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HTHITSIT-IMSISAAR fawfaaaer ever afder
39 (2) 2019
HITHIEHR-IMEISEIR FAvIaat sregaener 7 3ol § JUr Al Ty am FATaRoT
1 FHEBT & FaR0T 8 YRl & | G 39 el @l fAfafad segeat &
AT G F HT AT @A § -
o 3N, FY vd A Slae H IUANT A AT S drel TG HT GETT HodTehed
LT
o TowTe] TERSeNe @1 fnar fafr s feiRa e
o UGEH ¥ TARLY Ud GHTGROT I YT 8 STARICHS/[FaR 3t 1 geArd
coll
o THEYS 3T, Wiel, HiY &fE v 9o # SIfEH & FHRT gl dTe SAadTish
TATELT GRT I Igdle] el |
o 3T Td gHaRe @GET & BROT 3chee Rt 8 Hgor/e sarisreh ST
LT
o TANTFd THRIAT 1 FT T HIFUT, HSROUT T FHN AT
o 3iicAfTeh Td gTeRoT Gt AR @ v g Al FEree fahfdd wer|
o THIE, AT TUT 3cEl HT GR&T fATar & deet # el 3R Riawsit &g =@=h
F & U Sar 3 3cafAAT 1 AT Iuers HE|

T i e & ot 3ife gay O fvfaaa & & Rk F-a & 9 s8a #Aeg
AT & PUR g Fadieh, e va waiaxor Rwfaae & ety derers f&ar
gl g fAWfaare Jaeare afEeT T § ga §d dedlfAs YRRl T dfEied
3qcliehe gl

danfas syafeuran

qgiaRor R

SAemafes Af3ves sEadeaf@y | SEFARAON IT TS & TFEueR  fAe™cAs
giifenr # AYAT TET 1 UG ST 2 FT FNOT a1 § favT ¢ A Sl FyHAg A
AT &1 FUh(TFHGoR) o afFAfT &1 Ieaf™, v Siig & faee & aReT AyAg
3cUfd 8 Shelaaifee FUh(THFAdeR) & AEEe Hl qUIqar 3TRerl &gl Sedrar Il
¢l faespreier sraear ardfas &ifd 8 3R agureliel gidl §, W AYAT & IR &
g% GRUTA T AT 30T &1 38 Hesl #, SAftholl AERIET T YA e SgfoleT /
s 9eff FRE-o el (MSITSTH) & TY-WY TeHST FIATAT H T Alsel
& T H WS HF, d@hl o TrEdles Sl A AYAT g SFARIad (SEEd, Tw
JTARITART  HIeaAAH) AT TCToieT (MRl ) Fr  faprdTcrss TFEaloR  &F T &l
AedioneT fohar| wfdEal & fahm  aRe SSId & Huh(Taedlss) W ggide $T war
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https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed/31319158�
https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed/31319158�
http://shabdkosh.com/dictionary/english-hindi/%E0%A4%A1%E0%A5%8D%E0%A4%B0%E0%A5%89%E0%A4%B8%E0%A5%8B%E0%A4%AB%E0%A4%BF%E0%A4%B2%E0%A4%BE%20%E0%A4%AE%E0%A5%87%E0%A4%B2%E0%A4%BE%E0%A4%A8%E0%A5%8B%E0%A4%97%E0%A5%87%E0%A4%B8%E0%A5%8D%E0%A4%9F%E0%A4%B0/%E0%A4%A1%E0%A5%8D%E0%A4%B0%E0%A5%89%E0%A4%B8%E0%A5%8B%E0%A4%AB%E0%A4%BF%E0%A4%B2%E0%A4%BE%20%E0%A4%AE%E0%A5%87%E0%A4%B2%E0%A4%BE%E0%A4%A8%E0%A5%8B%E0%A4%97%E0%A5%87%E0%A4%B8%E0%A5%8D%E0%A4%9F%E0%A4%B0-meaning-in-hindi�

I AYAT T 1 (&1 1 GeieT Foham Siafeh Tersliel & Hueh Ied o ggfeler gfaRier a1
AYAT s 2 (&23) w1 vyedw fhar, S gar § & Sheudfem & ek
SeAtaTaiee FUh(TFAGSR) IRUMH Fa6T HAG & Fohel & 3R S & e o=t @
e HSTes HAYAT & HROT o9l & | d@h g § & frdisfea wea-#Aifswes
T Ui Fgalel (ATash) fAedAfolar  @fshgor fasrd & R verele
HYh(THFETIs) e AfFEdl A Sgidel YioRIY T Al §, Sidie g fafsues
AYAE <9 1 (A9 AfhIur FEarg-Afsves HIRET Hog urg foed g1 vl
(20ug/feh) @ush AAA(TFedles) AfFEal A gwsieass Sargee2 (wEsiE2) &
Jfeeh-Jeheel & HILIH & 3rdisied $H &1 THRT, SHY JiFAsRT ®E & TR A
3eal@aiTT HAT 3R STASR & BIEHIRCIHOTH HHAT AT IdT Tol| TP AR, TToid
(20ug/feh) Hudh AMAA(TFedles) AfFgal 7 gmsieanss  Suegee2 (vasiE2) &
3R TehesT Tohlel AR THET BREPIRGRT R HTT07 & oy 9, I8 sqfoe
HdeAMedT H GATUGA HT Fohd &l & | 3T, v & ke Shaiarafead &
H9H(TFEdIoR)  T8U1 a7 23U2 AYAT & Ak & U WA Sif@A &R gl 58
$HNOT  TAHATT HEATA T HYAG Il & YA & faeetl Tclh Il & | 38
ary g, s ®a o1 TE-3HadISe Ghel dh THRUT Shelaraiiesy HIfsues sy
2 AYAT 8 Teh HST AINTUN g1 Hehel § |

TIA. IO, RN, T, THIEHG, S, ued, T TH & UsSehel aridisl Us
AfSA, 2019, 141: 461- 474.

SHFARIAE AT TS & €6 I°d  AfF@dr # <89 -1 A1 TEY -2 AYAT & GNH & A arer
Ay 3N IR AAerfes Afstes seeeiad S R |
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http://shabdkosh.com/dictionary/hindi-english/%E0%A4%AB%E0%A4%BC%E0%A5%89%E0%A4%B8%E0%A5%8D%E0%A4%AB%E0%A4%BC%E0%A5%8B%E0%A4%B0%E0%A4%BF%E0%A4%B2%E0%A5%80%E0%A4%95%E0%A4%B0%E0%A4%A3/%E0%A4%AB%E0%A4%BC%E0%A5%89%E0%A4%B8%E0%A5%8D%E0%A4%AB%E0%A4%BC%E0%A5%8B%E0%A4%B0%E0%A4%BF%E0%A4%B2%E0%A5%80%E0%A4%95%E0%A4%B0%E0%A4%A3-meaning-in-english�
http://shabdkosh.com/dictionary/hindi-english/%E0%A4%AB%E0%A4%BC%E0%A5%89%E0%A4%B8%E0%A5%8D%E0%A4%AB%E0%A4%BC%E0%A5%8B%E0%A4%B0%E0%A4%BF%E0%A4%B2%E0%A5%80%E0%A4%95%E0%A4%B0%E0%A4%A3/%E0%A4%AB%E0%A4%BC%E0%A5%89%E0%A4%B8%E0%A5%8D%E0%A4%AB%E0%A4%BC%E0%A5%8B%E0%A4%B0%E0%A4%BF%E0%A4%B2%E0%A5%80%E0%A4%95%E0%A4%B0%E0%A4%A3-meaning-in-english�
https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm%3DGupta%2520HP%255BAuthor%255D%26cauthor%3Dtrue%26cauthor_uid%3D31319158�
https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm%3DJha%2520RR%255BAuthor%255D%26cauthor%3Dtrue%26cauthor_uid%3D31319158�
https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm%3DJha%2520RR%255BAuthor%255D%26cauthor%3Dtrue%26cauthor_uid%3D31319158�
https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm%3DAhmad%2520H%255BAuthor%255D%26cauthor%3Dtrue%26cauthor_uid%3D31319158�
https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm%3DPatel%2520DK%255BAuthor%255D%26cauthor%3Dtrue%26cauthor_uid%3D31319158�
https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm%3DRavi%2520Ram%2520K%255BAuthor%255D%26cauthor%3Dtrue%26cauthor_uid%3D31319158�
https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed�
https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed�

Haharell SEhAIRITSATT HT AST ST IR TRAGRAT & aridies gfafkar s
aRe FGAT W IHT

e & et 3R e 3uder, 3y &9 & F & &7 A9ga A F swTEA
o Tt aRRFufas dx (aeh, A 3R araaon) ygfidia g w® Bl deanrme & &,
PR F TAROT W TS JF{ YAET FTOIeIAT BT T SgT FA g0 &
STSthallehlalTatlel, IR & Teailel HHE U HATA &, SHHI 3o BlclhiAhel TR
IR w7 TSR aqan, a0 PRt & sadfr a7 iR s Wdr §1 add =T
T H STShATPIATSATH hdhell?l T A Siid SCEIHAT IRRIBRIAT Hr RIS
gfdfshar R HIRBT fATFdar & goral w1 AT, Jeftl, Sl e, Tagien
afafafel 3R oo Fraeth fhamsit & dcet # fhar = g1 ®cAs Iredde #,
CCEIHAT & IHR HR gRAOT FH dRads Fem g1 AR IRoMH 7 IgRIAT
URRIGRIAT I STA0Edl Jeffl W U AhRIcHAs Jd fq@rr § 3R gdehr IC50 Hig
6.8 ug/ml 9rlt IRAY| Figar AR THT F IRUET H, Uoleled &X H FAT iR Ul gEar &
e Uiy aRAT| STSthellehlallollel, CCEARAT & Bhelarsieer afafdfer # HHT &1 Hgeaqol
FROT FlT AR AT Soldgid ASHIEDTT AT & garT §f7 3aRe Tascas-
gRade  ¢@ 9v| gRoneA sarad § 6 wasenelt T fawrerddr v e ar & st ¥ 3R
TISC AT A o U, SEIAAT o YAWNT Teh qTeh YUMol o &9 A foham S Fehell
gl

IR, A, &, gd ,SLT¥g, TH S, Tah. US. ShICHFHDICIST US Fodlsided AW,
2019, 182 : 109375.
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https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm%3DMaurya%2520R%255BAuthor%255D%26cauthor%3Dtrue%26cauthor_uid%3D31299474�
https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm%3DDubey%2520K%255BAuthor%255D%26cauthor%3Dtrue%26cauthor_uid%3D31299474�
https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm%3DDubey%2520K%255BAuthor%255D%26cauthor%3Dtrue%26cauthor_uid%3D31299474�
https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm%3DSingh%2520D%255BAuthor%255D%26cauthor%3Dtrue%26cauthor_uid%3D31299474�
https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm%3DJain%2520AK%255BAuthor%255D%26cauthor%3Dtrue%26cauthor_uid%3D31299474�
https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm%3DPandey%2520AK%255BAuthor%255D%26cauthor%3Dtrue%26cauthor_uid%3D31299474�
https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed�
https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed�

CTRIAHAT I, ATSHITHRIT & a1 forar 331 =T | (A) 3R (D) FUgId, CCEIAAT HIRIHIT | (B) 3R (E) 7
Hg/ml STStheIEIeTSTel GaRT 3elgd  SIedde &IRE| (C) 3 (F) 10 pg/ml & Hgdl W 3G
TR FIRAFIT |

ar e fears § ddFfas TGRT JaT F JaacASs ABHERIA faRdvor &
AEFIRATT FFIAAT T FEATCHS &AW AT d THG FT qaT Tall

Hefta aIRTEATARr aF # Yguen! & SAITaROT & AGHITNTT HFGfIelsl Hecaqul fHenT
Ao &1 Yoy FowR gUFHOT Td  IFERTS 16TH e 3NCAT  3MUTRA gy
eI & HfARed, 3a FeAeha Afaudr vad Far & FAFET B FRACAS &THAT H
TS & o NfAed diedif@fral o 39aer e W e &g forar = g1 Roel
RAE & & Heaer-g¥d @sel W el howkdd  Ud Helhowlael  JFERAT &I
fafaerar &1 uar =el| 38 3T & el AciolAS fhaor faftr a1 3ugier wih
el & T H TH WG Hal F Hedl A Hg¥d Har #A e affid v
SRAcHS HFYACT B @ AT WSFIRDT, TiFeAaFIRAT, BiFaged, sFvsed,
g @ﬁmamﬁmﬁmmw 98.61, 87.38, Td
80.52 % @ WaAT A Ty w7 § genfad fohar B, grdrer Heamrs faffes (Tasmsva),
sfear sy fafAes (3msdiven) vd  &giad & HAA: | FATCAS Sl fagevor o
geaee fafdse 33X U@ vd wiFEd dex grad 3asfa e gt fr 99 Fwar &
AT & vedld frarl wesde, venle, 9Thdrd, sE3iiddd Td A%hUdd &
fEAsers &1 Sifser F SNt T 39aTeha F FE&AT 9IS S| ST TV Har A AT
JFIRAr T=Afafis (20-100 pu#) a8 @sed X-100 (84-417 uud) Fhade & IO
gid Oiv v ¥ | TIHivd, USKIewld, UG B HmAA: 76%, 70%, T 58% FHr
fiRrEge org 15| e IS g HaT A UITd FHT ST SAladlied Ye¥eh &RUT g
ASHITSTS FFGACS T e gfdem &t gefd §, o f&F Severer & 394% dafad
3TN o IYANT A H FETIAT H Fehll B

3IR& TR, dh R, T Foel, TH ¢HAde, Ud AR, J8H 3% ¢ clcd TdRRAHT,
2019, 681, 413-423.
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faafaftes N RFTFRTT @Err flga Foe RAfTT &1 de-waaer @
HIRAFT IMFATAT FT HedTehet

PO TAT AT 9fharst & e shive e (Fue) afgd [Affea tarafas it
e & |30 3¢ & afg: 9@ & Algg 39 TaRfAE A @1 g )
Geelleh GHIE gsal g1 shivre [Afaeter (huel) ST vd Siel folehrail & 9quor gq Sovard
& T TOEY vd RREURY TR AT @ & S0 3T FA fHAT S Al
5T gaAT 3eggd A foeaifafRts JFORTE MR _RifFarRiveg Fva fRae & @
Yol AT IAT ATEERT e fafders (huel) 1 Teiiha fhar =ar ar 3R gHe
fffedr ®a ggiia rwar  gieRfed TR A Fua & ST-FUROT H qfte
#1| faeeiipd e gu shioe fafdefar (dhwer) 1 1000 elarar / ofex Higr & @ 30
f3af afcaas oAD" W A 72, 168 UG 240 €l g YR &Y Gem3il & 3edefa 120
IRATH W fgamrar 3am| o@st & IR fFasRices & @y 240 8¢ (10 &) &
37AR H Fue faffasr  (duen) &1 3fO&FaA Arfiexor 65% 3R 62% faTEheor
9T | h1ve AT (FU) & 3UAR 3WIA SThI TR (TH{AIT Soldgie] HIShITHIUT
IR FERAT ABHRERAT FT IYIAET ) GAINTdRT HHR (ITrefiel Teprer Fehiotd &1
3UANET ) U HRcHS THE [UEGUCs Ted Rbolhced BIRIT SohRCF
TIFSIEHIUT (TER-UHEIANSIR) T 3UAIT h] A Tqse gRadsT @ v | g
PIACTITR-AT  FAFAL (SIAN-TATH) SaRT HUA & ofd FACROT o & efdlaior &
faffiest TagTdt & ST F gdT T | HTA & fAFAeor & faRed Aufadeor
(RAfdesT T@ow™dl A Sid TRV BART gl A) H Hodiehe AgeIciiediads afear 3-
(4,5-ssAUSARAST  -2-a18 T 3/A9T) -2 FT 3TAT Fdh, 5-Brasaiaiomd sass
[CFEIET U Sfcaa-ufAciiFanarsd (TuH) 3189) ] Th AT hsel Ao dised (TA3RH-
528) T 3ULNET Heh Hedichel fhar I, To@d  fAIAOT (27%) dHT JolAr H Seeld
HITRIDT ST eI (240 B¢ & 3TUR H dFIRAT IR hUel fdoret g 74%) &r
Ul T S TR TAE eI STar § o oiaRor @etor gq dedRar R
IfFahRItea arsciFaiads & fHFiiaior & ara-ary siwe forerfeier (Fue) o faffies
TATTIA FH FAART FF $HH IGNUT I HH Hlal A 3UAM g7 Fhll & |

v.&h. &g, @ Iea, IR0, #AETT, SE. ARd, T. o1, Hicdd 3 Asshiardid, 2019,
10:2364.
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FEIRIERT AT & -
(V) IuaTRd Td dFEIRAT-3TARA hiwe fouriaiar (ve) faerer (d) SFORA-3TRT 72 6 FSAG
IR (@) SFEART-3IRT 168 € FsAG 3T T (3) SFEIRIT-37=RT 240 & FSATIT 3Td.

gy, I v waafas Al

ey &1 Al Heed § IR Fa¥Y Saed Yol & g 9ded AET A SEH
ARl lcl g TAERUT YGNOT I HUTAHNOT & AIH § W FE Td T
ol & G A faed X & RAar 95 W &1 IR-FN 3cures @i & et w2ied @ed
MY FARTT A & Wieg P WIEIT Hel AT HAMAT Fel i ARt o @ieten
A 3MaTS @ AT Bl WET TEERIOT 3GANN & dig A & @y § dieaifh
3cgedt g S 91T Rfdes wreg Aersi(gs Wfefea) & 3uaer i 3R Tomer off wor B
ey H tfsftd & ® # a3 TaEfae Ufeedl & 3cafUss 39der fRar ST @
&TCHAY T IEAMIA o7 HAW & HROT Ted A folest A5 Tolel & SAAggiant FH0T
F o T R gEEr g1 s8e AfARed, & H 3ciee I GEER0T ddT HSROT &
et off IRSEae TWor % Fehd € | SNUA WiET IaRISABT & Iculed gq
gerdfarsl (ReplFemiee) SIaT Sleafdtehr o1 eROY 3UAeT 9dicd @ieh i & fow fhar
ST 1RV 3R 38 ATY AY FEERIROT & qd S{vA @iegd / Bael i FRaT T1fid
Sl ST TR IRARE AT & YR W ST qfedl & PRI T & 3elsh JhR H
fAWTeFddT 1 AHAT AT 8 IMASAS 817 g1 3 TR, SNUA Wed Td  IRURE &9
¥ 3T T T aen JE-gedl F W 3 qEee srainERed A &g
fauTeFeTar / G ST 3T TRAT S AMRTI FEA A Wieh HET &k &F H agd
HO® ARreT 6Ar g1 HRAT Wied Y& Ud Al WOl (THUHTHUIS) o 39
TEIT T GAAT H ACIA & § AR TGUATHUNES hI IS YIRS T
UITHIMEHR-IMSHSEINR FH THUTHTHUINS & §5 Il Heed T TATAT g HoY Jared
A Fl HEU WTEICIHR & AT AlS FRAFHA  “BS  US  Shogil W Hegeel
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(TH3NEEH) 7 & AISel TAERIT & &7 H o HF ol g1 FHg arT fov v fawy
(i) ofee=r Afcaw & Tanfaa fader voic & FURaT &= & v sRivonfeat &1 e
Td / T TAYSAT, (i) FIECIhHAGBed /| gl [Afafdd ugrdt 7 ggae, S 3Wied
A 3refer(hfAdd Als-3-E) A R[ANFddr & &d & THhd &, (i) a5 Taafas
tRedIs & TAFAdr & dF Sl FASE, (iv) SNUA e / ®F & Idl 9T T 3oiehl
&t / Telsll T oAl AR (v) We vd IS e g e weifaat &
fore feem-Adern & wamwer, avw saa ARa £

gFarfaar daer (RRish) @ aifta vesffas Wda (11:3)) § wiE sFgapdfaa §
(3MEx48) STEfEer &Y yga=r va  afF-R=or

U SEGARAIS § (3MS43) MfSues faddeaeliorar wfdfshar 3cOROT g SeRer
HIhell & HY 3EAC FAIUS AfFAAMell WET Ycgoih! (Telord) H ¥ § | d@FH &
3R ool ofolled  (MT-11 538 ) WA 1 TRF-FA0T va  seriares TS
Jcgoieh (Ueloiel) T Teloll 3cUeel olel &I &THAT & 3Mehole] & A 3HH Ygdel Td
Aed AT| SHA AW &I IFeAYT HdcaRllel AL, Sivvoe @ @ Ta SoA-faer
hoeash FHA # fhar AT AT | gEAedr dee(RRIG) & HE sEgHeeies §
(3ME43) 3T 11 33, WA & VASHA SFEUS A, Ray T g5 NN
fofFas wefemdr IRA-radiverdl) & M vd Ueerss A R (fruauw)
39T A URT AT fhar TRT ATl AT ool (dve-11 58T, ) N & aftHeT
iR Td SEGeANCliae § (3M$x8) Td Tohollloldl ool Ueloll & dIfsd Wl & &
duT  Hacereler TYET & WM H RER Tohar &7 & guiar| I8 Toel Afsred S
T SFIAIATST § (3MS43) , SHGARISE Sl (IS4 1), RS & TR P Fargrehd
el & A H Fordl § | 30T & IeTqqA Sof fae) (IRAT-20a3 ifep3it) & fepar amar
a1 vd ot e A da Rigorw Aftred o g geErehfass,
feeeIfAe, MasewTel  TUT NSNEN2 Haeled fAUTHN (Fear guelese) H grar ar=m | Aee
ol RAefoeT & SEaEH & dua2 aEclfhed / gafhele haed TF  3Uifae AT
& Uheod @I AIHIAT IUTGelRs A Fafh d1-11 381 N 3uanRa ggi & droat
grafsheeeTel ey (E-A15en) H Felt 3 | Aviaes ¥ F I8 3egg cfar g &
helllil ool MT NEF H Teloler &7AT & S 6 Fadipd  afeFaat & wosit
Sfafshadl 3cdeet T bl §, 3R HafF  Hgcaqol Ig § T SFGAlelia § (3MSx3)
1SS W gEhr Tefsit & SR Bl

TH. FAR, TH. T, U& AT, qE gfaad). ¢ REd gewevee, 2019, 125
108640.
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TR ABHICHTad, SRt $r 3ufded va frarerdar

SR (31330) FISIRIA G & Fdeh GaRT 3culfed U Agehlciiads] g, it fa2d o
# IS U4 Wi WHAT HT HGA BT §| FIARIHA ATSHICHFHd I T Td AT
TAEY ¥ Fafd Agcaqul JAMadl & ®9 H AW ST ¢l @eg g2 d § o shufase
(FS$V) I HIFT AT AN, HeAlsT, i, STHaA, ST 3nfe farfda ot va &4,
argols, U=, AT, fheidia, nfe S wraeher gut & 3fcer-3renT @y geraf &
fezaAE 9rar s | AfFEhrhgaies HeATT Gorar axd ¢ i e (Js30) @
AU HUF T (3N TEREAeR) @ & 3w, AfiE JovT v (Rggwersad dae
(G3MEE) & ATegsw @ AT ghar §, Iv=g giar § td R & [(ffies 3 &
ggd S & SIRIfele (JS30) & HROT FANRIET & Sig3il &7 Fofelal Faeh fawr u
AT | IEIW, AT FH ANl (A530) T Aurdar s g 3ifam & & yaAifoa
g g, O o AT Teal @ dohad Bear § & Sifodis (9380) & #RuT gew
TEeoifaes A3 g1 Thdl gl gTelifeh, SIRIfollld (830) & &RUT &A dig [auTeFddr
Bl §, W ASSU  GaRT 3cUoel HAGCY favledar #1 qfte e gq RAIE 3uersyr gl
WY FIS FHIET IUGSY AGT § S b 9issU faweddr & g,  HAdey faweddr e
gefad dF & TEIfd AT 811 g gEeT o 20 auis 999 R &7 JAssv fawredar
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g Ud 3% So-[dal TG SoI-Tael [AWFddl 3eqIeiiahl F&ied  hdir | GHem &
SIRIfolAlsT (S1880) U9 ACEIBsed & cligddldsdics X aar i gefr; I8 SiRifeaa
(F1580) wAGCY faVEddr Ud U4 3HA 3 @A g @HIfAT HNES dF w1 e
gl

T. T, TH.CE, THUE. fhfewd degel 57 $5 A58 37 =ggIrre, 2019, 26: 1-20.

AYAH ABAt A AFTgTT BuhareT vaw $FIIS AT F FAgeaqor AT
HATScIoifegdd Ifaehl AHAET R WEeed AT & dgd T HIfAST & el drel dealld

#A HAgcayqol AT AT Bl gTer &1 o 37EAT H 9T I I AGCIhI-5AT T Hewd G
1 PRAPBT A Foft d1 AR A gt T F gl § THS HROT Ig Jahfapiad H
HecaqUT farees fffehr Hd 81 AYAT Scd@elld §9 & A SUT 90T & 1Y
STST 37 &, foIH #Fd $UT 3cest T MR &, St 39R 3ifafd i fear s ¢
ﬁﬁﬁwﬁmwﬁﬂmﬁémﬁmwmﬁm?ﬂ
HISCIhIe5do Harelel 3R 3e7eh fAYeT Hud T AYAG AT & Jeveod A AT glel &
fT Ser Sar 8, S Aschiesdd afaliedr iR ASCIRlcsde TderR & [
Hlolel I =Ml 1 ATSeIhliegdel Il HSeIhllogdel el N S HASCIDl-gdol
fhered 1, SR - H&fa W 1 3R Ascelicsdd fh #R®, ABcIPl-sdoT
Tl WIEle, AT -1, ABCFIAd - 2 AR e MY 1 H T AT W
SR el g1 RfAer Argcifegar $ir e, 95 §3m Asciiegar $r - Herthal Ay
I FUAART HT AR g 7 e A AaFa s arel Agerhstr $r afrgar T 1
AR wifdhet g@anr gich &1 o v Ascihiiegdel fause U qd uear gl 36 |HieT #,
& JUTash oF St gfaframeier siferdier yonfadl & affia a=a § 3 gl & 38
goIfd @ Tdl A &, S 6 Agdifegae vesifesd, Argerthal el faehr, foerst gam
To[ehlsT IREE, TEeR AV, 3R goreh FABT Hcg & AT AT gl H0TIAH $hig b
it 1 3Hiethelt AR goreh FRET & Sise & far 9 wEad, e R, AR 38 IS IR
& -1 F gEasia 9 o IgT UehIer STl AT g, 3R ST AEN fr s A @ ¥
SHITIEST S alel 3 O gaah W T Rifercdir wehfaal & gdfta && # Aag
e godr &1

TH HFUA, T AP, W el Slelel 3 GogeR  fhfordlelisl, 2019, 234: 19223-
19236.

& ¥ IRT vASit UF AT TARLT W S GHIG A Sq9E gela
fafdest YR & Wiey/ Wieg 3cuel &1 Fale 3R 9NN Hed do g EIET HT 19
T A 3UAT RAT SIAT & WG 30k IROTA Towy  JifdwdeaAderdr  gfafhansit
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@A 9 Sar 81 &HT &1 Telsilt &g ant & FRa far o @1 ¢ 3R I8 @R
37 &t F IR 9T W ¥ e JoeeAs ¥ F SEH WO A3 ¥ 30wl
FAgcaqul Wieh Udlfordl # & Uk AW ST Hebll gl G & IR Tt & FhREAT T
Ffgd s TS Aaifad JIETTAT FT g A FHEEGT A FaRa fRar Iar gl sas
sifafkera, gfavem deth A« & TU-ary TEl & Tolold @l o WAfAs faavae 3 &k
TSI ST STt § 3R 30T Wieh Taelal & T S Ufafhdcasdr & ) & &
sHH T Fr 75 § | v aeEr @y erdf 7 3esdy veeld & &9 H o Alsg @
Fehcll & 37c: WG JFd Wie 3cUlGl H  Ygdld el Agcdqul & Fiich Fg Tedoll
IfFadr F FAIAT ANFH 3T FX Toha! gl 5Th ATARSFd, AT AT Teloll &
FdfAfed o @1 dge’ AT, fafdse fafhcd gisansit & fawe gq  9¥d ravgehar
gl fasay & w0 A, verell AR i graT &g Ied ede Teihafeaw arer Afdt A
TIAT HT aeaTreldr & AafAa greqor Far ser anfgo|

T AT, U & FHT, HR & Iedr, sAvemst, Of S gfaadl. Folifdehel deget s Telsil TS
gFgsilalial, 2019, 57: 39-54.

a Primary exposure of allergen - Sensitization Phase

Binding of Allergen
spedific IgE to mast cells

DD
DD

Allergen specific
Memory B-cell

DMustard
Hergen

e g Th2-cell :

Mast Cell

APC Allergen

Naive specific IgE

T-cell

b Secondary exposure of allergen - Elicitation Phase
r—

‘ Asthma
: Allergic Symptoms
and recauitment of = .
inflammatory cells
> > o9
Allergic rhinitis

Skin allergies

AT AT F WAT & Tololad & URT TSl & Yehed T THIGd dF SN 3EUAT, Tl Araman,
I cadr WM U9 3 HaeY Ueloll [GdhRI & HROT §1 T ol

TR Aarfas FqEArEl Hr DAt N FATT T G TEREEATAS JruRa frAddea
Wi & & glel dlel UIgy THGAT YAl Uled gl & Faed SRl ol ud
NN 3YAT g TR 93 TR W Tl S @ ¢ TeRATar & Aafhear gaeh gema
I fahRar, ~gUSeeRfed f[AeR vd I@r AT H guA fhar T Bl I,
WA & Hdifth Mawgs Rfhcdy g Hl o haeh v HAdied 7
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gfaaEd Rar =7 g | 58s 3faRed, Ae FARYT & AT IERATAT & FIreld o
FET ITAR H Aga THEHINAT & HY JRATSTeleh GHIT Td  wgeladd oo Jefdia fpu
g13® Uty W, ¥ fF A, Wl vd tiEteReRe-3-dtae iy 3a
drAEges:  HAmiFed yoa g U TR W Sg N S| eIy, &fior S
3gaetrdr, oioeT fdeiadr, Safaiashdr td 3Rgdse @igy fafdsear Rifhcar # 3o
fafrcier seguiel & AR F 1 Safh st Stasdesuar iR daa RAftsear gur
e faffieet A SR S - JAHR, [AeH, SHUAT T Aol T ITIRT AR §C
UGIRERST & AAIplHeRe B AEud &6, S gerhr Rfecd etAar @ Serd g,
8 TReR 3 g @ § | odEe @l # due ¥ FT dWed UeT @EE &
FAERe  Ta FARRNRE Frf 3R Rfecha seyet 7 sah g @t @&
FeIgur fRar & | 38% AfaRked, @ o wEhfaal 1 g@fered Qavor o far § s &
Follflehel AfETq A UG & HAMYRS Hed ¢ oAl THERIRAT TGI Fehell
gl

dr R, & 3REn tHIS. AR, F e wEaRW REd, 2019, S03S
10.1002 / 9 E31R.6508.

TERATA 3od TUAT & ATEIH H I F & off b HaT HIAPII FI AT Pl H Toq@ HfAST fAem
FHd &1 TEREARS HE ¥ Fafd demsmfen ffaefesr qees 3R 36F 307 Agcaqer ras Sa-
FIfAAT TF gorfd, arfgert Sietet, Acreefaw, theefes fafaass 3R Fov =7 a0 = R o &g
aftra Fa §138% faRed, TemaEds FE HREET 7 AR g varafad, sienked, sifeisfea afa
quT  ASIegde HIRRIAr H fF GRT HT Fawa &1 ()T FH d8T F FAIFES B GGRa ddre,
Jafh (1) TTga & 8T & ey Faaa #r geidia axdrg

AFNHARIT cifFapIdrs!
TTUTT Th ok & 38F AT A aAdciFadidlel & &9 H dRRd ¢ | favfaas & sa
3T & H TATd ANE S dTel AT A FAgcdqul deleles Shelvifed & @Y
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fFAvaar farfad e 7 Ta77 g1 DTAHEIHR-IMSINEEIR o ol deheileh TR ATTAIESIHR
I &1 WHE Aeash URASASN H YA AR S vd  $F-UhA7, Foh, T qUT ST
T TE T FATRT IRASART F Tgnl W@ | T F Solifaas AadfeRasy
(SUATH) & HRAWOT Td IR 0T, fAWIerddl Hediohel 8 BRGNS / 3T / Teheiiehi
& R, ANAFT & v Ren-fAder, dwfeus Alsar gur Jfgs gonfadt & Ty shfaas
AANARRITCH (FUATH) T Bham TF 3id: fhar & G7  Aaeh Jregaeney Frf & 39 gam |
TEA & IEIES, IEISTEE, iAo, IeHE T v I & @ A
dehelieh & &1 H dlgsic dcash IR fhar &1 AdiaeRIed 1 GRat / fAsTFddr &1 3iehole
e & O A HAgeaqul Ava § i) AHT UG IHR & weE; i) SHEA; i) fIeRor
aur  FAr AEY iv) 9dietor Alsd @ e Ud TAge; v) sA-fAer & ufa sa-faar
SFHLTARA; Vi) SHICHFATAL; vii) HFGLATS AdlciFa Al Td  viii) Slael =@sh fageivor,
So¢ AiFATAd %l 1 METhal § | AAAORS  cIFHPIolloN FHg & dATlotenl
30T AAACRIAT & TR TF GATRuliT gHmar & ST Hiell, 3oiehl Avedar & &
HIAT FAT  SYAFAT 3cdrel, TR el 3carel v Rfhcdr susoi # g Frfad
39T GlARTT F &l

AA AT FIfo@ FET dAdR0T  AF: DWFaT ATHIRE AST FT 3TAT F&H
Jqer AR yarfaelter Rwreraar #1 srFeer

8T H R AT 3T AT WA & HROT AAHRTed HT TASHe AT IR 96
W Bl ETcifh, 3o AHeRICH & dRilcadsl ¥ Ued, ANl H1 Hedihed $HS FRIATA
3TAET & fAU 3MaeTs g1 IaHA AT H, ded Aadiehed (CNP) i awredar $r
Srg 1 ag A, S A A Fifem @ red g5 ot AR SR Adeveld F1 39T U
AlSS YOIl & ¥ H Fh SATHAS T § 3Teletl Sg-LIIR Flee AAdlcgd (CNTs) & @
Jolelr &1 91 off| Uge $ECR b ol T HeaAdr & ArY-ary Wead ¥ aerd w
AT AT, AR S AFACRTeH & fawerd gora hr Jolar @ S Y| GROTH F G ToraT §
fF gl Ak Raew ifver & gfafranfar sdee venfaal 3R sfedRfta dama &
TR FI doId g, a8 g e W & JUued gidl & ol 39K SIEIfhell omar &
ArselelFaAEr T HRUT & Fohdl gl 9% Audd, CNP 3R CNT & Tus H oal & S
T rafer genfad #AE g51 R 3@, Afedss, i IR AedETA Aferpisit Hr 3mpia
AT &1 o 3SR oET & G S¢or IAT AT| SE W, S 39 & HISEIEholed (TH-
Ufdes) # H1S aRade 1 a@r T g1 AT T g H CNP & AHS H Tolelel JaieT
ST A g IAT AT| FleAilh, WTA & TFHUGR o fAga0r &1 ool # 3R o 4
fSerelel aTell ATFEAT & YoTelel Taled W SIS HAgcaqul AT o161 QU] SHIT eIl
fasery & & CNPs 3iR CNT & dus # Srifthell H SIS & Udh HALIH FR gl
¢l 3eadeT FE o aarar § % @& CNP 9 Rifeca 3 Sfde seqwaet & foav #gan
CNT & fa®ed & & & 39INT FT Thal gl
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AT O Y o 31w WA, 2019, 228: 108646.

GRIGEACLICEICH

HTHHTSIR-ISINSEIIR # e avfaas a0 ffes A0 & eavoness ser v
3cutel 8 G&T SeT 3cUeel g HRRA ¢ | I8 YA fAames weifaat &1 e wame,
T Adhed, BHARGCHeH, Hied JHYH, ER/ e Alsieh, UIsld Heh, Thides favd
dea g #r JAffea I & 3cuea, FI-TAhT t9 30T & ey 7 AvT a & ggraar
YT Bl NI U4 SIOR ST i hH il g GI&T ST i NSHST IREuRer Fiepfd,
TG & GUETOT AT [s ofeRedr YiFed (Shvad) & 3SdST Rewidr & equrel & I
YHE 3UAOT | WUHINESHR-IMEIEENR & dge aRE & RiFafaeher ciirgentaisn
Y & IAYfAh Shuerdy fawrerdar wdietor giaemr &1 @#Ator a¥ 2014 & fhar @
ITSITEENINR, TEAS WTHAEIR IRAR H TUA TG WHRT &1 H gfaarg T JAeT el g
o srcaryfaiss Soerdy fasterdar aeror gfaer 1 3ika gred g3 & | AR folaw yama &
qgeT @ e, 2016 A "ol U TN SWdl W GAROT HEITA" g FAIOTIT YTed g3,
$8h SWId WTHIMSHR-INSHTSENN ShICIFAIclIS HEATA el & PRI &F H TehaATT
Suerdt  gaford TAeRMel &7 a8 | a¥ 2018 & S\uT fawerddr, s-faer 3caRadetaia T,
WYAE caell S Sfelel Td cadl Sl Fdeerledl & Heagel g o Sfiverdy yaAmodT  gred
83T | S, 2019 &, TRl 3icAs fAfietor & eRieT Feure & qferor giawr o 3fed:ad
AT (Segele CHaaac!) Ud Shiciadraes o &1 H el oI5 &AdT d Yol foha
oY Ud HEIH 3¢TH, WHR AR Tefod daed qarr Rfefda ferer fafauar arer wargst
Td 3culel dr dRgen EUf g GR&T Hedihel 3¢ 3cUedd & @RI "Ad o AT &
3687 & qUT el A 3@ FiAUT H FAcdqul ANIe @1 & | aIRTEAfad a7 # wefaw
YeNeh FAeATdl Heuh & AR gf¥d dea foadifhfos ¢ td 0 YHR 3=4 Cifthdh T
arel el & ST & Tohd 8, FHSdl A Wi AT ¥ ) & HAEIH § TR gl
3id # iR T3Tal & IRT Fd & | 3d: AT TELT & IRYET H qIRRYfas a7 &
fafdest amelt & v fohT a0 agfolell el 7 rEANT & deTor SN IW@eT Hgea ol & |
g% JfaRerd, 937 &A1 F YgWerl & digdl ¥ Hehelol g fafedl fshf@d #em wd 3¢
AT T HecaqoT § THd §AT W 3o &9 WEIAA §g ST Hh | Has
e aAg arr fav v fawy @ () g vd SREe qur AH S HAIRE g 7S
faeoivuncAs qdefor faftl &1 fawe| (i) Sverd oo & 3Hded QU arw fafdes
forarereh feenfadeil & HTaR TG T Scdrel 1 fawTercar / G & Hedicha |

sERRT FelE R IFOR=m) & Fifae &1 Sdauwye, g TaRr va [ g
roiferer drel & fafRa & & v g TR W 39T fhar S arer v 3rcafas
T, TS FA (S5 TFcH) HleaARMR g1 §¢ §U YA § Hel, STof, Bel R Fheordr
Tef¥d g3 &1 Taed s A pAfAer 1 caash 3R IRSRN 39T gar dedcR FeAshdr

Tawfaaer eer 93T /Toxicology Research Bulletin 39 (2) 2019


http://shabdkosh.com/dictionary/hindi-english/%E0%A4%87%E0%A4%B8%E0%A5%8D%E0%A4%9A%E0%A5%87%E0%A4%B0%E0%A4%BF%E0%A4%9A%E0%A4%BF%E0%A4%AF%E0%A4%BE%20%E0%A4%95%E0%A5%8B%E0%A4%B2%E0%A5%80/%E0%A4%87%E0%A4%B8%E0%A5%8D%E0%A4%9A%E0%A5%87%E0%A4%B0%E0%A4%BF%E0%A4%9A%E0%A4%BF%E0%A4%AF%E0%A4%BE%20%E0%A4%95%E0%A5%8B%E0%A4%B2%E0%A5%80-meaning-in-english�
https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed/31129401�
https://translate.google.com/translate?hl=en&prev=_t&sl=en&tl=hi&u=https://www.ncbi.nlm.nih.gov/pubmed/31129401�
http://shabdkosh.com/dictionary/hindi-english/%E0%A4%B8%E0%A5%8D%E0%A4%A5%E0%A5%82%E0%A4%B2%20%E0%A4%95%E0%A5%8D%E0%A4%B0%E0%A4%AE/%E0%A4%B8%E0%A5%8D%E0%A4%A5%E0%A5%82%E0%A4%B2%20%E0%A4%95%E0%A5%8D%E0%A4%B0%E0%A4%AE-meaning-in-english�

15

WA Ferral & @A FHedishel 8] €T &7 & fAT wgar g1 58 fawg #AaR-
ATsTeTsh SEIRFAT Fell W FNAT & woa F ToAg™ F U addq= reaas fRar
o7 | I-AeToteieh  SEARFAAT el AT Ua ST & 30 A & FAgea ol Hgeloh 8
TAT GATROT FH Hohdeh Siig oY &1 @hl & 37¢TTT & Hohd WIed alam § & swRRRr
el & frifAe (100 ASHIT digan) & Foh A Ageaqot wfafkramhe it
STadl #T 3caiesT @ 8, [Sieol &Adr Ud c¥agiar fr eifa @dr ¥ sEe
sfafked, dEsr F R Fell g@arT A & Sagadd vd Sig FAAROT  H IR-
°lde TohguT H 2@ & TaTaiRAl & Fofad & us & 3 W 308 Ad § FaRd
3care (ol Tehld Ta fhuifeel Hohigs) WAW IAUIAl  (TATSS & &) ¥ o
HIAT FAT &1 T YHR, HHGAT § o6 307 SRR el srawpaAor # v g
e godt & 3R 39 yor O P &) geT Thar & | 39% 3faRed, SR &
rfaer &1 Saamor ar &1 Qv § vd s@d 3R 3=avor ST Fr TaTSar §
Fifh Ig 3=d Qftheh dael W Slagefe (RATAThS) FX Fohd & 3N aRFEAH
N I H Fehd &l IGH & HAl ER, SH-UATH THUE & HEIH d
JFAORTT # PN Ta 3q% AT F FURT 9T Tg uge RO

TH. $CET, SUAd. HcARMUT, SLah. Udel, THARL HARGRR, 2019, 231: 207-
215.

sEIRTEET Fell # Fifae F1 dau=wgs va Jwea weme & R

yorrel fawfasrer va Fare Sf@w qearee

AT qAEOT & ATEIH § TS INWRAT & ® F 39 W@ @ TRedles ¢l i v
TS TFadlo & HAId TARZT W IS dlel SITEH I GHSl o folU, IJg Jaslr
aegs g o A SAaeHd AT Afer Ifhamil 1 Fq yaidd T Hhd g dol
TaWTeFcTdr quT IRUMAT & §¢rar & Fehd §1 3 Yo SiAliAs Thied & IANHA § Sifds
gonferdt # SASTAfeRT F TN F GHAIA B FHGA TEA T g IS gl Th
3R, SiFlErifes THadior & Ik & T & o SeAs Tl & A3eye &l
SYANET A T HHGA T § I H PR fa¥T TR AT ggul g Teh qletor
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uishal & &7 H § | 38 THE HT 36T SAfdd oo & [Affied TR W @& vd
3y Aoy ®Eg & goEl &1 aoled v Afasganh aa g A ardtst
TTSEhIOT o] T & AR dfcehe Tareey aRuMAT & Y9G TeA3it i ggeiel wie &
$H WHE 1 36T WA U9 FHH GanT Sifdes Jonferdi T M58 &l 3Heqds e
#r §, 30Tfas Udhesl Ud URURSE AWeddr AIgst # 9Rade T TeREr aer, At
fawrerqar & fhanfafs  THAsT &1 grcd FX 8 ST H Yol: Tehlhd FAT 3R 3HAd: FoT
fawrerear gfafshansit & siasgameh #a g SART & fahE vd TcAdeT HE B
AIfFIclfolehel qrudst Ud  Sel faRelSuT 3Ueol & Ygalel & HAEIH @ Teh Tehldhed
ShAdS HT I AT TEOLT YT GHEROT W WG Td 3T BEE & gfdend
THIET &l HAS & THI T & Th HiHewd 37T §| GATRONT Tt & Gfdsmer gemar
T 3Teholel el & faftdl & faehrd, Feaihel Ua 3eqoler W faaw g fear ar g
s JHTARFd, F§ T 3 Tl fawerd JiT:fhamsit &1 avid e & v vehiehd
q&ToT WA & Fediss W R Rr § S aea & 3 ue Sfifad womelr &
M BT & U1 3 Yoicrdl & FART Tolel 1 wrarg o faftr & sfasgaoh w= gq
wqaﬁﬁgéa%aﬁmmasmwmm%lmﬁwﬁm
Td T SITEH Aedisd G & fawg : () W 6 ®Ed g@rn sifds yonferat
& IS HT NEII; (ii) 3UIAh Uhesdl UG URIRS fqWierdar #A9Esr H gRadeT &l
IeTdIeToT AT AT fafise fAwerdar 1 fhafafas ads god & & fav ser &
Tehiehdd LT, Td  (jii) fawreraar  wfafsansd & sfasgaoh e gq aaA fasfad
e JUT AT Sa6T |

Foredl AfCTSH - SET T ol T gHET

oo 209l & AfTSe ol w9y td  F@RLT dur fAN A sER A 4
GO A A 3 WIS g3 §159 FAen A, FEhr 14 df SR WS B
TURTAEL USAES Thel A FAUC I AT, AWH HEash  Fofl qhqqad H giAdrdr
TUROTAT FT Feod I & IR 5T I W TAT I & [ ARASH & I’ Foll oIT
T g &1 @ehl I FHET IdIch & 6 3T Afase A Fgew Hr wafRe  dedr qur
Foll TATTIY, dfAFETRUT UG Collikeshdl & & 3fad Tdeaiiedr R fhar & s
TGA FI ETRAT & HROT HASH ARRASH BN Foll I AU JGIRAT gl ¢l
FoEdl Holel @ ISIS, FAGORT UMl fAAAT g AT ARNEU AR A
IREIRE fohar AfRaSH aRgy & TXEr a1 Hivawd & 7R [AFERT g & 3d9ed X
Thdl g1 oG df3el HROT Ut Hifod (SE3TRINT) ST ufshansid & diEer o
S WA I Ha FA ¢l 3HS AR, G FaAllleh WA Foll (Tofhlsl) & dehicdeh
diat A Tefede, dFee, FATEE Td HEIA H@ell THA HFA H 0T A o
d@H Tge  (IRFIRET AR aReeRew) g s (AR 3R
Ao iR RAffeT FoT U & 3UAT T Foll Tsdce & URded H IR-afFdT
RIRAATIT Hr eI s{fART Hr Tdl A § 130 # I ATAH A 1T Fo FAA
& WcAS IROTAT AT TaT Fd &l
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TA. QLSS UA.UA.  HelHAT, TI.3.215cH, 3.3/ 60, S1.dl. Us@e, . Ishadi, T  dr 3,
aSl. sgaETan . veh, fhgerw & ufdsien, S fhgerd & amef, 3w arerered, 3.
e, IR, ICl, THIMI g, MU AT, UH. SR, §. Sieherdel, @I FAN, A
oFhedl, THLTS. A, o fAdeleeR, ar$. eEmEr, @R, $AR, vhA. ReEW, ©
QTATE, TH. HAHA, TH. AT, S.vA. Bear, va. e, &. goriwar, dsdey, T, o,
JPIERY, U. AlGd, 3R, TTATSER, A 1S, WSAdwR. Soiel H sgUhiAeer 2019, 151:
139-165.

aftass aRudl (37 wfkcw) F1 AATr v gafAATon aee e Ao wadr dfiee
AR

JIEH Al AP R aRAY O I v aRET e 9T & d gfdave e
fshar oY TR R 1T gt @ §UR g, Al Yonfodl 1 AR Ud HHead H
T @ et gl fashrer o SRieT divsed qur fiuaed & Al qasrgamE & 39
3T e HIRFHT T 9gaT ¢ [FFqd gRAT T a2 AEaR T afgw war e
& fou, 3 df¥eer AT URT HT AW H IEAAT FA § UG 3ol Tleled
g1 Hgcaqol Tg & fh o9 ¥ 370] Tachraeler efd Qs & AWed & HAgoaqol sfHe
fema & 3 SN 3¢ 3T GHE sgUSdeTHed UiHABi A o Agcaqul gl gehe
frar & o & @ifitwe Weifecd &1 yard| ada= &, &ffd a1 gUSIeenue & 3Wid
ATETSH & gollol H Teh q37 ST EATUNT HTATH H el Gefoietel 6T 3eqafeafa g
58 faudid, diveey df¥emeT 1 G 3cheed oY Hehd &l 58 faUUmemd o d@se &q
o HAUNANT B HHA TN I, W BT AT Hbd Ad &
efeher saedea AefAeH S df¥er a9 (WTAwE) esle ® geEr & & fau
FEAYUT & HHhT gl ScEeTe QIS 3 FPUSFATE (ASTATA) U Sefel  HTH
TUHAEE  (SHITS) & EaRT AT Ahs FolTRIT Fhel, oudsh, Hifeear # ffdy,

o X
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2018 # #19T ot arel SfRAE3HT ot Afla v afAaR RAE I8l d@shi & 39erey w10s
&1 I TSa Thel o @efad & F wiw vyue Reuidr 3R sfrsy & gehifeat w
TAT WA g AR AR TUT JASlAA(FGUSTIHE TS Jofeere) & & 3ol
ATICLTHT FT U FTT =T

. VST 933y, .. AU, & JeFahaATs, U 3TS SYehrs, & A3, F 3faag, s A,
TH IfEH, T gieh, &b, HRFHR, Uh Fhtr, TA SIS, ST offel, Aiolelelels O, AT T, TH
NI U, TATH AR, o fA-0RE, o JeTel, T I3Teh, Tl A F-gRe, waalr
e, 3R Afoa, Ty O afow, tg g @t Rk, v Jdsied | S9d 306
FIUHTATT, 2019, S3N3TS : 10.1111/3ATTET. 14900.

NfHEE W7 & MRaT qAE v @ St B Fsesd @ I @

gfeieh e alesl GlAemsid, URiAe qarerd @reet & wl vd  &el Ffhedm TRt $H
Ieqaieufa arfshed Sioiet (M8)) & TAATR AhfAd e & I HT HEGeTehdl Tohe
N E1 U AR § AT W UG TgecHS (e # T@ar a3 Th 3uged
39AR fashed &1 Tl I 81 IR 3erell-Rigat 1 3uhler garfar 7 3Teholed e,
aifhEd Sefiel (ME) &1 30T o ARl @ qus & td iy fwedt &
TS T FIREN e g fham ST Fohell 81 TS 2l Geehl &, Ueh 3ugeFd AT Sl Tiol
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CSIR-1ITR, a leader in toxicology research, endeavours to mitigate problems of human health
and environment. The institute aims to accomplish its goals through the following objectives :
» Safety evaluation of chemicals used in industry, agriculture and everyday life.

» Mode of action of toxic chemicals/pollutants.

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

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

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

* Collect, store and disseminate information on toxic chemicals.

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

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

The 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.

Xenobiotic mediated diabetogenesis: Developmental exposure to dichlorvos or atrazine
leads to type 1 or type 2 diabetes in Drosophila

The increased incidence of diabetes to the magnitude of a global epidemic is attributed to
non-traditional risk factors, including exposure to environmental chemicals. However, the
contribution of xenobiotic exposure during the development of an organism to the etiology of
diabetes is not fully addressed. Developing stages are more susceptible to chemical insult, but
knowledge on the consequence of the same to the onset of diabetes is residual. In this context,
by using Drosophila melanogaster having conserved Insulin/Insulin growth factor-like
signaling (11S) as well as glucose homeostasis as a model, authors evaluated the potential of
developmental exposure to dichlorvos (DDVP, an organophosphorus pesticide) or atrazine
(herbicide) to cause diabetes in exposed organisms. Flies exposed to DDVP during their
development display insulin deficiency or type 1 diabetes (T1D) while those exposed to
atrazine show insulin resistance or type 2 diabetes (T2D), suggesting that exposure to these
xenobiotics during organismal development can result in diabetes and that different
mechanisms underlie pesticide mediated diabetes. Authors show that oxidative stress-
mediated c-Jun N-terminal kinase (JNK) signaling activation underlies insulin resistance in
flies exposed to atrazine during their development while DDVP-mediated T1D involves
activation of caspase-mediated cell death pathway. Mitigation of oxidative stress through
over-expression of SOD2 in atrazine (20ug/ml) exposed flies, revealed significantly
decreased oxidative stress levels and reduced phosphorylation of JNK. Moreover, glucose
and Akt phosphorylation levels in SOD2 over-expression flies exposed to atrazine were
comparable to those in controls, suggesting restoration in insulin sensitivity. Therefore,
exposure to xenobiotics during development is a common risk factor for the development of
type 1 or type 2 diabetes. Accordingly, the present study cautions against the use of such
diabetogenic pesticides. Also, mitigation of oxidative stress or anti-oxidant supplementation
could be a potential therapy for xenobiotic mediated type 2 diabetes.

Gupta HP,Jha RR, Ahmad H, Patel DK, Ravi Ram K. Free Radical Biology and
Medicine, 2019, 141: 461-474.
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Schematic diagram showing onset of Type-1 or Type-2 diabetes in flies exposed to dichlorvos or atrazine and the
mechanisms underlying xenobiotic mediated diabetogenesis.

Effect of difenoconazole fungicide on physiological responses and ultrastructural
modifications in model organism Tetrahymena pyriformis

The continuous and extensive use of pesticides, particularly in the field of agriculture, leads
to contamination of all ecosystems (water, soil, and atmosphere). Among pesticides,
fungicides constitute a larger group whose impact on the environment are still poorly studied.
Difenoconazole belongs to triazole group of fungicides having high photochemical stability
and have low biodegradability, which makes them persistent in water bodies. The present
study focuses on the physiological and cytotoxic impact of difenoconazole fungicide on
ciliated protozoa, Tetrahymena pyriformis with reference to growth, morphology, behaviour
and its generation time. Morphological studies showed changes in the shape and size of T.
pyriformis. The authors result showed an inhibitory effect on population growth of T.
pyriformis and the 1Cso concentration was found to be 6.8 pg/ ml. The numbers of generations
decreased and generation time was found to be extended in a concentration and time
dependent manner. Difenoconazole caused significant depletion in phagocytic activity and
also ultra-structural changes were observed by Transmission electron microscopy (TEM)
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analysis. The results indicate that the Tetrahymena toxicity assay could be used as a
complementary system to rapidly elucidate the cytotoxic potential of fungicide.

Maurya R, Dubey K, Singh D, Jain AK, Pandey AK. Ecotoxicology and Environmental
Safety, 2019, 182: 109375.

Bright field images of T. pyriformis cells after 1 h and 24 h treatment of difenoconazole (Magnification 100x). (A, D) Control;
(B, E) Cells treated with 7 pg/ml of fungicide; (C, F) Cells treated with 10 pg/ml of fungicide. Red arrows represent rounding of
cells. Blue arrow represents the dividing cell. Black arrow depicts the enlargement of contractile vacuole. Green arrow represents
the bulging of the membrane. White arrow shows loss of body part.

Comparative microbiome analysis of two different long-term pesticide contaminated
soils revealed the anthropogenic influence on functional potential of microbial
communities

Microbial communities play a crucial role in bioremediation of pollutants in contaminated
ecosystem. In addition to pure culture isolation and bacterial 16S rRNA based community
studies, the focus has now shifted employing the omics technologies enormously for
understanding the microbial diversity and functional potential of soil samples. The authors
previous report on two pesticide-contaminated sites revealed the diversity of both culturable
and unculturable bacteria. In the present study, authors have observed distinct taxonomic and
functional communities in contaminated soil with respect to an uncontaminated soil as
control by using shotgun metagenomic sequencing method. The author’s data demonstrated
that Proteobacteria, Actinobacteria, Firmicutes, Bacteroidetes, and Acidobacteria
significantly dominated the microbial diversity with their cumulative abundance percentage
in the range of 98.61, 87.38, and 80.52 for Hindustan Insecticides Limited (HIL), India
Pesticides Limited (IPL), and control respectively. Functional gene analysis demonstrated the
presence of large number of both substrate specific upper pathway and common lower
pathway degradative genes. Relatively lower number of genes was found encoding the
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degradation of styrene, atrazine, bisphenol, dioxin, and naphthalene. When three bacteria
were augumentated with rhamnolipid (20-100 uM) and Triton X-100 (84-417 uM) surfactants
in HIL soil, an enhanced degradation to 76%, 70%, and 58% of HCH, Endosulfan, and DDT
respectively was achieved. The overall data obtained from two heavily contaminated soil
suggest the versatility of the microbial communities for the xenobiotic pollutant degradation
which may help in exploiting their potential applications in bioremediation.

Regar RK, Gaur VK, Bajaj A, Tambat S, Manickam N. Science of the Total
Environment, 2019, 681: 413-423.

Biotransformation and cytotoxicity evaluation of kraft lignin degraded by
ligninolytic Serratia liquefaciens

Various chemical compounds emerged including kraft lignin (KL) during the processes of
papermaking. These chemical compounds in effluent of the paper industry have hazardous
environmental impacts. KL is liable for causing pollution of aquatic and water bodies; hence,
it must be minimized in order to maintain a healthy and sustainable environment. In the
present study, KL degradation was performed with ligninolytic bacterium Serratia
liquefaciens and we confirmed biotransformation of KL to various less polluted or harmless
compounds. KL being degraded as 1000 mg/L concentration with incubating 30°C for 72,
168, and 240 h, shaking at 120 rpm under laboratory conditions. Authors found 65%
maximum degradation of KL and 62% decolorization by the treatment withS.
liquefaciens for 240 h (10 days). After being the treatment of KL, clear changes were
observed in its morphology (using scanning electron microscopy and stereo microscopy),
hydrodynamic size (using dynamic light scattering), and the functional groups [using
Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy (ATR-FTIR)].
Biotransformation of KL monitored by Gas Chromatography-Mass Spectrometry (GC-MS)
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revealed formation of various metabolites. In addition to degradation of KL, detoxification
(involving biotransformation into various metabolites) was assessed using cytotoxicity assays
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide [MTT and calcein-
acetoxymethyl (AM) assays] using a human kidney cell line (NRK-52E), which indicated
improved cell survival rates (74% for the bacteria-treated KL solution treated for 240 h)
compared to the control (27%). Thus, the present study suggests that bacteria S. liquefaciens
might be useful in reducing the pollution of KL by transforming it into various metabolites
along with cytotoxicity reduction for environmental protection.

Singh AK, Yadav P, Bharagava RN, Saratale GD, Raj A. Frontiers in Microbiol, 2019,
10:2364.

Stereoscope microscopy images of (A) untreated KL and bacterial-treated KL solution after (B) 72, (C) 168, and (D) 240 h

of incubation.

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
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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.

Identification and characterization of major IgE binding of purified allergenic protein
(11 kDa) from Buchanania lanzan

Tree nut along with peanut are among the most potent food allergens, responsible for
frequently inducing the IgE-mediated hypersensitivity reaction. Authors aim was
identification, purification of Buchanania lanzan (Bl-11kDa) protein along with
characterization and assessment of allergenic potential of clinically relevant allergen. Further
study was executed in clinical samples of sensitive patients, BALB/c mice, and in-vitro. A
major IgE binding 11-kDa protein from Buchanania lanzan was purified by anion exchange
chromatography, reverse phase high pressure liquid chromatography (RP-HPLC) and
characterized using peptide mass fingerprinting (PMF). Buchanania lanzan (BIl-11kDa)
protein shows the pepsin resistance and depicts IgE interacting capacity to Buchanania
lanzan allergic patient's sera as well as sensitized mice sera. It also showed increase in the
allergic mediator's like IgE, 1gG1, histamine levels in sensitized mice sera. Further study was
carried out in-vitro (RBL-2H3 cells) and increased release mast cell degranulation mediators
such as -hexosaminidase, histamine, CysL and PGD2 in the culture supernatant was found.
The activation of Th2 cytokines/transcription factors and expression of molecular markers in
the downstream of mast cell signaling were up-regulated while the Th1l transcriptional factor
(T-bet) was decreased in Bl-11 kDa protein treated mice. Conclusively, study demonstrates
Buchanania lanzan purified protein to be potential allergen that may generate an allergic
reaction in sensitized individuals, and one of the most important IgE binding protein
responsible for its allergenicity.

Kumar S, Khan S, Verma AK, Dwivedi PD. Food Research International, 2019, 125:108640.
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Schematic presentation

Occurrence and toxicity of a fusarium mycotoxin, zearalenone

Zearalenone (ZEA) is a mycotoxin produced by the fungi of Fusarium genera, which
contaminates the cereals and food stuffs worldwide. Fusarium mycotoxins are considered as
important metabolites related to animal and human health. Evidences indicate that ZEA has
been found to be present in different food stuffs from developed countries like USA, Canada,
France, Germany, Japan, etc. and developing nations like Egypt, Thailand, Iran, Croatia,
Philippines, etc. The toxicokinetic studies reveal that following oral exposure of ZEA, the
compound is absorbed through gastrointestinal tract (GIT), gets metabolized and distributed
to different body parts. ZEA has been shown to cause reproductive disorders in laboratory
animals. Although the toxicity of ZEA in humans has not been conclusively established
nonetheless, limited evidences indicate that ZEA can cause hyper estrogenic syndrome.
Though, ZEA causes low acute toxicity, but reports are available confirming the systemic
toxicity caused by ZEA. There is no review available that addresses the occurrence, systemic
toxicity and the probable mechanisms of ZEA toxicity. This review shall address the world-
wide occurrence and in vivo & in vitro toxicity studies of ZEA over the past 3@ars. The
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review shall also discuss the toxicokinetics of ZEA and metabolites; illustrates the systemic

toxicity and probable mechanisms of action leading to the risk associated with ZEA.
Rai A, Das M, Tripathi A. Critical Reviws in Food Science in Nutrition, 2019, 26: 1-20.

Critical role of mitochondrial dysfunction and impaired mitophagy in diabetic
nephropathy

Mitochondrial dynamics play a critical role in deciding the fate of a cell under normal and
diseased condition. Recent surge of studies indicate their regulatory role in meeting energy
demands in renal cells making them critical entities in the progression of diabetic
nephropathy. Diabetes is remarkably associated with abnormal fuel metabolism, a basis for
free radical generation, which if left unchecked may devastate the mitochondria structurally
and functionally. Impaired mitochondrial function and their aberrant accumulation have been
known to be involved in the manifestation of diabetic nephropathy, indicating perturbed
balance of mitochondrial dynamics, and mitochondrial turnover. Mitochondrial dynamics
emphasize the critical role of mitochondrial fission proteins such as mitochondrial fission 1,
dynamin-related protein 1 and mitochondrial fission factor and fusion proteins including
mitofusin-1, mitofusin-2 and optic atrophy 1. Clearance of dysfunctional mitochondria is
aided by translocation of autophagy machinery to the impaired mitochondria and subsequent
activation of mitophagy regulating proteins PTEN-induced putative kinase 1 and Parkin, for
which mitochondrial fission is a prior event. In this review, authors discuss recent
progression in the authors understanding of the molecular mechanisms targeting reactive
oxygen species mediated alterations in mitochondrial energetics, mitophagy related disorders,
impaired glucose transport, tubular atrophy, and renal cell death. The molecular cross talks
linking autophagy and renoprotection through an intervention of 5-AMP-activated protein
kinase, mammalian target of rapamycin, and SIRT1 factors are also highlighted here, as in-
depth exploration of these pathways may help in deriving therapeutic strategies for managing
diabetes provoked end-stage renal disease.

Saxena S, Mathur A, Kakkar P. Journal of Cellular Physiology, 2019, 234: 19223-19236.
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Hyperglycemia induced mitochondrial dysfunction mediated cell death during diabetic nephropathy

A comprehensive review on mustard-induced allergy and implications for human health
Mustard is widely used in a variety of foods/food products to enhance the flavor and
nutritional value that subsequently raise the risk of hypersensitivity reactions. Mustard allergy
has been reported for many years and is increasing gradually especially in the areas where its
consumption is comparatively higher, and it may be considered among the most important
food allergies. A number of relevant clinical studies focused on mustard-induced allergic
manifestations are summarized in the current review. In addition, the knowledge regarding
the immunological as well as biochemical characteristics of mustard allergens that have been
known till date and their cross-reactivity with other food allergens have also been discussed
here. Notably, mustard may also be present as a hidden allergen in foods; therefore, it is
important to recognize food products that may contain mustard as it may pose potential risk
for the allergic individuals. Additionally, the better understanding of the underlying
mechanism in mustard allergy is a prerequisite for the development of specific therapeutic
procedures. Conclusively, mustard sensitivity should be routinely tested in patients with
idiopathic anaphylaxis for the safety of the allergic patients.

Sharma A, Verma AK, Gupta RK, Neelabh, Dwivedi PD. Clinical Reviews in Allergy and
Immunology, 2019, 57: 39-54.
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The probable mechanism of mustard allergen-induced allergic manifestations in different organs that may lead to asthma,
allergic rhinitis, atopic dermatitis, and other associated allergic disorders.

Phytochemicals based chemopreventive and chemotherapeutic strategies and modern
technologies to overcome limitations for better clinical applications

Naturally occurring phytochemicals or plant derivatives are now being explored extensively
for their health's benefits and medicinal uses. The therapeutic effect of phytochemicals has
been reported in several pathophysiological settings such as inflammatory disorders,
metabolic disorders, liver dysfunction, neurodegenerative disorders, and nephropathies.
However, the most warranted therapeutic effects of phytochemicals were mapped to their
anticancerous and chemopreventive action. Moreover, combining phytochemicals with
standard chemotherapy has shown promising results in cancer therapy with minimal side
effects and better efficacy. Many phytochemicals, like curcumin, resveratrol, and
epigallocatechin-3-gallate, have been extensively investigated for their chemopreventive as
well as chemotherapeutic effects. However, poor bioavailability, low solubility,
hydrophobicity, and obscure target specificity restrict their therapeutic applications in the
clinic. There has been a continually increasing interest to formulate nanoformulations of
phytochemicals by using various nanocarriers, such as liposomes, micelles, nanoemulsions,
and nanoparticles, to improve their bioavailability and target specificity, thereby maximizing

Tawfaaer eer 93T /Toxicology Research Bulletin 39 (2) 2019


https://www.ncbi.nlm.nih.gov/pubmed/31515899�
https://www.ncbi.nlm.nih.gov/pubmed/31515899�

32

the therapeutic potential. In the present review, authors have summarized chemopreventive as
well as chemotherapeutic action of some common phytochemicals and their major limitations
in clinical application. Also, authors have given an overview of strategies that can improve
the efficacy of phytochemicals for their chemotherapeutic value in clinical settings.

Singh VK, Arora D, Ansari  MI, Sharma PK. Phytotherapy Research, 2019, doi:
10.1002/ptr.6508.

Phytochemicals act through multiple pathways that may play a major role in targeting cancer cells. Phytochemicals target
cancer-related proliferating signaling pathways and numerous other important pathways such as cell cycle progression,
angiogenesis, metastasis, epigenetic regulation, and cancer stem cells to target cancer cells for therapeutic gain. Moreover,
phytochemicals can also induce apoptosis, autophagy, oxidative damage, and mitochondrial dysfunction to kill cancer cells.
(}) indicates the down-regulation of the target in a pathway, whereas (1) indicates the upregulation of the target in a pathway

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;
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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.

Candle soot derived carbon nanoparticles: An assessment of cellular and progressive
toxicity using Drosophila melanogaster model

The biomedical demand of the nanomaterials is continuously increasing due to their wide
range of applications in the field. However, before the implementation of these
nanomaterials, toxicity assessment is essential for its safe usage. In the present study, the
toxicity of carbon nanoparticles (CNPs) was investigated which was derived from candle soot
and compared with commercially available multi-walled carbon nanotubes (CNTs) by using
Drosophila melanogaster as a model system. First instar Drosophila larvae were exposed to
CNPs as well as CNTs, and the toxic effects of these nanomaterials were compared. The
result shows that both nanomaterials enhance the level of reactive oxygen species and
oxidative stress in the Drosophila, which leads to the upregulation of heat shock proteins that
may cause cytotoxicity in exposed Drosophila larvae. In contrast, exposure to CNPs and
CNTs did not affect the developmental period of the larvae. Morphology of the internal
organs, brain, gut and Malpighian tubules was also not altered in the exposed larvae.
Similarly, no change observed in the cytoskeleton (F-actin) of these organs. Reproductive
performance was slightly reduced in the case of CNPs compare to control. However, CNTs
exposure did not show any significant effect on the reproductive performance of the flies that
emerged from exposed larvae in comparison to control. Hence the study concludes that
exposure to CNPs and CNTSs cause a moderate level of cytotoxicity in Drosophila. The study
also indicates that the inexpensive CNPs may use as an alternative to expensive CNTs for
biomedical and biological applications.

Pandey H, Saini S, Singh SP, Gautam NK, Singh S. Comparative Biochemistry and
Physiology Part C: Toxicology & Pharmacology, 2019, 228: 108646.
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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
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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.

Bioaccumulation, biotransformation and toxic effect of fipronil in Escherichia coli
Fipronil is a highly effective, broad-spectrum insecticide used to control pests, globally. The
increased usage has led to contamination of soil, water, fruits, and vegetables. The wide and
frequent usage of fipronil across the globe calls for attention regarding risk assessment of
undesirable effects on non-target microorganisms. In this context, the present study was
carried to understand the impact of fipronil on non-pathogenic Escherichia coli. The non-
pathogenic E. coli are important commensal of the intestinal tract of humans and animals and
are also indicator organisms in the environment. The authors study indicates that exposure of
E. coli to fipronil (10QM concentration) leads to significant reactive oxygen species
production, loss of membrane potential and viability. Further, authors have witnessed the
bioaccumulation and biotransformation of fipronil by E. coli at non-lethal concentrations.
The bio-transformed products (fipronil sulfone and fipronil sulfide) are also the major
metabolites (along with amide) reported in the feces of the mammals when exposed to
fipronil. Thus, there is a possibility that the gut E. coli might play a role in the degradation
and thereby removal of fipronil. In addition, the bioaccumulation of fipronil in bacteria is of
concern and need to be further explored because it can lead to biomagnification in the higher
trophic level and can disturb the ecological balance. In the authors knowledge, this is the first
report on the determination of fipronil and its metabolites in bacteria through GC-MS/MS.
Bhatti S, Satyanarayana GNV, Patel DK, Satish A. Chemosphere, 2019, 231: 207-215.

Graphical representation of the bioaccumulation and toxic effects of fipronil in Escherichia coli
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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.

The energetic brain - A review from students to students (students)

The past 20 years have resulted in unprecedented progress in understanding brain energy
metabolism and its role in health and disease. In this review, which was initiated at the 14th
International Society for Neurochemistry Advanced School, authors address the basic
concepts of brain energy metabolism and approach the question of why the brain has high
energy expenditure. The authors review illustrates that the vertebrate brain has a high need
for energy because of the high number of neurons and the need to maintain a delicate
interplay between energy metabolism, neurotransmission, and plasticity. Disturbances to the
energetic balance, to mitochondria quality control or to glia-neuron metabolic interaction may
lead to brain circuit malfunction or even severe disorders of the CNS. Authors cover neuronal
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energy consumption in neural transmission and basic (‘housekeeping’) cellular processes.
Additionally, authors describe the most common (glucose) and alternative sources of energy
namely glutamate, lactate, ketone bodies, and medium chain fatty acids. Authors discuss the
multifaceted role of non-neuronal cells in the transport of energy substrates from circulation
(pericytes and astrocytes) and in the supply (astrocytes and microglia) and usage of different
energy fuels. Finally, they address pathological consequences of disrupted energy
homeostasis in the CNS.

Bordone MP, Salman MM, Titus HE, Amini E, Andersen JV, Chakraborti B, Diuba
AV, Dubouskaya TG, Ehrke E, Espindola de Freitas A, Braga de Freitas G, Gongalves
RA, Gupta D, Gupta R, Ha SR, Hemming IA, Jaggar M, Jakobsen E, Kumari P, Lakkappa
N, Marsh APL, Mitléhner J, Ogawa Y, Kumar PR, Ribeiro FC, Salamian A, Saleem
S, Sharma S, Silva JM, Singh S, Sulakhiya K, Tefera TW, Vafadari B, Yadav A, Yamazaki
R, Seidenbecher CI. Journal of Neurochemistry, 2019, 151: 139-165.

Construction and reconstruction of brain circuits: normal and pathological axon
guidance (students)

Perception of the authors environment entirely depends on the close interaction between the
central and peripheral nervous system. In order to communicate each other, both systems
must develop in parallel and in coordination. During development, axonal projections from
the CNS as well as the PNS must extend over large distances to reach their appropriate target
cells. To do so, they read and follow a series of axon guidance molecules. Interestingly, while
these molecules play critical roles in guiding developing axons, they have also been shown to
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be critical in other major neurodevelopmental processes, such as the migration of cortical
progenitors. Currently, a major hurdle for brain repair after injury or neurodegeneration is the
absence of axonal regeneration in the mammalian CNS. By contrasts, PNS axons can
regenerate. Many hypotheses have been put forward to explain this paradox but recent studies
suggest that hacking neurodevelopmental mechanisms may be the key to promote CNS
regeneration. Here authors provide a seminar report written by trainees attending the second
Flagship school held in Alpbach, Austria in September 2018 organized by the International
Society for Neurochemistry (ISN) together with the Journal of Neurochemistry (JCN). This
advanced school has brought together leaders in the fields of neurodevelopment and
regeneration in order to discuss major keystones and future challenges in these respective
fields.

Roig-Puiggros S, Vigouroux RJ, Beckman D, Bocai NI, Chiou B, Davimes J, Gomez
G, Grassi S, Hoque A, Karikari TK, Kiffer F, Lopez M, Lunghi G, Mazengenya P, Meier
S, Olguin-Albuerne M, Oliveira MM, Paraiso-Luna J, Pradhan J, Radiske A, Ramos-Hryb
AB, Ribeiro MC, Schellino R, Selles MC, Singh S, Theotokis P, Chédotal A. Journal of
Neurochemistry, 2019, doi: 10.1111/jnc.14900.

Unequivocal Biomarker for Parkinson's Disease: A Hunt that Remains a Pester

Devastating motor features, lack of early prognostic tools, and absence of undeviating
therapies call for an endeavor to develop biomarkers for Parkinson's disease (PD). A
biomarker is anticipated to help in timely and selective diagnosis as well as to hunt for an
appropriate treatment option. Peripheral fingerprints can be used to assess the progression,
distinguish PD from other related disorders, and monitor the efficacy of therapeutic options.
From the last two decades, peripheral blood is constantly targeted in search of an appropriate
marker owing to minimal invasive procedure for collection, highly dynamic nature, and
insignificant ethical concern. Besides, cerebrospinal fluid (CSF) is also preferred because of
its close proximity to the brain. Employing conventional and contemporary sophisticated
devices, a number of protein and non-protein entities, mainly metallic elements, have been
shown to hold adequate potential to be used as biomarkers for monitoring progression and
assessing treatment options for such a distressing neurodegenerative disorder. Classical
strategies and relatively newer sophisticated tools, such as proteomics, deciphered the
presence of an altered level of highly specific blood- and CSF-specific proteins, free metals,
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metal-binding proteins, common inflammatory proteins, and overexpressed/modified a-
synuclein in PD patients. While several chemical entities are shown to be associated, not even
a single protein or metal is converted into unambiguous disease fingerprint. The article
provides an update on proteins and metals that are shown to possess enormous potential in
the course of biomarker exploration but are unable to deliver a reliable indicator. The review
also sheds light on the reasons of ineffective hit to hunt for an authentic fingerprint and

proposes the doable ways to translate the output into reality.
Sarkar A, Rawat N, Sachan N, Singh MP. Neurotoxicity Research, 2019, 36: 627-644.

N

Metal candidate
marker

Protein candidate
marker

Metal candidate
marker

Protein candidate
marker

CXCR 4 Oxidized ceruloplasmin Chromium
CXcL12 . " N a-Synuclein Iron silicon
SAP a-2 Antiplasmin Calcium Aluminium Transferrin Selenium lead
Clusterin APolipoprotein A-1 ron Copper SAC-A Copper Tin
TNF-q  Clusterin Magnesium  pagnesium Interleukin-1p Zinc Cobalt
Interleukins 2 Manganese Zinc

Ap4z
Chitinase-1-like protein

Lumber puncture Cerebrospinal
» fluid

Magnesium
Iron

Haemaglobin Bfragmsnl

Venipuncture

Peripheral blood [

/ Advantages

« Leastinvasive
+ Less ethical concerns

+ No serious side effects
during and after collection

+ Easyto collect

* Volunteers easily agree to
participate

Limitations | )

+ Owing to dynamic nature,

even minor changes. such as
dietary. life style, etc., alter the
protein/trace element profile

+ Not very specific and less

robust and reproducible

+ Does not directly reflect the

changes occurring in the brain

/ Advantages

+ Best body fluid containing the
proteins released from the brain

the pathophysi i
changes associated with the
brain

+ Increases the veracity of
diagnostic tools albeit could not
change the diagnostic tools

* Relatively more sensitive,

Qeclﬁc and reliable

* Not very robust and reproducible
+ Not always consistent like blood
- Difficult to obtain

+ Ethical issues in collection of
+ Processing and collection are

* Invasive

and local infection

[ Limitations |\

healthy control CSF

difficult

)

. J

A diagrammatic representation of the collection of peripheral blood and CSF from a human volunteer along with major
protein and metal candidate markers. Advantages and limitations of markers are also summed up at the base of the diagram

A proteomic approach to investigate enhanced responsiveness in rechallenged adult rats
prenatally exposed to lindane

Proteomic analysis was carried out in substantia nigra (SNi) and hippocampus (Hi) isolated
from rat offspring born to mothers exposed to lindane (orally; 0.25mg/kg) from gestation day
5 (GD5) to GD 21 and subsequently rechallenged (orally; 2.5mg/kg X 21 days) at adulthood
(12 weeks). 2D gel electrophoresis revealed no significant differences in the expression of
proteins in brain regions isolated from prenatally exposed offspring at adulthood.
Significantly greater magnitude of alterations was observed in the expression of proteins
related to mitochondrial and energy metabolism, ubiquitin-proteasome pathway, structural
and axonal growth leading to increased oxidative stress in Hi and SNi isolated from
rechallenged offspring when compared to control offspring treated postnatally with lindane.
Western blotting and DNA laddering showed a greater magnitude of increase in apoptosis in
the Hi and SNi of rechallenged offspring. Ultrastructural analysis demonstrated disrupted
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mitochondrial integrity, synaptic disruption and necrotic structures in the brain region of
rechallenged offspring. Neurobehavioral studies also demonstrated a greater magnitude of
alterations in cognitive and motor functions in rechallenged rats. The data suggest that
prenatal exposure of lindane induces persistent molecular changes in the nervous system of
offspring which are unmasked leading to neurodegeneration following rechallenge at
adulthood.

Srivastava A, Srivastava AK, Mishra M, Shankar J, Agrahari A, Kamthan M, Singh
PK, Yadav S, Parmar D. Neurotoxicology, 2019, 74:184-195.
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