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HNTHAIMEIR-IMEIMEAANR AWA=AT AMer qfyep
39 (1) 2019
HITHEHR-IMEISEIR AvIaa srgaener 7 3ol § JUr Al Ty am FATaRoT
S FHEBN & FaReT g YRl & | G 39e oedl @ Aefated segeat &
AT G F HT AT @A § -
o 3N, FY vd A Sliae H IUANT A AT S drel TG HT G HodTehed
T |
o TowTe] TERSeNe @1 fhar fafr s feiRa e
o UGEH @ TARLY Ud GHTGROT I YT 8 STARIcHS/[HdRe 3t T geArd
coll
o THEYS 3T, Wiel, HY &fE v 9o # SIfEH & FHRT gl dTe SAadTish
TATELT GRT I Igdle] e |
o 3T Td gHaRe @GET & BROT 3cheed Rt 8 gt/ sarisreh Sird
T |
o AN THRIAT 1 FT T HIFUT, HSROUT T FHR |
o 3t Td gTaRor Hatl FEEGBT @ AueA g Aled FHU AT |
o THIG, AT TUT 3cET HT GI&T FATTar & deot # et 3 Riawsit &g =@=h
Fe & foT Staar AR 3cafAdar & A9 39esy a1

TEU 9rg g @ ¢ it e @ RAvfaae & &1 Ry #RiRa § vd 8 Aeg
AT & PUR g Fadieh, e va waiaxer Rwfaae & ety derer f&ar
gl g fAWfaare Jaere afEer T & ga §d dedlfAs YRRl T dfEed
faellehe &

defas vafeuran

ygtavor A

udeRor faufaste & &7 A Agcaqul el AR AT fANTeldr &THAT Td TaRdloR &
TR ol Jiasyalt i & o gere [{far R &er g1 ey afdsw &
fawerd va @A Ser & J§ FAT §1 3T Tg AT RIS ¢ 6 9gd & WA F gl
arel SNfEAH T UgATT FT HTheled HH THI UF &F P H FAT J1T, 31d: gy
3T 3cUeel i S HTETehll ¢l FSYTC TAWIFAT ST I HEGLTehdl i WIGTOT T
sifcren TRICT3T & &Y SET 81 37T Shiciaradraliolehel T g S6c 3T T @iol
AT §F IS B| SHTAT, SHICHFATACT AT g BISYTC dehicUeh HIsel o AIY-AIY
SIq Alse & fdehed & f9h, AU UG 3HeIENT Shlciadalcliol H 3Td Jraf@ehdr
g1 ACHS TIcHS - faafa Faef & uIed 39A1T, TFHUIeR UF YHTEl T STeTahnl,
fafert 1 @ 3reage, cfeaelioeher RIABET & dMles  Ud o7 - faar gdemor @ qd
goT - fagr odeTor e & H¥w i, @eTH Td fRwradr SifeH Hediee g e
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A §l fahd TRTEAfdRr & & Hick FRUL-IHE Faul @ S & HuiRd = &g
Aerfeieh &1 T T T Uk 997 aldl &1 SHY Fg YT o9l A Fergar @l
fF adaAe 3uaRIcA® WEfaar |/ dieafifhar fha d#T de gamEr § va if@d geud
H FUR IS ¢ 3T Aegl N LA H WA §U, WTHIMSIHN-3MSIEIANR & AfaRor
faufaser dag o1 3egeg TAaRoiy &9 & yrEfis aRfEufas shifew gediea & gur
el Td YA Ge¥enl H HH Flel g TRIEUTTH a7 H quiarl & JateT &q
3N AT / el 3cUed A b WIY-AY QefoR, ARG Td Sfid TR ARd
faffer aRfeufas Fat wv aiRfeufadr deth gaeanst @ aa7sr gee g1 g3feaor g
CaRT AT H U T Heg (i) IITROT UgWhi I fAWIeFdar & o (i) HeT, STl ud
e 3dfRse 7 Alslg @oReh U TS gerRif 1 3wEr (i) TRiEafadhr
qATaRofr 31eTdeToT § |

wWErfed oWy siew (TIshiw) & FAl FT gar aoa & Qv e @ a9
¥ SRt AaT & uRade qarr Acafaanfas favewor s

YT AT 3T Uod! FAGY(NTHA) & FaT & IRatleT & Cerifesd doaeeq sied
(THRSHTH) AR NRFT FI FH a1 TG 5T YHIG & dF d QUTRT & )
Qe @ (ded) F therifes ISTeaa shed (TIRENTd) & Felt F dF &7 gdr @t
¥ T FerisaE e o g 0% @1), 2% (2), 4% (T3), 6% (E4), 8%
@5) AR 10% (&6) Nedr A-GR(MTHA) L™h TR W MR &] $ Jorolm B TS|
aROTAT & qRe & 6 Goieled B @ BTN Fed Ged! Ta(WUA) #, @ o
ag(fTA)  # Joell A Theifes Aoaeed Sied (THRSNTH) Higar 1.7-3.01 =T
e A o visfeq & 3= gue tderifes ISae-a sfieq (WRehd) # At &
Fgcaqot ffsr e § 3N 3R wgl & d derfts Saesw Shew
(THReITE) &1 3Ol & Hecaqul IRacsl &g el I8 HET RS ¢l
afely, ofl@s died! Wig(@TaA)dA theifced ISacaa Siied (TARGNTH) & Af¥edd
FfIT T A A g Ueh VI AU & &7 & Hal HT Iod Gl (TISHEN) SIS 8
WA d §1 U §ic AY SN IeqTT A e H1 § fF Tie IR e H gimar &
aRTeT TSl aRad & e B & glel arel fawrerd arq3i & S/ 3uerstr 37T 3R
Taerfed ITaced Siied (TWIRSITH) & Y8R IR FHItT JHT 937

THS e, T U, UEh IaEdl, a1 330, & g, T uiS, UH aXelel, SIS S
HATH3IR. 2019, 220: 137-145.
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ructural Database of ARGs
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Wheat Straw
(5:1 ratio on dry weight basis)
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Tresmests

YRIBAF Fas v IFNTT A gHfRked  FEAFTAT  : adHT IRYeT H

g aeh IR dFRTT § YARTST  FST8d WIS, HIST, HET Ud of9Iél(Teq)
T orAfegaiaes & JRihlade # T ade difvlivasd FEeriar § X a§ 500
AT 3ARET SleR & AT alffer aeR & @ g | YA Shash & SHtd
faEga faeelwor @ T &9 & SSddd & v &g &9 @ w10, Sivwil &
faRed  Shwa7 N30 FAEaa@d 8 HfST & fAv g nqafis dgaer Hifsa
T 3ufeAfT &1 gar gear § | Safeeaif@ed 3k qifesna dwsfasr  aAifefos Fas
¥ Fo A5 Sgcetd & AR IfFcaidd A 3iaefe & g srameafads & #ide
yAfRfAE FASATag @rqscudgé% S T geellord 3y UeesRe 3R Biaerre
e] Ssieeael g3dd carT FHEYS Tham I B Ssdedd & Hiasy # 3uger & fau
SRR®ERIST H 3eTeht AR H Mg gef A FHEar g1 I0Tdsh Tod H 3TN HT
S0 & AERT A g\ & 3edd §d 3R AT JABded fr Te gAfR o
SSAARE T Tecll HeT AT qOT Iel o T yoq@ 3mr g |

ity Tser, & PR, UA FAEN, T I, T @RI cFAenr 2019, 277
195-203.

st v qarr WeRfAfls  vd satEe 1 Slqwedwer Ut w@ator ot

ey THERHEATCEEEY) 3R St weie & w7 # seqain(ecderey)

dee B e teddT wadl 5314 ud $f3sr Tomeer EwE138 ¥ sathEecH
g X 3T AR AT fhar arm| Aol ST T EhE AT HAW: 72 T/TH 4
e 42 TA/TH TG 55 TA/TA o ear Im| Sathaded o qradieny Sar R e
e & AT g g B S PuTRa fhw aw & wAw: 51% aur 53% @
Tosieh 3R €. Jesier @ &#ar fe@mmr 3R diva 2 IR 10 & R 9w
T, AYART 4-120 33 Afcwad iR FH@S ThErar 2- 14% A1 306 &7 & ey fehv
T FhedeH P PRIV EBH SHRS FUFERIT I 3UANT Fleh BRITANTS & & #
TEHT AT AT | GUh WHRITAS & qereiersh SFERAT & fadey  ShamwRed or fewme
3R Ifferw wfecform @ v o & sfafanie sitEdes gerfaar & 3cae
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frar | gare wisehfes favdwor & wd gam R @ sawe IR & 60
fAamue. & 65.8%4dl. dfecfod Td 4% § oS 1 AR &A1l Fgi Wred 3T AT
T WORIET AR Ry efSehior & ®7 & ariathede & 3yl &I 3R =
i T & Hohd LT Bl

dh IR, 3IR$ VR, UA N\, & a4, S AarEdy, TH YeAsh, UH
FAY, T AfORH. STAREAT SFAraer 2019, 2: 121314,

Ir B;usur}'nulant screening \ [ Binsurfnctnnt_puriﬁcalinn—j

191-K°
(

Emulsification il displacement
y
Applications of Biosurfactant | [ Characterization of Biosurfactant J

ssosee = T -/ \\ e

o

[ Emuiicdiyer g Biosurfactant e \
@™ 2

P S
e widk=a L .
o o R . .
p— . o Bi-et Sophorolipid
Vepetable ol cmubification Antimicrabial activity

Candidea spp.

TR Mafw & WA w §g vREARTr ek W 27 @R 5-
FESFHIAUS AR WREIIT FT TACTHGIH T

BISSIFHATITRITII (VIUATS) U 3l §9 @ #Agcaqul W ¢ o fF 3
TACHIA AT & 3cUles g Ueh URIHS THMA g1 58 WIS H, TIUATH HT FYOT
IRACTRIALT Th sAidel SATE , TFHIeladel foakd  TH27 FT 3UANT ah 9red
fRaT IR AT | Ig TA  TAUAUG dhode2ld T 3000 THSN/TST doh Tgd HY Thdl & Ud
3 v sRaftew # oRafda & a@Far 81 SIaRor 3cug # rcafRs HegarnT
WS o8- 5-gegifFafAuEe-2-wld  FeifFafas fds (TauATwdiv), vE A
Sl TR 3N 2, 5 - SEHElFadn(THSHT) difdueet 3¢
FAfos  URAE T Ud AFed, IFAfad & | IgEaBE $Hr garar 100% Uis IS,
T FISSIFHATIAFIIA  (TITATS) T 3Hed TEIAT H qUT FCROT g1 Fades
HecaqUl g § &, I8 v 3RAfeH & 3culest 8 Ueh TATGRUT 3Hefshel Tishdl g
& dMerd,  HRET Torw, Ol e, T AR I <@g, T s, o feee
SRERT SFAtele. 2019, 282: 88-93.
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AFHITE WA3ETHT dgaew # Al scuea F1 aggea W ARk wwey fagse
ASHITI HASEAH JFgelcd o dAsge H 10.0 VATH  HECRA, Te[crHe  ASEIoT
& 1.0 THTH iR AT IEUT(12 TAUH THIRE+10 UATH  Algge) W Hf&hdA
gefe, Nde AR wEfgsse HicH o1 Yedd fhar | Iegf, s dor wewt @ A + T
RefAd@)HREBT 7 3cada A= Raw, oAffd s @@ & wd&ifts seeme
farfda  ®IReBt A& g an Afts / wefgege 3R fAfUs / 9de 3egua &
THEBTSHR fazemor 3R =ggar Afise & war dcAfes favewor & ascee s,
dArgee AR A+ued ASfdd RS f Joem A s Fefda iREEt & 3o
s @realt &1 gar germ| Asce ReFew afafafer @ + v faef@a SRt J§ gaifts
A 3R oA Al sefeme FHfaa HRFBET 7 a8 75 8 s gRomAT F T
EarenTiaeh HeTHT o FoAa AT foh ATSEISTeT AT Yool T &He, ™Ig Io[ere GaRT
q ASclee g ¥, aftd fofis deewer AR Awivera HIREET H IR
3cUles & A9 33U SsNefSieher e o |

T aear, W @, 9N g SeleEhidiel Us searsiided AWE 2019, 174:
706-713.

2,3-5qLAT-3B3 & 3eulead & fav g wH Wis(AdE) F1 addeRer R fRFuae
(SFRFeT T3 woleer) arg-ary

IAART  NEATT  H 3G 2,35YLATSEIHI- & Icdled & faU g 9
WIS (3TIITH)STIHATE I ARU0T iR Fuad (HhRH Us wHee (THUHTR) A1d-
Y A g Uh Ufhar ARfAd aar & | 3add A TSt 13U ch{c\l§'(f
APRBHAT & BHAR (THTHTH) I Jeolell gl IH dR—HAE & ANE Fegiaad
US B (VHUAUR) JAT 8T B & T H 75 gl aRomAT & gar =@er
for foveeygealonh SRIAM &1 39897 &Rd gV 2,3-54eArsssiial & Amgshiiaae
3G & U HARRMHUT TS HHCAA (THTATH) T9H HhYe doeilel H & Th
g | &R qd-3uad (Yoherrs NERS) NNTeh SRAme @1 tomgAfes grawafdd ud
fohvaer etdHar & Sig H IS T TolsHA WS IHR SAgeH ST o fafdeer
YANIcHS HUCs! HT fAST H ghicd ThaT 7| THUETH TANT Ak Foareh H
813 & 30.74 S / 1 3R 500 TATS sAIRUEFeX A 12.53 Sfi/1 swaAen 0.32 3R 0.13
ST/ 1/ T & IcUIGHhdl & T1Y ¢ Fhd ol

THTE Glolell, difelel @ 1R, 3N &Yy, T 93, ¢ S, aaRed s, 2019,
278: 145-149

wpfas dk W Feft & @7 (fe) @ o=l @' (R 7R) F Weas SFEORTT F: gea
FT HTFelel, ATT-SNAAF fAWANOT & ATEIH & AT (Fo) FT AT F T # 39AWT

HEIYT I 3cad foalr fFREE (Fel) Y¥Fd 3UAR & RIehet AR (HIwA) &1 Jolet A di
IEET-3ET TR @ T HT HMT AGT & WY ReveT FHR (HATH) & @le R A
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& a1 dUTSiioreh SRR (dieh) s SoReiaar 3fihar | IROMAT & 91 Terr & T
Fqar (&2 vd A3) A FA AW A GUH A N Relfea wRAT (3IRTTH) 85-87%
Jed@AlT ® H  FHA @ AT U1l IS, JUAe dFERar (de) fr HOwaH
SANadr &6 Td &5 3R H @ 98, W FAae  dielfesh SedRan (dieh)
BiAFged, UFeadaRar IR NEGENFIRTT FACRI(PISeH) TUT 3AH  Fcleed
SFERIST el & &1 Wig §olel & R diel # aRads & $hael FHar & dMeeT 4
A geanfad &, sfow @ F SR i genfadt & ITOeR T i Scowsy &7 @
IS Al FHeT N 3T U (3dTd, &4, A5 v &6) & TR A UgHW S arel
ST dFIRTST SieTd aUr sﬂﬁqaﬁﬁﬁqum?ugwlﬂa@rwq{m'(w
SIolel 3T ael), €12 3R &3 Yged IR ¥ Ty god (RepaR) &1 718 @ For
AT, FaT & f9ar, dAfta Red AR (@A) @ 3cdeed HIFORT 3T ITUR H
ol & JUeThd 3Tg W weXar fAfgd &, ST R WeRiieE dedRIer gernfaar
FAETSTA_f3fheprse_TT1, arsiodl_slelT TUT THECF $hohdicdd & 3U&THd
e Rolfed TRAT (IRTTH) &, SEF URAI  FoldT@UA_3iidIEh_10-5248,
AT or_STHera_a3re Td arefaron ffaerr JIReA -1 | 58 YR, 4% FHar diere
& ATy el FoR (AUA)  RIANRECT HT Ao B FHerd JarsiFesn g v sqAeEn afe
AT 3T, 30 & & 39 Ufhar & G&r fI &7 3Wehiadr & @iy dfdcsss diaure
ST 3cTcst BIdT Bl

TH FAR I, T oA, a5 3370, & oY, vH $AR HaEd, anT FY, U 918, Sis S
et 3T goiRed ACIR3Ter. 2019, 366: 184-191.

Il aT2 aT3 oT4 eT5 sT6
'\-HH‘M“-‘ “\“”“" 3“ |
(LR I“ | e ‘

| (LA ACR ‘

LY
i
i
i

Aerobic Composting

Chicken manure
-
Wheat Straw

{5l satinon Grywelght besis) Changes of pathogenic bacteria dynamics

TFHNITIHINIESH 3UGA 8q Fre Ssdigwss ReaweRer dFRaw &1 hafas
farecyor

JIAT eI A, Tgat A RO FT 10w ss3idass F Qe SR
WTIAT T, IETAEEE04 & SNAfAF fIeevor FF rFAdeaREs ($9Td) 3cded &
ary fohar arr o7| S fagevor o @2 diFdeees 8 3TRer 99 Utd  HEde
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TosAl fr uga Hr Sww ARARw S T @e e # f g 3k
foftaifodieiss, waca, sHeqs, dieidadiss &, HFger Uicbeiss Td el ufds-
Y188 3cUle g SRer 8 tgefld FokeX T UgHl & AS| SNUH T Scuresd
0.88+0.08, 1.25+0.13 T 1.44+0.105W/ TS IHISl, TSHEC (TATTTHIAS) T
TAVTTAII3 o Jefehls] NUT 7.8 WX AW UM IAT | YfhaAT ATIEST & 3Tkt
WA, shedE  3cueA # 3 A § HUS A e g5l shvd & we IR Ao
T HT AThIGoll I TASUA-  SS0FH  ¢aRT IR 0T fohdm a=m o7 | ScAS
QHgl, Thosh (AlR) &, foldhol faeelwor wad  equr sWed & &= &
THEAGHR, SA-TATE da7 T 3R 3 TATANR arr afF-fRor fmar a@m ar |
Tofehlel, AAFelel, HAedlel TG To[IETAS SUTH H WU 9T AAA §1 $Hed a3
SRIAIGeE (F3NfAT 2Fe) 3R 318 gee & TgFA R arr A $9eE o 68% + 0.9
Fellpelfear  aifdfaf vd SepeRses  Hieadfae =1 whhdlar 3T (80%) 3R foheee
aIee (95%) Wefid fhar | aRome Jear vad). 3MSTEAET 04 @7 T2 HFaeed
3R ST 3cuTed &HAT F 3SPR FIT & S foh JAfaST & 3UART RAT ST TohaTl &

TH $AR, TH HAR, T 93, ST 3. Argiefther RuE. 2019, 9: 4270.

Legends
A Serratia sp. Strain ISTD04 scaffolds
B Serratia sp. Strain ISTDO4 genes
C Genes in selected pathways
D GC Skew
E GC Content
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Gore HIfSURE ARG HET FaT gEAeha AR ot Ay arifas Rweaar #@
®H HIAT §

Hel qRAM (TSSIEHRP) Td G B S5 F S AN (ATSHIeH) IHAN R Hel gRaer
(UESITEnIR) A IrifAs fAueddr & favey  gratcas ffAwr s g1 TssiehRs
ABHfeTT S IEWE ®EA & der 7 3w (T & Sfadieron
Tagur(Beiaaitheea/ AfScseled) td fAueddr dur %R & TR & gaTfad aar gl
A S #, IWHGHEE) & v fE dgia UsH Bes § U Ho aRad
dhash (TSAEHRD Ball) TEgRlIlerd Folaw & RO fhar 8, St & 3eu smdifaes aigar
7 geot 3R gerehar I & smdfw Foit 7 oRafda g=r & e w@ar &1 5
IfAE O & FHeT H @l aT JFARAT, Fak, AT UG Iaus BhHal (FsA Hles)
N wH RAuedar @S| Ig AT & ar, WaRe/ gl AFse r@sar iR W
T2(ATseIere) fherafcer SFaRar & 3aveiiaar & aifd 787 T gl USIwsied Helr
SRAIATEIRT 3T S IdaFer ARRGT A, T w8 FUT AR MY IR cie

g CMehRI AUES! S Wiehe [Iorieoigdr (FegiaesiolnT)  UoSH Tl
fAEaror 3R cdic FraddsAUT B THIfAd el R &1 S YR, I§ IEad & 9T F;

qle & gefd JUT FARNh AHAM H FARRICHS T @ FAT g Fr g1 Jedm, o
IffAd Folt o 9 A v T 3aevor IR FIagoT (Afdarsas) e T 3mifas
HoT Y ores Ales, BFemifod Bwre3aa A vHes HIfAFBET f rcade gfhar
R IEfaar fr Rufa & genfaa a8 &=a &1 I8 3euaa gtar § &F aRada &
et 3mdiferes & #ifas va Tarfae aqui dr FuieRor gfar Her aRaeh (TESeni)
grareReT # 3AAe Hui Hr RAWeFaar F1 AU AT &1 Ig geaAT TATGT Agea @Y
& F Fad e AVEdar & F7 a0 # dod FHHS-AgNd Al TRagh
[BEAERRF) AT H TaEy Shifad sfa@fes fAfder 3iReeied) & 3aeiiadr &r
Xy

TH HIgFEAS, TUH FHAIET, o YFell, & Hedl, S AT, Tel 3RSIRAT, N G, o N,
IR ARMEY, vH Qfeid, TATY fAeEe, U g, UA S, THe U, UH HAR

o v . .
ShIcIFHIPIcllol US Swdsiidce awel. 2019, 176: 108-118.
¥ _’
| | * Reduced cell death
’_:r ‘5" & * Reduced membrane
| . 3 .'_ damage
K . Bacteria
No impact
biomass
Mo impact on
Aspergillus flavus with rAsuicrolosss
sodium arsenita - No impact on
- bhiomass, growth
= . and
8 photosynthetic
. - wil > i ts
Fungal mycelia biotransform A :;B:,:'d arsenic
sodium arsenite (soluble) . uptake
into insoluble arsenic bt * Noimpact on
particle plant fungal
W b« interaction
<4 < * Reduced cell death
b‘q W * Noimpact on cell
Slime Mold adhesion
Insoluble Arsenic Particles
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IS U9 W 3gA A YARCETd GIEeH (JAfRTd H1EeH)

ST ST [EATH IO dlel BIFCH HT Tgd § 3NN A od AT § foham Sfelr @ &,
e oft, Fo &E § 3UgeFd ®Eed & 9Gq A AW th #gcal wReE g
Ao BrEed &l 3Taeges HIig AT A # @fAd [BRar & sRoT hig 33T
# T cgagr fAshed gl AW ST §1 8 & el H, ¥ IR Fed Al ¥ Tl
AT 3cUTGeT H UAECBTA BrscH & TFAfad el S &7 T ey e &1
5afdU, Taol W5eH dRTE It e g VFECHhioeh HISHITaTel dod & Teld,
SIhTHAI TUT USlISH SoNfalgRar &l 3TN dlel S8 eh TSIl &l IUATT lel
W HH ol AT IR §1 SH oW & deud WIS Td W 3 A UAfR S BrseH
H AR W TF JdAelve &l dUT 30 AHE & alibr, gAfeeffodr & s
feRepl 9X yehIer STeleT § |

g #HGell dgeds, Ush SIIHdTl, TH o0, T Uisy. SiAREN calelisll. 2019, 278:
400-407.

reufoio e woad vfivavd-1 g@RT 2,5-RI«  SEEEIFAiad Fd 1 id AT
YT 3eTFoleT UF gecHAISIve 3cure faeryor

IAAST  IEAYST F 36T ANl (ASH IREfATH) # IuAer i 5-grsgiedr
RUTSIFIATCEEISS (TITATE) & 2,5-F  SEahleiiadiolh UHAs (THSIHT) & Icdree
8 Teh UTaRUT-3felshel SHfdeh Gishar Taehfld oeTr ATl FeHAsIdl S Hal & A1 & Juh
fonar aram o1 Ud SRR EETAT 8 Hedichel fohaT AT UT| JTSHIGCH & I,
VTSI Felad THUTH-1 H TIUATH & UHSHT & HAeT FITROT & F&TH I
AT SAlplAdele] HUGST @ SlFd-dghel Sollsel G@RT 3efohiold foham amm o
JHICCATSSIIT & IRUTATIRT 67% FATARUT &TaT Al 38T 14/ Ul TIUAUH (STHUA)
14 et & 6.5 Nva X SIEAN 3R 5.750/Tel Td SIAATE 3Mg 60 8¢ & &Y 0.834
/| T (6.6UATH) THIEIT H FTAGRA & 3T Ig WEfoterd  Tadl. X 9¥# RUE g, S
TIUATEH A RIfGveRT (BelaiiwEn) el H U9 UTHSNIU & 3clGe el & T&TH
g |

IR T, A e, Th I, S g, T Uis, & el SERER SFrdtst. 2019,
284: 155-160.

o Ta WS 3afise 1 Aegaftia 3cael (de W83 WsaeH) F w0

e U TS 9Se - 3 & uds Fl # gaeadr § iR I8 3Ty FefaAs ameen
& HROT Hed I 3cUGT & 3chte Hid & &7 H 30T & 31d 81 Ted IR o
& IYANET g A IR I SN IcUlesd & fafded gRuRe alel & fedca &
didse, Heddlel TG g Wed o FHIEl FUIROT I IFAT TR LT Yepfd AT
3T AT arell G & vy & geldy & S 81 adAEe W @ieg IURISe yete
SIS GHIEST Uvd AROTAT # Al @1 I #RT gl Wieg HURISe yeue § 9
faffea aafoe, e va giaoim  ast & Gy &7 & i gBa 3 e
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IR ke Scures 1 faeaRa &X & dest A o ==l & a1 B 3u3curel g Wiy
3ufise & TAfRId dag, HESRUT U9 SIa®UIaRUT (STidheIdolsl) H gl alell HicaTsal
3T 3afse gate & e 95 a1er & &9 H 39 fhar Jrar g1 sy & w9 A, @y
3fAISe et HT FAAAI W Tl S g JA-3TUR (Wéede) & goaid  Wieg HufRIse
¥ hAd Hea aftia 3curel &1 faega H@en o geheey &1 s g

IR Y, § 7olewall, vF Well, 9 Seile, TH e, ST S, AR 7R, T 97,
SeIel 3Th Searsledcd daeidie. 2019, 241: 619-630.

TARAFHAFST YUTell H Fe sHIFARE ¥ gAGOw BT Feww @R A
g THRT T U 1Y Ic9EA

60fssh afcaaw W AT For & T v yARow TSAF IR AR ToTe HI
Farfera fFar arar o, Safs Fad Fee SE3iFass 3cueT 8 W A | AAT 7 3curesT
uRe # e fAfSuer & Awser IR Ushel a1 & foar s Or, W 3 & 137 et &
TR & a1 vERe 10.550 / T o IR IRT AT| AFEC SAeRRAT HFA AT FAleiroi
T ITAT Fd TAegd YT ¥ @ Td qeAd A ABHIGIS FAGHT H Jolel H,
fAIAer SR S tfidearitesd AARE A Jefd g Ao, G ¥E gRomA
SIS oargIhiaehel T2 FITARUT YUl & THRE & 3cUIGe] HI 3R Tohd adl gl Tohe
T HH P dTel FEARIT & HETHA & HY, SHEBICIHGAH Jehl & Teh THRT Icdlest
Sele aTell(JHIER) AT SiTar A1l AR [degd &1 39T wich HdT vd THiee gt &
fIT I 3T9 3culesT IROTH Hed aftid TG g W3N2 HSROT W e har S Hevar
gl

T HlET, 3 WS, U Ui, asell fRA, Sivd 5, d13s . SRREd daerdrel. 2019,
281: 474-479.
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Tl a1 faFhaiad T AT Sfher AdEeeer & B9 d9 fiT mih1 & TERICAS
Afggerere, @ AT Foafaw AR SNRFAT ToreTe ataT F FH FT AT B

P

amﬁﬁ?rla“rthv

I JEIYT Teh garass (Tgoie) 3R T conftcaser (eehdaia T, didv) &1 s &a
AT S (mih1) & TERRAT AlSe & HROT gl alel FHTal 3N SHEithelr AlseT
& T H ARG Tolelel &AM W FHb GOURUNA HI WA § | Toh J@GlAeh fauer
gert f T & AIA ¥, g4 @ & [ verehd a1 ST & gus # AfFgar & 3
A mihl Frhr &7 g ST § g, oad aRued FascH fT &A1 A g ol g AR
NI Bifcrel T AAROT 3@EART g9 & AT waeafdd # Jef gt § aur
Joldd &FdT HA g Sl gl SoT ARG & BRI H Sdd-Ics s & qrg-ary
Ao dTe FlFcaldd  FT dAT T HF & AT § | 54 AT AF@AT & 33T HelAol
grafheeTal A ¥ gl & FIY-TTY 3oTh G H 7 Y 97 97 [9ash heled®y,
fdos & a1g, 31 3T F AT U e s feam Remes & ¥ @ sgena
mih1 ¥g¢C & AR §1 FHS 3felar, IRonA A @ = § & aeey Afdaat 6
JeT TErele a1 T & FROT Mih1 & TR (mlh1e00130 / CyO) ®  aft arel #Hrar
AfFEar  # MR AT FeesT aiv vl FAR ARy werele AR e @ oA
Joletel fASTeFAdr @ mih1 &7 Agcaqul fAs & R & Jdid g, 3 Awerd gerdf @ w
UH 3R Siid A dgald § AfGel Yaladel &THdAT I JHIAd el dlel dhl HTGT Sl adid
gl

ffaer &1, &0 vy, W@ TE &, Ggd S FR. HERERIR, 2019, 225 247-
258.
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rRAEFad, aseeiFarad IR Aaeirafd qeaFd, s e § & awsa
TrqUe dede tae (HEAW) F ured FEfaw R sFEfAE yque, geey Sl smufise
&1 faear Wamer iR sfeaaa aur & 3wahr garr

IAST 3T HRA H GITEROT YGWOT HT Ush YAW Hd &1 THST 3N GarT 3cteet
3ARISE A HlAA gwIUe dedie tofic (. $8.dL) & TR & arg o g FR FHreiferh
3R Il deuE HAleg wd § S aRRedfas aaedfaat 3R shat & v @awes
BIdT & | THST 3T 3cHaig &l WS 3UUR & dg i Fehfd, faASanst AR fasmeraar
B G G H HETTT ThAT ST aThT g1 SATAV, S IEATT ol 36620 HRA & 3R
TSl & 3eolld Toleol & T fhU 0 A 3ufdse o & WS 3TaR & 916 faweraar
@l RARAT T 3R 3HHT Hodhed BT gl HiTdh-THRAS AYEST & 3elrar, Sie-
AT fagewor 3R wEckieafdd, aEceiFa@d 3R 3uamia ufdse Fo @
SACIFaffdT garT 3rafrse Hefae Jawen! i ugaret Hir 75 o, s@s fou faear Wsver
o, 3R vforme aur vd. &1 3uAer AT IRr ATl remds & aRumel ¥ 9ar =er fF
39T 3RS ST H §gd AfUF Yguor AYeUs (A TH. 3850 A/ |
aT.31.31.680 #HY. AT/, TL3M.3.-1300 FH.am/ell.) | STRA-TATE fagevor & JAffed R
& JARISC FHefcieh Tgwh H IURFATT FT a1 FaT| fAeFT IeTTA § g/ AR el
I BIgeIelirgeh Yol T 9T foham Fifeh Her e USver ver A 515 Fefer 3R die
3T T Aeh AT IUTRISE STor AT SiieT ATl oY yemmar &l €. qar dier & o feq
ol # gdr fFar arar arl . qur o & Ao T ¥ &7 RAffied yaR &1 AT
3srgel (Rafaurge qoRgE, v gifer, d-AEafdE, 3R d9Re o) 3R oA
IEAIAT S o AshlegFerss 3R SafFaues do o€ 70 A 38§ YR, IROTAT &
geira fear & gdieror # 30 &7 & 3T 39fAse Sl &7 dgs q@iea’or & fou
gferd el &

Jqed T, TS U, TUST 31, BRT TATHIHR, T, SiEr, $HPg ARTA. hAFhIR, 2019,
224 224-324
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ey &1 Al Heed § IR Fa¥Y Saed Yol & g 9dod AET H SEH
3MERISHAT glel g1 TAER0T Ye¥oT I IUMAHOT & AIH § W & vd Ty
HWUT & aR # faeg sx & F&ar ¢ W 81 -3 3cues 3@ & e wdied @y
3Mqfct GiARET a3l 8§ Wieg @ WA A TUT FAMAT el Hr fafet @ @ieen
A Haegs @ IAT g1 WIGT FHERUT 3 & g fawd & @y &1 wigafEad
3egedt g Sis v Rffew @i deei(gs WfSfea) & 3w #i 3R we o wor B
ged #H st & ¥ #H A% TG Uleed! & AcAfd 39AeT fRar ST @I g
&eHALY T AT o7 HAW & HROT Wed A et A3 Tolel &1 SAAggian As0T
AT T T IR FHEEAT g1 3a% fARed, &7 # 3cuiegd AT THEHOT JUT HSRUT &
et off IRSEde TeWor % Fehd € | SNUA Wi IMaRISABT & Icdled §d
gerdferst (RepifFaeiee) SvaAT diedfaehr 1 sy 3uaier g2icd @iy 3mqfd & faw famar
ST TIRT 3R 38 T Y AT & qd ST Tied / BHel H &t T
S RV IRARE A F HUR W A AT & ATHRRT YT F IHelsh TR A
fauTeFddr 1 AHAT AT 8 IMASAF 817 g1 T TR, SNUA @I U9 IRURE &9
¥ 3UGET HT S arel SE-gieAl & WY g Al ei(hiAnd Als-5LE) &
fauTeFTar / GRETW ST 3Tt TRAT AT AMT| FEA o Wied FI&TW & &F H agd
AF ANEE AT &1 ARAIT T TET UF HAlddh IITUUT (THUATAUTS) o 39
FEAT & &TAAT & AlIdr & § AR THUATHUNNE A YW SARIRIET T
UITHIMEHR-IMSHSEINR FH THUTHTHUINS & §5 1ol Heed T TATAT g HoY ared
A Fl HEU WTEICIHR & AT AlS FRAFHA  “BS  US  Shogil THT Hegeel
(TH3NEIUE) ” & Al GAERICT & &7 # 3 SR Har ¢ g @RI v aw oy
() Rffe AfAw & dafaa [Jte e & FUiRa == & v sRvonfoat &1 e
Td [/ A TAYAT, (i) FScIhiHAGed /| g9 QftAd uerat fr ugwe, St IWiEd
TR sei(FHET Als-s-d) T RVEadr & #7 a9 8 (i) 98 Tt
RIS T TANTFadr & dF &l HASHE, (iv) SIUA Wi / ®He &1 Idl 3T T 3oleh]
T / Telsil Hath FHodshad AR (v) Weg vd IS T g s weifaat &
forT fGen-fadert & womven, vy saa fafga 2

yeeERdie  IRT Al A3E WRAWEeE # WR T4 9y (AE3E) T @91 A
ot 6l , / §2 / dewadt / d-damRsdt  Reafisr goug & #eaw @ R
gt §

HeARIN (TIHITT) UF hash QY (ATdeiads) § | I8 QAffes @ey gerf & -
Y G IER B M GG Far & N sES Yo @ fAWErddr g Fehal ¢l ITW,
UHTT & I fAWFAdT  &TAAT T 3 dF IHedWOT el g3 &l IR IEATA F,
qrEfaeh TFgAeR & di¢ UHNTT & ogar Qweraar ik affafea @/ 3t &1 gar e
¢l faffe=r w3iva g (12.5, 25, 50 ASHIEAH / Si]) & Tehel YIS a4
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WeeEdded §, (Mg ,) N & @1 A 3N Iza 3cuead aur  Hfagef
@EWeafdan) IR @y § caar A NueAd F AY-AY Gl &THAT H TELleT
fhar| et sefe favelwor @ AT I T wivg & vEedoR @ @RS
F BIEHIRERT giar g 3R dBived -2, asfFad 311 qur @y & diecarss $Ui2
RAtex & gdead & 9@ g8 3 AR IeIEd Fuar ger & ouEd
AZE IfeANSed (Neakh) w6 wieg (50-500 UAUA ) d1 Sgd FH  Higd
& IRUMATTRT  Agcaqu! dUAS TER gl &1 38+ AR, Weediss R &
fafrse @eferee a1 werfaee 1 3UAT FX gU, A A el R g2 RAcexr wahva-
aRd NUASTE JER # T Ageaqu! A Fema &1 shdia aRomAr @ gdr <efdr g
& waTT, $d2 / dovAd / R-dERmRed Qi s w @ik @ giEsa) A

g ANTFAdr 3cdest X ThdT § |

UA §0e, UA 8§, TH oA, T Ulel, SUAdr AcdeIRaor, 31 THg, U A,
cIfFgeparsir. 2019, 412: 79-88.
HBC N OH
HO e
> 0}
OH O
Alternariol

~- ’0
Skin
inflammation

pCREB

o- SEATFHGAST 31 A Fogic TS &THAT : Th NIotelel Faehl N

T Tolsll 3ceed el dle ded (= 3120 F31T ) & HAA UfAS IqshA 1 fIRevor ded
& HH H AGHI(ATAN) o IR 6 58 WET A gefed o- SISl 3 (TEUH) &
A TS 3ThRA & WY Teh IEIAIEIAICST) & | 3Heldh Tololl 3cqeed oA dled
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dcdi(Teloled) & ROT gl dlell Tolsll  H TogAT Ifaafdy giar &, I8 98 & 4
gfdafed 8, W TSI 8 a- SE3iledsisl Toigd AR o & g&h ol uesh
B ofedRd BT T ¥ | oww & dwwedt /@ wg # gee woh @
&ETAAT T ST el & ToIv =el (FIehdl) & TSIUwh ($19.5 HT ) AT ety el A B
Rl o- SE3TFHISS 3 (VEUH) o Hagefer diuvers / @ gyl 3 verslt &
AT & AMEHSHRY) H sFgHeeegfod § (3MENs) oS fRwmr | wduw
Tofolel @ 3UaIRA g & W # aitid Reewsa & &R, f[ARse grgadegios §
(3MSSlIS) TAT 3MSu4oil, 3MSTA-4, 3NSTA-17, 3TSTA-6, STA-2 TG STA-10 2@
AT 3YARA GgI A Ueh FhRIcHS caal HT TBT1 G U ARS HIfARBT &1 3=
HEAT urg S| sHE AR, Th suaiRa wg F gfoRen SifkwEt & 9l g8 wear
e A9 + AR A4 + & o q@r I ITEIRA S & Fw H META-4 &
3T Yeheel o WIY-ATY SIUAT-3 TUT HW Fohrd IRade W Tl 3Ee faRed,
TUG 3UATRA gl @l Al H THIRTAT 2 3N 98T & R W aua2 wgefdg,
TS ZiEhee haed vd Ae A RAvefen 98 §¢ g A fAshy #H, adH
eI o YR fRar & wSiuw 19.5 FET HUIRES HR & AT Th el TEEH
Tolole & St fTCerel / T TEI(ASE) A Uelsll Yfawem wfdfhar & wRoT aofdr §
3R HaeeTlier il & o- SIS3irdicTosl TAISH Il $Mslel & HRUT gl ATl Teloll
A U FAgcaqul HfAST AT HeveT B

3R T[T, T AT, T A, S 3NeHe AR, NS gfaadl. segiararers. 2019, 224:
207-219.

¥
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Mastoolloount

[L-4 ooure GATA.3 count
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Western blotting
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fEARF-$HETH20-TATH4 GTId A FFIAT AYAT gUeiFaad # Ao @ &
AR GART 3T FH H FA HTAT

HTATTRIERFAT (FTSRITSHAL) @ FftT SR TH HI B2 AYAT & JdTolelel H
AgcaquT ANTETelehdl & §9 # U1 9T §| IeAMW, SHA HiFATT Ufdsd dF & IR
R AfFAT §1 58 3reame @1 3egey iRt soaler Aceifoen a1 RfaafAa awe &
SHR TH &1 AT Td 3faiSe & Ay g8 foleh T Ugaled el ATl S8E AN,
g AT R Taeer Tgl # vadiois/ HaldeaEs IR a89 2 AYAT $3N &d H
Alsgelc FA H, ARG, TH Foldldlel I Ade HIHAST S I5drel HAT g1 TRomA geffd
¢ B rfdveeaddr 3 ggi # 3R ' & IR G AR sower a9l
Yeheel I Bl A T e, fSash TRUTHATTRT AYAT & SR Tofhiel Taa=d H HAl
TS| AR A Toh eI & T RER ThATN(SeFEI) Foh TESHRP-SBUH20-UE TR
qrYd H SIBAUS A g I U IR AT, ST TR qel-Si3e tH & ATEIH @
giSe & a5 M| sEe IfARed, AYAF (SEEH) TgI A Jolelt H HIRA o AR H
geariiAe (g v @l vd WIgg afafafr & serm Al & udumd 3R
Ao afgd dIE3me  Buse M-udeiRes N gewesd T Asherd HIABT Fg(@el
SY) H Ul T IHEAIT @ Wied IRUMH |, HfdTe[hraRerddl (FIEmRaersaiiaan) IRd
ToI-ACEIT  IEAGININ(TRATE) Td Tha HT &fd # $IR &F & i i
gfte &a g S & IRTEARemEE, 0 Th AWe  @e SR ®&d
TETH(FeeT) GarT Qe & 78 | Fw &%, AT ¥ gizm dw & [fSe
mﬁaﬁmﬁm@a@ré&w@qﬁmwwmﬁm@mﬁmmﬁﬁr
B HRIFele fhar ST & greweasaifAs gueeieafdd & offid = & fau Fde
Fafercd @melt &1 fawa # T B

dish UTS, U AR, TAUR Wlel, 9T FheFehs. AeleRk Aaafeiar. 2019, 59: 41-52.
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AYAT # Ivies WAT Redlew (FTMIR) weaeyar WeRifFas vdcadffw @i sere
s

Jedeedl Sfoepl (TesIcalicH® el $3R) T HgcaqUl Tehel HFelel 3l § S
& Ager W& & AU Toh Iuraar AT Jomell & F A w AT g AW T
weifra ol R 3o HeAwOT, WIRET ud el A Sfew w9 & WA &1 ot
TSIl ael GaRT <39 2 HYAF (SASES) RfFd(actsss) &, o b sgioe ufade
I Fedl oal § IR AeR Tohlel WAMEUT & ST HT Bl BESTRISHAAT
HABCIPIesdd B3NTH 3cUlcsl Td Weld & TAshld I 3dfold axdl g off
ATPIess/ Thless Td ﬁﬁ?{ﬁ'&ﬂ%ﬂ%ﬁﬂﬁ%ﬁ%@éﬁﬂwa@mm
sl & ot SR SfAEefde A sgrar &7 § oras aRumaeewy tdaifes Sifie
AG(F 39) B §1 $IN FAt 7 gifer fafre SR AFTass A & AeAdT § g
& HeE §, O 3hless W& REdied (TNIR) @ Wéed & & H S S gl
g1 WIEET # FHTEIUN(HI-HEARE) aRade HITGMERISIT T $hig-HIeThEhRISHL
P IR P § S B IR QPRNERF IOt & GHEAG & T e Gfhat
@rgﬁwqum%{&%Iaﬁqﬁm‘aﬂﬁﬁ%’mwg@%ﬁ?ﬁgﬁ?,m
SEHAAT | WS Sooll UG grRaiFad-fAfsues e gy affa aaay wed
[t &1 werfd & qNR AfSve nerhell va varelies qrYde T @A g1 59
et H, AYAT § I STt H yerfar A AR qrerde H Hgenfaar wr vzd fonar
AT R, ST T, A, Tehd ot Td AR & e nurfaes siecie @
HeSER AT §1 3o JHUTTAeh GEASTAT S Teh Sl THS AYAG HGLIUII3N 1 Uehol
& T 3ead R eI gohe & Tohdl &1 o H BscihiAsed & Hged X o
YeRTQT STell a1A7 & S Y sdidel  $3IR &&F ays Sgfed) & &7 & 33w ® ¢ 3Rk
T & SN PR Heq SRR B e @ Seta ¥ IeRwor R o
T &

dish 913, U AR, O herehs. SH ASAS. 2019, 216: 246-258.

Type 2 Diabetes
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AMFEARITS eTfFaepIars

TTUTT THh a2k T 3P AT T aciFddiarel & &7 H sRRd ¢ | favfaas & 33
WA &9 A TATT A S ATl AU A Heedqul deilioleh Sfeleifebd & &A1Y
fFAvaar fawfad e 7 Ta77 g1 DTAAEIHR-ISINEEIIR o ol deheileh I WTTAISIHR
I &1 WHE Acash URAGASN H YA AR S vd  $F-UhA7, Feh, T qUT ST
T TE T FATRT IRASART F gl T | T8O F Solifaas AadfeRasy
(BUATH) & HRAWOT Td IR =0T, fAWerddl Hediohel 8 HRYOMST / 3T / Teheiiehi
& R, ANAFT & fu Rar-fAder, dwfeus Afsar gur Jfgs gonfadt & Ty shfEas
ANARRITCH (FUATH) FT BhaT TF 3id: fhar & d7 Aaeh Jregaeney Ff & 39 g3m |
HEATT o 3MSINSEN, neansvad, favafacaredl, JeTaurT FEd Td 36 & Ty aAelr
dehelieh & &1 H dlgsic dcash IR fhar &1 AdiaeRIed 1 GRat / fAsrrddr &1 3iehole
e 8] O A Hecaqol AvT § i) AHT UG IHR & wE; i) SHEA; i) fIeRor
auar AT AEY iv) 9dietor Alsd @ e Ud TeAge; v) Sa-fAer & wfa sa-faar
SFHLTAIR; Vi) SHICHFATAL; vii) HFYLATS AdlcHFa Al T viii) Shael b fageivor,
So¢ AiFATAd %l 1 METhal § | AAAORS  cIfFHPlelloN HHg & deATiotent
30T AAAGRIAT & T TF GATRuliT gHmar & ST Hiall, 3o3ehl Avedar & &a
HAT FAT  SYAFAT 3cdrel, TR el 3curel v Rfhcdr sueoil A gaer Frfad
39T GlARTT He &l

T deerss & iy @Nfa S ewss(Esvat) Aoy J T H
HIEIIeFNT H guR

Sp3iFarss(SsuaA3MF Affed 3HRT & dAdlhUll & THh TEhifde Iwess & arda
frameler fFar a@r a1, U©d 3 @ A Adeunr & Eydeor g
I wieramhr aifafafr oW sasd yea @1 areawe fRar arr g1 deegs-afa Adiewelt
o A STAE, ol MAA(ASTT *) N F Ageaqer Far &1 ygdte fvar wra fagr 3k
Igl oeh foh HIRABBT o e JAN-aT 3TATRA M3t & 3icfeled e BIC HUT IMHRT &
am@rgéqﬁﬁmﬁ??rﬁﬁﬁ HmamﬁgééﬂmﬁmcrdeI sqs ATaRad,
Ueegs-HASd 60 Al He(TAUH) G 3Hirarss (ASUA31) Jar-ar for $r sufeafa #
IR FEUCE H Jolodl F A0l o7 HHA SHACHFarae!, wH JFdsiea dema 9T
TR, HA ATAT &7 Ifafhad iR 7 srEgaioifae addr yefdid faml s aAstenol o
A Hifagd U9 TsfAa vew fQar # 3f0e rueigewxor Far , ohsf@a & ssR
HEURVT T Hhd faam, 3R @R senon 3R qlifed arftifcas gd-gratcaAs
Tolel &1 JofelT A TFH faar A vEhTd -1 YEi(AESH) H G5} FA-ar @Reqor 3R/
3T caar & Yede fhaTl d@HBIR) & A, 3eadd BlEveaR g S8 Utess
MR S HTFASS(SISTAN) AARUIT & Tfeashedd W IJg JUH RO § |
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T AfEcT, UH TEEMEAT, TS JeAT, TH oA , TH g, wH o9
v g, o ARy, FuA. FEA, vH PR TdTE. veass HRIew
SIS, 2019, 11: 56-72.

Am Ili athic tide
Unmodified and modified ZnO . p 2 o

nanoparticles used as UV filters Bare ZnO NHS/EDC
nanoparticles

M9 modified ZnO
nanoparticles

uptake (keratinocytes) uptake (keratinocytes)

I

| Higher toxicity | Lower toxicity

1 Lower intracellular llligher intracellular

Lower photoprotective potential Higher photoprotective potential

S JfFurss Adwor  afvg woadd Reafds oFew & Aegw § 3o g9 god
IER AN aTet @l A THa s TrRfw Rew 1 afior 73 §

sgfoe 9fci 1 #Alerd 3N Al Towlgliad Hel el Siellsl (TAUTHTas)) & T Th
3T FI AT ST g1 TACURUAS 319 faed s A FgraAy i fPufd & 9ga a5 § wd
SHfoe GfcRIY & Aehed AT 36 W fAA0T 9o W%ﬁﬁéﬁﬁnﬁu@?ﬁﬁ?ﬁ%m
# AEged A GEET H GgEe Agdql Ul gt B
fEaegeies gufesh fauieiafdd (SIvaver) #osdl AR el A TAUTHUAST 6T TgdreT ao
I g1 SHfAT, TAvThes & Rfscly e A Sivavd gefr w wH w Ageaqol
8 Tehdl | o TaaY Aiser H S@ehl (3T0 THT JoFd 3MER [gTS-the-sr5e(TATHSI] HIE
@) A g & Sl eSS Adlnul (ST TAdTE) o tauksaRa fRifes
Eefde ik oy dgfo 9foly & ool &9 @ #A fHRar | e
HFAISS AU (ASTANT TANTH) & 5 FUETcHAS oF  H g4RF  wH3mEHREN1-
Tolchal 1-UTHAUIS & ATEIH § Hohd fear m o1 o8y arseda OAT & Ta3Rsadr- 18
a RiEcFes@if@a) &= fGar a1 St sudr cafpeedd eaar & @fAa &=ar § 3R
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S vauwdr Afswes Svava & 3ead (3EeIle) AT Bl TG el THohd &
g & G sifewass dAdwo(swEst wad) A 3R 3Ed S Tuued ged
IATAIAT & R holifiaiioihdl  EARCAT A I8k el & v T Rifehcdr
AT & &7 & F7 T Fovall B

TH PRI, Th &R, & PR, 91dr sfager, @ 9coll, U die, TF 9V, U9 9eaArge, 3
Oy, 9 #sd. aaAsf@d. 2019, 30: 210 -222.

Insulin = ZnO NPs

)..l"?'w?}”.’E.‘l_‘lf:ﬁ"-.‘?}‘l’!l?}iﬁﬁl““ XXX XXX Iy n
v .‘f,'_ ¢

"""""

SREBP- t SREBP-
{ 1c 1c

.:?
FASn ACC &
\\\

~ Lipoganesis/ \\“’\

px N
\\\\

I B S0000000POTOO0000P0000DFOREOD 0D,

“Urs u““
HHuHIH‘I}Hﬂ 3mauu(;(‘n;im'}gig'nmvu

TEBRE divw # Siw 3ifFaEs aawor @@ 9Ra fid saRads i & -79
FfRAFET F A F F3 T aEfFra nw

gl & ant #, Rffiee el & fav S sifeass ddiwvi@suasiey) & a3 3
W 3cUlesT A dsil ¥ gefe 8 W § 3R U Fradiide UHIoR AT el Aféeq
& N THRGR & d96 H 3o W IR Taed §AEAC g §hdl 81 Tedr
fawrraar & 3iafafed dF &7 gl & F g LTS fRAr T §| IIAT EIIT F
TaelG, FHRATCH Jomell 7 Fih MFARs(SIsTA3)  Trdied 1 ScaRadeteiaar 3
M TosT AE Bl AU, IAA JETTT FI 3652T UF FoA-1dgl AlSA & ®F H dlell
§FHCT ST &% BIgsleelve HIRHBAT (I -79) 1 39T Fd gU ol 3iferarss At Foif
(SIBTANTAUTE)  HT 3caRadeTd &TAAT HI AT AT AT | TETTT of THAAT Soldelel
HSHIEHIAT H Y & HY ol ABAL  carm foih  3ass oA« Hol
(SISTANTANTH) & Hgcaqul 3caevl  (RAfTeAhehe 31ceh) ol Wadel fhar & | e
JFASS Al HUT (JASTANTAY) (1-20 ) pg / mL ) F THRUSR 3Wd gfatshareie
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Hirdoter gonfaal (x+ @ < 0.01, *+x d9r < 0.001) # Hgadi e & @y
HITAT SHASOTar (Aol ars3ifoerd) & Hall aar a8 | gt wldfsmarelier siferdiet
golfaar JfeaRfca daa @ IRT &R Tohdr &, oad Sdleiads sedeec d2dT 3P i
3caRadsT giaT g1 AT TH GaRT ShACirdrae! &l A & ATdReFd, TISIIBRET it
Fgée A # 2.84-76 Rade FAAURT ST BRES 3cURdds TH @RI q@r
7| T3l 3iTFarss Al HUNSESTANTAN) & 6 8¢ F TR T HIHAEHAT s, 3TAT
afa 3R scaRadasemar S gsft SiaeliFafad tswase & v & | P &
qROTAT & TE T AT g3 & % Tk wss Al Fuil (Ssvanvaded) d dd
Arsehel 3NEC, AT TR TUT gHh AfARFT HIRNAT Hog (AT 3Y) *I FFd
fFar | FEs & raRf@a IsaifdwEae MAMdRIE 3mEEs ssa 'fde @
3YANT X Foll AISSAL GaRT TAITcieer AR H Teh Hgeaqul (»+ &7 < 0.01,
#++ @ < 0.001) gef& & T AT I AT | TN YT d@h H  fAvhy i
HiFASS Al FUN (SSTAHITANTH) F FAUAGUT STGEATTT FHI HTERISAT Hl TISC &
T ofka &= € |

T & S, 31 g, & g¥, I AN, T S, el % UCAIgs elfFHelee. 2019, 39:
735-750.

P L

Cell membrane *e’ 7nO NPs

* .

Mitochondrial
Damage

;Jﬁ

. 1. .,._._._;..

. [ L o -
Apoptotlc cc“ dcath (G2/M) phase arrest Live/dead assessment Micronucleus formation

Giw JfFaEs AaFon F 39-dly gEI@EE-IFge IRE)  vEwdeR dg o
yfafraGrage b W) & ATeTH { IR g fiE # aRade #1 FRor aear @
dd TR SaRT F&TIcHF JaTa

S 3TFass Aadiiched (ABUAN Tolllyy) T80 U6 ®9 F 39T fhU S drer
AAEEl A F vk g AT vEEdor & de, ¥ A Ao e A ST g 'hd &
Jer fShfAed [AAYArT & FRUT ¥ [AuEddr &1 IRT R Tohd &1 TIHAT JHETTT
H RuFdar & & W F T, THT S JASTN Tl (- ASTAIN Tellle)
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I SA-HIC H 3foholised HISAT H ATNUTHATASS IS TAR ITH (W Tisr-o-5l) FifIdT
T YA Fh TRANT fhar s an| sk HfARed, 28 Al W aww v FEy
39AR & dTe 10, 50 U9 300 AN/ R Fr Gk R Fad@ gt & efdcdias oeg 3@
Thd AT &l W A A3 Ty (- A3 Toihie) TE - ASTAIT Tl
JAIcHS T HT Hodichal fohar 37| W-ASTAN TAd S Jolell H N-SASTHAN Tl
A AR T A F FAA A R efd T W, S e gewgid
ATSHITHIYT TG fRrerddiaisl gaRT S@T I AT WRA SIAHAR (TTHLT, TTGIE!, TUadT,
frufefaer, IRe vfds vd JRAM) & §¢ §U TR o W 9T, S Iha A IE F FF A
AR afid § | M-AST il & 3U-cg HEY STIR(FS-3FGE 3Rl dede) &
qIg, gufesh W-SHACl digalfdhed (ISUA-6, ETATH-o, U THUAN-9) &I 3U-33gelc
fohar arar a1 S 3rage tel WEATH (THAR) T FihAAT & HROT il gl ol@ent o
gufed Hege o WIdew @fFafsa va gcefes) qur aRafda sefeias 3mReT ()
Reafeer saARy (§%Red, dUh, SUGAR-1, TAEIvd TG URMIcs) & Ydhed H
3edTAT Jef ¢El| IE IEYTA $H S0 W o &l & o ASTA3N Uil UeFdloR &
AT H A% B Heg-igFd &ifd & gl Sooel e fASTes  3@ge &har WE0H
(TRAHR)ET ThT § S TAHAT P SGN(THIC) P Thdl gl dA, - ASTAN TAUley
A NUUA-SI-oNol & A $a o JASTAN TAdley & ol Gfafsharelier qureasma(@ha
e Urqel) o gRafdd & TANFAdT & HHF H AT Bl

Th Aaredd, U A, 3R Ay, v 3RERAr, S gehrr, O SeTerd, U 3R, 9 [,
TH UCARS, UH FAR. Seio 3% 8 tfoded g A= Us sremsh. 2019, 52
270-287.

Hepatotoxicity

* ) A TFR-1
Inflammation (APR) 1 :

\ o "“:-hFﬂa‘—TF (‘\l -
‘ Hep & Hp Gene \_ - V\J
A SRR / »

In blood : after oral
administration

ll‘l:" 2“"'
Zn®

ZnONPs
0000 &' Hepcidin
m’/_/"' . Protein

6eeed

LA ®® HP-Hb complex
I \ Low Fe¥* |n circulation
Fe
E w heml: wnthcsm
Heph poa * “JLDH & Hb
Duodenum

Stressed RBC
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W& FRIT Fiewegee vd AT yomelt F @y 37t ER frar | ahw - seifaas
S 3TFASS (SASTAN) AFoIl FT TG

Sfas womelr #, Aol (TAd) Td ORE TAeEged & @9 WER R &
aRumFrasy  faffies afass TeuRke 3FBRAT) F saf@s FRAr &1 @aATr gar g
NCAT M & THEY il FRIAT FApithol Ta TTARET TGS PIAHTIHT(GFIT ThereX
ded) FI AT (FHIASo3) &, ordd IRUMATTET IR AWerdar & @y dig Fesnd
Il Bl 37 RIS HT 3T P HH A g, THE - Folllergs G ieargs (-
ASTA) AARUT FI AMABRATSASS AHS  ITH (NUTH-SA-5fTsM)  Sgerh(derR)
3TAET I AN Far = & St F AARu (vAfTd) H Tdg eI Yl Fd
g1 3T AR, T@HI(3TUA) o7 FAhUs HAAAh JASTAN (ST ASTAAN[T-SISTA3]
AAFUT T TI-ASTAN AAHholl H Foll PRI HI AAYAT F1 IRA FoAR—A @Ry
el fRar| aRome gefd § o d-aisues Adiel @ W-SIsues Aetwult Hr Jore
# AHRF AT A @A W8, O & & AT (resiien T [@eh) H W 7 oue
TI?:ITQJTI%Wﬁwﬁﬁaﬁ%-%ﬁa@%ﬁwm‘aﬂﬁﬁcqmmﬁqu
eI HT| 37 faar qewzer 300 v 2000 UASH/HoN WR AR & AR Faq <@l
TN F AU GUE GaT qUT A amr anl wfRER 3, Seieger &OT faaRoT,
ABCIEIFATAE, TG oihUll & FHAPIREACFT W FT 3T 3eqTAT & Hohd HeIar &
fF M-IETast Aty tEFEdRITE A TI-SEUSA3NT Sdieull o U, 3Ta 9ot
HIRIDT A, Tohd ol Td YOl F ol Fe3RE g3 | 3§ THR, UH dTEY
W(W)mﬁﬁw?ﬁ YT o AAIRUN(TADY) & IFHINT aod T & fov
Wi segeR(fefacs sEfEed) arse 3uesy &1, ot fh ufarer gomelr fr  afshaar «r
AT A &

T AaEdd, T SA, TT W, T AdEdd, TS Ied, ST Jalel, Usd 3RSIRAT, 37
&g, T Uled, TH YA, UH AR, Seidl 3 BHAGHT AEdel. 2019, 108:
1872-1879.
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GRIGEACLICEICH

HTHHTSIR-ISINSEIIR # v avfaas a0 Affes A0 & eavonens e v
3cutel 8 G&T SeT 3cUeel g HRRA ¢ | I8 YA fAamees wsifaat &1 e wame,
ThiAdhed, BHARGCHeH, Hied JHYH, ER/ e Alsieh, UIsTd Heh, Thides favd
dea g #r JAffea I & 3cuea, FI-TAhT t9 30T & ey 7 AvT o & ggraar
YT Bl NI U4 SR ST i hd il g GI&T ST i NSHST IREuRer Fiepfd,
TG & GUETOT AT [s ofeRedr YiFed (Shvad) & 3SHST Rewidr & qurel & I
YHE 39T | WUHINESHR-IMEIEENR & dge aRE & RiFafaeher ciirgentaist
Y & YA Shuerd fawrerdar wdietor giaemr a1 @#Ator a¥ 2014 & fhar @
TSITEENINR, WS WTHNEIR IRAR H TUA TG WHRT &1 H gfaarg T JAeT el g
o srcamyfaiss Shoerdy fasTerdar aiefor gfaer 1 3ika gred g3 & | AR folaw yara &
qgel @ e, 2016 & "ol U TN SWdl W GAROT HETTA" g FAIOTIT YTCd §3,
$h IWId WTHIMSHR-INSHTSENN ShICIFaTcliol HEATA el & PRI &F H TehaATT
Suerdt  gaIford TARMel &7 a8 | a¥ 2018 & S\oT fawerddr, s-faer 3caRadetaiadr,
WYAE el S Sfelel Td cadl Sl Fdeeledl & Heagel g o Sfiverdy yaAodT  gred
B3 | Sfef, 2019 &, fvRIedr 3cash fAfeTor & RIer §EATe & qleor Faem A e ade
fOWTFaar (Segole SIarAAdT) Ud Shicaaiaes & &1F H Yl oI5 &AdT & Yol foha|
oY Ud HEYH 3¢TH, WHR AR Tefod Aol arn fawfda faerer fafatar arer wargsit
Td 3curel dr dRgen RUf g GRET Hedihel 3¢ 3cUedd & G@RT  "Ad o SEAT" &
3687 & qUT el H 3H FAUT H FAcdqul ANIe T & | aIRTEAfaE a7 A A
JeNeh FAeATdl Heuh & AR gf¥d dea foadifhfos ¢ td 0 YHR 3= Cifthh T
arel Sfial & ST 8 Tohd 8, FHeSdl A Wi HW(TS ¥ ) & HEIH § TR gl
3id # iR T9Tal & IRT I & | 3d: AT TELT & IRUYET H qIRRYfas a7 &
fafdest amell & v fohT a0 agfoleidl el 7 rEANT & deTor SN IWeT Hgea ol & |
g% JfaRerd, 937 F&AT H YgWerl & gl ¥ Hehelol o ARl Ashf@d #er wd 3%
AT T HecaqoT § TEd §AT W 3o &9 WEIAA §g ST Hbh | Hams
e @Ag arr fav 1w fawy @ () g vd SRae qur AH H HAIRE g 7S
faeoivuncAs Tdeor faftl &1 faw@| (i) Sverd oo & 3Hdea U arw fafdes
forarereh feenfadeil & HTaR TG Td Scdrel 1 fawTercar / FRAT & Hedisha |

HET Yo, 0N A el & UF A JA a9 fFawt &, a/ @R q7 aamwwT
wwsfaer @, aRafda ofast ofde sk 39T g99ay &1 gar gaar @

faeq R & HY & cFUH IUWNT & FHROT AT ETET HICARMD H GIH & JIh A
g1 & Tl do IR F HUh H W T hOR, 379dre, [ar, ofeaw 3R reamsR
9T 3T & Fhel 81 TG, A@ehl (3TAH) o AR & ALT T AT & fhdAEl & 7T T
AR & FHEA H Hleareeh @ IRG TA9Had ST H AT wA F (AT A FIFAL
3rRa ACTfAFd &1 3TART Al H Yacd  fRAT g1 JEAIS  H 354
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SATAHTT A eh(HTFGHLA) TRdIoR HeATeT & v dpfeus sarias ARRAT & &7 & 77
IR R S Neaf@g ARAT i TUTAT FT ATl 51 Hreareen & arfeT(Tiased)
¥ 7T 3R R & A7 T fhv 10 3R 349 praAcTah-AE TSR (SIE-uHATE) S
39T ¥ 7T AR OR & Al & IATTT WBSer W 7S | ST 1 fIewor ve
SUTEAT el & U FAecldRUe Ul R$fFaesl Tvad wryd  fAReivor 3uer fRar arr
gqrl Ha:Rwfa (WEead) Tabey Wwsd f ST ¥ TEedles el & aR AR AT
all & Al H Sed G HR H Gl Tl g, S fb ugHe fhU qv wwmoeRt (37
AHAT & : AT 0.9766, 3T ? = 0.9130, g * = 0.8703; R Al g faeeer;
9961, 3R ? = 0.9698, &g > = 0.9637) & MR TATUT TG H TRATT HT Frd
& Bl HFA & FHeAl & RE YAUAA Td R & AHeAl b Helg IAI<dl H ggEet
FeAd THUoR & fov e QAficew aaogdr & & & & 8 oA s
TIOIAT F qrud fGewur F gar ger R e tfas guuaE, Feil garday
( TTSHIASAE Td ST Hisfaer) 3R TR TATET (s dera) dresnrs
THEIGS HEET # UHIdT 91T 10| gdA eqd o gord fear § o Shd-uvAvy
IR AT THFT dICATR & THRAIoR IHTGIRIT HAlld 7€ & II9aay Agaar
P Il el H TGRIAT HX Tohd g

IRT, ThfHg, THS Uesh, UAg, A Hhe@dgsd , dr §gilr
THRIR 31?\'%'&?? FAIRTHIT. 2019, 226: 636-644.
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yorrel fawfasrer va ware Af@w qearee

HATST qAEOT & ATEIH § TS INWRAT & ® F 39 W@ @ TaRedles ¢l i v
TARIS TFaUloR 8 ARG TARZT W USA dlel SANEH Hl JHST & [T, IJg AT
e ¢ A SAeRew aeed Aoer 9fhast @ F4 gefidd aX @hd € aur
frsrerar qut oAt &t Serar & Fed €1 3TT ge SiefAs Shie & 3HT ¥ oifas
gonfedt # AT & YHIT P FHASA B HAGAT dgd Teel g g Bl sah
AR, Selerifes TradioR & AR & &9 # 3o SlAe Tdel & 33eYe &
YT A T HHGA TR § IR 3H PR fa¥ AR HT gguel g Tk gletor
uishal & &7 H B | 30 THE HT 36T SAfdd oA & [Affied TR W @& vd
3y Aoy ®E9 & gorEl &1 aoled v #fasganh ae g @A ardtst
TTSEhIOT o] el & AR dfcehel Tareey aRumAT & YH@ TeA3il & ggiiel = &
$H UHE 1 36T WTA! UF FH SN Sifdeh Junfordi &7 I5e8) &l Heqdel el
# §, VI Yehed U9 IRURSG fAWTedar #AIgsr # gRade T TREr &, afdse
fasTercrar 1 fhanfafties @#sT 1 UIed & @ SeT & Yol: Tehlehd el 3N 3icid: o
fawrercar gfafshansit & sigsgameh a4 §q STAERT & fahE vd ToAHT HE g
AIfFEhIclfSTehel qruds Ud  SeT faRelvuT 3Ueol &I Ygdll & HAEIH @ Teh Tehldhed
ShAaeh @ [9hTE AT FEELT dUT GHROT W WA T 3Hed &8 & gidgad
THTET T HAS & THI TG & Teh HiHeol 3T g1 GARONT @A & Tlciehel Fomat
HI 3Tehelel FeT g faferat & oo, Fedihel Td 39T W A9 e fear arm g
gah JfaRed, I8 varg 34 @it fawed Aa:fhanit &1 aoid & & v whied
T&T0T R & Aedihd W R a/m § S d9ld & 3ded T Sfifad SoTenr &
M BT & AT 31 Yaricrdl H AT Toleh 7 #rars & fafer i sfasgaoh &&= gq
wWﬁ?éﬁ@Wﬁﬁm?mwmmﬁlmﬁw
Td TR SIEH Hedised THg & a9 © () WA a8 A @rT Sifds gonferat
& ISTST HT EIIA; (i) 3NUIfaR Uehes UG URURS fAWredar AmEst H gRaded #r
eIdIeToT AT dUr fafse fawerdar v fhafafes adgr god e & fav ser &
Tehiehd T, Ua  (jii) fawreraar  wfafseansi & sfasgaroh e gq aaA asfad
HAT dAT [AATT AT |

YyHIYd  UEEdles  Hael  H Newa wwmewme fa50vw & sfavweds @
Iridiss gamt & foaza 1 Rueraar # aRafda fear

SfeT TR 3R F¥ &1F & 39T T ST alel Toh 3feleldreliRel  dhleaern , foiss @r
THIYd HH GUh A gg(T) B HAW F W WiselHA q4500H  (Harsded) &
goheed A AR I A 9Ra fFar 3R 38d weard & SderRiftes TRedeR A
agEh Hr gfdfshdr @ gRafdd & | ages gg H1 gfdfhar # aRade g 3Ter o
N GHS &, °I¢ PN ol B gHaqd TS (M3 0.25 AT/ faharm dnsaed.
I PTT 5-21 @A) o gHarR fosaa(dr.3m.; 0.5 Felems/ far veg 5 f&ef) & &y 9- ar
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18- IT 27 ATdg de Ideisr fhar aram| fdeiss dda & Wea dasdied geead
gefsr & JBhdr IR Foch 3G A Wefor Washivd gefr # TREe 3R @ffass &
ST folsed Y AT & Ay Heddcy U7l Jdelss AW A gHEE & HIR TRT A
HEcdqUT IRace a2 ¢ f ¥ aRace I & aRe Mger dasdt 7 gefar & fav
3fAF FT F 3RS & Tha &1 TRe=ew 37 & 9- a1 18 a1 27 FeaE & Kess
Harat a ERED E2Y By Q5T GICIERI]
& gAY &t 7 Reaa va3 vhafedexor 3k dAvar Ao (Af¥aa) & gRads &
gar orl {dies Taet & gl & A Wed desditg F 9 gedE F Yeikid
FHIHAGUT W TISHCHISC IHThAUT & Heca ol Hdelt ARITRIoT qRacsl &l qar =
g8% HiaRed, ddeles damEl & AfETss: A wacafdg # gefer &1 vh a3 aRAwr
Tg i foh Wsrel Wargdied i s@r gg fafhar, SEd aRomaAeasy IRE=lr g
# aRade, Aftass & foisd & Sgr g3 @9y vt Ward & tiemfes Rfass,
fawfaae Fael deerar § |

T ey , v g, U Haredd IR M, 3h 9l , UH IYigg ,  ar
faeda , F WAR. aAfFAdelsl U8 UCass wA . 2019, 371: 20-37.

FHAT FARAA(EFdca FRiffw) & R{em §F rargs WRa tRAaes aRada
EGER

TARTSS §991 3R ad & JUId T g Heard ¢ ded g TeRoig vadhoR
(Tt 3R HISeT) & ATH & FaRES & oo (@A) 3Ta taaulor & Awerddr &
Thd g, A" FERAE da#Fe [GeR @ dhdT g | JdAe 3T
A, JGRI(AHTAE) o Feligs (8 AMH / TA) g Heeh veEdoR (30 f&eN) &
YT AT ATATIOT NHET F IRaTdd 3R FIRIAT & AT F s@dr wrEEenar #r
S fohaT | Al TECTAIAERAT  ToH (TISTH)A Feliss & TFedieo’ H §qUT SieA

dISHCHISE  THAVIEIS Sl SgHehise  Hadfder (3cgelidIvd) fhar am |
e fAurseles Sier & dq0l SielA asdewise 3THAUT (STegeiaed) 3R

FEATCHS Tl & AT THE qUdar & A dagy  Sifas gferansit & afFafaa
St hfAusers RUfd & 9R@dd & Fhd  fAddr g1 wHX divav
gISW AU & HFFc faRelvor |, REga(THEBRINSTS): HRicA®h WET TAITATsT
SeaFy IR N TR AT ¥ dfivady1, tAsaTd?, THTAN11 Td fivdva! ST
# tofesd aRade 1 qar =el g, S & traglioeer  Afeard Basmssel, siosl
Foifom3EAEANaT fhar,  dae Anleaag /fawd AR
AR 3fifecaleamee favr A AT 01T &1 adAe 3edhqeT @ 9ar doral § 6
foAdr1, tHEdIUd2, TATAY1 Ud fivditgl Siied H gAY SUAT g fAusereT
3eTch Yohced & TR (IRTAT TR) H 3WAd! ed-AfATdT & T FoRBSS BRI
goaar &1 aRomH ceid § & s el & werss 9Ra duav geww fAusera &
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THHST YogoR Higary STHAME, 3UIEY &I 376+, USASHad, Fagell Juel & faee 3R
e ARIAET & STET 3ceeT 8 Tehell 8, $H TR heblelld FARITAH(Fholce FoRITAE)
T SordT fFerar g |

Ty sEadd, WUd, TH daead, W AR, T §%dr, 3 GWWHAR, F Feodd.
SohIclFaeldisll US Srarsiidce dwer. 2019, 169: 410-417.

PIITFASES TBFAA o 38 THAUH HISaW Tehdsl & ATLIH T Sivav &fa vg
s aa@ A aRa frn, B §F & ey Id@d trEWeR & deeta esy
I(3m8) Wswew wfFafaa &

grseFellgl (ETd) Ush AUl aRRetsh & TSeer SUAleT qdierel WeTer curar # fohar
ST 81 8 i@ & FA/AI(HT ) TR & 3icdd @38 Aol tfFedes
N FSAd  (CHTRF)ArAd A FFEAfIT A gU grgFeligel (Srted) v
HICICIFARIET Biel Seioaraer 3R 386 3ofad a7 & Jeaga har § |
dGH A U o grEFeEs (EHTH) o AN gF F GHT F A Brersdse AR
HIENSFCH Pl IS @ | 34 fAferd 3eaad & gdr gl g & wedffesss
m(m)mmmm & ASA F FROT F H9A GRETH 0T @
¢l BIfeses asdeee (SHTH)  FAR /[ FF F TR F THAGGR & A
Wlﬁﬁ%ﬁﬂﬁ%ﬂ(ﬁ@%ﬁﬁéﬁﬁ)%mﬁﬁmﬂﬁaﬁz-—,-m
SR T s WRIFHSAUT T IR ST &l oGl o Jdiel (0.6 THsTeY / @ 2 )
HroRaelt doar ik §F & g & TEEOeR A AWG Odr SufeAdsed
( TITHTE A1) W cRFeldsl (EHTH)  #T STRIcTeR I foham | Hgeayqor
SECeR RATH SoRAT  SATHT=2-3T / STgs TS & Ay TAE 3R TRY,
THSl & ATETA § Al SYIGRIAT # Teh Hgcd Ul Al & ATEIA ¥ Trgerelidel (EETH) H
Jfacllehe] foham ardm ATl greeerdel (SETE)  USITdlioHs IeHed ($31R) el T off
IR AT § S o SIRGH / Avdzg wfHT va div * Ao & Ateaw @
fe@rar ar § | 38 3-S5l hy HTHAHCUA & ATETH F JoT Asfhad 3RFE & 9RT
forar qur aEAEAd /| ASCRlesdd ARUIAT FHT HROT FoT| Bl SACHiFaracs ol
HecdqUl T SITAT, AGHIG[Fel HR AgFelieges MRAS BAaEdEvn) & e &
aead ¥ R@mr sar ar | Ad [edfeer AdfasH  Folles Heud-3, S99, BIEHI-
d138, BIEW SIUAS UG WESHA A & FWeFelds  THEUAT  H Habd  fam,
fSad Sl -2 @1 SEeRgeIes geheel g3 | o gHYT g § &
eFAgeT (SHTd) esu-l MEZTes Pesa@s a7 3R tavds s & afeaor &
ATH O BIEICHadsh Hd 3chead Al &1 o@sh Jg sy fAsed § f gedr &
Adg W Ugd aer g gHRr  oRadM ey digar W wreiveases
TRFAIH (SATH) AT T & AT gfddRe 8 Ahdl gl 3d: 38 ddfedd
&I IRIETh caRT Seell S Fehell B
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GC wm,ﬁﬁ?,am,w@aﬁ,wgsam,m &g, 3IRTH Y.

SHIcIFaHIAST Us Searsidice AW, 2019, 174: 270-282
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darg &1 daa A A FwX At F A 3k g F ik hfsicarffes @ arer
ey ¢ sERY & IRHT W (AN sa3) A [FT gdcg ot (@ SR/ W) Fr
3YANT HT TIfAT Sl 1 ST vFEnerT Nesd F1 _RftATgHIor

TIHAT Sl & JehAe (STEHgUATT) o 3@ 3R (QeEiv) Ra RIer ersA
IR RA-ORABR) & Sl # vaf@ues gafeeee $heed 3R aRew
WAQRWST soi8) & e, ot & e (Taedvedd) AfE & B AR
A AT ¥ § T v &, e A didasFas WARE gegieesa(deray)
AeTEesialT WEehiA  W4500H (Hasded), Teefasie vH - geafthiate (SIvadTd)
foor & Jorell # aftid  fe@man| Seavr AR, Qe gEseeE qred, STAST 9,
eeif@E 3R Ad Vspaa/ AR & Foed S, vavavadrt At & oy
AR sef3) AR TR e, aeil # gRafda are are | 3ifeY / ¢ grsadt &
T a7T & 7 crafhee desd, qo-cenees wat 3R derg & A 3Et daT &
ary 8t 53 R & gRads @ | 389 YR addAe Auadiv 3er geiiar & F gy
FAAREIST so13) H Tafad e & & S 3R (Svasiv) & HEX dEere argas #
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SHISE Yaldl e & U Ush EC & & H 3TN AT S Feohell § UG HHA: delh
IR TITATHEET & HAETOT & Uh URTHS SAAR & & H |

Uh gdd, df Ied, & HfCIR, TH Iled, IR 918, & A E, AR gE, wH g,
THUSET 9ee, & WAR. SAIfAed. 2019, 112: 513-519.

R 3k e F Far AT & T A F oy ol waEREE sas) ey
I TASAT TF HAT AP NeH F  3RTCAT Yhed A FATAAT

dere 9Ra X 3R e TrdAd Ao HIAAAT (TATATHH) HT Al el & F9T
ATTAITSTST TSTSAT (3ATHS ) F IRUT &FA 3 RUAT Yoheod WHSA Teh IBEIE & &
7 T & g 97 e R aw ) sl S 7 dE A Shew J
aRadeT & FARAT FI S F v e aw 3, (i) afE et e # S e aRade
& gAE 9Radd R wa A oRef@a g@ar &1 e dive AgS & Fde 3R
TIUATHAET VAT & 3176 arcdl #He @ JRCAT T F&EY {37901 (v = 150) 3R
TIUATHEE AT (T =150) & IFd @ Fol AT TAT  IRTCAV FN TFEURA TG
Sheftersfiiar g & fau darfea fram arr ar| 3gadt 3reaae & fau fHa-fEadd
UIed e aTel AT o Tohcd I HHTA FohaT a1 AT | ST FoTehl Jofell =01 & T
TS FPRRE-TAAT § 91 Tar 6 vawaoaaEr AEE @ aredr 3R @ &
Al A STASTES TANRUAV TR & 3o Tld Jefd g5 § | 3o ool & $w
AR Sied A 3@ TRE & URdce W A0 F| diges ASY held F - Jolell el W
IS & dNUe SRy g ARIT F THAINRTAT Wehed  H IRadsT S AET 306
e FAIFANG & ez & uag 3R FIR A ed F THAIRTAT TFEIRT
& WU A Agcaqul Frae ¢&@t a8 | ST & Udr <elar § & aRe WA(GRETe ofs)
TFENRIA WGBS I 39T ooy ¥ IRT Tavavadndl vd 3ugr v gfafear &
AlfieX g T S Fehell B

TH gOel, O ®fcdR,  Tauw A, d Jgd, UHF I6d, AR 918, 37 A,
IR g, wa g, UvATA Hee, 3 WAR. SEAmed. 2019, 19: 1-30.

TAIEHR-34 UG TANMSHR-200 : A $e carfeefdd) aur =R fem &1 WA
UGl g ARl & FETTT of [AAT T F GRC-CATRRIAT Tl H Sl TFEIAT
AR GHIEATN WIelc & & H HISH HRTATCH ( a3 UeT U ) T FATTAT T
¥ | wnsdRUATy fed O 3MuAT@aegaes tfls) Aeeged & 9Rar & aa =
SERIRIRT Sfial &7 Hcafs WA IR Tohe  fFAT TN &1 coronsdTRTATeqr NETA-HITSIT
3R TAT & 3 FEIR & Y TSI wtdh 3R ol &F Iegd a8 w3 RTeA Uy
& B ar & Ao sARefésr o e veeeE @ FERT wwa § Fas a@r
CEGIAIE @ IR &, TANTSIRTATTH H g SMSaih  ToFedRle Gihrgel fe@nch
g | S ( UANSIRUAT AU ToTigH) Alh3Ee Uaded & fdem &l & a4
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e H HEASA o qfte H § & e 300 3R st & ggRa @ gq aRuea
AR FRTcH® (ATEY US Garleld) UANSHRUAUCH & Yeheed AT gl @i Hr
TR AR 3T TR & AT A Ao fahrE (7Tl fSfaercde) A TH3MSIR-
200 TF UANTSIN-34 IRanrt $r sffsr w1 gefar § qur aRuea e faafed =3=a #
et IRaRT & 3Ta Yeed A f@mm g1 50 Teie F, d@RIGTIT) & 3R UA Ty
FT Th AT 3deliched Ueld fhdT § JUT TANBIHR-34 UG UANSIR-200, qrAr
wemsdRUAT  IRERT 1 qfAewr W wed fFar g, o & f[ffes sae g aRfeafast
H T A F Pelersy 3R be #F aRafdd & T e7ear @a &

T Stgll, UH Iga. SgUAREgeR A, 2019, 33w 10.1007 / s12017-019-
08535-9.

FTTHUT A3 / geiogfhet -28 ff ST & uiehafhos it Al RR® Fifvs desRw
W AANCEI3 aIRE FHAVT A@A Td FIFA SFACREIN  auT  Wwegiasy Nf
gfafrar W ga@sT w9

guersfied & aRRy (TgHd)) HhAT Te fearoiy adfae-taeey gaear § ud fded
X H orErerr 71 AT HhfAd oell & I (lia) 1 dIANT &1 Teh Agcaqol HRUI
g OUT Y AH a¥ 399 000 ¥ T @r gUersfew W @ HEfd Tha e F A S
g1 3afaU, adA 3reuTe, BT A3 (3MSUHTATA3) o SeTegforet -28 Y (3MSTA-
28) ST & FT H off JTT ST &, IlehAIRheH & TATY IATATAA & ST et & fow
yRY fRar ar o1, A SNEd AT & Ty ST 3R 39 gieeifhes aRue &
TSl & WY TYFd  ShCTa3R T ARYAIR Tadidr N gfafhar & @)
ey @ Aeer AT RuRE-IReReT hae die  giedAbed  (DRABR-
IRUGBTAH) T garT iR fhar arar o, fS@s $or 250 Hifds vadid sielersya &
e Wi vd 500 ooy whele TFEAfAd Al F@HR F 3wst d gar Tem g F
JSUHRTATAS  (3IRTH12979860) F AA@ABR) SeEesd 3R SThTaTa3
(IRTEB099917) & Ssh (AIEeR) SNelergy & A0 & @Y qorelt & Fifereh Ty
SheflersT 3 & WY Agcdqul FeY  YeRia fhar &1 3uuR gfafkar & oRomaAt & gar
oIl § T BUBTATA3 (3IRUH12979860) &1 HET (HAoR) Sfatesy 3R Suhuaua
(3IRTE8099917) T &Y (ASR) Slilcisd  HIFA SHACTAIR AT AFEGfA3R Ndr
8 U SN TES aRRIeliSihel Wled (THAIHR), ied el I Tl & ST g37
¥, 3-gwAg wodidr AT F Ny §, Seafh SUhTATa3 (3IRTE12979860) F
A& (ABR) ShdAlesY 3R MEUHTATA3 (3IRTH8099917) & Siel (ASR) Siersy,
THHET 3 HHAUT A WA SHEET ThaAvT iR dede Relew @ faddeeie & o &
SOt Terdidl Silesu3 HhaAUT # T ShCRasR  ddl WREIR NAT 30AR &
IRUMH & IETHTATA3 (HRTH12979860) TH (HRTEG099917) &I s{fHAT F FeT
ad &l
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U & @<, dT gREad, 9 &9, 3 WAR, aug a9, g Afgegl. oo 3%
AfShel IR, 2019, 91: 659-667.

TA-UAT-TA-ABSRE-IRT 61 97 (A13H) & $%s & gFteaiad # s / whd
TS TF oed3R-21 TEATAT  §: safeia gFamwiehe &1 g6G

IHTTEAT & SRIA HEPRT dcdl o (FIfGsiloled) TFAUGR & HRUT TdA] H Hak &
faf@d g & T T MR fAvT g1 38 3HeqTT A, AGH o7 TH1 GI(ARH) A
CHCedee o TgAE H BiEhieisfasiificter 3-fhaa (M3MS3H)/THdT g Ta
HAGHIARTAT 21 (ys3X-21) T {fAAT Ud  MER Alfdeh (38T Fur3s)  saifdere
SFATHIEDC (3TSU6) & GaRT FHeh TAAROT T Tial fhaT| 71 & 17 d &7 Jea/d <@l
N TA-UASA-UA-ASLIGRAT ($TAY) TR (SeraReli=rgel) veaaor fear = Tl
difelar & e, 3T St A 2% INSW6 He (3iNe) ¥ [Worar aw@w 4ri30, 120, ar 240
Gt & 3a A JdESIGIA) F $uag- vaedles U4 - vadlos Swdl & & T
SISO (FTgUfafecl) a1 R # PIT TG AT G&T TF IgT A6 & A H A gam
| TH1 Tgi 7 dI3M$3% / Thel Irid & aRafdd Jehced ¢W 9101 38 AR, wamsdR-
21 Yeheel T TG AT W & Algele fhar amr o1, ARFH ATAME @S (TATA-
9) #r Wihaar vd Hagel (FpHoR) USIAfATS MY theFel TFHAURIA & AIY| Tehel
afhgor A @RfFdT A1, AEFANFRGET-2  (AIBITEE-2), WA HRe-theel
»a(TATH-5M50) 3R YomeAsfaaT & qAfa erfe (HEBM3R) & Yded 1 Y Sorm|
HEW-6 [T 1T ($3) UH1 TYEI o WIMSIH/THE UMD THNSIHR-21 Ud SEAEH
A F FH Yhcd & WY-HY HH TIAGATHE H G&fid frar | f3ms3sk / whdr
YT T sdTR-21 ZHCAHCH ofd] TTALSATH H AiFATd(Sedlees) g, Siafdh g6
TH1 gt A NINE3F / TR AT TR A GE BHS T IERSAAE Pl
qﬂﬁammgml

TH Herd, W faar, TH uig, & o el Selo 6 Searsiidce YATdlel, aifeashiest,
Us 3ifehlarel. 2019, 38: 69-81.

T (@) & ARa s & Reddrrw A o aefodrs & sRor wEiERe
Jifedessey & e # afta war §

TAAURI(FRfOTT)ARATSS & o & eire, siiforisegased Teifeey ded (3draR)
~QUdAfed @ 3cUed gl @ AR QU ARRTSH: A yarw A ¢ | AR T T
g gfhar § 9d haeed sgoies MaRon(Efy) & 6 g il TR,
yare, fafEtor R vardled & WY Sl A GHAIECY HeJhiAc HeA HiFATIT
¢ faegd 3maeil & WeTH Ud cald HUlell g ABfoe Jfdad § ud AREaSh &
fEeiiheas & s &ffd & ®RUT T o9 qur  ddefeas sgUdiisiee &horar g
Hhcll B IS, Teh FHEAC HICARS ¢ o ggi A Frdidheve sgietad g
AAD BB HAUU(SARRIE) & ST ST gl Y i, T % ARTSh &

feodibraw #  sifeeissgaged doifde dew G war, ®e  RBefdaws,
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aRYFa/[qesT Td AR &THAT W HEFgIeT & orra 376l o quicar ams &
TET, AEHI(3T) F gl # A @ (Mea)wd  gues ARass & R ot o gus
AT A H FElrgys & g9-wfae TeEdlork & S i oS droermed o
RIS §Fad I FER (NIREY SHURLA) Ta JHTNSgITeisrer fShfRieers
Tag-fagl aeliehet foham| aldt T foigait o AfeasH & Redlheaq aiF 7 HreforgieT &
A god o q@ AU | FEFNS F Tadaer  # Jifoesegascy fawra g
therleTel  ATSToleRle & fafgwer & afFafad w@ S vd Wil & Yehed & HAl S|
Ig TUICEHesh HIRIAT Hcg A IR Hh HiTalSegrased H Saaiiadr & o gsidd
T g1 Fsfad NfhedFay & ecichiidl AW WT o AfoT wtare 3R S-Yfasw
aREdeT W FERIA-[ARBTES FhRcAs gemal @ ¥os¢ &7 @ gofar g1 foswy & &9
H, qGH & HTTT § TE AT g ¢ o Feforgyr foeaishrad & Afee aaar &
aRafdd &< &ar 8, e ggi # SaeicAsd #gsar 3 Sl gl

ST ¥5, T Jled, T TEA, of AT, IR, TG wgQelFdalerst. 2019, 70: 161-179.
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CSIR-IITR Toxicology Research Bulletin
39(1) 2019

CSIR-1ITR, a leader in toxicology research, endeavours to mitigate problems of human health
and environment. The institute aims to accomplish its goals through the following objectives :
» Safety evaluation of chemicals used in industry, agriculture and everyday life.

» Mode of action of toxic chemicals/pollutants.

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

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

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

* Collect, store and disseminate information on toxic chemicals.

» Human resource development for dealing with industrial and environmental problems.

* Provide a platform to public and entrepreneurs to address queries and concerns regarding
safety/toxicity of chemicals, additives and products.

The institute has been continuously working in the field of toxicology for more than five
decades and has made unique contribution in commercial, industrial and environmental
toxicology for the improvement of human health. The present Toxicology Research Bulletin
is a representation of our all the activities appeared in peer reviewed and refereed scientific
publications.

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-1ITR aims to generate knowledge/tools useful
for protection as well as management of ecosystem integrity and to advance the
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understanding of ecotoxicological problems across different ecological strata at cellular,
genetic and organismal levels in order to improve environmentally relevant ecological risk
assessment and to mitigate environmental pollutants. The issues addressed by the group are :
(i) mechanism of toxicity of environmental pollutants; (ii) remediation of hazardous and
persistent chemical substances from soil, water and industrial wastes and (iii) ecotoxicity and
environmental monitoring.

Application of metagenomic analysis for detection of the reduction in the antibiotic
resistance genes (ARGS) by the addition of clay during poultry manure composting

The aim of the study was to reduce relative abundance of antibiotic resistant genes (ARGS) in
the poultry manure (PM) compost by adding clay and to determine the mechanism of this
effect. Five doses of clay additive [at 0% (T1), 2% (T2), 4% (T3), 6% (T4), 8% (T5) and
10% (T6) based on PM dry weight] were compared to explore the mechanism of reduction in
ARGs in the PM compost by the addition of clay. The results confirmed that in the initial raw
PM from the breeding farm, the ARG concentrations were 1.7-3.01 times higher than that in
the domestic PM. High doses of the clay additive play an important role in reduction in the
ARGs and are the main factor responsible for significant variations in ARG abundance
between the treatment groups. Therefore, authors recommend adding high doses of clay
(HDC) as an effective means to reduce the maximum percentage of ARGs in PM compost. A
heat map correlation study confirmed that HDC addition during the composting process
reduced the bio-available fractions of toxic metals originating from the chicken feed and
significantly impacted ARG dispersion.

Awasthi MK, Chen H, Awasthi SK, Duan Y, Liu T,Pandey A, Varjani S, Zhang Z.
Chemosphere. 2019, 220:137-145.
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Thermostable xylanases from thermophilic fungi and bacteria: Current perspective
Thermostable xylanases from thermophilic fungi and bacteria have a wide commercial
acceptability in feed, food, paper and pulp and bioconversion of lignocellulosics with an
estimated annual market of US$ 500 Million. The genome wide analysis of thermophilic
fungi clearly shows the presence of elaborate genetic information coding for multiple
xylanases primarily coding for GH10, GH11 in addition to GH7 and GH30 xylanases. The
transcriptomics and proteome profiling has given insight into the differential expression of
these xylanases in some of the thermophilic fungi. Bioprospecting has resulted in
identification of novel thermophilic xylanases that have been endorsed by the industrial
houses for heterologous over- expression and formulations. The future use of xylanases is
expected to increase exponentially for their role in biorefineries. The discovery of new and
improvement of existing Xxylanases using molecular tools such as directed evolution is
expected to be the mainstay to meet increasing demand of thermostable xylanases.

Chadha BS, Kaur B, Basotra N, Tsang A, Pandey A. Bioresource Technology. 2019,
277:195-203.

Biosynthesis and characterization of sophorolipid biosurfactant by Candida spp.:
Application as food emulsifier and antibacterial agent

Biosurfactants from the yeast strains Candida albicans SC5314 and Candida glabrata
CBS138 were isolated and characterized. Surface tension of the cell-free broth was reduced
from 72N/m to 42 N/m and 55 N/m respectively. The biosurfactants showed emulsifying
ability as the indices against castor oil were determined to be 51% and 53% for C. albicans
and C. glabrata respectively and were found stable between pH 2 and 10, temperature 4-
120 °C and salt concentration 2-14%. The partially purified surfactants were identified as
sophorolipid using Fourier transform infrared spectroscopy. Isolated sophorolipid showed
antibacterial properties against pathogenic bacteria and generated reactive oxygen species in
Bacillus subtilis and Escherichia coli. Flow cytometric analysis revealed that 6@ng/L of C.
glabrata biosurfactant killed 65.8% B. subtilis and 4% E. coli. The data here obtained
indicates applications of biosurfactant focusing mainly as antimicrobial and therapeutic
perspectives.

Gaur VK, Regar RK,Dhiman N, Gautam K, Srivastava JK, Patnaik S, Kamthan
M, Manickam N. Bioresource Technology. 2019, 2:121314.
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Biotransformation of 5-hydroxymethylfurfural by Acinetobacter oleivorans S27 for the
synthesis of furan derivatives

Hydroxymethylfurfural (HMF) is an industrially important chemical which is a starting
material in the production of plenty of platform chemicals. In this study, a complete
biotransformation of HMF was achieved using a novel isolate, Acinetobacter oleivorans S27.
This strain could tolerate up to 300Gng/L of HMF concentration and convert to other furan
derivatives. The conversion products includes high-value chemicals like 5-hydroxymethyl-2-
furancarboxylic acid (HMFCA), a known interleukin inhibitor and 2,5-furan dicarboxylic
acid (FDCA), an alternate of terephthalic acid in polyester industries. The biotransformation
efficiency was found to be 100%, as there is complete conversion of HMF to other chemicals.
Most importantly, it is an environmental friendly process for the production of furan

derivatives.
Godan TK, Rajesh RO, Loreni PC, Kumar Rai A, Sahoo D, Pandey A, Binod P. Bioresource
Technology. 2019, 282: 88-93.

Nitrogen-dependent metabolic regulation of lipid production in microalga Scenedesmus
vacuolatus

Microalga Scenedesmus vacuolatus exhibited maximum growth, protein and carbohydrate
contents at 10.0mM concentration of nitrate, 1.0 mM of glutamate nitrogen and at C/N ratio
(12 mM acetate+10 mM nitrate). However, these cell constituents showed the highest values
in the C+N grown cells, but the lipid content was found to be the highest glutamate grown
cells. FTIR analysis of Lipid/Carbohydrate and Lipid/Protein ratio and flow cytometric
analysis of neutral lipids revealed higher lipid content in the glutamate grown cells than in the
nitrogen starved, nitrate and C+N grown cells. The nitrate reductase activity was the highest
in the C+N grown cells and the lowest activity was found in the glutamate grown cells. A
corollary of these results suggested that suppression of nitrogen assimilatory system, whether
by glutamate or by nitrogen deprivation, was the most suitable physiological condition for

enhanced lipid synthesis and biofuel production in microalgal cells.
Gupta N, Khare P, Singh DP. Ecotoxicology and Environmental Safety, 2019, 174:706-713.
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Simultaneous saccharification and fermentation of oil palm front for the production of
2,3-butanediol

The present study aims to develop a process for the production of 2,3-butanediol by
Simultaneous Saccharification and Fermentation (SSF) of Oil Palm Front (OPF) biomass.
The study compares SSF with Separate Hydrolysis and Fermentation (SHF) of oil palm
biomass and batch fermentation using glucose. The results showed that SSF is one of the
most attractive techniques for the microbial production of 2,3-butanediol using
lignocellulosic biomass. The enzymatic digestibility and fermentative efficiency of alkali pre-
treated OPF biomass was checked and the role of various experimental parameters like
enzyme loading and inoculum loading were optimized. SSF experiments could give 30.74g/1
of BDO in shake flask and 12.581 in 500 ml bioreactor with a productivity of 0.32 and

0.13 g/l/h respectively.
Hazeena SH, Nair Salini C, Sindhu R, Pandey A, Binod P. Bioresource Technology. 2019,

278:145-149.

An assessment of the persistence of pathogenic bacteria removal in chicken manure
compost employing clay as additive via meta-genomic analysis

The aim was to evaluate pathogenic bacteria (PB) survival during the composting of chicken
manure (CM) amended with five different dosages of clay compared to CM without clay-
applied treatment. The results showed that 85-87% of PB relative abundances (RAs) were
significantly reduced in lower dosages of applied clay (T2 and T3). However, the maximum
survival of PB was noticed in the T6 and T5 treatments, but most of the PB belong to
Firmicutes, Actinobacteria and Proteobacteria phylum and their derivative bacterial species.
The changes in PB during the composting were not only strongly influenced by clay
amendment but also significantly associated with the succession of bacterial species in
compost. Bacillus, Clostridium, Mycobacterium and Klebsiella were the dominant spore-
forming bacteria identified in higher dosages of clay (i.e., T4, T5 and T6) treatments, but very
low abundance of these bacterial genus and its species were recovered from lower dosages of
clay (T2 and T3)-applied treatments. Overall, without clay, amended-CM-derived compost
contained a relatively higher PB abundance than other treatments, as the anaerobic bacterial
species Clostridium_difficile_AAL, Vibrio_cholerae, and Acinetobacter calcoaceticus had
relatively greater RAs, followed by Klebsiella_oxytoca_10-5248,
Paenibacillus_Bacillus_cereus and Bartonella_quintana_RM-11. Thus, CM composting with
4% clay amendment is considered a useful method for the efficient recycling of CM, as this
process produced sanitized compost with less survival of PB.

Kumar Awasthi M, Chen H, Duan Y, Liu T, Kumar Awasthi S, Wang Q, Pandey A, Zhang Z.
Journal of Hazardous Material. 2019, 366:184-191.
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Genomic analysis of carbon dioxide sequestering bacterium for exopolysaccharides
production

In the present study, genomic analysis of a previously reported carbon dioxide (COy)
sequestering bacterium Serratia sp. ISTD04 was performed along with exopolysaccharide
(EPS) production. Genomic analysis identified key and accessory enzymes responsible for
CO, sequestration. EPS synthesis genes were discovered in the genome and identified 8
putative clusters responsible for lipopolysaccharide, stewartan, emulsan, polysaccharide B,
capsular polysaccharide and fatty acid-saccharide production. The production of EPS was
found to be 0.88+0.08, 1.25+0.13 and 1.44+0.10 g / L on glucose, bicarbonate (NaHCQ3)
and NaHCOg plus glucose respectively at pH 7.8. After optimizing process parameters, the
EPS production increased more than 3 folds. The morphology of strain and elemental
composition of EPS was characterized by SEM-EDX. The functional groups, monomer
composition, linkage analysis and structure of purified EPS was characterized by FTIR, GC-
MS and H and *C NMR. Glucose, galactose, mannose and glucosamine are the monomers
detected in the EPS. EPS was further applied for bioflocculation (kaolin test) and dye
removal. The EPS showed 68% 0.9 flocculating activity and decolorized cationic dye
acridine orange (80%) and crystal violet (95%). The results highlight CO, sequestration and
EPS production potential of Serratia sp. ISTDO04 that can be harnessed in future.

Kumar M, Kumar M, Pandey A, Thakur IS. Scientific Reports. 2019, 9:4270.
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Fungal mediated biotransformation reduces toxicity of arsenic to soil dwelling
microorganism and plant

Rhizospheric and plant root associated microbes generally play a protective role against
arsenic toxicity in rhizosphere. Rhizospheric microbial interaction influences arsenic (As)
detoxification/mobilization into crop plants and its level of toxicity and burden. In the present
investigation, authors have reported a rhizospheric fungi Aspergillus flavus from an As
contaminated rice field, which has capability to grow at high As concentration and convert
soluble As into As particles. These As particles showed a reduced toxicity to soil dwelling
bacteria, fungi, plant and slime mold. It does not disrupt membrane potential, inner/outer
membrane integrity and survival of the free N, fixating bacteria. In arbuscular mycorrhiza
like endophytic fungi Piriformospora indica, these As particles does not influence mycelial
growth and plant beneficial parameters such as phosphate solubilizing enzyme rAPase
secretion and plant root colonization. Similarly, it does not affect plant growth and
chlorophyll content negatively in rice plant. However, these As particles showed a poor
absorption and mobilization in plant. These As particle also does not affect attachment
process and survival of amoeboid cells in slime mold, Dictyostelium discoideum. This study
suggests that the process of conversion of physical and chemical properties of arsenic during
transformation, decides the toxicity of arsenic particles in the rhizospheric environment. This
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phenomenon is of environmental significance, not only in reducing arsenic toxicity but also
in the survival of healthy living organism in arsenic-contaminated rhizospheric environment.

Mohd S, Kushwaha AS, Shukla J, Mandrah K, Shankar J, Arjaria N, Saxena PN, Khare
P, Narayan R, Dixit S, Siddiqui MH, Tuteja N, Das M, Roy SK, Kumar M. Ecotoxicology

and Environmental Safety. 2019, 176:108-118.
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Thermostable phytase in feed and fuel industries

Phytase with wide ranging biochemical properties has long been utilized in a multitude of
industries, even so, thermostability plays a crucial factor in choosing the right phytase in a
few of the sectors. Mesophilic phytases are not considered to be a viable option in the feed
industry owing to its limited stability in the required feed processing temperature. In the
recent past, inclusion of thermostable phytase in fuel ethanol production from starch based
raw material has been demonstrated with economic benefits. Therefore, considerable
emphasis has been placed on using complementary approaches such as mining of
extremophilic microbial wealth, encapsulation and using enzyme engineering for obtaining
stable phytase variants. This article means to give an insight on role of thermostable phytases
in feed and fuel industries and methods for its development, highlighting molecular
determinants of thermostability.

Mrudula Vasudevan U, Jaiswal AK, Krishna S, Pandey A. Bioresource Technology. 2019,
278:400-407.

Biosynthesis of 2,5-furan dicarboxylic acid by Aspergillus flavus APLS-1: Process
optimization and intermediate product analysis

The aim of the present study was to develop an eco-friendly biological process for the
production of 2,5-furan dicarboxylic acid (FDCA) from 5-hydroxy methylfurfuraldehyde
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(HMF) using microorganisms. Microorganisms were isolated from the soil samples and
evaluated for its biotransformation efficiency. Among the isolates, Aspergillus flavus APLS-1
was found to be potent for efficient conversion of HMF to FDCA. The bioconversion
parameters were optimized by Box-Behnken design. The optimization resulted in 67%
conversion efficiency where ¢/ HMF (8 mM) was transformed to 0.83 g/ L (6.6mM)
FDCA in 14 days at pH6.5 with biomass size of 5.7 g/L and biomass age 60 h. This is the first
report on Aspergillus sp., capable of detoxifying HMF and produces FDCA.

Rajesh RO, Godan TK,Rai AK,Sahoo D,Pandey A, Binod P. Bioresource
Technology. 2019, 284:155-160.

Conversion of food and kitchen waste to value-added products

Food and kitchen waste - omnipresent in every corner of the world serve as an excellent
source of value added products owing to high organic content. Regardless of existence of
various traditional methods of land filling or biogas production used to harness food waste
energy, effective conversion of food to valuable resources is often challenged by its
heterogenous nature and high moisture content. The current paper tries to lay down the
prospects and consequences associated with food waste management. The various social,
economical and environmental concerns associated with food waste management especially
in terms of green house gas emission and extended rate of leachate generation also has been
discussed. The difficulties in proper collection, storage and bioconversion of food waste to
valuable by-products are pointed as a big hurdle in proper waste management. Finally, the
wide array of value added products developed from food waste after pretreatment are also
enlisted to emphasis the prospects of food waste management.

Sindhu R, Gnansounou E, Rebello S, Binod P, Varjani S, Thakur IS, Nair RB, Pandey A.
Journal of Environmental Management. 2019, 241: 619-630.

Simultaneous production of methane and acetate by thermophilic mixed culture from
carbon dioxide in bioelectrochemical system

A thermophilic bioelectrochemical system was operated with mixed culture at 6Q, while
introducing only carbon dioxide. Methane production was initially observed in a membrane-
less single chamber without a mediator, but eventually acetate was also found as 10.5g/L
after 137days of operation. Comparing the microbial communities before and after the
electricity supply using next-generation sequencing technology, acetoclastic methanogens
such as Methanosaeta concilii were increased, and this result also indicates the production of
acetate in bioelectrochemical CO, conversion system. With the advent of sulfate-reducing
bacteria, Desulfotomaculum peckii was considered to be an acetate production promoter.
These high production results for both methane and acetate can be applied to CO; storage
using excess electricity for value-added chemicals.
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Song H, Choi O, Pandey A, Kim YG, Joo JS, Sang BI. Bioresource Technology. 2019,
281:474-479.

Atrazine or bisphenol A mediated negative modulation of mismatch repair gene, mlhl
leads to defective oogenesis and reduced female fertility in Drosophila melanogaster

The study reports the effects of an herbicide (atrazine) and a plasticizer (Bisphenol A, BPA)
on the transcriptional modulation of a mismatch repair gene (mlhl) and its adverse
consequences on female fertility using Drosophila as a model. Through a chemical screen,
authors show that exposure to atrazine or BPA significantly downregulates mlhl and the
exposed flies had reduced fertility with smaller ovaries having reduced number of mature
oocytes and abnormal distribution of ovarian follicles with increased apoptosis in them.
These females had increased double-strand breaks as well as reduced synaptonemal complex
formation in their ovaries suggesting altered meiotic crossing over. The eggs of these females
were defective in their maternal transcripts as well as proteins and consequently, after
fertilization, these eggs exhibited abnormal embryonic development. Interestingly, these
phenotypes parallel that of mlh1l mutants. Further, exposure of females having reduced Mlhl
levels (mIh1%°°*%/Cy0) to atrazine or BPA caused severe defective phenotypes at a higher
proportion than normal flies. Authors findings reveal the critical role of mlhl in atrazine and
BPA mediated female reproductive toxicity, and opens up a possibility of toxicants affecting

female fertility by modulating the MMR genes.
Vimal D, Saini S, Kristipati RR, Chowdhuri DK. Chemosphere. 2019, 225:247-258.

Phytotoxicity, cytotoxicity and genotoxicity evaluation of organic and inorganic
pollutants rich tannery wastewater from a Common Effluent Treatment Plant (CETP)
in Unnao district, India using Vigna radiata and Allium cepa

The leather industry is a major source of environmental pollution in India. The wastewater
generated by leather industries contains very high pollution parameters due to the presence of
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a complex mixture of organic and inorganic pollutants even after the treatment at a Common
Effluent Treatment Plant (CETP) and disturbs the ecological flora and fauna. The nature,
characteristics and toxicity of CETP treated wastewater is yet to be fully elucidated. Thus,
this study aims to characterize and evaluate the toxicity of CETP treated tannery wastewater
collected from the Unnao district of Uttar Pradesh, India. In addition to measuring the
physico-chemical parameters, the residual organic pollutants was identified by GC-MS
analysis and phytotoxicity, cytotoxicity and genotoxicity of the treated wastewater was
evaluated using Vigna radiata L. and Allium cepa L. Results showed that the treated
wastewater contained very high pollution parameters (TDS 3850 mg/L, BOD 680 mg/L,
COD-1300 mg/L). GC-MS analysis revealed the presence of various types of residual
organic pollutants including benzoic acid, 3-[4-(T-butyl) Phenyl] furan-2-5-dione,
benzeneacetamide, resorcinol, dibutyl phthalate, and benzene-1,2,4- triol. Further,
toxicological studies showed the phytotoxic nature of the wastewater as it inhibited seed
germination in V. radiata L. and root growth of A. cepa. Genotoxicity was evidenced in the
root tip cell of A. cepa where chromosomal aberrations (stickiness, chromosome loss, C-
mitosis, and vagrant chromosome) and nuclear abnormalities like micronucleated and
binucleated cells were observed. Thus, results suggested that it is not safe to discharge these
wastewater into the environment.

Yadav A,Raj A, Purchase D, Ferreira LFR, Saratale = GD, Bharagava  RN.
Chemosphere. 2019, 224:324-332.

Phytotoxicity, cytotoxicity and
genotoxicity assay
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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.

Alternariol induced proliferation in primary mouse keratinocytes and inflammation in
mouse skin is regulated via PGE,/EP2/cAMP/p-CREB signaling pathway

Alternariol (AOH) is a mycotoxin that contaminates various food stuffs as well as animal
feed and may cause toxicity after consumption. However, a dermal toxic potential of AOH
has not been explored so far. In the present study, skin toxicity after topical exposure of AOH
and the involved mechanism/s are revealed. Single topical application of different AOH
doses (12.5, 25, 50ug/animal) caused increased bi -fold thickness as well as hyperplasia and
higher production of prostaglandin E2 (PGE;) along with cAMP in the skin demonstrating its
inflammatory potential. Western blot analysis showed that exposure of AOH lead to
phosphorylation of CREB and increased the expression of COX-2, cyclin D1 as well as
prostanoid EP2 receptor. Further studies on primary mouse keratinocytes (PMK) revealed
that very low concentrations of AOH (50-500 nM) resulted in significant PMK proliferation.
Additionally, using specific antagonist or agonist of prostanoid receptors, authors delineated
that EP2 receptor play a key role in AOH-induced PMKs proliferation. Findings show that
AOH can lead to dermal toxicity in mice by activating the EP2/cAMP/p-CREB signaling
cascade.

Bansal M, Singh N, Alam S, Pal S, Satyanarayana GNV, Singh D, Ansari KM.
Toxicology. 2019, 412: 79-88.
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Inherent allergic potential of a-dioxygenase fragment: A pathogenesis related protein

In the course of analyzing amino acid sequence of an allerger~@0 kDa), authors found this
protein has a homology with the amino acid sequence of putative a-Dioxygenase fragment
(ADF). Allergy caused by many allergens having an enzymatic activity have been reported
previously, but allergenicity to neither a-Dioxygenase enzyme nor to it's any constituents has
been reported. Authors sought to purify an ADF &19.5 kDa) from chickpea to investigate it's
inherent allergic potential in BALB/c mice. The ADF showed IgE-affinity in sera of
sensitized BALB/c mice and allergic patients. Enhanced levels of histamine, specific IgE as
well as 1gG1, IL-4, IL-17, IL-6, IL-2 and IL-10 were observed in the sera of mice treated
with ADF allergen. A positive skin Type 1 test and elevated number of mast cells were found
in the treated mice. Apart from this, enhanced number of immune cells i.e. CD19+ and CD4+
were also noticed in the ADF treated group. Higher expressions of IL-4 as well as GATA-3
and prominent histological changes were observed in tissues of treated animals. Furthermore,
expressions of Th2 cytokines, associated transcription factors and mast cell signaling proteins
were also increased at mRNA and protein levels in the intestines of ADF treated mice.
Conclusively, present study demonstrated that ADF with molecular weight of 19¥Da is a
clinical relevant allergen which causes allergic immune responses in BALB/c mice and may
play a pivotal role in allergy caused by food containing a-Dioxygenase enzyme in sensitive
individuals.

Gupta RK, Sharma A, Verma A, Ahmad Ansari |, Dwivedi PD. Immunobiology. 2019, 224
207-219.
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Activation of PERK-elF2a-ATF4 pathway contributes to diabetic hepatotoxicity:
Attenuation of ER stress by Morin

Hyperglycemia associated ER stress has been found as a critical contributor in the
pathogenesis of type 2 diabetes mellitus. However, reports regarding molecular mechanisms
involved are limited. This study was aimed to identify the role of ER stress in regulating
hepatic glucose metabolism and its link with oxidative stress. Further, this study explores the
novel role of Morin, a flavonol, in modulating ER stress in STZ/nicotinamide induced type 2
diabetic male Wistar rats. Results demonstrate that hyperglycemia induced ER stress in rats
and significantly lowered the expression of glucose transporter proteins resulting in impaired
glucose metabolism during diabetes. Morin was found to downregulate PERK-eIF2a-ATF4
pathway by interacting with PERK protein as confirmed through pull-down assay.
Additionally, Morin maintained the reducing environment in ER and enhanced PDI activity
compared to diabetic rats. Morin prevented cell death by suppressing the expression of PERK
dependent pro-apoptotic proteins including ATF4 and CHOP. Findings from this study affirm
the role of ER stress in hyperglycemia induced gluco-metabolic aberrations and liver injury
as confirmed by ISRIB, a standard chemical ER stress inhibitor. Notably, Morin promoted
deactivation of UPR sensors and upregulated PDI activity endorsing its anti-ER stress
potential which may allow the development of new therapeutic avenues to target
hyperglycemic hepatotoxicity.

Pandey VK, Mathur A, Khan MF, Kakkar P. Cellular Signalling. 2019, 59:41-52.
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Emerging role of Unfolded Protein Response (UPR) mediated proteotoxic apoptosis in
diabetes

Endoplasmic reticulum (ER) is a crucial single membrane organelle that acts as a quality
control system for cellular proteins as it is intricately involved in their synthesis, folding and
trafficking to the respective targets. Type 2 diabetes is characterized by enhanced blood
glucose level that promotes insulin resistance and hampers cellular glucose metabolism.
Hyperglycemia provokes mitochondrial ROS production and glycation of proteins which
exert a tremendous load on ER for conventional refolding of misfolded/unfolded and nascent
proteins that perturb ER homeostasis resulting in apoptotic cell death. Impairment in ER
functions is suspected to be through specific ER membrane-bound proteins known as
Unfolded Protein Response (UPR) sensor proteins. Conformational changes in these proteins
induce oligomerization and cross-autophosphorylation which facilitate processes required for
the restoration of ER homeostatic imbalance. Multiple studies have reported the involvement
of UPR mediated autophagy and apoptotic pathways in the progression of metabolic
disorders including diabetes, cardiac ischemia/reperfusion injury and hypoxia-mediated cell
death. In this review, the involvement of UPR pathways in the progression of diabetes
associated complications have been addressed, which underscores molecular crosstalks
during neuropathy, nephropathy, hepatic injury and retinopathy. A better understanding of
these molecular interventions may reveal advanced therapeutic approaches for preventing
diabetic comorbidities. The article also highlights the importance of phytochemicals that are
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emerging as novel ER stress inhibitors and are being explored for targeted interaction in
preventing cell death responses during diabetes.

Pandey VK, Mathur A, Kakkar P. Life Sciences. 2019, 216: 246-258.
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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 1ITs, IISc, universities, research institutes and industries. To
assess the safety/toxicity of nanomaterials, some of the most critical issues that need to be
addressed include: i) effect of shape and size; ii) dosimetry; iii) route of delivery and
tracking; iv) development and validation of test models; v) in vitro vs. in vivo extrapolation;
vi) ecotoxicity; vii) computational nanotoxicity and viii) life cycle analysis. The scientists of
the nanomaterial toxicology group aim to investigate the health and environmental effects of
nanomaterials to delineate their toxicity and assure safe usage in consumer products,
healthcare products and medical devices.

ZnO nanoparticles modified with an amphipathic peptide show improved
photoprotection in skin

ZnO nanoparticles of different sizes were functionalized with an amphipathic peptide, and its
effect on nanoparticle stabilization and UV photoprotective activity was studied in this
article. The peptide-modified nanoparticles exhibited lower aggregation, significant reduction
in Zn®" leaching ex vitro and even inside the cells for smaller particle sizes, reduced
photocatalytic activity, and reduced cellular toxicity under UV-B treated conditions. In
addition, the peptide-modified 60 nm ZnO nanoparticles showed lower genotoxicity, lower
oxidative stress induction levels, less DNA damage responses, and less immunogenic
potential than the bare counterparts in the presence of UV-B rays. They localized more in the
stratum corneum and epidermis ex vivo, indicating better retention in epidermis, and
demonstrated improved UV-B protection and/or skin integrity in SKH-1 mice in vivo
compared to unmodified nanoparticles and commercial UV-protective agents tested. To
author’s knowledge, this is the first report on the application of peptide-modified ZnO
nanoparticles for improved photoprotection.

Aditya A, Chattopadhyay S, Gupta N, Alam S, Veedu AP, Pal M, Singh A, Santhiya
D, Ansari KM, Ganguli M. ACS Applied Materials Interfaces. 2019, 11: 56-72.
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Zinc oxide nanoparticles attenuate hepatic steatosis development in high-fat-diet fed
mice through activated AMPK signaling axis

Insulin resistance is thought to be a common link between obesity and Non-Alcoholic Fatty
Liver Disease (NAFLD). NAFLD has now reached epidemic status worldwide and
identification of molecules or pathways as newer therapeutic strategies either to prevent or
overcome insulin resistance seems critical. Dysregulated hepatic lipogenesis (DNL) is a
hallmark of NAFLD in humans and rodents. Therefore, reducing DNL accretion may be
critical in the development of therapeutics of NAFLD. In authors in vivo model (high-fat-diet
fed [HFD] obese mice) they found Zinc oxide nanoparticles (ZnO NPs) significantly
decreased HFD-induced hepatic steatosis and peripheral insulin resistance. This protective
mechanism of ZnO NPs was signaled through hepatic SIRT1-LKB1-AMPK which restricted
SREBP-1c within the cytosol limiting its transcriptional ability and thereby ameliorating
HFD mediated DNL. These observations indicate that ZnO NP can serve as a therapeutic
strategy to improve the physiological homeostasis during obesity and its associated metabolic
abnormalities.

Dogra S, Kar AK, Girdhar K, Daniel PV, Chatterjee S, Choubey A, Ghosh S, Patnaik
S, Ghosh D, Mondal P. Nanomedicine. 2019, 30: 210-222.
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Zinc oxide nanoparticles induced gene mutation at the HGPRT locus and cell cycle
arrest associated with apoptosis in V-79 cells

In recent years, the large-scale production of ZnO nanoparticles (NPs) for various
applications is increasing exponentially and may pose serious health issues when inhaled
either during occupational exposure or in consumer settings. The mechanisms underlying the
toxicity of NPs have recently been studied intensively. Despite the existing studies, the
mutagenicity of ZnO NPs in the eukaryotic system is still unclear. Therefore, the aim of the
present study was to investigate the mutagenic potential of ZnO NPs using Chinese hamster
lung fibroblast cells (V-79) as an in-vitro model. The study has demonstrated a significant
uptake of ZnO NPs by flow cytometry with the confirmation of transmission electron
microscopy. A reduction in cell viability was observed with a concomitant increase in
reactive oxygen species (**P <0.01, ***P <0.001) after ZnO NP (1-20 pg/mL) exposure.
Excessive reactive oxygen species can induce oxidative stress, which leads to genotoxic
insult, and further gene mutation. Apart from measuring the genotoxicity by Comet assay, a
change of 2.84-fold in the HGPRT gene mutant frequency was observed by the mammalian
gene forward mutation assay. All the genotoxicity endpoints such as chromosomal break,
DNA damage and mutagenicity were observed at 6 hours of ZnO NP exposure. Authors
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results also showed that ZnO NPs manifested the cell cycle arrest, ultrastructural
modifications and further cell death. A significant (**P < 0.01, ***P < 0.001) increase in the
apoptotic cells was detected using annexin V-fluorescein isothiocyanate/propidium iodide
double staining by flow cytometry. Authors findings presented here clearly stimulate the need
for careful regulations of ZnO NPs.

Jain AK, Singh D, Dubey K, Maurya R, Pandey AK. Journal of Applied Toxicology. 2019,
39: 735-750.

Cell membrane . Zn0 NPs

Mitochondrial - —
Damage 6TGR HGPRT
i mutants

¥ y

Apoptotic cell death  (G2/M) phase arrest  Live/dead assessment Micronucleus formation

Sub-acute oral exposure of zinc oxide nanoparticles causes alteration in iron
homeostasis through acute phase response: A protective effect by surface modification

Zinc oxide nanoparticles (ZnO NPs) are one of the most widely used nanomaterials.
Following oral exposure, these NPs can accumulate in various organs and induce the toxicity
due to their physiochemical characteristics. In present study to reduce the toxicity, surface
engineered ZnO NPs (c-ZnO NPs) were in-situ synthesized by using polyacrylamide grafted
guar gum (PAm-g-GG) polymer in alkaline media. Further, the comparative effect of bared
ZnO NPs (b-ZnO NPs) and c-ZnO NPs were assessed on secondary target organ liver and
kidneys of Swiss mice at doses of 10, 50 and 308kg following 28 days repeated oral

treatment. The b-ZnO NPs were incited severe damages in liver and kidney tissue than ¢c-ZnO
NPs as seen by transmission electron microscopy and histopathology. The increased levels of
serum biomarkers (AST, ALT, ALP, creatinine, uric acid, and urea) were also observed, that
remarking a disturbance in the function of liver and kidney. After sub-acute oral treatment of
b-ZnO NPs, the hepatic pro-inflammatory cytokines (IL-6, TNF-a, and MMP-9) were up-
regulated that causes the activation of acute phase response (APR). Authors also observed
significantly increased in expression of hepatic acute phase proteins (hepcidin and
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haptoglobin) and altered interlinked iron (Fe) signaling biomarkers (hephaestin, TF, TFR-1,
LDH, and ferroportin). This study emphasizes that exposure to ZnO NPs may cause
inflammation mediated APR through ultra-structural damage of tissue that could escort the
progression of anemia. Nevertheless, the capping with PAm-g-GG in ¢- ZnO NPs has
reduced the toxicity by altering the surface reactive property of ZnO NPs.

Srivastav AK, Dhiman N, Tiwari R, Arjaria N, Prakash J, Jagdale P, Ayanur A, Singh
D, Patnaik S, Kumar M. Journal of Trace Elements in Medicine and Biology. 2019, 52: 270-
287.
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Impact of surface-engineered ZnO nanoparticles on protein corona configuration and
their interactions with biological system

In biological system, the interaction between nanoparticles (NPs) and serum biomolecules
results in the formation of a dynamic corona of different affinities. The formed corona
enriched with opsonin protein is recognized by macrophages and immune effector cells,
resulting in rapid clearance with induced toxicity. Hence, to reduce corona genesis, surface-
engineered ZnO (c-ZnO) NPs were in situ synthesized using a polyacrylamide-grafted guar
gum (PAm-g-GG) polymer that provided surface neutrality to the NPs. Furthermore, authors
studied the characteristics of the corona formed onto uncapped anionic ZnO (bared ZnO [b-
ZnO]) NPs and ¢-ZnO NPs by serum incubation. The result shows that b-ZnO NPs were
wrapped with a high amount of serum proteins, particularly opsonin (IgG and complement),
compared with c-ZnO NPs. These corona findings helped us substantially in interpretation of
in vivo biokinetics studies. The in vivo study was accomplished by oral administration of NPs
to Swiss mice at doses of 300 and 2000 mg/kg body weight. The studies performed on the
cellular uptake, intracellular particle distribution, cytotoxicity, and pharmacokinetics of NPs
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indicated that b-ZnO NPs experienced higher immune cell recognition, hepatic inflammation,
and resultant rapid clearance from the system, unlike c-ZnO NPs. Thus, capping of NPs by a
neutral polymer has provided limited binding sites for undesired proteins around NPs, which
limits immune system activation.

Srivastav AK, Dhiman N, Khan H, Srivastav AK, Yadav SK, Prakash J, Arjaria N, Singh
D, Yadav S, Patnaik S, Kumar M. Journal of Pharmaceutical Sciences. 2019, 108: 1872-
1879.
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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.

Saliva and urine metabolic profiling reveals altered amino acid and energy metabolism
in male farmers exposed to pesticides in Madhya Pradesh State, India

Globally, the human population is exposed to low doses of pesticides due to its extensive use
in agriculture. The chronic exposure to pesticides can lead to cancer, depression, anxiety,
Parkinson's and Alzheimer's diseases etc. Here, authors have made an attempt to use mass
spectrometry based metabolomics to investigate the metabolic perturbations induced by the
pesticides in the urine and saliva samples of farmers from the Madhya Pradesh State of India.
The study was aimed to establish non-invasive matrices like urine and saliva as alternative
diagnostic matrices to the occupational exposure studies. Saliva and urine samples were
collected from 51 pesticides applicators and acquired metabolic profiles of urine and saliva
samples using gas chromatography-mass spectrometry (GC-MS). Multivariate pattern
recognition and pathway analysis were used to analyze and interpret the data. Investigation of
endogenous metabolic profiles revealed remarkable discrimination in both saliva and urine
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samples of the exposed population strongly suggesting the changes in metabolic composition
within the identified metabolites (for urine samples: accuracy 0.9766, R®=0.9130,
Q%=0.8703; for saliva samples, an accuracy of 0.9961, R*=0.9698, Q?=0.9637). Thirteen
metabolites of urine samples and sixteen metabolites of saliva samples were identified as
differential metabolites specific to pesticide exposure. Pathway analysis of differential
metabolites revealed that amino acid metabolism, energy metabolism (glycolysis and TCA
cycle) and glutathione metabolism (oxidative stress) were found to affect in pesticide exposed
population. The present study suggested that GC-MS based metabolomics can help to reveal
the metabolic perturbations in human population after pesticides exposure.

Ch R, Singh AK, Pathak MK, Singh A, Kesavachandran CN, Bihari V, Mudiam MKR.
Chemosphere. 2019, 226: 636-644.
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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; (ii) 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.

Overexpression of cerebral cytochrome P450s in prenatally exposed offspring modify
the toxicity of lindane in rechallenged offspring

Prenatal exposure to low doses of lindane, an organochlorine insecticide used in public health
and agriculture, induced a persistent increase in the expression of cerebral cytochrome P450s
(CYPs) in rat offspring and modify the adult response to a later exposure of xenobiotics. To
understand the mechanism involved in the modification of adult response, rat offspring
exposed prenatally to lindane (p.o. 0.25 mg/ kg b.wt. from gestation day 5-21) were
rechallenged with lindane (p.o. 5 mg/ kg X 5days) postnatally at 9- or 18- or 27 weeks. The
greater magnitude of increase in the expression of cerebral CYPs in rechallenged offspring
and decline in the magnitude of increase in CYPs with increasing age correlated with the
amount of lindane accumulating in the brain. Significant alterations in the circulatory levels
of hormones in the rechallenged offspring suggest that these alterations may partly account
for the persistence in the increase in the cerebral CYPs during development. Epigenetic data
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further revealed alterations in histone H3 acetylation and DNA methylation in promoter
regions of cerebral CYPs isolated from rechallenged offspring at 9- or 18- or 27weeks.
Bisulphite sequencing revealing critical CpG methylation changes in the promoter regions in
rechallenged offspring at 9weeks demonstrated imprinting of the cerebral CYPs. Further, a
greater magnitude of increase in apoptosis in the brain of rechallenged offspring has
suggested that enhanced responsiveness of cerebral CYPs, which may result due to
alterations in circulatory hormones, increased accumulation of lindane in the brain and
epigenetic regulation of CYPs, is of toxicological relevance.

Agrahari A, Singh A, Srivastava A, Jha RR, Patel DK, Yadav S, Srivastava V, Parmar D.
Toxicology and Applied Pharmacology. 2019, 371: 20-37.

Role of fluoride induced epigenetic alterations in the development of skeletal fluorosis
Fluoride is an essential trace element required for proper bone and tooth development.
Systemic high exposure to fluoride through environmental exposure (drinking water and
food) may result in toxicity causing a disorder called fluorosis. In the present study, authors
investigated the alteration in DNA methylation profile with chronic exposure (30 days) to
fluoride (8mg/1) and its relevance in the development of fluorosis. Whole genome bisulfite
sequencing (WGBS) was carried out in human osteosarcoma cells (HOS) exposed to fluoride.
Whole genome bisulfite sequencing (WGBS) and functional annotation of differentially
methylated genes indicate alterations in methylation status of genes involved in biological
processes associated with bone development pathways. Combined analysis of promoter DNA
hyper methylation, STRING: functional protein association networks and gene expression
analysis revealed epigenetic alterations in BMP1, METAP2, MMP11 and BACH1 genes,
which plays a role in the extracellular matrix disassembly, collagen catabolic/organization
process, skeletal morphogenesis/development, ossification and osteoblast development. The
present study shows that fluoride causes promoter DNA hypermethylation in BMPL,
METAP2, MMP11 and BACH1 genes with subsequent down-regulation in their expression
level (RNA level). The results implies that fluoride induced DNA hypermethylation of these
genes may hamper extracellular matrix deposition, cartilage formation, angiogenesis,
vascular system development and porosity of bone, thus promote skeletal fluorosis.

Daiwile AP, Tarale P, Sivanesan S, Naoghare PK, Bafana A, Parmar D, Kannan K.
Ecotoxicology and Environmental Safety. 2019, 169: 410-417.

Photoexcited triclosan induced DNA damage and oxidative stress via p38 MAP kinase
signaling involving type | radicals under sunlight/UVB exposure

Triclosan (TCS) is an antimicrobial preservative used in personal care products. Here, authors
have studied the phototoxicity, photogenotoxicity of TCS and its molecular mechanism
involving p38 mitogen activated protein kinase (MAPK) pathway under UVB/sunlight
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exposure. Authors found that TCS showed photodegradation and photoproducts formation
under UVB/sunlight. In silico study suggests that photosensitized TCS loses its preservative
property due to the formation of its photoproducts. Photosensitized TCS induces significant
O,¢—, *OH generation and lipid peroxidation via type-1 photochemical reaction mechanism
under UVB/sunlight exposure. Authors performed intracellular study of TCS on human skin
keratinocytes (HaCaT cell-line) under the ambient intensity of UVB ( 0.6 mW/cm? ) and
sunlight exposure. Significant intracellular ROS generation was observed through DCFH2-
DA/DHE assays along with a significant reduction in cell viability through MTT and NRU
assays in photosensitized TCS. Photosensitized TCS also induces endoplasmic reticulum
(ER) stress as shown through ER-tracker/DAPI staining and Ca?* release. It further induced
cell cycle arrest through the sub-G1 phase augmentation and caused lysosomal/mitochondrial
destabilization. Photogenotoxicity was shown through significant tail DNA, micronuclei and
cyclobutane pyrimidine dimers (CPDs) formations. Cell signaling mechanism implicated
upregulated expression of cleaved Caspase-3, Bax, phospho-p38, phospho-JNK and
cytochrome C, thereby downregulated Bcl-2 expressions. Results advocate that TCS induces
phototoxic effects via type | mediated photodynamic mechanism and activation of MAPK
pathway. Authors conclude that photoexcited TCS may be deleterious to human health at the
ambient environmental intensities of sunlight reaching at the earth's surface. Therefore, it
may be replaced by alternative safe preservative.

Dubey D, Srivastav AK, Singh J, Chopra D, Qureshi S, Kushwaha HN, Singh N, Ray RS.
Ecotoxicology and Environmental Safety. 2019, 174: 270-282
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Validation of gene expression profiles of candidate genes using low density array in
peripheral blood of tobacco consuming head and neck cancer patients and auto/taxi
drivers with preneoplastic lesions

TagMan Low-Density Array (TLDA) based Real-Time PCR (RT-PCR) of selected genes
showed increased expression of polycyclic aromatic hydrocarbons (PAHs) metabolizing
cytochrome P450s (CYPs), glutathione S-transferases (GSTs) and associated transcription
factors in biopsy and peripheral blood samples isolated from head and neck squamous cell
carcinoma (HNSCC) patients when compared to the controls. The genes involved in DNA
repair, signal transduction pathway, EMT pathway, apoptosis, and cell adhesion/motility
were found to be altered in both peripheral blood and biopsy samples of HNSCC patients.
Transcription profiles in blood isolated from auto/taxi drivers, with pre-neoplastic lesions and
history of tobacco use, also showed similar alterations. The present TLDA data thus
demonstrates that low-density array of selected genes in peripheral blood has the potential to
be used as a surrogate for providing insight into cancer progression pathways and possibly as
an early biomarker for monitoring tobacco induced HNSCC.

Hasan F, Yadav V, Katiyar T, Yadav S, Pandey R, Mehrotra D, Hadi R, Singh S, Bhatt
MLB, Parmar D. Genomics. 2019, 112: 513-519.

Similarities in mMRNA expression of peripheral blood drug metabolizing enzymes and
cancer marker genes with biopsy samples of head and neck cancer patients

To develop peripheral blood mRNA expression profiles of drug metabolizing enzymes
(DMEs) as a surrogate to monitor tobacco induced head & neck squamous cell carcinoma
(HNSCC), attempts were made to investigate i) similarities in alterations with the cancer
marker genes in biopsy samples, and ii) if alterations similar to that seen in biopsy samples
are reflected in peripheral blood. Total RNA from eight soft gingival tissues and eight biopsy
samples of HNSCC patients and total DNA and RNA from blood of healthy controls
(n=150) and HNSCC patients (n=150) was processed for expression and genotyping
studies. Blood from patients receiving chemo-radiotherapy was processed for follow-up
study. gRT-PCR revealed significant increase in mRNA expression of DMEs in biopsy and
blood samples of HNSCC patients when compared to controls. Similar alterations were
observed in cancer marker genes in these samples. Patients with variant genotypes of DMEs
showed greater magnitude of alterations in mMRNA expression when compared to wild type
controls. Responders of chemo-radiotherapy showed significant decline in induction of
MRNA expression of DMEs and cancer marker genes. The data suggests that peripheral
blood expression profiles could be used to monitor tobacco-induced HNSCC as well as the
treatment response.

Hasan F, Katiyar T, Maurya SS, Yadav V, Yadav S, Pandey R, Mehrotra D, Hadi R, Singh
S, Bhatt ML, Parmar D. Biomarkers. 2019, 19: 1-30.
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MiR-34 and MiR-200: Regulator of cell fate plasticity and neural development

Studies from last two decades have established microRNAs (miRNAS) as the most influential
regulator of gene expression, especially at the post-transcriptional stage. The family of small
RNA molecules including miRNAs is highly conserved and expressed throughout the
multicellular organism. MiRNAs regulate gene expression by binding to 3' UTR of protein-
coding mRNAs and initiating either decay or movement of mRNAs to stress granules.
Tissues or cells, which go through cell fate transformation like stem cells, brain cells, iPSCs,
or cancer cells show very dynamic expression profile of miRNAs. Inability to pass the
developmental stages of Dicer (miRNA maturation enzyme) knockout animals has confirmed
that expression of mature and functional miRNAs is essential for proper development of
different organs and tissues. Studies from author's laboratory and elsewhere have
demonstrated the role of miR-200 and miR-34 families in neural development and have
shown higher expression of both families in mature and differentiated neurons. In present
review, authors have provided a general overview of miRNAs and focused on the role of
miR-34 and miR-200, two miRNA families, which have the capability to change the
phenotype and fate of a cell in different tissues and situations.

Jauhari A, Yadav S. Neuromolecular Medicine. 2019, doi: 10.1007/s12017-019-08535-9.

Polymorphism in interferon A3/interleukin-28B gene and risk to noncirrhotic chronic
hepatitis C genotype 3 virus infection and its effect on the response to combined
daclatasvir and sofosbuvir therapy

Hepatitis C virus (HCV) infection is a considerable public-health problem and an important
cause of liver disease with about 71 million people infected worldwide and more than
399 000 people die every year from hepatitis C-related liver diseases. The present study was,
therefore, initiated to investigate the association of polymorphism in interferon A3 (IFNL3)
also known as interleukin-28B (1L-28B) gene with chronic HCV infection and association of
these polymorphic variants with the combination daclatasvir and sofosbuvir HCV therapy
response. Genotypes were determined by the polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) assay in a total of 250 chronic HCV genotype three
patients and 500 number of healthy controls. Authors data revealed that the TT (minor)
genotype of IFNL3 (rs12979860) and GG (minor) genotype of IFNL3 (rs8099917) exhibited
a significant association with chronic HCV genotype 3 infection when compared with
controls. The results of treatment response showed that CC (major) genotype of IFNL3
(rs12979860) and TT (major) genotype of IFNL3 (rs8099917) are associated with the
likelihood of achieving a higher sustained virological response (SVR), to combined
daclatasvir and sofosbuvir therapy, in genotype 3-infected HCV patients, whereas the
individuals with TT (minor) genotype of IFNL3 (rs12979860) and GG (minor) genotype of
IFNL3 (rs8099917) are more susceptible to chronic HCV infection and treatment relapse,
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suggesting a role of IFNL3 (rs12979860) and (rs8099917) in the treatment outcome of

combined daclatasvir and sofosbuvir therapy in chronic HCV genotype 3 infection.
Khan AJ, Saraswat VA, Ranjan P, Parmar D, Negi TS, Mohindra S. Journal of Medical
Virology. 2019, 91: 659-667.

PI3K/Akt pathway and miR-21 are involved in N-ethyl-N-nitrosourea-induced F1
mouse lung tumorigenesis: Effect of inositol hexaphosphate

The risk of cancer development in offspring due to carcinogen exposure during pregnancy is
a serious issue. In this study, authors explored the involvement of the phosphatidylinositol 3-
kinase (PI3K)/Akt pathway and microRNA-21 (miR-21) in transplacental lung tumorigenesis
and its prevention by dietary compound inositol hexaphosphate (IP6) in F1 mice. Balb/c mice
were exposed to the N-ethyl-N-nitrosourea (ENU) intraperitoneally on the 17th day of
gestation. After weaning, half of the litters were fed with oral 2% IP6. At the end of 30, 120,
or 240 days, authors did not observe any effect on fetal viability or weight between ENU-
exposed and non-exposed litters and the same was true of IP6. Altered expressions of the
PI3K/Akt pathway were observed in F1 mice. Further, miR-21 expressions were found to be
modulated at the respective time as well, along with the activation of matrix
metalloproteinase (MMP-9) and vascular endothelial growth factor expression. Akt activation
also enhanced the expression of cyclin D1, cyclooxygenase-2 (COX-2), nuclear factor-xB
(NF-xBp50), and mammalian target of rapamycin (mTOR). [P6-fed F1 mice showed reduced
tumorigenesis along with reduced expression of the PI3K/Akt pathway miR-21 and
downstream targets. The PI3K/Akt pathway and miR-21 are involved in transplacental lung
tumorigenesis, whereas IP6 seemed to affect lung tumorigenesis by suppressing the
expression of the PI3K/Akt pathway in F1 mice.

Sahay S, Tiwari P, Pandey M, Gupta KP. Journal of Environmental Pathology, Toxicology,
and Oncology. 2019, 38: 69-81.

Carbofuran hampers oligodendrocytes development leading to impaired myelination in
the hippocampus of rat brain

During the mammalian brain development, oligodendrocyte progenitor cells (OPCs) are
generated from neuroepithelium and migrate throughout the brain. Myelination is a tightly
regulated process which involves time framed sequential events of OPCs proliferation,
migration, differentiation and interaction with axons for functional insulated sheath
formation. Myelin is essential for efficient and rapid conduction of electric impulses and its
loss in the hippocampus of the brain may result in impaired memory and long-term
neurological deficits. Carbofuran, a carbamate pesticide is known to cause inhibition of
hippocampal neurogenesis and memory dysfunctions in rats. Nonetheless, the effects of
carbofuran on OPCs proliferation, fate determination, maturation/differentiation and
myelination potential in the hippocampus of the rat brain are still completely elusive. Herein,
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authors investigated the effects of sub-chronic exposure of carbofuran during two different
time periods including prenatal and adult brain development in rats. Authors observed
carbofuran hampers OPCs proliferation (BrdU incorporation) and oligodendroglial
differentiation ex vitro. Similar effects of carbofuran were also observed in the hippocampus
region of the brain at both the time points. Carbofuran exposure resulted in reduced
expression of key genes and proteins involved in the regulation of oligodendrocyte
development and functional myelination. It also affects the survival of oligodendrocytes by
inducing apoptotic cell death. The ultrastructural analysis of myelin architecture clearly
depicted carbofuran-mediated negative effects on myelin compaction and g-ratio alteration.
Conclusively, authors study demonstrated that carbofuran alters myelination potential in the

hippocampus, which leads to cognitive deficits in rats.
Seth B, Yadav A, Tandon A, Shankar J, Chaturvedi RK. Neurotoxicology. 2019, 70:161-179.
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