN3M-BM3lers) AeAllropIc Y SFATIGHT (S3Teew) FT JereT H
JT JOR A 3fF gaTar T Aohal &1 IRAS IRUTA BT 19 3T (85 TS o) & IR
& v o v v dfe siferarss sieawode (Sh3N-S3wg 3t agsas &
THLY HT Tohd I &

A f8g, O aear, IR SOfqar, O @, vE weltdg, R ey, 99 gfaady, tadr
SeeTIRleTel SReTel 3% AR, 2018, 13: 107-111.

Faeer Aol garT IR 5o et REaan: $3m aera i i

gl & aul # sAderiaaddiet & gerfd & @y, dfEe @R F AdfFeew &
safAfed  fawrraar & S # FTH gefa f S @ argHse H oAl § T W &
oy faffiet gehR & g A o 3T v Sd 81 59 Iy A, gH a6
HAHUT & YR T FACS AdIIEHed (FITAUNe) TH49 HIRNEBT &7 e e
SN TAld AR I AR T 8 FYUANTH AT cFagial A IR SHelehior-fFAeR
HH T 3T Fgol W R fawredar gfafraneie sifedes genfaal & 3caesT &
g Gl & o Afedsied g dur goret & Sl &1 38 3faled, vieafae &
AR WIS & TR (FSehhiA A, Hheaq 3, HEdd -12) & Hhr fafaafdd(3ra-geies)
wwﬁwmﬁmaﬁrgﬁcg‘s’l SR daAd & ARNERT & e & T, $3R
delra @eafelar arud & AfKIOT &l SR Tl A W & 39-fAfaafad(3ra-egeies)
mmmw—%&mﬁmmmmﬁm, $3TSUH 20,
SEBMEE3, TAUH4 Td  S3RU78 afFAfad &1 8T &, $3R darg f{edfeler qrag &
AR 2@RT Tl IR fANFAAT T IRMAF Fediched AR TR RN FYCeAUley &
THTET I HEATT Sl I fovm H FdleT UROM o g1 faaehelierar & @y ek A &
IR 3TAT I FYUAN TFAUISR F 3 Ffcishel Fommal & ST ST Hehel &

guAT, T HAR, TS 3EHG, Weh el AfeFashiciisi. 2018, 404-405: 1-9.

geefas ths-faffa deasic ddlwol & v stewss FaRes & foRaw Bded
S TERfAT THEeH TR F FAS gAa ¥ fAv
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WE144 difafea Fax i FIfARET & fGfse Fdeg-AUR AR 3edqele 1 Fe@r & &
fAIT RS FRTSS (MR -TeAhegeles gATRITAS TAS-aMRes drell (olfeFeen-
HE TAIHIoIh TTAS) PIAASAR (SARE-3T (TIAT) SH-WTASIT) AR (TIITH ) &r
IR AT IRT| 5 TAdr T AT FRAS B Jolelr IR-AfRIT dReT oS fhu aw
fUesit Tadr 3R A SI3mer & & 75 At 39 fagr reager o SiAREy fr ash #
RS 3R NAIRS-ATesT woadr 3R dh AR HT Jorar 7 golr 3R wAdTS -7
FIRABIIT F SIRE- F ( TAV) -5 -ATelSliv TAdT T ASCIeFHaE # gefer o
TS| THETE -7 FREH R @S 44 RAwed O ozzm aFElFd &
HROT oIl AP BT Jolell H THATH -7 HIRBBT & AHAS H 3R T ( T=O) -
STt Tl # gy g8 W T Td F A 44 RAcX-ALTTY AT H
gfaeqdl ey yAEl & AEgA @ qiRe @ a5 ANl 5 fagr aRomAT S veierd
TEHSCH FHIfAAHT () -fSaRer Ay & {ar & 3 gemfa R = an) s vy
& Y STHT W alel ABH I ool AT 1 A7 3R fIFARA-Nvesiv wadr 3%
eh NI & WU giod IROMAT i JoraTr 1 18 | SR (T=w) -Sh-dvesie
TAd T TAeRf@E, 39 1 @reEl, Siad &re, 3iad 3iffdca &1 gEw, 3k sur
ﬁﬂwﬁﬁmﬁwmﬁﬁﬂaﬁ%gﬁﬁmﬁn@aﬁ@a@ﬁmw
IR TS T TGFR-TARer Ay 7 a1 # FaAr s 31 fagr 3R faar sregzer &
fseef a1 eoe A @A g, MWW F TawgHe fFr v duesit sfaeR-
TAhtgeles Uadl &l §¢ 3R offeid ver-egax aifafaf®r & 3rediehr w161 fohar S @ehar
¢l safoT, MIRET 1 Tav-amRes Addieahd - IR Bellad t-egar WG & fav

T 3RMTSTeTsh 3R 98X fAdheq U T Tahdr &l

@ #eaPR, TA FARN, JX TS, TN 94, a5 e, AR, AT 5T Belawd
Ud g Rad 2018, 8: 565-579.

FHIfAT s Fdfagw Ao § FEE-EdleE, 9 R afta Aawot & fafka
sFFaRfAfAT A TAFET sTHaT F HehRarga T o §

sTrarfafdeT (S3IUrE) 1 U §7 & HFd 3N Aiicos & H dax &1 vh faE&gd
HGAT HT Fellol I & foIT 3uher fhar Srem g1 SFadefa= (SBivad) & aAaiesiersT
F A RWedar iR thora-AfERs Uty @ FF W T §1 g, faeh
Jhcdifcs  grREs, HARRYT TAgRE  Savede 3R tdRifore AdFEAS Tshav
(BUAEY), AR INTFH GIARIY & g ITARFT TEof3l I TMNAR ORI AT
g1 HaRTFT =R Tolel & a1y vy & AAadricehe -M3wes sl NN F Fol
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gar 9feRIT & FF W e RAfFTRT o veT o fr 371G §1 gAa @S 44-
dfera 2ENvFs sg Aol (freauau-EBiuadusdn) & deafd fFar 3R 9ga gaR
THE (U 1. B, SGE. 2017, 117, 346-362) a1 fdhfdid ®edfAe diss deifaas
Stehull (NTHTAU-SI3NTFHTAU) o FAISTA H 3olehl UEHTEHT THTIRIRAT &l HodTehel
a1l o7 SAclepull (Tadl) & Fhlee & IRBNTH TR H g §I, vasmsdaer 116
RN F IR FIRHN T RET 3R wedf@d &7 Fa g3, AgAHiegae Bree
GHAT H  HAT 3G W G NF«B, BEG-NFkB, EMT-Heeefdd 33 Wié=
(ater, fAAfees, v HsRe, @544, wavAd-2 AR TATAD -9), HIh 53 NI (Beclin -
1 3R LC-3BIl & #@ & HaAT 33S ), @Y & U- Tdieifcd Weld SEvd -2, 9-
wIeied: NE dFd H IAFd A e g7 IR DG @ R # Y g3, S
T fEE & gefsr & A1 Pold, ACEEF 3R Jficitholr # H#AT el §1 38 i,
AR & HIAG A AT &1 FA fFar 3R vgdfor & oficw s (g -feaier
ASH & 3ifedca ﬁq@g‘é’l

TH HAN,  99E QT TH, UEAH tH, YFr a5, FAR A, GG el
&. QU Soiel 36 ARG 38 &I GATREsT 2018, dI3M$3Ms: TH0939-
6411 (18) 30,205-4.

faes fawfaae

e faufae S9E STeiT—aiaT SRl & ol faweiyoneds ok gRefl afidhs Sdhaol dx 4
MA € I8y fAframes CoiRil & el Iaraql, $iY AH, BHg(ched, Didcd
SIS, W UG WGTe Aoid gdle & IdIed, f[auoH IR ST & foru Aoy o9 & #gg &ar
2 | 3TSS! AN W (Sfiverdl) JRemm sl vd RUIS 31 SRR THpid o1 dofl © | Sigerd!
TS0 2014 W Yw fBAT T T | HTAEIR—IMMSCIAR  faurhar wieror & fag Sigerdy
YA UT)] R & dTell Usell HIUHATZAR YANTRIEAT & 3R ARBNI &3 § ol | 89RI FRaR
Sigedt qRlerr giaem & SRR & faiRd &% @ yaral & aRumRawy i 2016 # STelid
3R %erelig Sfidl W gafaRvr sregg” YAV UTd g7 Sff 39 UIRReIfds s srme & &
foy e a3 # el SN YA WANTRNe 99T ' 9 gfaer & 39 Ad g
AR & SR QRET [AuTchal e, g9 Al REoHe! e, wreiffed @@ Sod iR
AT FISIBROT G H, T IR T | 39 G 7 GRT IRSD WG 39 AT Bl FHlT v
g0 ®Bic IR 7eud Sedl gRI [Aefya warql, Mt ok I@mel & S9a aftas Rafd @
iHT B H AGE P T | HAioET GAUwRl B TS B RS T TG SR, I T
RIS Hee g9+ & forg, fenfce, iR gfvrr ) o feare faer & forg e fdhar o ver
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2 | BEMS Ugye URRAfe 93 # Fdard ugud ¢ | Af¥eier ugye ferdifhferd 2 ok @
ST & HIGH A Sed Slfths WX Sfidl § S 81 Od & 3R Al § ARG 8 offd 8 3R
3fda: EHEHRS U9d URA xd | gAfy, #Hd W@y uRver § wiRRufdet dF & faf=
ol & U uTd wRed TAl H Jaesl o FIRE IR 3@ wewget | e 2, 99 e
H UquDl & Aol A MFHed & forg fAfdml &1 fawfia iR A1 axe wewgel @ aifes 99 W
AT BT DI UHIIT 9918 S b | e g1 WaId qe 8 (U) el &1 faeivar &iR
AT & forg Y fveiyonetes dRidl &1 fde &R (UU) Siverdl feenfrdsi & o aR | 8ikR
ScqTa] Bl faurh s T gRetm Jodie |

I o IR egrEs G¢ & ARasH, caeAT @ FRFT & Tt & bam
T - Garr forswdor & Frg-arer 15 ~ieraAier feRor g werar #3ar §
gAY [feafler 307 § o 6 =iee ecde # Reaa i@ & 3egafd
e AT AT oF H Hecaqul i fend &1 Sifae vonferat # g1 difaent dr sgfaen
quﬁscdqﬁ%"ldmméﬂﬂmﬁﬁ—@ﬁawwé’rmﬁww*
faeelvor 87 Teh e, Haeerlel, fhhrrch vd  egcdeeiar Had O fawf@a & a$ g
g7 15 FPUCHHAIY T 3o [a@se deoT & HUR W 5 Fogt A Fafiepa v amm g
wEdfad fafer " 3mafas e 3muRa 3regraEs hoe drel dlel-alel g&H forseyor
CSH CeTAT TAFCAL & HY Fhalcs "Ael el & QUi & favavor g a
3T AfeH (Gg 1 AfPdSH U TATSAT) & A 9UA RO g1 fseor garar s genfaa
A ared g WRrefex ufdfshar ddE Yo Ud 3fholdl WHS H HgREIAT d
3effad hT S 81 31 Jiefhfad fPufaat & dgd Aefad f[fr & gcarfod frar mr
¢l Ig S WA gg & ATGASH & Fqer g (1) 0.021-0.912ug/L, TAGHT AT & faw
(2) 0.028-0.978ugL wd (3) 0.025-0.945ug/L  Hel favevent gq 3t {Wehel sTaER
Aol Al & faw ot & gl et AT & werarar Io1 €A1 0.04-200ug/L & 2
Tt =g & fav fefRor aune (1) (3IR) >0.996 & 0.999 T Tg & HTASH
& T TE (2) (3R%) >0.991 & 0.999 T b I & TAGHAT Al AF=A & UMIT AT AT
$¢1-S Ud  3eX-5 fafaear =g & AfFAsh & 6 & v (1) 1.78% vd 8.94% & %A
qIT 9T, (2) oA F & fU 1.83% TE 8.37% T (3) 1.64% UG 8.04% FAM:
I Jet & faw O 57 /Y & FeaawEs) Reals feaane O s & aftas &
Tt & forw (1) 81-128%, (2) olleAT wowl & fow 88-107% Ta faffiest Tamsfeher
TR W AT FHA & AT (3) 91-104% UT| 3efhidd Td #A=g A Afearq cgau @
HF U I TG FH Yg $ HEASh, ClloHAT Td Aol #fal & 15 wgUeiasiedt &
AATcHe [T & v Ahelarqden ] femam arm|
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fawfaameT eiver af¥er 38 (1) 2018
3R3R &1, O &g, Ter gd, 31 9o, UdATfolfcehl dhidel Uaer. 2018,1005; 43-53.

TARNcA® 39msd i gar ¥ Acd Td R Ad 9 § 30 HeaAwrs fi1 haa-
HEHIAT caRd U9 U Wy fasamdor

e yerdf vd 97 uerdft # HeaAnrent i 3ulRfa Awg anfd & v s 31 @daw g,
Td  ITd YRRYEYUAT U9 HIhdl & HY 3o HAECHS AT A fAAN0TcHR
WAl & faU Th gHldr W@ &1 $afaT, 9 gerdt (A Td IR A 99) # 30
FHIcaATER & Th 1Y HAURT & oIv v W ta oo [ gearfaa @ ardr 1 euer
FATSAIT ol SIHCHTHT GeIHAA TUFCIACT & TTT gehelcs UEdad afr # sl
FHIcaATeeRl & faReuT & fov shae 2 fAee FeicEnfhes WesA gar g1 fasesor 3ae
& I e aTel Gl PRl T Ueh TAEMcHS SIS T IUFNT Feh Iefehiolad fehal
I E; Td Iegkfed Fufaat & dgd, fAsfad fafer @1 gcarfada far s g1 0.01-80.0
UQ/UeT T TahTIrdT ¥oT # 31 IWHhar o @y gl el & forv ggare @Ar 0.001-
0.348 pg/uer & AT # Y| fAeRor qonies @ dreamest & foaw (IR 2) > 0.977 ¥
0.999 &t drr & 7| 39 /Y Hr gmeT AS [Aadad T Téwar & faw off s $r 715
oY, S 4.75 (3¢1-3) Td 8.9 6% (3cX-3) & =i | fafr Fr Rewadr 92-138% |
IRIW &, T T, IR FAN, Sh ol STl 3% WA I, 2018, 41: 1625-
1634.

o ¥ e aftreiwor g gehr FEa A ofelt (vfrelle) RFude (RED) srafdrse
F dargaerer: IRT-RE0r  vF HqHANT (FFCEAAT T vCAFAeT)

3afrse gieieled ERbYelc (NS T didel dAsgiold $ 3URYfA # TRRIeEes oOf ta
FIeeT SBATFASE & varg & Hifas Ifhaor & carr afha wea (digdvdn) & aRafda
gl | NSATHr ARFH W FATARF olig sararssd & afiden@Eetdar) sq svaa-
e 3raaiqurhfafesrs) d gl H(varedts Rewee) A oy & 7 odn dédued
Td  gahrg N (TA-dsded) & Rftte wrEecHs e qaEE o @ R
TFAee CoR (F15d)) SaRrT  3Euded, Adg &1F faeeiwur, Thieer Solacld AGHIERG!
(THSUH), SR godeld HAghIEhdT (SSTHA), PRIV TEBIA RS (THENSIN),
WA TWagEnd, tFa- e (TFE3mE)  fawewer, X @1 Fonr e
feeurSduaauag), aeafcnr dua  HeAeHer (@vawH), T AFARE  fGeever
(&SfT) T veleiee faveivor forar srr ar| aRT REv(@Fesele) & aRomea  gafd
¢ & MSAueh o 659.6 THST T &1 & WY 3UeThd fdhell Td  &A eae H



Toxicology Research Bulletin 38(1) 2018

ved fohar- Safh TH-MSAUEr o 288.8 UHSSH & $H HAE & & WY TIGU A
Uefid #Il TFAARET AT & 19.20AUH & 3T R FhecalT R & i AFarss
AAIThECTISCH & TSl & Yive &I THA-NSATH & S Fooh &l calked Fiafshar & Ta
35.4 $UAY S, & URYOT Yeohed IRAIEA AFTecEAe dog) &1 ved=
fEdTedr g TH-NEATH F T § GHREA (AFAFH) F FGATOT g HEH
YR (TEaRee) & ®F A @rem 97| AEAH oo & gar gor fF vA-digdedr
o NEATH (21.27 THST SN) N Jolodl H Aga” AT &THAT (71.42 THS i) Fefdd
frar & dSuF 3aMT & §ig TAMIF(TSSIRSE) & THANEIR faeawor va-
NEETH GaRT ABAFHA & 3ol TN g  wg[Forde HZE & & H TH3 &
QrTeT T Georrdn foha|

4 I, $dT 8. TR 36 SAaiHed Hododie| 2018, 207: 249-261.

AHAT AHE(FeATT) T FEA, Tl AT FHT FEGT GEA TF FFHTIEIRTH
fafr #1 37T FT @y Tt # ACduRCrEs Ay fAvavor ¥ vieadere

thellforh TA(RTAA) TR TlhT FIeT BB (THThy) TIH IR Tdh Raec-Alias-ha
TFECHRAT (s SITHDS) Tidfe & &9 7 o] ohar arm a1l Gernell, Hhgl, e, A, NG
Td  FT 33¢ AT Qfea sfed AT & 26 et (3RfAREdT,
Jfereliea, HAfesh aryssH vd  gdiasgE) & FUROT g Uh H@AMA @R,
A, TEA, G, o9l U9 AT (FEHvasaRed) e awpp o @) e
Sreadis dide & Sfafer va weaarcas ol @ S & v e oA
INFCTSHART el T 39ANET fFar arar ar| @oft sidehnfres [Aeavor e solacle
hoeR f3edex @ gafood A wifcams § e 7w A 15% @ A & FUT AlTh
faaereT & aryr @sf 26 FHreaArrn FHr FEren(Read) TSR (70-120%) ot Sira(EesFs)
Fr AT Tg AT Fr AT HAA: 1.13-5.48 TSi/s TF 3.42-16.60 Tsioi/Sir %ﬁlﬂ@'
FSHTasIRee (Y &, wuffes Arafds wAsa & 9ws afhar 7 -duads dide
F T H YH FT F 3YAET FAT SATAT §, oAfhed 3T ETTST H 39T fHU 70 vHUH
T Jolell & IE 316 I 3T Hgam &1 AT, FAA31T Gfhar & GReT T
3T Y HAT FYESATISIHRTE AT Afesrail, 36T va Holl @igd AT g &
AfeH @ Hrearernt H AUIRT A & v 3f0F Fod, a&d @ 31f¥* gee & w
THUE &I 39IRT YrafAs ARAGfAS 37ART & aed 6 Aded & 0 & forar o
el gl
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g g, U Aawde, tadr g vafafted td Svafafead dATT. 2018, 410:
2241-2251.

I8 U9 AWE A 37 e AcElanse vwnd F @fiT genfa RfRfwad, s Rar
gfasgamolt #ell, Wagdi450 Iy v WEEd450 WG S S T
@7 Aqeaiwa # A (g rw)

oYl (MTASS) T diehaTgidels AT gSgihlesT ¢ o fh 3fe@faeh el 3dfIse
A U7 AT § AUT SEA ogdl, W@EA, IS, Sl HHA  (AACgEn)),
df¥eRI(Tad) U gANAfH fawTercar gt §1 Siafeh SHehT fawieraar & e @ &
g AT AT B, FSAl H H IAIUA(ACHIAGH) H ST g A TS §l 5H
HEIYT HT 3¢eT Yg Ud AT Ihd GEASAl H diveols & g A @amoay &
yonfadt & Adsiel I RAEAd a=a1 9T td  8H TG H AT Al ITsaH
T TG HIAT AT| Yehel HSHIEFT H FEAIA(GHAAA) T, HFHROT Td = gairenior
H Yg Ud AT Gl H IROT G99 T GogaT HH: FN (Feee) W doidllel (STeAsis)
Ul IR AT| e YT A, 11.62 = 1.49 ASHIA (ASHI), AJsAT (5.97 + 0.83
ASHI) ¥ & I HF a1 S & Aea Aoy & 3o FaY & GG &l §1 389
IARFT, AT 3 EAS Uy & TTT FSATA W, SIS s AUl & Jedee IrT
IR AT| o1 faal gufeer Folky & qalefATed Al Yg Td Alld # 63.55 Td  18.91
AT RAs/FSt a1, St fivaAss A 3Ta Fomiw dffE g &1 d@dha a1 g1 S
(fTeTois) AAT ERW1T2 & Th ALgA Ao F7 HRIUS Ui AT F5 WSy
CART SoidleT (SUalos) TAITT ¥ Tohd THAAT & foh Tohel USTTSH Slelfedh lfoidAlTthed
JoidleT (fTeTois) & cfFadIdEafedd W T JHT el IAHT § T SgradreT
aifaelier aRadeTNear T Ad(FeaR)F & 3.16 #1 Bwlee AT wRa wficd &
el gl

S deloll, & SH&lferr, A e, Th Hidey, Hud AT s, o 8, TH gF, TH
deTseale, THd 8. 3 Us &ffAshd afFashraiet. 2018, 111: 94-101.

TRANET U ATSHICANEEHFH & ShICFHAPIAoThd THT: Th FHET

UATEROT H AGHICANECHH hT FAF 1o IURITT o TTaRoT & FR&T va faweFdar W
SHhICFTPIATGEE T €I A fhar §1 TATaR0T F ASHICATReFd & HAlal 7 &3
CATECa & HIAE (GAdded  HASHICATECHH), ATFdId @A 3cdlg o @ dlel
TS, TFARIATETT TheR T WIS A aAeEl sl &1 [Quea aFafad g

S
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Cellf¥ceh & JHUTHY 3IUANET Td $HG TS IURISE fodee gavd & dffgs TR W
aIRTEfaeh & &1 Torear o R Riar &1 BAfS s=icdr &1 ades gHeT 3 A
Zifthes TRT UX, SRET W ABHITAIECHFT & UTRIEATdeh TE, ST 3¢, 99, U9
faesie scanfe aur @A FAediset TRCHIOT & W FHH ARG A fANFadr W
AT hfgd FaT adAT dafas ey saad § &F fea @ =9 afveg w
HISSHICATECHH TFHISN Folelel Yeelel, AN AfFE0T, Fofl Ty & s3], Toho
RRfaA A aRads, gefhdicas wa/ar 319 greginlfas efas gfiiid quureRY dedl
Fr gferiey  forar 3nfe & T@ohrg (TIR) #Xar 81 39 IR, ASHItAReadd 3od CIftherd
TOT U 8% HAWd idehel THE S SITEH Hodihed el AT 3aegen faemdy
FNATS F AR T §1 AWM ITEUE WAfAFAN, ToEr, vd T4 fRu S arer
YHE Hegl i o adane AT # FeR fhar S gl

TH AT, 9 s, gedigiiHed US ol RET geeleeled. 2018, SI3S:
10.1007/T8 11356-018-1999-tsH

yorrel fawfasrer va ware Sf@w qearde

Mg O TR 3R IRl & ®U H by YAl BT UNT Usdl 2| THd WRey, gdr 3N

IS SIRgH B T3 @ foly, I8 3Mawdd & 6 I8 99l 3 SiFerifta 9 SIkie
afharell B HH FHIfad AR Fhd & IR fIuRh IRUMEl B 71 T Fad © | e 2¥YC SIHIHD
BHIT © JANHAT A SIfdd UOTell § SHAERICH & Y9G &I AT &I 3(eId e |9E-T IRkd
TN T | SHD @], SIS THA & IS Bl SiHErfcd TaauoR & w0 H SUANT axd
TEId R P! UH W UHAT WU H USAM PR DI GHEAT 2| g B S A
Safaer gfteaior & AT 3R =T qaiarofig Tamal & ST—aelt Sifde |e & wWR W)
AN & ' s uftae wareed el &1 SR IR UHE HeRsl & g 8 9d | e
Jfdaed arfieafh iR URUR® faufdsm AMe! § uRadd @ FRRET &=, fatee faurhar
JqiFH AHS T PR & (Y ST Bl Ydblhd $RAT AR MMRERGR 9 faurh ufafshasil &
AiwErft &1 @& oy aamed @ ffefia & 81 TRy RED @ ufdae uvmal &
AMHAT BRA B Dl B [APN, AP 3R Aded W A9y &= »fed fear T 21 sd9a
JSTET, TG & Ted U Sifdd HoTlell & IR B8 arell {41 STaviel fsharsil &1 quie &’ & forg
TRIETOT VIl 3R & USTIid | A oicl @l Siediel Ufafsharsil & 9 &1 =T offoi #
STANT IR & Y Thipd i & YA fha1 M7 & | 998 g dared 48 o (U) =i
IR Ta ¥ Sifddw gonferdl @ SdRM & SRIIFA (UU) SMfYdds Srfierfth iR URUR® faw fasm
AeT H gRadd f IR &R faRkre faurhar &1 Aiffe @9s o &k @ foly Taigd sfidhs
3R (uqu) fawrch ufafshamell @1 qalgam &1 & oy ariesd bl [Aefd 3R AR AT |

-23-

—
| —



fawfaame eier afyar 38 (1) 2018

dSbaT -2 Td WEe RSt w1 owgead v Awe suRewmew A
FRSAEFafadl td BleaBEeeiaarad! Ht 9gar a1 ¢

Soltthellet -2 (AT 2), HeAEshlel Bl & Uk 3MH e § it fh Il e & &0 &
e ®F T 3YIRET fRAT SITar &1 g8 Solithelled -2 (AT 2) & wleeaeiFaaer ud
BTl TFafAET &THaT &1 3ol forar g1 wiereefafad afietor & war e f& I
TFEQeR & dad $idr 2 3R &1 A 99 96707 & gdT ol o T IfAei3ir
& HaERdr AT, A T I F TR F HOF H FBT HA @ TS gl SHUH
FARRE dadl o §F & Fhrel, AT vd gAeT AT & 3ideia it 2 @ serieger
IRITH 3cUTes &FACT H JAIOIT fhaT| SITAT & I37TAe] 58 & WielsHAs TRiae
F A 3TEAR & a2 g@ERT e AT Sdr gl dAe 08 W@ gann
SIACITFATAET & Hediehel Q@I § 6 BIeIdfdcges idtd 2 & Suav &fd @ ger,
58 % o Avav vg 3difog o AR & AT Aar g1 A 2 H IAAHFaS THAT B
PICHABHFIS T W@ & @l 36 8 goaiud fear amm &y 2 &
BIESICFA e # 3Had: W8l (FEFell sgesT TBRHASE 3A¥) & TS ganT
gt # S| N 2 g@Err IRT dvar afd IREddE @ wd faedma
FEHGA(SHERIE) A (6-12 €er ) § &ffdared Suav %*{ﬁﬁasquwaﬁgml
S.H 1 R & Asciiegdel AFST &TAdT A Agcaqul FHr yefid frarl war (efafssa
aE), TR (vRAfTw sEes) ®RAT art g AREnRt & A s@Edan
AT 6T UG I a1 Td HIRARI Teh 1 39 St 1 6 d&qr @ qise & 78| 59
YR, aRUIHA Fard § 6 gefata dereshia gonfadt & fav srafe sequer & @l 2 |
AT ST A1RTI

THS 3R, TH g, U Adedd, 37 99s), 3R ¥ WPl afFdeetst  d
HIHATRIATST. 2018; 95: 2 9 8-306.

HsfAgd IRa v RAe-ALrTey AlY Bawea # dav/ Svamdd-32/ddi1e @
p-3nfea/Trdyshivas-3p Reafdar fr smferdr . Fadfes fr grancas sfawr

Fefags IRA =R & ded SfEH FI &Td gV, Hsfags IRd #ex Taweme
¥ 3 Jurfash &F 1 ARG # vd Afeash # SriAefss feefds @ T w@
arel o8l UgHle el g 9o1 fadl, S fagr va  TAfo gitehion & @y HeIge
3o d fRar s/ an FEfAEEe teadieorR W sarAa (3o) -3 2 Raed # ggesha
FAI Toe A, S F dRe-RAefeds dFudwmmddr -32/d4de @ p-
INEEA/THRE/SNTTH-3p {IaATT & T - T YT I Tled Td  qar 12 Hifreprai
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A gofad ey ofr| dihw Tvd TR 3o fagr & WA o A g2 ar & & gt
qrYae T & ¥ A0 2 RAed garr uafeyd @a § vd FsfAww 9Ra A
AA(ETAT) & 3 &1 81 HH FeH F Hoghgdale TRAdT o #gUsiel TECH
Td  HSTAIH THAUSR W IOREE @3 (o) #r atfa @ vede fharl sae
FfaRed, 3moifasd Sifher o 3eicgae A8 Uere e ff 30-8r 2 RAced & Far -
F 2 RAed W IufAaT & gfaeaedl ase W FfEad & gcgel SUaRT gl I &
Tl g1 Fadfe & A 3wAR & qRUMATTET HSfAIA NG SR e S A
IRadl T 3eael g3 IE yuH R § of aefidh & & ada &ea # Jodr 2
RAed & F & HRT FETA-9RT Aer AA(ESTHRAT) w deed=ftes safasis
fAecAfelar & qRaceT & @Y ST g1 IR W R 8 b Fadfed & SsfAgw 9Ra
SafAATSIS fSawERT Al Fe el AT & &

3R I, 3Rk YeFell, T Tig, & AT, aigeh giar, & sMareqa, vAd &g, wHITS
Regrr, et ud, dich @ear.  wrsfefthe RO 2018; 8: 2528.

[N AT $IS Fd AWFAT A FfARET F N3E3F Reafar A6t F Aregqw @
AIARIEGIE IR IRT Ao &fd FT Asvar §

T FUNICHET & ®9 H (HISUST (3REN) &I HfAF & s AT 9ed §, TS
fsharcas  vd geld e # afFafad Adferad e FIRIHEd 3oEt & 3 @@ 4
R frar aar 81 Jeai@, $o sreasedr el o faRse Raver & &7 & yafed 8, @
S3ead f@uaferer 307 33l T TOSC T F Yehe QT §1 WA FHA HlAD A Too
(BriFafoere #is) Tod AdfFAT A HRAFBT (Tagfd-vAvad) F sgleTer HIfAAHT
¥ Gceet AGfhAST TH HRABBT Wefor § FFafad  eafds ar@E)#r s i
AATRA TH FIRABT & 24 6¢ & 3™ g Th A o =gueiieas
ditfeiehe feare, AGFEE (TEdd) ¥ [AeT @igar (10, 100, 1000
ABHINTR & TUe H o7 IR”AT ATl TATUG f{IATolT qI¥dst (SUaAsh, 938, T
$3Reh) I A IR T @ 3 8 & AT S S 8, @ed AT T ggred
w & fav off faar fhar | 3mRdr (10 #Agsplen) i Sifdew qiard gae vaddr aRka
aRadel 7 Th HAgcaqul Ycdmdael  fG@rdr gl fafse eafaefier gemsit & dgd, 3
TFAUIOR (T N -THTHH  # wgetel faGsT 1 derar &d 9iam aram| di3ne3 & T
fafrse  wATPIAolehel  3ARIE®  (Toldls 294002) & AR HI TFAGUIGR  TAAMT
TFAUISR & Sfdeher 3RET 1 dgeR TAfshansit & d3ms3s ALY qrads & Hgeaqor
HEANCRY T gfSe el &1 ART STeT THAN IR Aol &Tfd T &l &b el & AR
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hI HEcAqUl HIART H UgHT FAT g, FH ThR  IEEABIERE  HleARS-IRT
~QTSSeRe & gfdegel  gHT Rfhcaha &aar ey g &

TH ST, 3 $AR, TH HE, & FAR, T AAdd, T 918, {vd TTqRfed, didh Goal, T
ud. HAFger wgUerdicion. 2018, 3131S: 10.1007/T8 12035-018-0986-3s.

THNEIR -145 UF 30F Affid NT FT Thea FATN-3709T ~gU-d #H TAINEHR -294
garr e R sar @

HTSHIINTAT (arzns3 TN TeAUr) 7Aool A & FATIeh HaTH famdAs & &7 7 3W W/
g1 BANT TRNRIET U4 3T SRRl & Elfedl EATSl A Sgidd faffiesdtar ud
o & AT R F eerdR Tile & Tcgal JfAH & SFed fFar g
HSHINRTAT-145, Teh THISHRUAT FH HIRABBT T caRued @g=or & g
HIAT &, GoT: WA SAfhRE HRel (IRETHTH) & W TR S ;0 A 4,
TENTFE2, UF  FUAUH 4 (T, 137,647-658,2009) ' A T §1 HEITAT & GaT
Te ¢ foF UHBNMSIN-145 SEIMAA & 09 ~Xeq & Afasy w0 &g Fgcaqol g1 gl
H AR YdIAd IEIIA #H, §Hel UHINSIHR-145 U9  UHINESIR-29T uRari afga
THISHRTAT & Th dc & Ugded # § fG0d uRuea =Req & f&Affeadr &g
IThiAeh &9 @ Wefaw thls + AffTSH-cgcue =g her HRH (IRT + dILTATH) F
Y THUY-UHAS5ars HRAABT A cgad fHar ar gl (Ager SgISEeis(2016)
31311S: https://doi.org/10.1007/s12035-016-0042-9). TiAT CIIA H, §HA THISIHR -
145 & NG A THIEHR -20a &1 H{fAwr f ggarr & g, T@ v 53-feR
ik & IRT + NTATH & THFUISR & e RIele a1 I-1 §| THUL-UHars5ars
FIfAPIT & AT H, TANSIR-298T P85a, P53 37aUUF & Yheod dl HH FdT &,
fSad IRUMATTET THA3MEIHR-145 T IRIGeR  BIdl & Td  IRATH N
SBAREGARN BT ¢ THINSHR-145 U UHINSHR-29b H Uaalileh Ueheod 3elh
IAS(FSISTH) Teheel & HAJeT AET A STl Bl AT °sh IaAU(SH1 BT dor Arsfohel
NTE) INT FAT &1 Tohy, AR ETTAT F THISHR-298T I THANSIR-145 &
IUEIH WPl & & H U § Ud  THUG-UHATSHATS RIS 1 fqeiest & alrer
3 IRETE el AT Afed Tl gl

T Sitedl, & &g, v . Aeeger sgueEderst. 2018, S13s: 10.1007 /Tvd 12035-
018-1009-9.
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ifAs, $Fs@aA, vd A aifdesia S IR ddusmy-fsik e (vdid-Rek)
GIfes Y&ed Td 3HS NRAE I§ & Afeass 1 aRew=fRent (wwme) #
TR

FA9 UEd Sadle AT Tose fRr o1 R weiaveir w ¥ onife gue W i,
Fsfaga va o3 fAsor foemmla aftases # dReERERT 7 weafaa (smse
T fiH) F ORT FAT §1 T, §HA THIRAE B OART A H IS U & oF T
QT AT S | §HA MdIRIR SR FAATROT (SRATHORIA) FR, RIFASAH
Nome-tiFeaes RAER M (AIwemy) & ARfielr 9R&edanr &, it &
RIS & 3f&dca W woa & fov ROiC fhar am@n| gA@e Tehel urg3i wd
3% fAH0T & WY Haftd(Fedas) g 1 aR@e st (Tegase) &1 39ar R ud
waeaifaE A Srg AT v fiusRy Ushed TR & AT gHS 9 R HeEfEms A
ARy T TN AT & Hhad Jefer Yefd har, s8e aIg 3R vd 38 ag
a5 fhar T A o1 I B TR gEA drm R arget A dfuewy wiie,
aﬁaaﬁa,uda@rgétﬂtﬁwm-mmmﬁﬁﬁrww%mmwm-
wns3NTAT AT NRURy-gfdegel(Ueafaee), isdeg9662 & Y H-30gR o
ARERIRIFST (Tegremge) & wacafad # gar fear, arq(3) ¥ 9Ra arReeniest
(TEgraTse) 1 &ifd & NNT3Ry T v Y7E FEHTRIar S JAd Gar| gaa Niusmy-
ciftpoeaar aifafafer fr @9 $r g RAfowr ST haraaa & tdee@a # sas
aferd ST & ggare frl gHA diel (TEHU-REN) gifoeer (Fw3md) Sie & 3iaeta
ddieaRy -gfdfhar deal (AMw3my) & @, d So-Rive S @ arg (3)
HETEAA & T8 g5 NNTRy A NOIRA- ARG H FUARTRAT HI Feamiaa fopa|
PIART-SFLATANCNT Td  FRAWA-RAE H S=(38e) & dle Raro-esa dfizm
Td d¥Cel selifeel o UIBRS-ALIETar fiARdT Y Ry fhar, S@r Ssfaa @ a9
3 vd TS A FA Aeree fear R, ve arg fAser & e Affdese & ar
dee A 3Ad: G W AR 9¢ §U FId-NUSRA/NTRE 3eqard ¥ drReren R
(TEgrsE) T Taeeaw 1 gffe @ gEe ifaRed, gEe umr 6 ddiwmy w
GUIRET  Joheed -5 TA-cfiTel Fgelotal aUT ASfFe-FAeR(BUse) @Fsatar 5-fFR
) g & foem A urpt @ Affg aRld dduary- W deamdr T
a3t (TreraEse) i Tdefaw & 3 f@ar 3uaR #, St 3 o FsfAww A
T 3 e Gar g1 sy ;AR nemma & 3dfae, $EfAue v oz 9Ra
ATRPTHIAFIT (TEEAEE) & T8y W Téh Adled fuaRy- R a7 (3dse
AefasH) T FATHRT &
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3R FrrEE, o AT, @ B, & @, vE S, Aeeger ~ e, 2018,
55: 2125-2149.

IifA® FIRA-duaRiY SSve- SR R FRESNTwmR Reafar #r afor #ar § s
fF Remde 53 & alass # AT Acanda9 - ok aRF=REHET (Trermse)
1 &1y FY Jgm@r a1 ¢

gA0 UEd Fod fhar oT fh #RAT opld A dig IfHe THEuoR & AfETsE: &
fasrer & eRrel Feorger wrsfaedl 3relia(efafss) N (Svwed) afor g3m &1 Tei g7
Hafd(@eas) AIRGERRIABT (TeEse) Td faerme ggr Afedss d gig vd
@I AT dF H A0 fhar & gaAa Shuwedr o Efa e & fav R[difga tRsda
My ey RAX (SNTHAR) Fr Fealar Fr aReeuar Far| gaar arar f 3mdfas
SNUE3IR & AfShT e G, St aIRGRIREET (Trease) & F3 Bem-Ssiuh3R
carT RfgAd forar aar g1 SR Sivwr fosless & Aol Td fAshies-gule-
SUTRRY S S 4 R (TIa-Seiivsh) & Rffas-fifsues aforar & gerar
forar| s@d HfaRerd, g qar f& go: Halorh Tad-Saits  ¥ifdsh raeey  TEE -
$OIUHh  § HE 3UdR U9 BIEHI-SoUh3R, O $SUh3m-3raies ganT 3o fohar or
T &, Ofpiele, a5 a0 § & vecramed 7 3mife tad-Soiuw/ SSUw3m g
&1 &fUT AT Bl TG ~gelihd TAN-SNUH/SSNTHIR 3 aRd tearamse &fa & fav
HiAAR & F 3HERT AT, T Gol: A SNUHUA R Td TECATSE Alpiaisl #H
Tad-$Uh-fAfSues Repadl dur wegrase warcaif@d # &Ar ta Iffefas garr
5<>1Co3|1-‘|+qbc§3ﬂImw%mﬁmﬁmvﬁ-éﬁwmaﬁww
fear, St & weghase &fa & for sfaRea & @ Iees e & FA Tg«-
SSNURAR/ZSIUHEIR Jaig $I 3R 9riasT e o giar 6 weeased & Hiak &
HRTGeles Afgrq A& 9 (THUAD 9) HdAd: TAcfdy vd  Sfivhud affd @
PROT §oT7 g1 ATRPIRIARIT (TTCASEH) Ud  THUAY IFd-ATEdSh STeM(sels sl SRR3R
(@) 3E@saT A FIART A F T o S & | safav gaa S W osrdEe
& TG FI ST AT §HA Toh ARATIh-AISUes I dieeT IReegan(RAviafed) &r
et fohar, 9 9o EOSih-Tae-$olivh Td  THTAY 9 3adee, TEel -3 @é gan
HaEeY T ST HhdT g1 30 Y&R, §AR LIS & Hohd [Aerdr ¢ & & vegase ua
A THe-gelivh fQeafaer & Aregd @, 3fAe aRERREnRT (trEscH) A
TATAN 9 TR vd  Slivhudr &ifd & IRd #X Feval 8, St fasrasder I & Afedass &r
SieTeT 3ESAT &1 Tidepel & @ THIIIA T FeheTl g
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IR P, o @A, vH BUd), sseg TS, & AU, THG U, TH SO
AfFadreNfoRd Aedst. 2018, 162: 406-428.

WETARS AT ToT A ARFT FaT T TSI WUT AR U & FROT
FaOIOTaT (3iTerbol) Ft Ahar & wfFEw Qo1 Hr gavar

aifdad W (AL eagm W & 96 GET F98 IR, deft & e arem vd
TlA(FEHT) & Fafd QUfSoleried SN 81 58 IeTTA &1 3¢6ed WS & g
Alsel WA IR uifdedare A Fadivorar (3fferthsl) @ s{ffsT wI HASE ATl
bl & Tohde [difFeT 1, 3ffeitholl & TEfId UET 12 (TS 12) &7 Ydhed,
JuaAdl-51 SR sifethel affaor fea 1 (F1F), & 62 Td ASHEH T FJ3T AT
WA 2 (VAUTAN 2) U HAZhICIsIA § 3 FUCROT YT 10/1f-amse I 3 (Terdlr
3) | & ], ReaAtelsr Fehs [BrewiRees (1) 5 USANEBA ABIEhe-afshidd Wk
fehara(M-veAdS), FE<geT 1 (TH3MSIHRET 1), YA - HAAfomsT  oeg (M-TAdBam),
TYE TFRITE SFceldd 2 (Auadr 2), @ 311 T@ s gkl FR] @
TSHEIHA HATBIlST T Hediched NS AT td AswAf¥-3u=na gg1 AlsaRe Afse)
A Far T anl 3-ART vsARd, wiokfessfoaieed -4, 5-9EThiEhe 3-fhad
(Fr3ME3HR) T Il FARYF; Feaeeld, T ITerhmas Erefasor 3rarreh; sfthelasias
T1, T HACrhafodaHd T aRardd Hedel/3 AT AFallhiol Haresh a1 aiike 1,
YA e & fharfafts aeg i sufEafa # asydARa-3uaRd sglsareeta
HITARIT H ATertholl AR HI T AT 37| ABTHYA o TATTAU2  FF FHA har va
3T {7afaer N H FS dcarg Fo oo N-vrAdS vd TE3MESIRET ' Fer| 3-
ARS USRS A T3 ®UieRoT gRafdd Fg R Heaedler td dftheltaAsaa vl
0T # TouuAd2 Uded H HHAT A ST ARYARNT A 3-AAT USABA T
Ufeafd & woelt 3 TR FA FEfr dr,  vewwHAdR? @ HAT fHeoaede Ud
IR T1-3TaRa SIRIERt & 318 Tose off| a1 o 3T 3ifeithsl AR &
foell of Seema & 9= TelvuAdr 2 & Yehed @ WAAGA fhar| aRume gufa § &
JeITT ARIARYA JferhardA AT @ Gfha FRar §, 399 TAUUAGl 2 Yehed Ud
forEIe J[oTaeT %A g1 S § S ad 3iferthsit 3raxier giarn gl

T AT, v e, @ e, tATE R Whe, S qed, AN @ sgueliearad
Rad. 2018, 33: 377-387.
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6,7-3IAYTF-1,2,3,4-3CERI-INER T AT -3-FafFaEias 3Fa e -6 ARWS
Tl & Nl & AR FrasT Fao=ad wF ahfora Far §
%ﬁwﬁ,mmﬁw%wmmym(sﬁwm
ORI PR FITAAT (TRRAY) F 6,7-3AATFH-1,2,3,4-C@TS3I-3TsH Ao -3-
FrefFarsioe 3Fd  (TH 1) & 3o faar vémifomfea aifafafer &r s & w1 &1 15
fgat & fav fBAurEEsiaa (Svare) aRd @R (Frekace HIAAEA) <@gl & 10
Td 25 THS/hol G & AT uT| vAl H @A AW &THAT T Hediched e
tq Rfea ioaefomre, sifedsiea dRfer, REdels, Svasmsway, sha qur
WNET Teheo(TFEULN) EqTeT fhT a10| REddish vd srihfAsa gdeot 3 fvaeg
IR Flelel HEX H TH1 &Hr WcAs  framefiearan(wiefdea uaere) &1 Tohd Tl
STANSTHT ﬁgﬁ@r%%m1ﬁm-6ﬁaa§§mﬁm-zw
AATF2 AT JolelT H 3R JomTa § A Y AT &1 ST Teheat faRaNor & g =relr
fF TH1 o ISTA-6, ATH2 T THATWI3 & §¢  UTHIRUATU & 3HAF Yhesd i
efifora fohar §1 AMETcA® 9iRasT sdlic faeevor & 9o Adiel & Idr Jer for IRmEr $r
Fufd 3msuer -6 AR AfFITI/ATH2 Td THATES & BREHINCRE ol HfFd & wa
3 TAT 3TAR & Y A &9 F RfAeAd gg) gw @e serameRa iy
AlSTedT & 3T & A S e § GART U1l e Alsd & am] & & o,
§H THETE3 UICgelld & HMETCHD cgagR &l Hiasgarol T § S aellcAs AT &
foT gosr &€t 81 oc #A, TI UAUANR IURd @RA TOEd H SREn(Aersie)
3 9Rd TaraeT aRadslt W A1 & gaa dr Sirg & e 98 @ @ 39T &
forar o 1) T A dpmEr B Fufd & ot Aoy w1 ey g 7 g
T e T 3TN 7T fe@ril| For A, §AR 3T o YUH SR @ied fear
fFar fF w1 3EUA-6/UR2/TaETE3 HieAdloiieleh IeAfoidl P Jehed & GaART Tl
IR &TA T Je&fRdT e g

dr e, d e, vl seiEn, vk g, U I, O AR, Uk Rl U 8, U EHedT, g
$AR, & AR, & HAE, TH AY, U YRR, HUA AN, TH AEL SOARRAT U
HIATRIAGT. 2018,100:282-295.

I8l # e o ~pftamifts wmt § v 3y & d@&fta dggaE@enfad) #
ST # & AT WRAF efeemor

feiseT IR =TSSR &1 Y IR Hdeerelieldl I FHs & U IaRusra(3aca),
qaEh (18 Tolg) Ud detl (48 Toaig) & gl W Wiesnfasw reagsr fev arw & 25
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T fgedtehrad & 9IS foisehyor & d¥cel sollc faRelwor qur  foise 3u=iRd =@h (2.5
fAeiama foreama, d3n vew 21 &) @ qoeh secfREr-faar o gfefefes wdmms
ara, TERiedse afafafd, dwiew, IO gy, Hewd SfFaefa v uide ¥
Tofd vd USSR # sqnfigR Nded & Yaed # uAiedar # Rfgaa e
¥ gRade foised 3uaiRa 9@l A wfafsanie sedee yonfadr & f@#Ar, fafs
WRIFHSSAA, alihd Te[CIAAT hewe Ud Ua3fardse TagA arfdfafeal # R
g & WY I3 U IHURYSFT IT TIEH Ygi B Jololl A e gl o fIAY & F 5o
WéeT # aRader 1 Ioa aRAI(HAACYE) F EErr| tEfdw vg Adierhdl # Heiier
WET & AT FT @ g Gl H IS Gheed A IoaWad IRade fG@rw| 3u=nid ey
gl H IegRgaelel AoVl § Reiiehrqd Td HeRRA-am # e Aer &
HiShfAhr dffehel &1 TaT TATl NS ¥ TS glar § R gl A fsw 9Ra
SIUTSARIT T AeIdT T S & T NE3NAT efeaior &1 3udter fdar s Fhdr gl
T #AeEd, U Alaedd, T f8g, o 49, '@ Ied, vH fAem 9 g, dIF o, @
WAR. §S US &ifhd clfedeialol. 2018, 115: 499-510.

Add 1,3,4-4gsE3eed  AeTA-6 [vew-2 fAfdwes SwdF2/ wHdwd3 fRAead &
IR F gIRT FARFCA(PIad Td FeA & Fafod) FW A AFar §, a1 & e
e v AfefAT & Aregsw § yafoT &

BHA BT €1 H AN 1,3,4-USsS3eliod & TECTA &THAT T Hedishel el & faw
STATT-IRT W3RE gg(XT) AlseT & 3TANT aah Th NiFdfihe HEITT H 91
fohaT| STAHETHT, IRE-THHR Td a1 sollc TARANOT & ATETA & AllFgor
gIESeH HT gfSe &1 5| A HIVTFH-2 U IHETA-6 IRA  ATH2/THETES & Ffshgor
T gfafsrar F TRRET Hr ger S off, oY F T2 Td THATES & §¢ BIEHIRRN
a1 aRomeA o1l 1,3,4-uEsE3Nied sRafeed (@324 Td dI3R27) & A 3YOR o
5@ ffafder qE & Agcaqel AT F FROT 91| SEr-3TeRa ot Afsfolr &
ATEIH H AECHS AT sallc 3IET T 3YINRT Feh HBUA-6 TT TINTFH-2 3ASTATAT T
giafear 7 TEATA3 drgeee & ¥agR # o gffe @ S| I #, R4 T
dI3R27 & STAvT-9Ra @3RAT ¥ S5 o¥U ACEIASeH H Sgiel fhar ST v
TATANR IMURd dRA ATAIATd & ¢RI YATOId gl d3R24 w9 d3m27 &
AT GUETT &THA JoldlcAs I & WA & 6k & HARRGRFH, 5-FARRAer &
Sgd¥ 9T T

-31-

—
| —



fawfaame eier afyar 38 (1) 2018

dl TS, T TH N, T & g, g AR, TIF, U F HeNl, @ FAR, 3 FAR, S A,
T AT, T Y1, HUH AR, F U e, TH gl dsciasd. 2018, @3Esms: g
1043-4666 (18) 30112-1.

flvrg veaUeR Watl $HEl w1 FET (Nvvg TFEdeR TARTRE W99 FW) ¢ T
3egae AT faeawor

ToAITAIHA FGAen0T/ T, el AT, Shich 3cUlesd, oilg/ FElel B33, Hidol/lh
Td HeTOd 3cdal dUT HIEA/AHSE FAFels Sclead S8 3l & dleldrgiels aited
grEgiTe (AUTT) & Gl TFEUIoR & [Affied Ag@ARY e seggear & Bwsr
& HE W [ g3 @ A 7l gAIS ser dfed e camrt A7 sfae &
T & HE F FROT NUTd TSR T fasfa dwr A X & i w@eul W ose
3Tt HAT| AT-FARANOT & foIv Grfdleh o qadicd e & Aiiecd & 19 Tiof
T TS| ARl Hcg &I Ul YAl HleTehlehel HCAT eI Ud GRIATOI Fel SITGH
AT TS 3ok 95% ICATIRENE  HRIA(FIiehsed Seael  (WSw) & A
THG(FIEIC) 3T &l favelwor # wiFafad  foam ar=m an sreaget & o fosest 6
AN T Hedidhad dtel & fov Rfgudan geleesd) &g @y e
& 39T fRaAr =T AT FTe/Ae T Fefdd 3caig 3T 1.55 (95% IS 1.01-
2.37) U Wig/FEre wI3gr 3eArer 1.52 (95% W3S 1.05-2.20) & T Hwsr & HA< A
T 81 SIfEH G@ IRT| HEAIA H YHUE HGdl T WU TFHUoN & &< #
g Heotar A NTee & FUF F A a3 Fa@rd f Joball d HIoA/Hlh
3CANeT UG olig/EEel 36N & ATHRT I Bhsl & HE H 8w AEA fGar dvve &
YA U9 AFRIT TFANR TR & §a9H F1 dTel(@Ih3isd) THET & O H
@1 T 1T

T T8, 3R FHA, NS 3HgAS, UH arg, df e, & wigs, @iue Seadss. ULt
AT (cleaT). 2018. S13N3MS: 10.1093/3MFIATS/ HeFgar$049.

TdT TFEOeR RN e, IFEEARE qg-dEl § OATEA ¥ FEgAAgec @
SeeiFas gama Bt yefia #ar §

IFAFA AT (NURTATTFE) T Tefesd &, o tdassiaaa afaRfeat 1 s
e @l §1 I8 Feliadicled (VhUeddy) HA 1 Uh Hgcaqor sRafea g
3Tecrasae AfHIUT (200-400 TaTH) Wiforal & foT 937 GHEAT &7 $RUT §o1q1 &, s f
Wb ®7 & G & GohT AR G2 T Fclg T AT § Td 3Gl &fiorar & &RoT
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AIAd §9 ¥ dedr gl NUHTAUEH H 5 C A BRISIs R @ quw  ghv
TFAAeR # WIEEFe FIdl &1 IR-PreramseefFas gue NUhETavedd W, Sfid Td
WET Sl & FR W ST/ Hpihew HA ~geihd Benasafdd afafafer  wes
(Fsfesh 3ifeaTss) 3cumes, a3 dage ot vd et R_faafaa smsve-6, dvaud-o
Td TS -1 H @ g1 39 GUH(PIEEEFE: TUH) W, NUHTATFH o
AT FCATASE Vol BT (TN Td NeTara/dr Ggi & Nieiage dAspitheq @
Ao IERdT H ThrErar IR Y & 9T Far1 gaAR 3nmuifas sifher & gar Ioar §
fr duwTaTad Fad B (Flles) VAT H STAT-ATT SINUI2T FiFcoldd & SiYdm g
JESeRE T & 9fte g5 @ % dutvevew dvav & @y sfdedd & eant A
SIS & Uhdl gl BIRATCEsS NUHTATFE & HRUT  SCRICTeR  N3NTH
fafsues Siuav &ifd ta  AsEgEel T WsFded TBRFSET BAT (HdiE) @7
maﬂgmafﬁaégr@mmmaﬂw@@ﬁwm g S fo5 cmsaaEe iR ar
T  #gelichd ATSCIRlogdel [Socl(AFse) &TAdT (THTAN) garT ey &1 §AR aodw
YT § Ul JoIdl ¢ & Nunvared & 3uieafd # g veduor aRaw &
SFETAIAIGIICT T Selciiardeh THIE 3cheal Tl 37cT: AFAT & Giuhvevesd v
3TAR & NI, fAY &0 & 30 BT & oaFdad gRA(de HEd) & ke g
ThIRI(4T) & €6 # 3l I a<ell AT

o &g, v Aaeda, O #sel, T Wg, ¥ g9, U gfaad), St wusr, T B, IRTE T
TRAT PIEIhATLT TS Hleddrarer ar. 2018, 178: 593-605.

afeg it 12 FRNFET F1 AFHT TaTE-SAT dF F AT T AT AAFEAT
A HRAFBT 7 7gierar Befivers # qgmar @

RN RRFIAT (Feferk TISTellsl) W dheia-Afswes  gfafhae gdicad &9 @
TITEd & Uod $o a6t & Shalifed & 8T Td Jiecdies uftlisenriea Afsfae)
H A HRAFBET H HfAH god @ g IIW, dhaA-Afswes gfafeamnst &
frarfaftis (FHfAfEed) ugest ta sq &fF & 3o RMRFBT & qfAw Fo g aHS
W §l TET, §HAC AT AUPSHA FHA RGN (TITATHA ) & 7getel TSthefwerst
W Aol &7 @ fAafed O 12 Rt F decw-aaey Rufa araw (F3ei
AfSd (HAvA) & gwrEr @ Srg fRar g1 10 1 e & (e Ol 12 SiRiewEi &
WEWM)W%WﬁWWWﬁWW(WWQH)?m
58~ WU $5e0A) H Jolell df3ehT [Ihrd #Reh (TAeiU®h) & ToHdles
HIRABIST & T THE & @Y AT a5 | FISC ol Td =g3etel ARE (B-1ll g,
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TUTHATHS-TH (TATH-UH), AT, TFedlos TUATHA w & TelgUel) & Teheel H
3eATAT gefd g5 M| AR AP PR (TASNUT) T HRis ASIA (HeA) & H-
TFEles dld WREfaeh Heg o TATG @eafer & Aegd §@ Uh faRea gfafhar
@ vd faaw &v @ Fifoafeis fafAvs gq  ®IREi @ @GERT e w&a
HIRABIIT o =AeTel IUIT & Tl g Hers MSTA (HTH) AT &TAA =gl &7 8]
TH U JIARYUT & HAHAS H ~gUaAel 3UGPRT H doit & Bhelivest # @eraar &
Tl &, 30 PR WshelAFd & &7 # IN-TCA FfRAF-IMNRA 3o F1 SRR ga
gl

T Hlaedd, T g, U 913, 37 $AR, Aew SRR, did Geadl, TS dd. AlFger
Fqﬁa’@ﬂ’f\?ﬁ. 2018. 333ms: 10.1007/ TH12035-018-0981-4.

Rafea At 12 FfAFET 71 dhad AT AdFEAT A FRFBiT 9 tHTITHaTE-
5a1$ PRSP H AHEIEE-IRT &1fad & SiF  Far & ehhsll vd ABSiesae
aferefierar #r sifaer

Tsh 3G[7(TEes) AeleR BIHAAETAH Siolardiiees TrgdloR & S[ST Ush Hgeaqul SR o
fSas aRumeEEasy fafdiesr SARET gl 81 dihel Aok ATSHIT=aRRAC Af-Ael HUN
# Gl geh(@shelT dUleic) & WY §HeY § o & 3w giAgeefdw # qeedifitd
AT g1 WhaIA T 50 TFEdUal &AT & S HaRifRd dF T FASTA F$ T
GRT & AT TATHTT & T H HI I bl gl Ad: gAa AT IR12 ifremait
T GUETTCHS THIGRIRAT S Tl I, @ athsl td  ARdcsde TRSHHEd
afFAfad g1 AlpereE (TAE), 9§ 8 39eT R I oarer Sglereas
JATAIRIThE, H TINTd g0l (Tdeldel Hledeelled) T uiiefor Il & §7 &
garer fRar Srar g1 faeifea drfr12 S & dohcid & wdRed Hifsgd (dve)
TUSECIAT Aol olige] H QT cHagRId, JiFdISfed dalg vad  vdicelies I Hog
S T fEAT| 30 YARAUS YT & AR dF I UgHel A g Wil H M
9Gd EU EH HATholl A Uer3, SFeA-1, TSNS Ud Uhell7 & ghed A
SeaEe T geftr | Jiferthel e, 3-ARASHS & TFHUoR & HROT N-rdeeifes
FEIF-3 & Yhed H UH WG T K WY A ARG H hHA Thed g3 T
faRea, vadd-veeass Wﬁﬁﬁ?ﬂm‘%ﬂﬂ%@maﬁ
TUAUIR/THTSIREN /ASRN-1 o RATefcisr Sehs ganT AT Hareed Hfsgd (HvaA)
@rmﬁaagcwa:wﬁgﬁaﬁmwmlﬂ@aﬁmﬂﬂ(mam
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3ferthell FfFA0T & Tt ¥ 3 §U § U9 AR fAshsl & HTER, Fefer shelA ol
ekt 9RaT wRar &1 3 37 e ganfad Y &Hanit FF Aea F Aaafes-
eTfaIrEd Fdel U9 IR Y AFAT U9 g9 H U 937 %heldl &l el gl

T Aaredd, td g, @vd TeqUfed, O Adedd, T 9vsy, & $AR, dih Geell, Te
ud. =qiATeFger AfSf@=. 2018, 20: 233-251.

fi3rE3d/mRd/sivassdp IRTG d3REH gfrgor e fodeaw & auadiv RAwed g
ot Reafesr & 3mifas Afdees aRadal #t gurar & sRifae & QR
AT

I IR TATASIU RAcex BHhaR A AT hI FETcHS THIEGRINT T
feeathraa F dmS3d/ThRd/sivas3p {eafar & s @ar vg 3o fagr ora & 18
gl Wf3FR I3miase 8 (57 e 7 20 waAsh/on 28 e g R #R i3 s+ faer
10 ATSHIA- 24 B¢ §) Td  FHadfdAeT (37 faar # 100 THsN/Halr R a3 28
featt 87 ; goT fagy - 20 AGHA 24 € & ) 3hel I Uh AU TFHGSR fham arar |
TATAST A & TR A FrfA 3uar (flede) @ Afsad 3fase aRa aRads,
gH% RO Fsgfacy v fEAftesd WA - o3 TAbllo, TTHAI5 TAT Toaseerat TN ST
ffar 9 o R AW F guR @ wr d@r I At ImiEse TEeR W
NETATE, 4Tssr, SIRE 1/2, TATHS 3p T 4IRS & gied TR & 8 Frifaa
garr WfaT feu v A1 38 ME3F/wRd/sivasdp gl Hagad urad,  faffes
efo’ T3 & T #a & fau Jer Jar g, & cgafeyd w3t Redsead &
afsga 3mdfarse IR aRadelt @ off wardfAs o Fa fhan $3Res 172, Shvad3p ud
THEl & PRI & H Havel WIRSH TR N3N IH/THE/STHR3P qrgd F 9
WET & BIATRIGISIhel RIS Taed) & Y Feaiheve Hoad HT 3TAR| Y
8 WY el g U4 ds-ogg (A} A UG dlS-Hol) GaNT Hedifehd dgi H AIfSIA
Ifarse aRd Wws @ wfa & wl F FAT F sTER ¥ guR 9w/r 9= oAl
aRUTE @ET Y WA § fh HAdAeT dINGIH/THE Uryd dhr eElely & T
=Usefded gHT T 3UANRT FT § o ffedaeaw 7 3mifee aRa e gedh s A
PP T SIBITAUH o ATETH H UATHSIU RACH TT  SE3AECH THIfoldT Hr gefad
X Gehdl Bl

@ Aaedd, agd giEr, @ AR, U Makdd, IR e, 3RS
el ,  IRTH  Tled, TITA gfadql, TSl ud, dish Teedl. w30 elidaahieiion 2018,
dI3mS3ms: T 0161-813uaH(18)30161-Ua4.
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IFNy i &Y o aifas-aRa i sas-aa AN & 7eaw & AEsTaad 9-
geFolAell FFEIfFeT ganT HS 200 TFEYAT FN FH FAT g

gl & AT § AT T § 6 FgUAd Fag W W 200 YUSAFARNA &
fegas # & #Agaqol i f@war g ogd gEe femmn f& e
(0.38 fAImA/fRam RR aoi=l) TFauIoR HARHITadd @fhgor IRT aXar § 3R @&
IRUTHEERY 3MSTS -6/ TAUG-¢ FT 3o Hdl &l 39 gRomT o @ 200 &
dffcaFa & s & THEAT FT Tohd ATl sAfAT A emIA @Er 200
3ffaFa & 3mdfas IRa aRada fr = e 3R FaRERT 7 & UFe WA W
Sfed a1l gy dved/d ggt 7 Imffaw (e, 0.038 3R 0.38 THM/fHRAT RN dereT
60 feor & forw ar qur FAeamd/frar R aore), 3R @8 200 TFavee TR HaA @1,
o AAaEFel @Rt 9T IRT AT (33 TASH/fRAT WX dofel)  FI-USTHTAECNA
Tl 3= A 68 TfAT, IBTA-6/ATATH-¢ F TAR & JI-IT 3T TR
F HSUHTANS, SAfaar Ifw-Taades 9 F @ T=r ol Reraes a9 a5 ¢ &
g IS THAdeR A Fow Fuleice H HSUA-6/ATATH-0 TR w61 9¢ Fhdl g,
ST, JMSUBTASNS I YIeh didl IROMAT H Fehel T Hebell ¢ gleliteh, TAn ATETSH
TSI Te I3, ASHIRFer 3R eEsed ¥ IFNy 3caiead & URT =gl X Tl
588 AR FA-ATETSH aTen & AeTd & IFNy & gfafSe &1 goina aar §| Afedss &
SATH 5] FARIH {Fd-ATEdSh STUT GREFAAT 1 dGoldl §, gloilieh eIse Siarlel WIele
(F3fEe-5 3R 3ileFelslen) & AT TR H HI$ IRadA g0 @ =T AT| IHdA
# 3dfAw-3emeR ARTsSe  #H TA- IFNy TG UaEEeT & Seassd Soldle of
AT AfRIUT (MU -6 3R EATATHh- o 3R & 68 3rfAcafFd) Fr o fovar 3R
gg # WEr 200 TR Far foar e A fRT I IS ¥ gdr Ien g fR mdfee
M3 FruABss sos-dd dRIW ABHIATS IMSTA-6 3R TNF-0 39T & fow
IRT A & T wh g e Fag S IFNydRE & @emH @
CD200 SBR[ & faw 3ol grar gl

g &, ©w@ FeaEwn IR R, S A, F A, S AP, T geHAsw, o
Y| Al g, 2018. S1313MS : 10.1007/TH 12035-018-1155-0.

wifirE Q1 F ARTARRE i w1 SF § T Al FT ; AEgE B FrA,
areTe 3k T
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FAE || WaEs Al SYBiEhA & gifAIRee WA g SISy R Hewdss
Hifrew & 3eree 3R QAvqol e Sufdafes Fiea & 3ffdca & fav fAvies
g1 IRA-Aifsues 3iferhl (FvAT), a8 AN HTcHA-cITT FA arell T3 H & Th
g, Sl richad Qa1 (NEN) H A1 Golereliel WISeITalioHs N & A SeHeled &
T 3TERT 81 WTAT &1 JoTeT GRERE WélT H Folfded Seladl & frar o1 Fehell
g, o arsfie-hiadudis-soeme-tdiags ee@e (KFERQ)KFERQ I&d 8idm &,
38 AlFgeR $I-H & ORI A fFar o1 d@ar &, 8 & €ic ald #ieie-70
(HSC-70)I KFERQ/KFERQ o1& #Ifeth @IS I[UTadl & HAlSeItlioHs HeHee WET &
3ufEyg w®a § 31 HSC-70 #irvdad@ I Ugae T JAedled Wéeq I 1 Jr g,
o asaaH-taRItee AFalsT MAAT 2 T & &9 H el f&ar v §ohar g1 Tg
W HeHLE & gIBgiegicsh Fodrel 3N US-3cual & ool & U Jfd & Hedge-
IR FlFclad A yiafte H RAuss o= & QU e aar g1 seRafda s
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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 entreprencurs 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.

CSIR-IITR RESEARCH HIGHLIGHTS

Environmental Toxicology

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 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 :
(1) 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.
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Biodegradation of Azure-B dye by Serratia liquefaciens and its validation by
phytotoxicity, genotoxicity and cytotoxicity studies

The azo dyes in textile industry are a major source of environmental pollution and cause
serious threat to aquatic flora and fauna. The present study aims to evaluate the potential of
previously isolated lignin peroxidase (LiP) enzyme producing Serratia liquefaciens in
degradation of Azure-B (AB) dye. S. liquefaciens showed rapid decolourisation of AB dye
(100 mg L") in mineral salt medium (MSM) supplemented with 0.2% glucose and yeast
extract, and more than 90% dye decolourisation was observed at 48 h when incubated at
30 °C. Decolourisation conditions were optimized by Response Surface Methodology (RSM)
using Box-Behnken Designs (BBD). The dye degradation was further confirmed by ATR-
FTIR and GC-MS analysis. Toxicological studies of untreated (UT) and bacterial treated
(BT) AB dye solutions were studied by using phytotoxicity, genotoxicity and cytotoxicity
endpoints. Phytotoxicity assay using Vigna radiata indicated that bacterial treatment led to
detoxification of AB dye. Genotoxicity assay with Allium cepa showed that pure AB dye
solutions significantly reduced mitotic index (MI) and induced various chromosomal
abnormalities (CAs) like c-mitosis, stickiness, chromosome break, anaphase bridges, vagrant
chromosomes and binucleated and micronucleated cell in the root tip cells, whereas, bacterial
treated solutions induced relatively less genotoxicity in nature. Improved cell survivability
(%) was also noted in kidney cell line (NRK-52E) after S. liquefaciens treated dye solutions
than the pure dye solutions. The findings suggest that S. liguefaciens could be a potential
bacterium for azo dye degradation, as it is effective in lowering of toxic effects of AB dye.
Haq I, Raj A, Markandeya. Chemosphere. 2018, 196:58-68.

Characterization of coal fly ash and use of plants growing in ash pond for
phytoremediation of metals from contaminated agricultural land

Mobilization of heavy metals around coal power plants due to improper disposal of fly ash
(FA) and wastewater have led to release of pollutants into the environment. For protection of
inimitable natural resources, application of economical and effective technologies is needed
such as phytoremediation is cost-effective, ecofriendly and a better option for elimination of
metal from contaminated sites. Twelve plant species were sampled from ash dyke of
Singrauli and screened for accumulation of metals for this study. Mobilization ratio of metals
from soil to plant was evaluated to determine translocation factor. CILLAS analyzer, Raman
spectroscopy and SEM-EDX were used for characterization of particle size, functional groups
and morphology of fly ash. Results showed mean metal concentrations in contaminated soil
for Fe, Mn, Cr, Zn, Ni, Cu, Cd and Pb were 909.4, 60.6, 9.5, 134.8, 13.6, 26.7, 2.9 and
25.4 ng g respectively. Enrichment factors for soil, root and shoot for a contaminated site
were 1.9, 3.8 & 4.3 for Zn and 2.7, 3.5 & 3.8 for Cd. Six hyper-accumulators with absorption
efficiency >1 viz. I. carnea, S. nigrum, S. munja, T. angustifolia, C. dactylon and P.
hysterophorus were identified which may be cultivated successively to reclaim and restore
damaged agricultural land.

Kisku GC,Kumar V,Sahu P,Kumar P,Kumar N. International Journal of
Phytoremediation. 2018, 20:330-337.
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Improved polycyclic aromatic hydrocarbon degradation in a crude oil by individual and
a consortium of bacteria

In this study, authors report the ability of Stenotrophomonas maltophilia, Ochrobactrum
anthropi, Pseudomonas mendocina, Microbacterium esteraromaticum and Pseudomonas
aeruginosa to degrade multiple polycyclic aromatic hydrocarbons (PAHs) present in crude
oil. The PAHs in the crude oil sample obtained from Digboi oil refinery, India were estimated
to be naphthalene (10.0 mg/L), fluorene (1.9 mg/L), phenanthrene (3.5mg/L) and
benzo(b)fluoranthene (6.5 mg/L). Exposure of individual bacteria to crude oil showed high
rate of biodegradation of specific PAHs by M. esteraromaticum, 81.4%-naphthalene, P.
aeruginosa, 67.1%-phenanthrene and 61.0%-benzo(b)fluoranthene, S. maltophilia, 47.9%-
fluorene in 45 days. However, consortium of these bacteria showed enhanced biodegradation
of  89.1%-naphthalene, 63.8%-fluorene, 81% of phenanthrene and 72.8%
benzo(b)fluoranthene in the crude oil. The degradation was further improved up to 10% by
consortium on addition of 40 ug/ mL rhamnolipid JBR-425 biosurfactant. These results
suggest that the developed bacterial consortium has significant potential in PAH remediation.
Kumari S, Regar RK, Manickam N. Bioresource Technology. 2018, 254:174-179.

Benzene induced resistance in exposed Drosophila melanogaster: Outcome of improved
detoxification and gene modulation

Adaptive behaviour of an organism has relevance towards developing better resistance in
subsequent generations following xenobiotic exposures. Using a genetically tractable and
functional insect model, Drosophila melanogaster, authors aimed to examine the resistance
of the organism against repeated exposures of benzene, an industrial and environmental-
chemical and a class I human carcinogen. While 100 mM benzene exposure to one-day old
flies for seven days caused 95% mortality (FO), its exposure to subsequent generations of
flies led a significant decrease in mortality with maximum survival (85%) as evident at F28
generation. While burden of benzene and its toxic metabolites was higher in initial
generations, in latter generations (F24-F28), concentrations of less toxic metabolites were
higher. In parallel, improved metabolism, less oxidative stress, less induction of hsp60 and
hsp70 and higher induction of hsp26 and hsp27 along with increased gene dose ratio of three
genes (cyp6gl, mrpl, and cypl2dl) were observed in latter generations of benzene exposed
flies with maximum benefit accrued in F28 generation. The resistance developed in flies of
F28 generation had a negative impact on reproduction which might be due to a cost against
selection. The study demonstrates development of benzene resistance in Drosophila with
permanent genetic changes.

Sharma D, Singh MP, Vimal D, Kumar S, Jha RR, Chowdhuri DK. Chemosphere. 2018,
201:144-158.

Modulation of sestrin confers protection to Cr(VI) induced neuronal cell death in
Drosophila melanogaster

Increased oxidative stress is one of the major causes of hexavalent chromium [Cr(VI)], a
heavy metal with diverse applications and environmental presence, induced neuronal
adversities in exposed organism including Drosophila. Sestrin (sesn), an oxidative stress
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responsive gene, emerges as a novel player in the management of oxidative stress response. It
is reported to be regulated by Target of rapamycin (TOR) and the former regulates autophagy
and plays an important role in the prevention of neurodegeneration. Due to limited
information regarding the role of sesn in chemical induced cellular adversities, it was
hypothesized that modulation of sesn may improve the Cr(VI) induced neuronal adversities in
Drosophila. Upon exposure of Cr(VI) (5.0-20.0 pg/ml) to D. melanogaster larvae (w,
background control), neuronal cell death was observed at 20.0 pg/ml of Cr(VI) concentration
which was found to be reversed by targeted sesn overexpression (Elav-GAL4>UAS-sesn) in
those cells of exposed organism by the induction of autophagy concomitant with decreased
reactive oxygen species (ROS) level, p-Foxo-, p-JNK- and p-Akt-levels with decreased
apoptosis. Conversely, after sesn knockdown (ElaV-GAL4>UAS-sesnRNAi) in neuronal cells,
they become more vulnerable to oxidative stress and apoptosis. Furthermore, knockdown of
sesn in neuronal cells of exposed organism resulted in decreased autophagy with increased
TOR and p-S6k levels while overexpression of sesn led to their decreased levels suggestive
of decreased anabolic and increased catabolic activity in neuronal cells shifting energy
towards the augmentation of cellular repair. Taken together, the study suggests therapeutic
implications of sesn against chemical induced neuronal adversities in an organism.

Singh P, Chowdhuri DK. Chemosphere. 2018, 191:302-314.

Mihl1 is required for female fertility in Drosophila melanogaster: An outcome of effects
on meiotic crossing over, ovarian follicles and egg activation

Mismatch repair (MMR) system, a conserved DNA repair pathway, plays crucial role in
DNA recombination and is involved in gametogenesis. The impact of alterations in MMR
family of proteins (bacterial MutS and MutL homologues) on mammalian fertility is well
documented. However, an insight to the role of MMR in reproduction of non-mammalian
organisms is limited. Hence, in the present study, authors analysed the impact of mlhl (a
MutL homologue) on meiotic crossing over/recombination and fertility in a genetically
tractable model, Drosophila melanogaster. Using mlh1°°®® hypomorphic allele, authors
report female specific adverse reproductive outcome for reduced mlhl in Drosophila:
mlh1°°®’homozygous females had severely reduced fertility while males were fertile.
Further, mlh1%°"**females contained small ovaries with large number of early stages as well
as significantly reduced mature oocytes, and laid fewer eggs, indicating discrepancies in egg
production and ovulation. These observations contrast the sex independent and/or male
specific sterility and normal follicular development as well as ovulation reported so far for
MMR family proteins in mammals. However, analogous to the role(s) of mlhl in meiotic
crossing over and DNA repair processes underlying mammalian fertility, ovarian follicles
from mlh1%%° females contained significantly increased DNA double strand breaks (DSBs)
and reduced synaptonemal complex foci. In addition, large proportion of fertilized eggs
display discrepancies in egg activation and fail to proceed beyond stage 5 of embryogenesis.
Hence, reduction of the Mlh1 protein level leads to defective oocytes that fail to complete
embryogenesis after fertilization thereby reducing female fertility.

Vimal D, Kumar S, Pandey A, Sharma D, Saini S, Gupta S, Ravi Ram K, Chowdhuri DK.
European Journal of Cell Biology. 2018, 97(2):75-89.
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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 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.

Argemone oil, an edible oil adulterant, induces systemic immunosuppression in Balb/c
mice in an oral 28 days repeated dose toxicity study

Consumption of edible oils contaminated with Argemone oil (AO) leads to a clinical
condition called "Epidemic dropsy". Earlier studies have reported that metabolism and
oxidative stress primarily contributes to AO toxicity, however, the involvement of immune
system has not been assessed so far. Therefore, the present study was undertaken to
systematically assess the effect of AO exposure on the function of immune system in Balb/c
mice. The repeated exposure of AO for 28 days caused prominent regression of spleen and
thymus, severe inflammatory changes in spleen depicted by the loss of distinct follicles,
increased megakaryocyte infiltration, and enhanced expression levels of inflammatory
markers (iINOS & COX-2). At the functional level, AO exposure significantly abrogated the
mixed lymphocyte reaction and mitogen-stimulated lymphoproliferative activity of T and B
cells, which is reflective of profound lymphocyte dysfunction upon antigen exposure. In
concordance with the loss in functional activity of lymphocytes in AO exposed animals, it
was found the AO altered the relative percentage of CD3", CD4", and CD28 ' T cells.
Further, there was a marked decrease in the relative distribution of cells with prominent MHC
I and CDI1d expression in AO exposed splenocytes. Moreover, reduced levels of immune
stimulatory cytokines (TNF-o, IFN-y, IL-2, IL-4, and IL-6), and increased levels of
immunosuppressive cytokine IL-10 were detected in the serum of AO treated mice. Along
with T and B cells, AO exposure also affected the phenotype and activation status of
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macrophages suggesting the inclination towards "alternative activation of macrophages".
Altogether, these functional changes in the immune cells are contributing factors in AO
induced immunosuppression.

Mandal P, Tewari P, Kumar S, Yadav S, Ayanur A, Chaturvedi RK, Das M, Tripathi A.
Chemico- Biological Interactions. 2018, 287:57-69.

Activation of GSK3p/B-TrCP axis via PHLPP1 exacerbates Nrf2 degradation leading to
impairment in cell survival pathway during diabetic nephropathy

NF-E2 p45-related factor 2 (Nrf2), is a major redox sensitive transcription factor that plays an
essential role in regulating glucose metabolism. Inactivation of Nrf2 has been associated with
diabetic complications however, mechanisms warranting Nrf2 suppression are incompletely
understood. Authors hypothesized that PHLPP1 activates GSK3p to induce B-TrCP mediated
Nrf2 phosphorylation and degradation. in vivo study was carried out in STZ-NA induced type
2 diabetic male Wistar rats. GSK3B mediated Nrf2 ubiquitination was confirmed by
administration of GSK3 inhibitor (LiCl, 60 mg/kg bwt.) which rapidly enhanced Nrf2
protein levels in STZ-NA treated diabetic rats. In addition, high glucose (30 mM, 48 h)
treated renal proximal tubular cells NRK52E showed decreased Nrf2 nuclear localization,
enhanced oxidative stress and caspase3 activation. While specific inhibition with GSK3f
inhibitor SB216763 in vitro restored cellular homeostasis, glucose uptake and decreased
apoptotic cell death. Immunoblotting and immunocytochemistry data demonstrated that
aberrant renal glucose fluxes are associated with p53 mediated modulation in glucose
transporter levels where expression of p53 is indirectly targeted through Nrf2 responsive
MDM2 protein. Gene knockdown of PHLPP1 in NRKS52E cells enhanced Nrf2-responsive
antioxidant enzymes HO-1 and NQO-1 which suggested that PHLPP1 up-regulation during
hyperglycemia lowers Nrf2 stability via GSK3p activation. More significantly, GSK3f3
inhibition enhanced Nrf2-ARE binding compared to diabetic rats, providing further
confirmation for GSK3f/B-TrCP pathway in suppressing Nrf2 activation during diabetic
renal injury. Taken together, results indicate that PHLPP1 up-surged Nrf2 nuclear instability
by promoting Nrf2/B-TrCP association and its inhibition may be critical in the management
of diabetic nephropathy.

Mathur A, Pandey VK, Kakkar P. Free Radical Biology and Medicine. 2018, 120:414-424.

6,7-dimethoxy-1,2,3,4-tetrahydro-isoquinoline-3-carboxylic acid attenuates colon
carcinogenesis via blockade of IL-6 mediated signals

In this study, authors investigated the in vivo antiproliferative activity of 6,7-dimethoxy-
1,2,3,4-tetrahydro-isoquinoline-3-carboxylic acid (M1) in dimethylhydrazine (DMH) induced
colorectal carcinoma (CRC) using albino Wistar rats. M1 was administered to DMH induced
CRC rats at 10 and 25 mg/kg doses for 15 days. Various physiological, oxidative parameters,
histopathology, ELISA, gene and protein expression studies were conducted to evaluate the
anti-CRC potential of M1. The histopathology and biochemical tests indicated the protective
action of M1 in DMH-induced colon cancer. ELISA confirms that M1 reduced the increased
concentration of IL-6 more prominently than those of IL-2 and COX-2. Gene expression
analysis revealed that M1 attenuated the increased mRNA over-expression of IL-6, JAK2 and
STAT3. The result obtained from quantitative western blot analysis demonstrated that the
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CRC condition was produced by the IL-6 induced activation/phosphorylation of JAK2 and
STAT3 and further down-regulated with M1 treatment. This evidence was supported well
with the application of data-based mathematical modeling. Applying the fitted model, authors
predicted the quantitative behavior of STAT3 populations not accessible to experimental
measurement. Later, H NMR based serum metabolic profiling was carried out using rat sera
to investigate the impact of M1 on CRC-induced metabolic alterations. M1 showed its ability
to restore the perturbed metabolites in CRC condition. Altogether, this study provided the
first time evidence that M1 exhibits anti-CRC potential through the blockade of IL-
6/JAK2/STAT3 oncogenic signaling.

Mishra P, Raj V, Bhadauria AS, Singh AK, Rai A, Kumar P, Keshari AK, De A, Samanta
A, Kumar U, Kumar D, Maity B, Nath S, Prakash A, Ansari KM, Saha S. Biomedicine and
Pharmacotherapy. 2018, 100:282-295.

Novel 1,3,4-thiadiazoles inhibit colorectal cancer via blockade of IL-6/COX-2 mediated
JAK2/STATS3 signals as evidenced through data-based mathematical modeling

We attempted a preclinical study using DMH-induced CRC rat model to evaluate the
antitumor potential of this recently synthesized 1,3,4-thiadiazoles. The molecular insights
were confirmed through ELISA, qRT-PCR and western blot analyses. The CRC condition
was produced in response to COX-2 and IL-6 induced activation of JAK2/STAT3 which, in
turn, was due to the enhanced phosphorylation of JAK2 and STAT3. The treatment with
1,3,4-thiadiazole derivatives (VR24 and VR27) caused the significant blockade of this
signaling pathway. The behavior of STAT3 populations in response to IL-6 and COX-2
stimulations was further confirmed through data-based mathematical modeling using the
quantitative western blot data. Finally, VR24 and VR27 restored the perturbed metabolites
associated to DMH-induced CRC as evidenced through H NMR based serum metabolomics.
The tumor protecting ability of VR24 and VR27 was found comparable or to some degree
better than the marketed chemotherapeutics, 5-flurouracil.

Raj V, Bhadauria AS, Singh AK, Kumar U, Rai A, Keshari AK, Kumar P, Kumar D, Maity
B, Nath S, Prakash A, Ansari KM, Jat JL,Saha S. Cytokine.2018. pii: S1043-
4666(18)30112-1.

Berberine induced modulation of PHLPP2-Akt-MST1 kinase signaling is coupled with
mitochondrial impairment and hepatoma cell death

Pleckstrin homology domain leucine-rich repeat protein phosphatase 2 (PHLPP2) has been
known to exert tumor suppressive activity for long without much knowledge about its
regulation and implications. Protein kinase B (Akt), Protein kinase C (PKC) and Ribosomal
protein S6 Kinase (S6K) are known downtargets of PHLPP2, regulating a plethora of life
processes viz. cell growth, survival and evasion from apoptosis. Present study decoded the
crucial role of PHLPP2 in inducing apoptosis by its interaction with the newly found binding
partner Mammalian sterile 20-like kinase 1 (Mstl) in berberine (BBR)-treated human
hepatoma cells. HepG2 cells were exposed to (50 u M, 100 u M) berberine for different time
intervals (18 h, 24 h). The results showed enhanced expression of PHLPP2 at transcriptional
(2.13 fold, P<0.01) and translational level (4 fold, P < 0.001), but not of PHLPPI, in
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berberine-treated HepG2 cells. Elevated expression of PHLPP2 was reported to inactivate
Akt by dephosphorylating it on Ser473 (P < 0.001). As Akt is known to inhibit apoptotic
effect of Mstl, authors found that PHLPP2 mediated inactivation of Akt releases its
repression from Mstl leading to heightened phosphorylation of Mstl on its activating site
Thr183 (1.5 fold, P <0.001). Consequently, coordination between PHLPP2, Akt and Mstl
stimulated downstream targets c-jun N-terminal kinase (JNK), Bim and Bak which are direct
activators of pro-apoptotic proteins leading to cell death. Further, PHLPP2/Mst1 knock-down
efficiently curtailed anti-proliferative effect of berberine by restoring the basal level of
downstream anti-apoptotic proteins. In addition, pre-treatment of NAC (5 mM) showed that
ROS generation was a primitive event to initiate activation of stress kinases. Thus, the
findings suggest that PHLPP2, Akt and Mstl constitute an autoinhibitory triangle which may
be partly responsible for antiproliferative effect of berberine.

Saxena S, Shukla S, Kakkar P. Toxicol Appl Pharmacol. 2018 , 347:92-103.

Nanomaterial Toxicology

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 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: 1) 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.

Hexadecylated linear PEI self-assembled nanostructures as efficient vectors for
neuronal gene delivery

Development of efficient and safe nucleic acid carriers is one of the most challenging
requirements to improve the success of gene therapy. Here, authors synthesized a linker, 3-
(hexadecyloxy)-1-chloropropan-2-ol, and grafted it onto linear polyethylenimine in varying
amounts to obtain a series of HD-IPEI polymers that were able to form self-assembled
nanoparticles (SN). H-NMR spectrometry was used to determine the extent of grafting of the
linker, HD, on to the IPEI backbone. Authors further complexed the SN of HD-IPEI with
plasmid DNA (pDNA) and the resultant nanoplexes were characterized by their size and zeta
potential and further evaluated for their transfection ability and cytotoxicity in MCF-7 cells.
In the series, the SN of HD-IPEI-3 (ca. 15% substitution) showed the highest transfection
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efficiency (~91%) with non-significant cytotoxicity in comparison to the commercial
transfection reagents. The in vitro gene knockdown study displayed ~80% suppression of
GFP gene expression by SN of HD-IPEI-3/pDNA/siRNA complex, whereas
Lipofectamine™/pDNA/siRNA complex could suppress the expression by only ~48%. The
enhanced expression of luciferase gene using SN of HD-IPEI-3 in different vital organs of
Balb/c mice also demonstrated the potential of the projected formulation for gene delivery.
The encouraging results of SN of HD-IPEI-3 polymer for delivery of nucleic acids in vitro
and in vivo paved the way to evaluate the potential of the same for neuronal siRNA delivery.
The safe and efficient stereotaxic delivery of FITC-labeled siRNA against a-synuclein gene
also confirms the potential applicability of HD-IEPI-3 SN as a vector for neuronal delivery.
Bansal R, Seth B, Tiwari S, Jahan S, Kumari M, Pant AB, Chaturvedi RK, Kumar P, Gupta
KC. Drug Delivery Translational Research. 2018. doi: 10.1007/s13346-018-0517-5.

Preferential binding of fullerene and fullerenol with the N-terminal and middle regions
of amyloid beta peptide: An in silico investigation

Amyloid beta (AP) deposits are implicated in the pathogenesis of debilitating
neurodegenerative disorders such as Alzheimer's disease. In the present study, the
interactions of carbon-based nanoparticles (NPs) such as fullerene and fullerenol having
different surface chemistry with AP were investigated using molecular dynamics simulations
and docking studies. A detailed analysis of docking results showed that in 68% of the AB
conformations, fullerene and fullerenol showed interactions with the N-terminal region of the
peptide. However, the high-affinity binding site (E=-48.31 kJ/mol) of fullerene resides in the
hydrophobic middle region of the peptide, whereas fullerenol interacts favorably with the
charged N-terminal region with a binding energy of -50.42 kJ/mol. The above differences in
binding could be attributed to the surface chemistry of fullerene and fullerenol. Moreover, the
N-terminal and middle regions of AP play an important role in AP aggregation. Therefore,
the binding of fullerene and fullerenol could inhibit amyloid aggregation. This information
will be helpful in designing NPs for targeting amyloid-related disorders.

Pandya V, Baweja L, Dhawan A. International Journal of Nanomedicine. 2018, 13:71-73.

Silver nanoparticles induced alterations in multiple cellular targets, which are critical
for drug susceptibilities and pathogenicity in fungal pathogen (Candida albicans)

A significant increase in the incidence of fungal infections and drug resistance has been
observed in the past decades due to limited availability of broad-spectrum antifungal drugs.
Nanomedicines have shown significant antimicrobial potential against various drug-resistant
microbes. Silver nanoparticles (AgNps) are known for their antimicrobial properties and
lower host toxicity, however, for clinical applications, evaluation of their impact at cellular
and molecular levels is essential. The present study aims to understand the cellular and
molecular mechanisms of AgNp-induced toxicity in a common fungal pathogen, Candida
albicans. AgNps were synthesized by chemical reduction method and characterized using
UV-visible spectroscopy, X-ray powder diffraction, transmission electron microscopy,
scanning electron microscopy-energy dispersive X-ray spectroscopy, energy dispersive X-ray
fluorescence, and zeta potential. The anti-Candida activity of AgNps was assessed by broth


https://www.ncbi.nlm.nih.gov/pubmed/?term=Bansal%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29671276
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seth%20B%5BAuthor%5D&cauthor=true&cauthor_uid=29671276
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tiwari%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29671276
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jahan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29671276
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29671276
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pant%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=29671276
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaturvedi%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=29671276
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29671276
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta%20KC%5BAuthor%5D&cauthor=true&cauthor_uid=29671276
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta%20KC%5BAuthor%5D&cauthor=true&cauthor_uid=29671276
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pandya%20V%5BAuthor%5D&cauthor=true&cauthor_uid=29593399
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baweja%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29593399
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dhawan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29593399
https://www.ncbi.nlm.nih.gov/pubmed

Toxicology Research Bulletin 38(1) 2018

microdilution and spot assays. Effects of AgNps on cellular and molecular targets were
assessed by monitoring the intracellular reactive oxygen species (ROS) production in the
absence and presence of natural antioxidant, changes in surface morphology, cellular
ultrastructure, membrane microenvironment, membrane fluidity, membrane ergosterol, and
fatty acids. Spherical AgNps (10-30 nm) showed minimum inhibitory concentration
(minimum concentration required to inhibit the growth of 90% of organisms) at 40 pg/mL.
results demonstrated that AgNps induced dose-dependent intracellular ROS which exerted
antifungal effects, however, even scavenging ROS by antioxidant could not offer protection
from AgNp mediated killing. Treatment with AgNps altered surface morphology, cellular
ultrastructure, membrane microenvironment, membrane fluidity, ergosterol content, and fatty
acid composition, especially oleic acid. To summarize, AgNps affected multiple cellular
targets crucial for drug resistance and pathogenicity in the fungal cells. The study revealed
new cellular targets of AgNps which include fatty acids like oleic acid, vital for hyphal
morphogenesis (a pathogenic trait of Candida). Yeast to hypha transition being pivotal for
virulence and biofilm formation, targeting virulence might emerge as a new paradigm for
developing nano silver-based therapy for clinical applications in fungal therapeutics.
Radhakrishnan VS, Reddy Mudiam MK, Kumar M, Dwivedi SP, Singh SP, Prasad T.
International Journal of Nanomedicine. 2018, 13:2647-2663.

PLGA nanoformulation of sparfloxacin enhanced antibacterial activity with
photoprotective potential under ambient UV-R exposure

Sparfloxacin (SPFX) is a broad spectrum antibiotic which inhibits bacterial DNA gyrase
enzyme activity. However, photodegradation in the presence of UVA limits its antibacterial
activity and induces phototoxicity. Thus, to encounter this problem, authors have developed
poly d,l-lactic-co-glycolic acid (PLGA) loaded SPFX nanoparticles. Here, authors have
performed a comparative antibacterial activity of SPFX and its nanoparticles (NPs) through
molecular docking and plate sensitivity assay. Under environmental UVA exposure,
photoexcited SPFX significantly generates ROS, DNA damage and mitochondrial mediated
cell death in comparison to PLGA-SPFX-NPs (nano SPFX) in human skin cell line (HaCaT).
In presence of UVA, bulk SPFX induced cell cycle arrest with appearance of sub-G1 peak
showing apoptosis while nano SPFX did not show any change. SPFX triggered apoptosis via
alteration in membrane integrity of mitochondria and lysosome in comparison to PLGA-
SPFX-NPs. Involvement of mitochondrial mediated cell death was confirmed by down-
regulation of anti-apoptotic Bcl-2 and procaspase-3 and upregulation of pro-apoptotic Bax,
cytochrome-c and caspase-3 proteins expression. Specific caspase inhibitor, Z-VAD-FMK
showed involvement of caspase cascade pathway in apoptosis. This finding suggests that
controlled release of SPFX from PLGA-SPFX-NPs can reduce its side effects and enhance its
antibacterial activity. Thus, nanotization of fluoroquinolones will be a significant step to
reduce the problem of resistance and phototoxicity of this group.

Singh J, Dwivedi A, Ray L, Chopra D, Dubey D, Srivastva AK, Kumari S, Yadav RK, Amar
SK, Haldar C, Ray RS. International Journal of Pharmaceutics. 2018, 541:173-187.

Impact of graphene-based nanomaterials (GBNMs) on the structural and functional
conformations of hepcidin peptide
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Graphene-based nanomaterials (GBNMs) are widely used in various industrial and
biomedical applications. GBNMs of different compositions, size and shapes are being
introduced without thorough toxicity evaluation due to the unavailability of regulatory
guidelines. Computational toxicity prediction methods are used by regulatory bodies to
quickly assess health hazards caused by newer materials. Due to increasing demand of
GBNMs in various size and functional groups in industrial and consumer based applications,
rapid and reliable computational toxicity assessment methods are urgently needed. In the
present work, authors investigate the impact of graphene and graphene oxide nanomaterials
on the structural conformations of small hepcidin peptide and compare the materials for their
structural and conformational changes. This molecular dynamics simulation studies revealed
conformational changes in hepcidin due to its interaction with GBMNs, which results in a
loss of its functional properties. Results indicate that hepcidin peptide undergo severe
structural deformations when superimposed on the graphene sheet in comparison to graphene
oxide sheet. These observations suggest that graphene is more toxic than a graphene oxide
nanosheet of similar area. Overall, this study indicates that computational methods based on
structural deformation, using molecular dynamics (MD) simulations, can be used for the early
evaluation of toxicity potential of novel nanomaterials.

Singh KP, Baweja L, Wolkenhauer O, Rahman Q, Gupta SK. Journal of Computer- Aided
Molecular Design. 2018, 32:487-496.

In vitro cytotoxicity of GO-DOx on FaDu squamous carcinoma cell lines

We have synthesized graphene oxide (GO) nanosheets using modified Hummer's method and
conjugated it with doxorubicin (DOx), an anticancer drug. Drug release kinetics from GO-
DOx conjugate indicated the drug release at acidic pH. MTT assay performed on FaDu
hypopharyngeal cancer cell lines revealed that the GO-DOx nanoconjugate inhibited cell
proliferation more efficiently compared with pure DOx. Preliminary results indicate the
potential of designed GO-DOx drug conjugate for head and neck cancer.

Singh M, Gupta P, Baronia R, Singh P, Karuppiah S, Shankar R, Dwivedi PD, Singh SP.
International Journal of Nanomedicine. 2018, 13:107-111.

In vitro toxicity induced by quartz nanoparticles: Role of ER stress

In recent years with the advancement of nanotoxicology, the scientific communities
drastically increased the investigation of the potential toxicity of nanominerals which are
present in all atmospheres as well as are used in a variety of applications. In this study,
authors reported how Quartz Nanoparticles (QNPs) depending on concentration induces
different signature ER stress markers in A549 cells. QNPs induced concentration-dependent
decrease in cell viability and this concentration dependent toxicity intensifies production of
reactive oxygen species leading to oxidative stress and inflammation. Furthermore, the levels
of marker proteins of apoptosis (Cytochrome C, Caspase 3, Caspase-12) were found to be
significantly up-regulated confirming apoptosis. To check the involvement of ER stress, the
activation of ER stress signaling pathway was observed by up-regulated protein levels of ER
stress marker proteins including PERK, elF2a, DDIT3, ATF4 and GRP78 in a concentration-
dependent manner. In summary, preliminary assessment of QNPs induced toxicity by
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monitoring the ER stress signaling pathway gives novel assumptions toward empathizing the
effects of QNPs at the cellular level. The adverse effects associated with the exposure to
QNPs can be avoided by sensibly using these minerals within the safe dose.

Sushma, Kumar H, Ahmad I, Dutta PK. Toxicology. 2018, 404-405:1-9.

Hyaluronic acid-grafted PLGA nanoparticles for the sustained delivery of berberine
chloride for an efficient suppression of Ehrlich ascites tumors.

To promote the specific targeting and elimination of CD44-positive cancer cells, berberine
chloride (BRB)-encapsulated hyaluronic acid-grafted poly(lactic-co-glycolic acid) copolymer
(BRB-d(HA)-g-PLGA) nanoparticles (NPs) were prepared. The targeted action of these NPs
was compared to non-targeted BRB-loaded PLGA NPs and bulk BRB. The in vitro studies
demonstrated faster release of BRB and increased cytotoxicity of BRB-d(HA)-g-PLGA NPs
in Hela and MCF-7 cells in comparison to BRB-PLGA NPs and bulk BRB. The uptake of
BRB-d(HA)-g-PLGA NPs was increased in case of MCF-7 cells as compared to HeLa cells
owing to the higher expression of CD44 receptors on MCF-7 cells. The CD44 receptor-
mediated uptake of these NPs was confirmed through competitive inhibition experiments.
The in vitro results were further validated in vivo in Ehrlich Ascites Carcinoma (EAC)-
bearing mice. EAC-bearing mice were injected intravenously with these NPs and the results
obtained were compared with that of BRB-PLGA NPs and bulk BRB. BRB-d(HA)-g-PLGA
NPs were found to significantly enhance apoptosis, sub-G1 content, life span, mean survival
time, and ROS levels in EAC cells with subsequent decrease in mitochondrial membrane
potential and tumor burden ion tumor-bearing mice. Taking into account the findings of in
vitro and in vivo studies, the enhanced and targeted anti-tumor activity of HA-grafted PLGA
copolymer-encapsulated NPs of BRB cannot be negated. Therefore, HA-grafted nanoparticle-
based delivery of BRB may offer a promising and improved alternative for anti-tumor
therapy.

Bhatnagar P, Kumari M, Pahuja R, Pant AB, Shukla Y, Kumar P, Gupta KC. Drug Delivery
and Translational Research. 2018, 8:565-579.

Curcumin loaded selenium nanoparticles synergize the anticancer potential of
doxorubicin contained in self-assembled, cell receptor targeted nanoparticles

Doxorubicin (DOX) has been extensively used to treat a wide range of cancers in free and
nanotized form. Nanotization of Doxorubicin (DOX) has alleviated its toxicity and efflux-
mediated resistance. However, frequent upregulation of anti-apoptotic pathways,
chemotherapy-enhanced inflammation, and epithelial-mesenchymal transition (EMT), present
additional aspects of cellular DOX résistance. Nanoparticle-mediated combination therapy of
DOX with additional anticancer agents is expected to offer greater therapeutic benefit by
alleviating the overall drug résistance. Authors synthesized CD44-targeted DOX loaded
nanoparticles (PSHA-DOXNPs) and evaluated their anticancer efficacy in combination with
curcumin loaded selenium nanoparticles (Se-Cur NPs), previously developed by this group
(Eur. J. Pharm. Biopharm. 2017, 117, 346-362). Combination of these nanoparticles (NPs)
increased ROS level, decreased mitochondrial membrane potential, induced cell cycle arrest
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and apoptosis in HCT116 cells. This combination decreased the expressions of NF«kB,
Phospho-NF«xB, EMT-metastasis-associated proteins (Snail, Vimentin, N-cadherin, CD44,
MMP-2 and MMP-9), autophagy-associated proteins (Beclin-1 and LC-3BII), as well as anti-
apoptotic protein Bcl-2, increased the expression of pro-apoptotic protein Bax, and increased
cyt ¢ release, which indicates decrease in inflammation, metastasis, and autophagy with
increase in apoptosis. Moreover, the combination of NPs decreased tumor burden and
increased survival of Ehrlich's ascites carcinoma (EAC)-bearing mice.

Kumari M, Prasad Purohit M, Patnaik S, Shukla Y, Kumar P, Chand Gupta K. European
Journal of Pharmaceutics and Biopharmaceutics. 2018. pii: S0939-6411(18)30205-4.

Regulatory Toxicology

Regulatory toxicology group is involved in the generation of analytical data in different
matrices and safety data for products. This endeavour helps regulatory agencies to take
decisions for the 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 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 certification 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 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
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.

Ionic liquid based ultrasound assisted dispersive liquid-liquid micro-extraction for
simultaneous determination of 15 neurotransmitters in rat brain, plasma and cell
samples
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Neurotransmitters are signaling molecules which play a key role in the central nervous
system allowing signal transmission in the neuronal synapses. The role of these compounds is
very crucial in the biological systems. A rapid, sensitive, economical and derivatisation free
method has been developed for the analysis of 15 neurotransmitters in a single run on liquid
chromatography tandem mass spectrometry. These 15 neurotransmitters are categorized into
5 groups on the basis of their fragmentation pattern. The proposed method "ionic liquid based
ultrasound assisted dispersive liquid-liquid microextraction" hyphenated with tandem mass
spectrometry is the first report for the analysis of neurotransmitters in cell samples along with
other two matrices (rat brain and plasma). All the parameters that influence the extraction
efficiency are optimized with aid of response surface methodology and desirability profile.
Under these optimized conditions the developed method has been validated. The limit of
detection was in the range of (1) 0.021-0.912 ng/ L for rat brain samples, (2) 0.028-
0.978 ng/ L for plasma samples and (3) 0.025-0.945 ng/ L for cell samples with good linearity
behavior for all analytes in the concentration range of 0.04-200 pg/ L in all the three matrices.
The coefficient of determination for all the neurotransmitters was found in the range of (1)
(R)>0.996 to 0.999 for rat brain samples and (2) (R*)>0.991 to 0.999 for plasma and cell
samples. The intra-day and inter-day variations were found less than (1) 1.78% and 8.94% for
rat brain samples, (2) 1.83% and 8.37% for plasma samples and (3) 1.64% and 8.04% for cell
samples respectively. The method has mean recoveries varied between (1) 81-128% for brain
samples, (2) 88-107% for plasma samples and (3) 91-104% for cell samples at different
spiking levels. The optimized and validated method was found free from matrix interferences
and successfully applied for quantitative determination of 15 neurotransmitters in the rat
brain, plasma and cell samples.

Jha RR, Singh C, Pant AB, Patel DK. Analytica Chimica Acta. 2018, 1005:43-53.

Dispersion-assisted quick and simultaneous extraction of 30 pesticides from alcoholic
and non-alcoholic drinks with the aid of experimental design

The presence of pesticides in food items and beverages is a big threat to humankind, and their
quantitative estimation with high precision and accuracy is always a challenge for analytical
chemists. Hence, a simple and rapid method is proposed for the simultaneous determination
of 30 pesticides in beverages (alcoholic and non-alcoholic drinks). The proposed method
hyphenated with triple quadrupole liquid chromatography mass spectrometry has only 2 min
chromatographic runtime for the analysis of all the pesticides. All the factors affecting the
extraction yield have been optimized using an experimental design, and under optimized
conditions, the developed method has been validated. The detection limits for all the
pesticides were in the range of 0.001-0.348 ng/L with good linearity in the concentration
range of 0.01-80.0 pg/L. The coefficient of determination was in the range of (R*)>0.977 to
0.999 for all the pesticides. The method was also checked for the precision of the relative
standard deviation, which was below 4.75 (intra-day) and 8.96% (inter-day). The recovery of
the method was 92-138%.

Jha RR, Singh N, Kumari R, Patel DK. Journal of Seperation Science. 2018, 41:1625-1634.

Valorization of Poly (ethylene) terephthalate (PET) wastes into magnetic carbon for
adsorption of antibiotic from water: Characterization and application
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Waste Polyethylene terephthalate (PET) bottles were pyrolyzed in the presence of nitrogen
and converted into activated carbon (PETAC) by physical activation in carbon dioxide flow.
An ex-situ precipitation and external reduction method were applied for the intercalation of
ferromagnetic iron oxides onto the PETAC matrix. The characteristic structural and chemical
properties of PETAC and magnetic PETAC (M-PETAC) were studied by Brunauer Emmett
Teller (BET) surface area analysis, Scanning Electron Microscopy (SEM), Transmission
Electron Microscopy (TEM), Fourier Transform Infrared (FTIR) analysis, Raman
spectroscopy, X-Ray Diffraction (XRD) analysis, Energy Dispersive analysis of X-rays
(EDAX), Vibrating Sample Magnetometer (VSM), Thermal gravimetric analysis (TGA) and
elemental analysis. Characterization results indicated that PETAC exhibited a relatively
smooth and microporous texture with a surface area of 659.6 m®/gwhile M-PETAC
displayed a rugged morphology with a diminished surface areca of 288.8 m?g. XRD
measurements confirmed the formation of iron oxide nanocrystallites with an average
Scherrer crystallite size of 19.2 nm. M-PETAC delivered a quick response to an external
magnet and exhibited saturation magnetization value of 35.4 emu/ g. PETAC and M-PETAC
were explored as potential adsorbents for the adsorption of a pharmaceutical (cephalexin)
from water. Isotherm analysis revealed that M-PETAC exhibited a superior adsorption
capacity (71.42 mg/g) compared to PETAC (21.27 mg/g). FTIR analysis of the adsorbents
after CEX adsorption revealed the role of FeO as the nucleation site for enhanced adsorption
of cephalexin by M-PETAC.

Rai P, Singh KP. Journal of Environmental Management. 2018, 207:249-261.

Inexpensive, effective novel activated carbon fibers for sample cleanup: Application to
multipesticide residue analysis in food commodities using a QuEChERS method
Phenolic resin based activated carbon fibers (ACFs) were applied for the first time as a
reversed-dispersive solid-phase extraction (r-DSPE) sorbent. A modified quick, easy, cheap,
effective, rugged, and safe (QUEChERS) method was applied to determine 26 pesticides
(organophosphates, organochlorines, synthetic pyrethroids, and herbicides) in different
complex matrices, including cauliflower, cucumber, banana, apple, wheat, and black gram.
Different physicochemical characterization techniques were used to investigate the
engineering and structural properties of the r-DSPE sorbent. All the chromatographic
analyses were performed with a gas chromatograph equipped with an electron capture
detector. The recoveries of all 26 pesticides were acceptable (70-120%), with relative
standard deviations of less than 15%. The limit of detection and the limit of quantification
were 1.13-5.48 ng/g and 3.42-16.60 ng/g, respectively. In the original QUEChERS method,
primary secondary amine is extensively used as the r-DSPE sorbent in the cleanup process,
but it is eightfold more expensive than the ACFs used in this study. Therefore, the modified
QuEChERS method using ACFs during the cleanup process is more efficient, cheaper, and
more robust to determine pesticides from different types of matrices, including vegetables,
grains, and fruits, and ACFs could be used as a cost-effective alternative to primary
secondary amine. Graphical Sample clean-up using PSA and ACF as r-DSPE sorbent in
QuEChERS method.
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Singh S, Srivastava A, Singh SP. Analytical and Bioanalytical Chemistry. 2018, 410(8):2241-
2251.

Species differences between rat and human in vitro metabolite profile, in vivo predicted
clearance, CYP450 inhibition and CYP450 isoforms that metabolize benzanthrone:
Implications in risk assessment

Benzanthrone (BNZ) is a polycyclic aromatic hydrocarbon found in industrial effluent
causing skin, respiratory, gastrointestinal, genitourinary, nervous and hemopoietic toxicity.
While its toxicity has been well studied, its metabolism in humans has not been investigated.
The aim of this study was to characterize species differences in the in vitro metabolism of
BNZ in rat and human liver microsomes and to identify the CYP isoforms involved in its
metabolism. Upon incubation in liver microsomes, BNZ was found to be a direct substrate of
phase I metabolism in both rat and human, undergoing oxidation and reduction. The K, in
rat, 11.62 + 1.49 uM, was two-fold higher than humans (5.97 + 0.83 uM) suggesting higher
affinity for human CYPs. Further, incubation with human rCYPs, BNZ was found to be
substrate of multiple CYPs. The predicted in vivo hepatic clearance was 63.55 and
18.91 mL/min/kg in rat and human, respectively, indicating BNZ to be a high clearance
compound. BNZ was found to be a moderate inhibitor of human CYP1A2. BNZ metabolism
by multiple CYPs indicates that single enzyme genetic polymorphism is unlikely to have
profound effect on the toxicokinetics of BNZ and default uncertainty factor of 3.16 might be
sufficient to capture the intraspecies kinetic variability.

Taneja I, Karsauliya K, Rashid M, Sonkar AK, Rama Raju KS, Singh SK, Das
M, Wahajuddin M, Singh SP. Food and Chemical Toxicology. 2018, 111:94-101.

Ecotoxicological effects of microplastics on biota: A review

The ubiquitous presence of microplastics in the environment has drawn the attention of
ecotoxicologists on its safety and toxicity. Sources of microplastics in the environment
include disintegration of larger plastic items (secondary microplastics), personal care
products like liquid soap, exfoliating scrubbers, and cleaning supplies etc. Indiscriminate
usage of plastics and its poor waste disposal management pose serious concern on ecosystem
quality at global level. The present review focused on the ecological impact of microplastics
on biota at different trophic levels, its uptake, accumulation, and excretion etc., and its
plausible mechanistic toxicity with risk assessment approaches. Existing scientific evidence
shows that microplastics exposure triggers a wide variety of toxic insult from feeding
disruption to reproductive performance, physical ingestion, disturbances in energy
metabolism, changes in liver physiology, synergistic and/ or antagonistic action of other
hydrophobic organic contaminants etc. from lower to higher trophics. Thus, microplastic
accumulation and its associated adverse effects make it mandatory to go in for risk
assessment and legislative action. Subsequent research priorities, agenda, and key issues to be
addressed are also acknowledged in the present review.

Anbumani S, Kakkar P. Environmental Science and Pollution Research International. 2018.
doi: 10.1007/s11356-018-1999-x.
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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
toxicogenomic 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 biological
systems by chemicals and stressors; (i) monitoring changes in molecular expression and
conventional toxicological parameters and integrating data to achieve a mechanistic
understanding of the specific toxicity and (iii) develop and validate biomarkers for predicting
the toxicological responses.

Combined effect of Benzophenone-2 and ultraviolet radiation promote
photogenotoxicity and photocytotoxicity in human keratinocytes

Benzophenone-2 (BP2), a common ingredient of sunscreens formulation is widely used as
UV filter. Authors have assessed the photogenotoxic and photocytotoxic potential of BP2.
Photostability test showed that BP2 is unstable under UV exposure. Cell proliferation assay
revealed that viability of HaCaT cells significantly reduced under UVA, UVB and sunlight
exposure. DCF fluorescence intensity proved intracellular ROS generation capacity of BP2
under sunlight, UVA and UVB irradiation. Photodynamic degradation of guanine base of
DNA is promoted by BP2 under UV treatment. Genotoxicity assessed by comet assay,
showed that photosensitized BP2 enhanced DNA damage, which is measured in term of %
tail DNA and olive tail moment. Genotoxic potential of BP2 was further validated with
photomicronuclei assay. Photogenotoxicity of BP2 was lastly confirmed by formation of
CPDs (Cyclo butane pyrimidine dimmers). DNA damage induced by BP2 was irreversible
and extended incubation periods (6-12 h) not favored the recovery from damaged DNA. JC 1
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staining showed significant reduction in mitochondrial membrane potential. Membrane
integrity compromisation of HaCaT cells was established by AO (Acridine orange), EtBr
(Ethidium bromide) staining and confirmed with sub G1 population of cell cycle. Thus,
results suggest that BP2 should be avoided in topical application for safe sunscreen practices.
Amar SK, Goyal 8§, Srivastav AK, Chopra D, Ray RS. Regulatory Toxicology and
Pharmacology. 2018 , 95:298-306.

Involvement of PKA/DARPP-32/PPla and - arrestin/Akt/GSK-3p signaling in
cadmium-induced DA-D2 receptor-mediated motor dysfunctions: Protective role of
quercetin

Given increasing risk of cadmium-induced neurotoxicity, the study was conducted to
delineate the molecular mechanisms associated with cadmium-induced motor dysfunctions
and identify targets that govern dopaminergic signaling in the brain involving in vivo, in
vitro, and in silico approaches. Selective decrease in dopamine (DA)-D2 receptors on
cadmium exposure was evident which affected the post-synaptic PKA/DARPP-32/PP1a and
B-arrestin/Akt/GSK-3f signaling concurrently in rat corpus striatum and PCI12 cells.
Pharmacological inhibition of PKA and Akt in vitro demonstrates that both pathways are
independently modulated by DA-D2 receptors and associated with cadmium-induced motor
deficits. Ultrastructural changes in the corpus striatum demonstrated neuronal degeneration
and loss of synapse on cadmium exposure. Further, molecular docking provided interesting
evidence that decrease in DA-D2 receptors may be due to direct binding of cadmium at the
competitive site of dopamine on DA-D2 receptors. Treatment with quercetin resulted in the
alleviation of cadmium-induced behavioral and neurochemical alterations. This is the first
report demonstrating that cadmium-induced motor deficits are associated with alteration in
postsynaptic dopaminergic signaling due to a decrease in DA-D2 receptors in the corpus
striatum. The results further demonstrate that quercetin has the potential to alleviate
cadmium-induced dopaminergic dysfunctions.

Gupta R, Shukla RK, Pandey A, Sharma T, Dhuriya YK, Srivastava P, Singh MP, Siddiqi
MI, Pant AB, Khanna VK. Scientific Reports. 2018, 8:2528.

Resveratrol prevents the cellular damages induced by monocrotophos via PI3K
signaling pathway in human cord blood mesenchymal stem cells

The role of resveratrol (RV) as a neuroprotectant is well recognized, and cellular molecules
involved in imparting the physiological effect have been well illustrated. However, some
ambiguity still prevails as the specific receptor, and downstream signaling molecules are not
yet clearly stated. So, authors investigated the signaling pathway(s) involved in its cellular
protection in the human umbilical cord blood mesenchymal stem cell (WhUCB-MSC) derived
neuronal cells. The mesenchymal stem cells were exposed to various concentrations (10, 100,
1000 uM) of monocrotophos (MCP), a known developmental neurotoxic organophosphate
pesticide, for a period of 24 h. The MAPK signaling pathways (JNK, p38, and ERK) known
to be associated with MCP-induced damages were also taken into consideration to identify
the potential connection. The biological safe dose of RV (10 uM) shows a significant
restoration in the MCP-induced alterations. Under the specific growth conditions, RV
exposure was found to promote neuronal differentiation in the hUCB-MSCs. The exposure of
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cells to a specific pharmacological inhibitor (LY294002) of PI3K confirms the significant
involvement of PI3K-mediated pathway in the ameliorative responses of RV against MCP
exposure. Data identifies the substantial role of RV in the restoration of MCP-induced
cellular damages, thus proving to have a therapeutic potential against organophosphate
pesticide-induced neurodegeneration.

Jahan S, Kumar D, Singh S, Kumar V, Srivastava A, Pandey A, Rajpurohit CS, Khanna
VK, Pant AB. Molecular Neurobiology. 2018. doi: 10.1007/s12035-018-0986-z.

Expression of miR-145 and its target proteins are regulated by miR-29b in
differentiated neurons

MicroRNAs (miRNAs) are emerging as the most potential regulator of neuronal
development. Recent studies from this lab and elsewhere have demonstrated a direct role of
miRNAs in regulating neuronal differentiation and synaptogenesis. MicroRNA-145, a
miRNA identified to regulate pluripotency of stem cells, downregulates the protein levels of
reprogramming transcription factors (RTFs) like OCT4, SOX2, and KLF4 (cell, 137,647-
658,2009). Studies have shown that miR-145 is multifunctional and crucial for fate
determination of neurons. In authors recently published study, they have identified a set of
miRNAs including miR-145 and miR-29b families differentially expressed in SH-SYSY cells
exposed sequentially with retinoic acid + brain-derived neurotrophic factor (RA+BDNF) for
differentiation into mature neurons (Mol Neurobiol (2016) doi:
https://doi.org/10.1007/s12035-016-0042-9 ). In the present study, authors have identified the
role of miR-29b in upregulation of miR-145, which is upregulated after exposure of
RA+BDNF in a P53-dependent manner. In differentiating SH-SYSY cells, expression of
miR-29b downregulates expression of P85a, a P53 inhibitor, which results in upregulation of
miR-145 and downregulation of RTF proteins. Ectopic expression of miR-145 and miR-29b
in amounts equivalent to their endogenous expression has induced G1 phase cell cycle arrest.
In conclusion, this studies have identified miR-29b as an upstream regulator of miR-145 and
targets its RTF genes during differentiation of SH-SYS5Y cells.

Jauhari A, Singh T, Yadav S. Molecular Neurobiology. 2018. doi: 10.1007/s12035-018-
1009-9.

Arsenic, cadmium, and lead like troglitazone trigger PPARy-dependent poly (ADP-
Ribose) polymerase expression and subsequent apoptosis in rat brain astrocytes

Authors previously demonstrated that arsenic, cadmium, and lead mixture at environmentally
relevant doses induces astrocyte apoptosis in the developing brain. Here, authors investigated
the mechanism and contribution of each metal in inducing the apoptosis. Authors
hypothesized participation of transcription factor, peroxisome proliferator-activated receptor
gamma (PPARY), reported to affect astrocyte survival. Authors treated cultured rat astrocytes
with single metals and their combinations and performed apoptosis assay and measured
PPARYy expression levels. Authors found that cadmium demonstrated maximum increase in
PPARy as well as apoptosis, followed by arsenic and then lead. Interestingly, authors
observed that the metals mimicked PPARy agonist, troglitazone, and enhanced PPARYy-
transcriptional activity. Co-treatment with PPARy-siRNA or PPARy-antagonist, GW9662,
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suppressed the astrocyte apoptosis, suggesting a prominent participation of PPARy in
metal(s)-induced astrocyte loss. Authors explored PPARy-transcriptional activity and identify
its target gene in apoptosis, performed in silico screening. Authors spotted PPARy-response
elements (PPREs) within poly(ADP-ribose) polymerase (PARP) gene, and through gel-shift
assay verified metal(s)-mediated increased PPARy binding to PARP-PPREs. Chromatin-
immunoprecipitation and luciferase-reporter assays followed by real-time PCR and Western
blotting proved PPRE-mediated PARP expression, where cadmium contributed most and lead
least, and the effects of metal mixture were comparable with troglitazone. Eventually, dose-
dependent increased cleaved-PARP/PARP ratio confirmed astrocyte apoptosis. Additionally,
authors found that PPARy and PARP expressions were c-Jun N-terminal kinases and cyclin-
dependent kinase5-dependent. in vivo treatment of developing rats with the metals
corroborated enhanced PPARy-dependent PARP and astrocyte apoptosis, where yet again
cadmium contributed most. Overall, this study enlightens a novel PPARy-dependent
mechanism of As-, Cd-, and Pb-induced astrocyte apoptosis.

Kushwaha R, Mishra  J, Tripathi S, Khare P, Bandyopadhyay @ S.  Molecular
Neurobiology. 2018 , 55:2125-2149.

Arsenic attenuates heparin-binding EGF-like growth factor/EGFR signaling that
promotes matrix metalloprotease 9-dependent astrocyte damage in the developing rat
brain

Authors earlier reported that exposure to arsenic at concentrations in ground water of India
attenuated glial fibrillary acidic protein (GFAP) during brain development. Here, authors
validated the effects and explored mechanism in cultured astrocytes and developing rat brain.
Authors hypothesized participation of epidermal growth factor receptor (EGFR), known to
regulate GFAP. Authors found that arsenic inactivated EGFR, marked by reduced phospho-
EGFR in astrocytes. Screening EGFR ligands revealed an arsenic-mediated attenuation in
cellular and secreted-Heparin-binding EGF-like growth factor (HB-EGF). Furthermore,
authors observed that recombinant-HB-EGF cotreatment with arsenic blocked reduction in
HB-EGF, secreted-HB-EGF and phospho-EGFR, which could be reversed by EGFR-
inhibitor, gefitinib, suggesting that arsenic attenuated an HB-EGF/EGFR loop in astrocytes.
This reduced HB-EGF/EGFR was essentially responsible for arsenic-induced astrocyte
damage, obvious from a recombinant-HB-EGF-mediated recovery in GFAP levels and
astrocyte morphology and reduction in astrocyte apoptosis, and the reverse by gefitinib.
Authors found that arsenic also suppressed neuronal HB-EGF levels, which additionally
contributed towards astrocyte damage. Exploring the pathways downstream of reduced HB-
EGFR/EGFR revealed that an upregulated matrix metalloproteinase 9 (MMP9) within the
astrocytes ultimately led to apoptosis and GFAP loss. Astrocytes and MMPs are known to
regulate the blood-brain barrier (BBB) integrity, and hence authors examined the effects of
arsenic on BBB. Authors detected an arsenic-mediated increased BBB permeability, which
could be blocked by recombinant-HB-EGF and MMP9 inhibitor, SB-3CT. Thus, this study
indicates that via reduced astrocyte and neuronal HB-EGF signaling, arsenic may induce
MMP?9 levels and GFAP loss in astrocytes, which might adversely affect BBB integrity of the
developing rat brain.
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Kushwaha R, Mishra J, Tripathi S, Raza W, Mandrah K, Roy SK, Bandyopadhyay S.
Toxicological Sciences. 2018, 162:406-428.

Cypermethrin activates autophagosome formation albeit inhibits autophagy owing to
poor lysosome quality: Relevance to Parkinson's disease

Parkinson's disease (PD) is the second most familiar, progressive and movement-related
neurodegenerative disorder after Alzheimer disease. This study aimed to decipher the role of
autophagy in cypermethrin-induced Parkinsonism, an animal model of PD. Indicators of
autophagy [expression of beclin 1, autophagy-related protein 12 (Atg 12), unc-51 like
autophagy activating kinase 1 (Ulk 1), p62 and lysosome-associated membrane protein 2
(LAMP 2) and conversion of microtubule-associated protein 1A/1B-light chain 3 (LC3) I to
II], signalling cascade [phosphorylated (p) 5' adenosine monophosphate-activated protein
kinase (p-AMPK), sirtuin 1 (Sirt 1), phosphorylated-mammalian target of rapamycin (p-
mTOR), tuberous sclerosis complex 2 (TSC 2), p317Ulk 1 and p7s7Ulk 1 levels] and lysosome
morphology were assessed in control and cypermethrin-treated rat model of PD. Autophagy
markers were also measured in cypermethrin-treated neuroblastoma cells in the presence of
3-methyl adenine, a phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K) class III inhibitor,
vinblastine, an autophagosome elongation inhibitor, bafilomycin A1, an autophagolysosome
and lysosome fusion/abnormal acidification inhibitor or torin 1, a mechanistic target of
rapamycin inhibitor. Cypermethrin reduced LAMP 2 and increased p-AMPK and Sirt 1
without causing any change in other signalling proteins. 3-Methyl adenine did not change
LC3 conversion, vinblastine and bafilomycin Al decreased LAMP 2 expression in controls.
While cypermethrin increased LC3 conversion in the presence of 3-methyl adenine, LAMP 2
reduction was more pronounced in vinblastine and bafilomycin Al-treated cells. Torin 1
normalized the expression of LAMP 2 without any change in other autophagy markers.
Results demonstrate that albeit cypermethrin activates autophagosome formation, it reduces
LAMP 2 expression and lysosome quality leading to autophagy inhibition.

Mishra AK, Mishra S, Rajput C, Ur Rasheed MS, Patel DK, Singh MP. Neurotoxicity
Research. 2018, 33:377-387.

6,7-dimethoxy-1,2,3,4-tetrahydro-isoquinoline-3-carboxylic acid attenuates colon
carcinogenesis via blockade of I1L-6 mediated signals

In this study, authors investigated the in vivo antiproliferative activity of 6,7-dimethoxy-
1,2,3,4-tetrahydro-isoquinoline-3-carboxylic acid (M1) in dimethylhydrazine (DMH) induced
colorectal carcinoma (CRC) using albino Wistar rats. M1 was administered to DMH induced
CRC rats at 10 and 25 mg/kg doses for 15 days. Various physiological, oxidative parameters,
histopathology, ELISA, gene and protein expression studies were conducted to evaluate the
anti-CRC potential of M1. The histopathology and biochemical tests indicated the protective
action of M1 in DMH-induced colon cancer. ELISA confirms that M1 reduced the increased
concentration of IL-6 more prominently than those of IL-2 and COX-2. Gene expression
analysis revealed that M1 attenuated the increased mRNA over-expression of 1L-6, JAK2 and
STAT3. The result obtained from quantitative western blot analysis demonstrated that the
CRC condition was produced by the IL-6 induced activation/phosphorylation of JAK2 and
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STAT3 and further down-regulated with M1 treatment. This evidence was supported well
with the application of data-based mathematical modeling. Applying the fitted model, authors
predicted the quantitative behavior of STAT3 populations not accessible to experimental
measurement. Later, H NMR based serum metabolic profiling was carried out using rat sera
to investigate the impact of M1 on CRC-induced metabolic alterations. M1 showed its ability
to restore the perturbed metabolites in CRC condition. Altogether, this study provided the
first time evidence that M1 exhibits anti-CRC potential through the blockade of IL-
6/JAK2/STAT3 oncogenic signaling.

Mishra P, Raj V, Bhadauria AS, Singh AK, Rai A, Kumar P, Keshari AK, De A, Samanta
A, Kumar U, Kumar D, Maity B, Nath S, Prakash A, Ansari KM, Saha S. Biomedicine and
Pharmacotherapy. 2018, 100:282-295.

Proteomic approaches to investigate age related vulnerability to lindane induced
neurodegenerative effects in rats

Proteomic studies were carried out in immature (3 week), adult (18 week) and aged (48
week) rats to understand the age dependent vulnerability to lindane induced
neurodegeneration. 2-D and western blot analysis of protein extracts of hippocampus and
substantia-nigra isolated from lindane treated rats (2.5 mg/kg, p.o. X 21 days) revealed
marked dysregulation in the expression of proteins related to ubiquitin proteasome pathway,
antioxidant activity, chaperones, energy metabolism, calcium homeostasis and proteins
involved in neurodegeneration. These alterations were associated with marked increase in
reactive oxygen species formation, lipid peroxidation, reduced glutathione content and
antioxidant enzyme activities in lindane treated rats. Aged rats, in particular showed higher
magnitude of alteration in these proteins when compared to immature or adult rats. Proteins
involved in apoptosis and autophagy also showed marked alterations in their expression,
particularly in the aged rats. Ultrastructural analysis revealed greater number of autophagic
vesicle in hippocampus and substantia-nigra in treated aged rats. The data suggest that
proteomic approaches could be used to investigate the vulnerability to lindane induced
neurodegeneration in rats.

Mudawal A, Srivastava A, Singh A, Shankar J, Yadav S, Mishra M, Singh PK, Khanna
VK, Parmar D. Food and Chemical Toxicology. 2018, 115:499-510.

Novel 1,3,4-thiadiazoles inhibit colorectal cancer via blockade of IL-6/COX-2 mediated
JAK2/STATS3 signals as evidenced through data-based mathematical modeling

We attempted a preclinical study using DMH-induced CRC rat model to evaluate the
antitumor potential of this recently synthesized 1,3,4-thiadiazoles. The molecular insights
were confirmed through ELISA, qRT-PCR and western blot analyses. The CRC condition
was produced in response to COX-2 and IL-6 induced activation of JAK2/STAT3 which, in
turn, was due to the enhanced phosphorylation of JAK2 and STAT3. The treatment with
1,3,4-thiadiazole derivatives (VR24 and VR27) caused the significant blockade of this
signaling pathway. The behavior of STAT3 populations in response to IL-6 and COX-2
stimulations was further confirmed through data-based mathematical modeling using the
quantitative western blot data. Finally, VR24 and VR27 restored the perturbed metabolites
associated to DMH-induced CRC as evidenced through H NMR based serum metabolomics.
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The tumor protecting ability of VR24 and VR27 was found comparable or to some degree
better than the marketed chemotherapeutics, 5-flurouracil.

Raj V, Bhadauria AS, Singh AK, Kumar U, Rai A, Keshari AK, Kumar P, Kumar D, Maity
B, Nath S, Prakash A, Ansari KM, Jat JL, Saha S. Cytokine.2018. pii: S1043-
4666(18)30112-1.

PAH exposure-associated lung cancer: An updated meta-analysis

Occupational exposure to polycyclic aromatic hydrocarbons (PAHs) has been shown to be
associated with lung cancer in various epidemiological studies in industries such as
aluminium reduction/smelting, coal gasification, coke production, iron/steel foundries,
coal/coke and related products and carbon/graphite electrodes production. To update data on
the association between PAH exposure and morbidity and mortality due to lung cancer
among workers in different occupations, including smoking data. A comprehensive literature
search was conducted to retrieve relevant papers for meta-analysis. Cohort studies with
standardized mortality ratios or standardized incidence ratios and calculated overall risk ratio
with their corresponding 95% confidence intervals (Cls) were included in the analysis. Chi-
square test for heterogeneity was used to evaluate the consistency of findings between the
studies. A significant risk of lung cancer was observed among the coal/coke and related
product industry 1.55 (95% CI 1.01-2.37) and the iron/steel foundry industry 1.52 (95% CI
1.05-2.20). There was a wide variation in smoking habits and PAHs exposure among studies.
Coal/coke industry and iron/steel industry workers showed a higher risk of lung cancer
compared with other occupations exposed to PAHs. The confounding effects of smoking and
individual exposure levels of PAH should be taken into account.

Singh A, Kamal R, Ahamed I, Wagh M, Bihari V, Sathian B, Kesavachandran CN.
Occupational Medicine (Lond). 2018. doi: 10.1093/occmed/kqy049.

Under ambient UVA exposure, pefloxacin exhibits both immunomodulatory and
genotoxic effects via multiple mechanisms

Pefloxacin (PFLX) is an antibiotic, which shows broad spectrum antimicrobial activities. It is
an important derivative of fluoroquinolones (FLQs) group. Ultraviolet radiation (200-400nm)
causes major problem for living being which comes at the earth surface naturally through
sunlight and increasing regularly due to ozone depletion. PFLX was photodegraded in 5h and
forms photoproduct under UVA exposure. At the non photocytotoxic dose PFLX, shows
reduced phagocytosis activity, NO (nitric oxide) production, large vacuole formation and
down regulated IL-6, TNF-a and IL-1 in BALB/c macrophages at both genes and proteins
levels. At higher doses (photocytotoxic doses), PFLX induced a concentration dependent
decrease in cell viability of human keratinocyte cell line (HaCaT) and peritoneal
macrophages of BALB/c mice. This molecular docking suggests that PFLX binds only to the
cleaved DNA in the DNA-human TOP2A complex. Topoisomerase assay confirmed that
PFLX inhibits human topoisomerase by forming an adduct with DNA. Photosensitized PFLX
also caused intracellular ROS mediated DNA damage and formation of micronuclei and
cyclobutane pyrimidine dimers (CPDs). Increase intracellular ROS leads to apoptosis which
was proved through lysosomal destabilization and reduced mitochondrial membrane potential
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(MMP). This present study shows that ambient UVA exposure in the presence of PFLX
caused immunomodulatory as well as photogenotoxic effects. Therefore, patients under
PFLX drug treatment should avoid sunlight exposure, especially during peak hours for their
photosafety.

Singh J, Srivastva AK, Mandal P, Chandra S, Dubey D, Dwivedi A, Chopra D, Tripathi
A, Ray RS. Journal Photochemistry and Photobiology B. 2018, 178:593-605.

Secretome of differentiated PC12 cells enhances neuronal differentiation in human
mesenchymal stem cells via NGF-like mechanism

The secretome-mediated responses over cellular physiology are well documented. Stem cells
have been ruling the field of secretomics and its role in regenerative medicine since the past
few years. However, the mechanistic aspects of secretome-mediated responses and the role of
other cells in this area remain somewhat elusive. Here, authors investigate the effects of
secretome-enriched conditioned medium (CM) of neuronally differentiated PC12 cells on the
neuronal differentiation of human mesenchymal stem cells (hMSCs). The exposure to CM at
a ratio of 1:1 (CM: conditioned medium of PC12 cells) led to neuronal induction in hMSCs.
This neuronal induction was compared with a parallel group of cells exposed to nerve growth
factor (NGF). There was a marked increase in neurite length and expression of neuronal
markers (B-III tubulin, neurofilament-M (NF-M), synaptophysin, NeuN in exposed hMSCs).
Experimental group co-exposed to NGF and CM showed an additive response via MAPK
signaling and directed the cells particularly towards cholinergic lineage. The ability of CM to
enhance the neuronal properties of stem cells could aid in their rapid differentiation into
neuronal subtypes in case of stem cell transplantation for neuronal injuries, thus broadening
the scope of non-stem cell-based applications in the area of secretomics.

Srivastava A, Singh S, Pandey A, Kumar D, Rajpurohit CS, Khanna VK, Pant AB. Molecular
Neurobiology. 2018. doi: 10.1007/s12035-018-0981-4.

Secretome of differentiated PC12 cells restores the monocrotophos-induced damages in
human mesenchymal stem cells and SHSY-5Y cells: Role of autophagy and
mitochondrial dynamics

A perturbed cellular homeostasis is a key factor associated with xenobiotic exposure resulting
in various ailments. The local cellular microenvironment enriched with secretory components
aids in cell-cell communication that restores this homeostasis. Deciphering the underlying
mechanism behind this restorative potential of secretome could serve as a possible solution to
many health hazards. Authors, therefore, explored the protective efficacy of the secretome of
differentiated PC12 cells with emphasis on induction of autophagy and mitochondrial
biogenesis. Monocrotophos (MCP), a widely used neurotoxic organophosphate, was used as
the test compound at sublethal concentration. The conditioned medium (CM) of differentiated
PC12 cells comprising of their secretome restored the cell viability, oxidative stress and
apoptotic cell death in MCP-challenged human mesenchymal stem cells and SHSY-5Y, a
human neuroblastoma cell line. Delving further to identify the underlying mechanism of this
restorative effect authors observed a marked increase in the expression of autophagy markers
LC3, Beclin-1, Atg5 and Atg7. Exposure to autophagy inhibitor, 3-methyladenine, led to a
reduced expression of these markers with a concomitant increase in the expression of pro-

-63 -

—
| —


https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29275239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Srivastva%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=29275239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mandal%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29275239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chandra%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29275239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dubey%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29275239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dwivedi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29275239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chopra%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29275239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tripathi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29275239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tripathi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29275239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ray%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=29275239
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed/?term=Srivastava%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29527653
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29527653
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pandey%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29527653
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29527653
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rajpurohit%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=29527653
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khanna%20VK%5BAuthor%5D&cauthor=true&cauthor_uid=29527653
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pant%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=29527653
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed

fawfaame eier afyar 38 (1) 2018

apoptotic caspase-3. Besides that, the increased mitochondrial fission in MCP-exposed cells
was balanced with increased fusion in the presence of CM facilitated by AMPK/SIRT1/PGC-
la signaling cascade. Mitochondrial dysfunctions are strongly associated with autophagy
activation and as per this findings, cellular secretome too induces autophagy. Therefore,
connecting these three potential apices can be a major breakthrough in repair and rescue of
xenobiotic-damaged tissues and cells.

Srivastava A, Singh S, Rajpurohit CS, Srivastava P, Pandey A, Kumar D, Khanna VK, Pant
AB. Neuromolecular Medicine. 2018, 20(2):233-251.

PI3K/Akt/GSK3p induced CREB activation ameliorates arsenic mediated alterations in
NMDA receptors and associated signaling in rat hippocampus: Neuroprotective role of
curcumin

Protective efficacy of curcumin in arsenic induced NMDA receptor dysfunctions and
PI3 K/Akt/ GSK3p signalling in hippocampus has been investigated in vivo and in vitro.
Exposure to sodium arsenite (in vivo - 20 mg/kg, body weight p.o. for 28 days, in vitro -
10 uM for 24 hrs) and curcumin (in vivo - 100 mg/kg body weight p.o. for 28 days, in vitro -
20 uM for 24 hrs) was carried out alone or simultaneously. Treatment with curcumin
ameliorated sodium arsenite induced alterations in the levels of NMDA receptors, its receptor
subunits and synaptic proteins - pCaMKlIlIa, PSD-95 and SynGAP both in vivo and in vitro.
Decreased levels of BDNF, pAkt, pERK1/2, pGSK3B and pCREB on sodium arsenite
exposure were also protected by curcumin. Curcumin was found to decrease sodium arsenite
induced changes in hippocampus by modulating PI3 K/ Akt/ GSK3p neuronal survival
pathway, known to regulate various cellular events. Treatment of hippocampal cultures with
pharmacological inhibitors for ERK1/2, GSK3p and Akt individually inhibited levels of
CREB and proteins associated with P13 K/Akt/GSK3p pathway. Simultaneous treatment with
curcumin was found to improve sodium arsenite induced learning and memory deficits in rats
assessed by water maze and Y-maze. The results provide evidence that curcumin exercises its
neuroprotective effect involving PI3 K/Akt pathway which may affect NMDA receptors and
downstream signalling through TrKpB and BDNF in arsenic induced cognitive deficits in
hippocampus.

Srivastava P, Dhuriya YK, Kumar V, Srivastava A, Gupta R, Shukla RK, Yadav
RS, Dwivedi HN, Pant AB, Khanna VK. Neurotoxicology. 2018. pii: S0161-813X(18)30161-
X.

Sneaky Entry of IFNy Through Arsenic-Induced Leaky Blood-Brain Barrier Reduces
CD200 Expression by Microglial pro-Inflammatory Cytokine

Recent studies showed that neuronal surface protein CD200 plays a key role in the regulation
of neuroinflammation. Previously, authors showed that arsenic (0.38 mg/kg body weight)
exposure induces microglial activation and consequently IL-6/TNF-a secretion. This result
indicated the possibility of alteration in the expression of CD200. Therefore, the present
study was focused on checking arsenic-induced alteration in CD200 expression and revealing
the underlying mechanism. Male BALB/c mice were exposed to arsenic (vehicle, 0.038 and
0.38 mg/kg body weight) for 60 days, and the expression level of CD200 was found to be
decreased which was rescued by minocycline (33 mg/kg body weight) co-administration.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Srivastava%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29603067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29603067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rajpurohit%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=29603067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Srivastava%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29603067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pandey%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29603067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29603067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khanna%20VK%5BAuthor%5D&cauthor=true&cauthor_uid=29603067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pant%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=29603067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pant%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=29603067
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed/?term=Srivastava%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29723552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dhuriya%20YK%5BAuthor%5D&cauthor=true&cauthor_uid=29723552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20V%5BAuthor%5D&cauthor=true&cauthor_uid=29723552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Srivastava%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29723552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29723552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shukla%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=29723552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yadav%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=29723552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yadav%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=29723552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dwivedi%20HN%5BAuthor%5D&cauthor=true&cauthor_uid=29723552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pant%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=29723552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khanna%20VK%5BAuthor%5D&cauthor=true&cauthor_uid=29723552
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed/29948949
https://www.ncbi.nlm.nih.gov/pubmed/29948949

Toxicology Research Bulletin 38(1) 2018

Higher CD68 staining, increased level of IL-6/TNF-a, as well as higher level of IFNy, were
observed in in vivo arsenic-exposed groups. Interestingly, in vitro arsenic exposure could not
increase IL-6/TNF-a level in the culture supernatant, whereas, supplementation of IFNy
could mimic the in vivo results. However, arsenic could not induce IFNy production from
brain endothelial cells, microglia, and astrocytes, thereby suggesting the entry of IFNy
through the impaired blood-brain barrier. Evans blue fluorescence in the brain confirms
altered blood-brain barrier permeability although no changes were observed in the expression
level of tight junction proteins (claudin-5 and occludin). Finally, intracerebral injection of
anti-IFNy neutralizing antibody in arsenic-exposed brain reduced microglia activation (IL-6
and TNF-a and CD68 expression) and subsequently rescued CD200 level. Taken together,
the study showed that arsenic-mediated compromised blood-brain barrier is a major driving
force to induce microglial IL-6 and TNF-a production through serum IFNy leading to CD200
downregulation.

Singh V, Kushwaha S, Gera R, Ansari JA, Mishra J, Dewangan J, Patnaik S, Ghosh D.
Molecular Neurobiology. 2018. doi: 10.1007/s12035-018-1155-0.

Malfunctioning of Chaperone-Mediated Autophagy in Parkinson's Disease: Feats,
Constraints, and Flaws of Modulators

Homeostatic regulation of class II programmed cell death/autophagy for the degradation and
elimination of substandard organelles and defective proteins is decisive for the survival of
dopaminergic neurons. Chaperone-mediated autophagy (CMA), one of the most highly
dedicated self-sacrificing events, is accountable for the partial elimination of redundant
soluble cytoplasmic proteins in Parkinson's disease (PD). CMA is characterized by the
selective delivery of superfluous protein containing lysine-phenylalanine-glutamate-arginine-
glutamine (KFERQ)/KFERQ-like motif to the lysosome through molecular chaperones, such
as heat shock cognate-70 (Hsc-70). KFERQ/KFERQ-like motif present in the poor quality
cytoplasmic substrate protein and Hsc-70 complex is recognized by a janitor protein, which is
referred to as the lysosome-associated membrane protein-2A (LAMP-2A). This protein is
known to facilitate an entry of substrate-chaperone complex in the lumen for hydrolytic
cleavage of substrate and elimination of end-products. Impaired CMA 1is repeatedly blamed
for an accumulation of surplus soluble proteins. However, it is still an enigma if CMA is a
bonus or curse for PD. Case-control studies and cellular and animal models have deciphered
the contribution of impaired CMA in PD. Current article updates the role of CMA in toxicant
models and recapitulates the evidences that have highlighted a link between impaired CMA
and PD. Although PD is an irreversible happening and CMA is a dual edging phenomenon, it
is anticipated that fine-tuning of the latter encounters the former to a certain extent. Besides,
the truth, embellishment, and propaganda regarding the issue are also emphasized in the final
segment of the article.

Tripathi MK, Rajput C, Mishra S, Rasheed MSU, Singh MP. Neurotoxicity Research. 2018.
doi: 10.1007/s12640-018-9917-z.
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International Conference on Safety of AYUSH Products and Bio-
medical Devices

A two day International Toxicology Conclave was organised at CSIR — Indian Institute of
Toxicology Research, established in 1965, the premier toxicology laboratory organizes the
conclave every year as a part of its Annual Day celebrations which was held on November
01, 2018 this year. In this edition of the conclave, experts from academia, industry and
regulatory bodies deliberated on topics in the following niche areas in toxicology:

» Safety of AYUSH Products
» Diagnostics and Biomedical Devices
» Food and Consumer Safety

Day 1 of the conclave focused on Safety of AYUSH Products and Diagnostics and
Biomedical Devices with lectures on model systems for evaluating safety of ayurvedic
medicines, and quality assurance in herbal product development. CSIR — IITR’s initiatives
towards safety of AYUSH products was highlighted. This was followed by deliberations in
the areas of new and improved diagnostic devices for Rheumatic Heart Disease and
preclinical imaging techniques for safety evaluation, among others. The panel discussion at
the end of each session highlighted the key action points that have to be addressed in ensuring
safer AYUSH products and biomedical devices.

Earlier in the day, inaugurating the conclave, Dr Anil K Tripathi, Director, CSIR — Central
Institute of Medicinal and Aromatic Plants opined that it is imperative upon the scientific
community to scientifically validate the age old practices of traditional systems of medicine.
While AYUSH systems of medicine have yielded the desired results, increasing global
practice of the science demands a more thorough evidence based safety evaluation, he said.
Professor Alok Dhawan, Director, CSIR — Indian Institute of Toxicology Research, in his
Presidential address reiterated the relevance of toxicology and safety testing in ensuring safer
devices and products for human use. Dr Poonam Kakkar, Chief Scientist, CSIR — Indian
Institute of Toxicology Research and Chairperson of the Organizing Committee, ITC-2018
welcomed the gathering.

Is the food you eat, safe? Does the food you eat give you the calories you require? Packaged
food, is it as nutritious as the claim? These were some of the topics that were deliberated
upon during the second day of the International Toxicology Conclave at CSIR — Indian
Institute of Toxicology Research. Kick starting the session on Food and Consumer Safety,
Professor Alok Dhawan, Director, CSIR-Indian Institute of Toxicology Research said that
several institutions under the Council of Scientific and Industrial Research (CSIR) umbrella
have been working towards this end. Several kits/instruments have been developed for food
testing to detect adulterants, contaminants, poor quality, spoilage etc. Presentations were also
made on the role of food substances as therapeutic agents and improved food packaging
methods to preserve the shelf life of packaged food. A panel discussion at the end of the
session listed action points to address the issues of risk assessment, safety testing, improved
food packaging methods and preparation of enriched/fortified foods to address the
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widespread under nutrition/malnutrition in the country. Curtains came down on the two day
conclave with the valedictory function chaired by Dr S J S Flora, Director, National Institute
of Pharmaceutical Education and Research, Raebareli. Awards were also given to the
participants with the best posters that were displayed during the conclave. Dr Sanghamitra
Bandopadhyay and Dr Debabrat Ghosh, Conveners of Organizing Committee, ITC-2018
gave the genesis of the conclave and proposed the vote of thanks, respectively.
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