T
WA Sle [V ol | eas b | Ls Sy pshe olKils aloee LG

S 1T S 35T coaallad 53 psioamaans Jaianl - S 9 cyalimnssss Jaiawl - N les iadis

Libagh) s

(SIS T 5T sy 3T Cadlad p criimnn Juko =S g i Jusiwl - N (Blas (15 (a2
e igo adS g oy )0 Wil (coliwl B pan 3 (U (G (yguwlopnS y o g

Salb oo & yeale dnms Bl (B 595 i3l

Sl bl o355 oS2515 s ple suSils ( J5Sge 5 Jpbos S 03,5

VPRA VY callie 3y o, VAN Y/ Y sallie <l s &

oS>

Ban o9 o Blise Dlogzge ;0 geilaanT oyl Sl 5 0151 Glo JI00]) g s (15555 A o S plsieas (ACP) Wl (obil 180 g &
bl o ) 5L g1 oyl 2815 (SMC) it ita = S 5 (NAC) paits il N Sl T 5T 25 o anllan ol
ool (@l Sige 4S5 o y3 il

L) w095 (J7ES 09,5 Jald a5 Wad i (2B V05,5 F a4y (Bolai jsbay Ly oI5 5 Age j Y (g5 adlllas (5o ild gy g Olge
ACP+NAC ACP+SMC «(p ,SskS 5 o5 o 1+ +) SMC «(p,55hS 1 o,5 Lo 15+ ) NAC «(p,S5hS 1 o5 oo 8) ACP a5 o5 09,5 O 5 (ol
55518 (CAT) YL sl 35T Cadlad cadS Sl g pos (55kuliz 5l amy 50,8 bl o s Sy e 4y Slaw 315 & g0 |, ACP+SMC+NAC
A (6 pSe5lail (TAC) ylaps| 5T J6g5 5 (MDA) asalTsocyslle ((GSH) (y5:5b4lS mlaws 5 (GST) 51,40l 5-S

SalS s MDA JIs cine 5o al3l g (P<1+0) oy g 4lS il 13 CAT (P<+/+1) pyos 5 4l il 13 GST codlad 33l sy syl ool s lis
9 GST Jlad g MDA 5 GSH TAC zhaw ;0 Joows el ACP b oS 5 50 5 oleiias SMC g NAC 038,555 45 o TAC § GSH ls ine i
Sal CAT

TAC 5 GSH il zalS § GST 3 CAT colled (aal33l esoun sl (ial33) o o1 sla o], adsi b oyl sobin] Yoo 26 S dmasti
g on lp (olial Coan ol Sl Sl la sl (oo (2818 alaslgts lannST S plgreas SMCy NAC 59265 09 0

[ Downloaded from jabs.fums.ac.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22285105.2020.10.1.4.4 ]

iy 58 Jsbo J515 ol lagals 53 4 yeto sl oo
b (5558 4l pgon 51 (S (ACP) bl (ooliwl aigs
(S 058 b Sileglse o) - mWT b
N-[(6-chloro-3-pyridyl)methyl]-N'-cyano- oleeis Jge,8
51 CioHuClINg JsSUse e, sN-methyl-acetamidine

S eblis glp o iSopia 098 (niteRn 5 255k
@b G pd Pl wlp ooliwl (1) Col ez )3 DY pames
5 S0 392ge SlaS 5 0 ook 385 Sl 5 S o
Ol 5o 058l oo il oliwl L(F) o)ls (haws slac]

Jd 5l eode slnl el ol Blaccul § (0) WS o ol

journal.fums.ac.ir

dodso

RS L L B R G S PRI .

698 3B ST pl o (65,0leS Y game 5| cladlone (gl aS
sleoss .S M;T SlaS 5l (V) ails Sadiws g
2 Slin  eilSe 5 03 oy el eisS
pyow (nl Wgd rlas (65)5leS ST e sl Jslate 5 il
laJobe Sloyply sloymms » 5B b bl slacudplis 5

aly pole ouSails ( JsSUge 5 (Joho cun 09, gprlediw B i gme ouium itk
Email: b.alipour81@gmail.com Oyl sl )yas 5k olKiils
https://orcid.org/0000-0002-3854-9328



http://journal.fums.ac.ir/
mailto:b.alipour81@gmail.com
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.4.4
https://jabs.fums.ac.ir/article-1-1596-en.html

W’ WA le |V sled | ens Lo | L (i o sle oSl alns

Uble 9 @39> il

[ Downloaded from jabs.fums.ac.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22285105.2020.10.1.4.4 ]

ST 5T (gl 5T lge b L] aiS o Copans alonyl
g5lonnST oyl olow) el ROS adg clill cpuizan
sloenST sl slo S les (6 S0slal nl iy sis oo
Slp oobial Soon S 5120 glannST conl aslllae sl
3 Bas coadylaie Cdlas 4y axgi b ol ppee jlns Wilgs oo
5 2k SMC 5 NAC olidlre 5l (o) p pol> adlllas
P 03 Salp (ool 51 (LBU gilanaST il a8 ool
g 50 (0ad g5l opdglie Sl @ds Jore) 4l 2L 4

Lol lyee

Lo o9, 9 Slge

AP @b 5 plme hge o TV 5l oy aalllan cpl 5o
Ut sy ysialy gl 1145 5 Y0 BAS (55 Sl
lilgem (6,lg 5 Lyl alul 3 0,5 ool 0 (5l 5
55 AT by U IS BT Jyol llas alSislos]
UMZ. REC. 396005 w3 51 oS L 5 ol y055ke olfsls
@ i b (Sl gl edd o Sllge> 285 & )50
a0 YY-TY) cwlio sboo 8 cow 5 (B slde 5 ol
ssbied halel g9, 5l 8 5 wiad (5,055 (o5 Hile
oBiils Lllgs ails )0 39, diz S 4y oo b (6,850
by, Celu VY Sl celo VY (g5 090 b il
(CAS sl oobi] anlllas ol plowl gz diad (5SS
CAS)  pitwew Juiwl - N Number 135410-20-7)
CAS Number )  pivew oo -S 5 (Number 616-91-1
Sigma-Aldrich 0l L&ew oS,8 ;5 (1187-84-4
&l 5 1095 &y 504 (Chemical Co. St. Louis, MO, USA)
ok > ol Jle i Jeloes 50

olesl z5b

e (26 7 09,5V 4 (Bl jsbay ol e (hge o Y
Oyl 5 osle dgud! SOyl eolaiul b alys, wasals
Wiy )y osle) Wb &) atde S Do 4 Slaw (45,0
50 4aB0 VO Sl 4 G,y 5l 8 ddo e 2 j0 g caddngys
@ azgi bl 5e0 b alaly yo (a5 Jo b Jlos
5 7Sy salesl slaeg S (35 599 il (sabi] LDso
Jecwo-N 590 8,590 5,0 OVA) s s il ‘Sol;;.»\ LDso 390

P 390 55 (Vo) (s Jie-S 5 (V) it

o ACP(F) ogi o0 Elpainl g ga05 S pw 00w
RIER TN JYIEON P ISNEIC JIPC SN RCH RS |
et S, s laowi 1T 1l s oo STy (MACH-R)
IR Has LAl el Gre slagg,g ded (b
5 codled olidl el NACH-R sloowi u5 als Jled .35 )ls
(Y 5 1) 09d o0 S o Suled)s 9 (Hlae paln

OhemS| KisSTly slodiss adgi dely coww Cool> L ACP
aisls lis (6 by Oldlas 04 o0 00i; Dlog>g0 4o (ROS)
(SBoem sl sbslon plbrw Jo albasle L ROS
565 Skl s om s leanl b (oo g (ol Shsys
S0 oyl sl JGol, adgs o ole el 0 () syl bLS )|
Lol el 351 3ls5 oS T T 85 s el g (0
pyoms 9 o)l iame slaoanVT (s lelse L agrlse
2 42,0 g ooy 5o 3T sla bl ax it oy o
EBS i izl 5 UGS, adsi G ol 009>
35dige Bl sl A yzie o5 05000 29z 4 gilacns]
0550 5e3lonST Lyl 00iiSalmyl Jelse b lagesT 2T
47y oS Cale s a5 wites golye baplapnST ST WS e
Mo gmmolonnST Jloe b opoldl 36 4 cel g W)l
ol s5Tobes St sy 55 1y Jsho 5 Wshon swiiS eS|
Ot Jiol -NLQYY 5 VYY) aiiS o bra> e
Loansloal 5l 3 5 Lyasdlew oS5 S5 (NAC)
oS 5 ol il a5 euilials Sl i aS sl i
Jo il b jsbay Wlgioe SlapS| ST el L
S sle ly oole cnl s s 1 ol5T sla JISGol, Jsbe
Sg g0 oolaiwl dgicelinl 31 oL oS Cledw alS L
158 5us53l5 )| oS 55 Sy (SMC) (paipos oS (10 5V F)
LS 5 a5 (18) el SlapeS1 5T ol b 0T 5 Jslne
JGL?.!.ST)" OY) o400 0429 YBL g 5Ly e alox 3l e5in
coge oS SisSly et L allie b, 5l S
4 Sl @\W\@'ﬂ PCININRRLINPY- PRI P | KOV § FRVgLow
NAC 4 SMC 5,5 L aS cwl opl o (88 Sz ued
56 23101 s 51 ol o b alilie s 1, Lo oL
2,5 aalss jpome Wl el

slaplil ;o gozsi 5 il (3550 4l la iS ]

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.4.4
https://jabs.fums.ac.ir/article-1-1596-en.html

[ Downloaded from jabs.fums.ac.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22285105.2020.10.1.4.4 ]

1T e 33T cllad s o Jrowl = 9 (pfimmgen sl - N iblis it

WAl [V sl | eas Il | Ls S35y 0 5ke 2005 alone @

(MDA) uST 63 oyollo oyl o szxiow
ogy 5l eolawl b osedll o olle mhaw (g Sl
ol el Buege and Aust g, (wlul g (5 yiegi8g iSol
65 (TBA) sl s j55m,bises ol MDA G yxe (YY)
e Ol 3 (HCL) apl 15000 (TCA) Sl IS
Sy eSS P ogas ol MDA IS Jalowe ags cq .coul
Trichloroacetic acid, MW= 163.39 ) o wl Sl 4,l5
3hp,S N0 g HCI I s e AY'- L (g/mol, Merck
Thiobarbituric acid, MW= 144.14 ) o sl G gi0,be.
A odiluy Hhaie Ol 51 ) L Fr x> 4 (g/mol, Merck
MDA G e 125 Sen 120+ 5 aiges 31 525 Koo B0
A ool Hl B as s Ve Ol o aids 1O Gow 4 g o adlsl
VO-+ g o0 b akdo A e 4y Jolme (ol SCS o
0 Jondy Yo diged (229) Jolowe L3 (s 10 jondy yUle
S Jslome iz b ol aglh OVO zsesb o
Gyro 5l pds)See VA0 5 e Ol 2ds e B0 (g5l
MM _igals o 5l oslital L MDA el .ol MDA
dowle (A=ede) &Y o 6B wlel  V0F lem?
Oygots 4l ln g HMOL oy s (6l &S5 55k

43,5 yb,l55 nmol/ mg tissue

YO o 57 codled i

o0 ojeifgan S8l g pyw ;0 YLK o3l codled mis
ey b il aieSIOl Bras (6pSojlail aliwsas 4lS
ooges alol L STy (YY) wb plxl ol San 5 AebiH
Al 5o (S8 diged 5l prlio pze 4 Yoo oo Yo i1
30 LA e A Eg,d PHEY L Yeo L 00 olaud
Colled ol 6 Soslasl ad B ¥ e 4 YF MM 7o Job
0.0436 MM 1 em? _isels ca,o 5 eslinul L YGLS
Sy a5 el (g ylie oyl coled amly Sl aculo
4,0 YO sles o aids o i yo ) aipenSToT Jgog,Ss
S 4y 3o PH=Y g ol )8 il

31l 5= S g bgls o 5T Cllad imiw

—otgy S ool b 5lhaudl s silsls (g eSejlal
G503l sl (YY) ws alnil ), San sWilliam H.Habig
YAB: oy diges 5l yidg)See B0 4 ipyu diged )3 GST
g SeaBe g Voaiohea Vo o pnsliy Sland 80 1)y Sowe

journal.fums.ac.ir

alice Yo )0 00 3,5 590 4 axg5 b1y ciulesl (slaoy,5
H W) M PRy Syl Lﬁbog; Jab)f ul}u.)‘

by 1) pgyls Pl g o 505 0,5 ) (025 09,5
8,8 cdl e B i g ol s ailjg, 8,55

by Jolons (g 10 &ilig, a5 ol 09,5 iV (025 09,5
30,8 8l o Slhe 3 Ojgoa b

odd o Wy (oliwl p)56lS" 50 S (oo 8 (025 095
53,8 S8k (Plae s &jpod b by s

Jetol N o SelS oS ke VP F 025 098
lis 3 Spons plle Jlp 0 sdde ki
0,8 Edl o

ol 05l 2 )5 (oo B lojp yoboar B (025 09,5
odd > (i Jio -8 0 SolS p oS dee Ve g wiln
3,8 28y (Slae (s Ojped e by s

bl £S5k 3 05 oo O Glojen jsbodr F (025 095
odb o et Jil =N 0 SolS o0 S e 17 5wl
53,8 S8l (Plae 2l &jped b by s

ol p 59k 5 )5 oo O Glojen sobar V(525 095
Vo s ot el N S5LS o he 15l
Sy 33 oxifo i Jiin - 0555 5 o5 ol
0,8 8l e SBlhe 3l Ojgea b

B 5l 55 o Ll Ll ale) b Gy et ) o
03,5 Shgaa |y (hge Il L85 )0 Bree (Lhgte S5
0 Sy albomsgay 8 5l (195 (5 y5lmez Jos 5 S, 5z
590 L aa B N0 Do 4y (93 Aged e (28,5 bl o o
oy Slodiges 09l lam B 5l p s b ol 58y il Yoo o
g’;"“\““‘s‘o‘"’] sleas eI rolqd‘ C)L“} by od*ﬁé)s]éo.?
B CTRREE ST SRARFPIRVE SR JL g4 IP'E ST P PRI
Sl g oS gyls als il Gosed Shses
05 1 g 09 b gl g Sideed e b gdted
A 6K Giules] bl yley B ol S ol axy0 -V sles
Al b ) i by e oy el (ilejl g, 50
T oloo [0 4280 VO Do @ g 0050 djged ulle Slawd
295 &lo 310208 Goks yilw 15w e 90 L olF Ll az o
Al oolaiwl i a0 sla a Ll o Cg



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.4.4
https://jabs.fums.ac.ir/article-1-1596-en.html

W’ WA le |V sled | ens Lo | L (i o sle oSl alns

Uble 9 @39> il

[ Downloaded from jabs.fums.ac.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22285105.2020.10.1.4.4 ]

Soges 3l adlllaes jge (sladiges ;5 35250 JUgi laanST ]
oolatwl Yaog,50e Vo o o0 clale L FeCls. 6H20 o lustsl
A G55 (UMONL) 2 5 909,50 co p gl g 08

S ENIH]

5l oolaiwl b lag)] Judowgay o daesls 6)9Téo? 3o
Sl leosls 5JUT iz o plosl Y aseus SPSS (55l 13816 45
5 pSile awlie oz g (g) ad,bSy uil)ly 5Ll
Sl Sl & g0a polae ol eolawl (So gl
P<e/o Jo! mhaw jo S 5 0o )5 aculxe jlas

Al ad,S b sl e

“NL oS5 09 @lema wln obl S5 Jol> mls

s 9 Blhas B39y e Jeie =S g et il
039 4 (P55 Al g s b ST (o (359) ST 2L,
laogS )3 (Pgdes Gl b yaye (pS) o
sl las )bl 5JUT .o sols lis Vg 4o anlllass ge
ol 1y gyl g Ol s axdllass jg0 (slaog,S jo (P<+/+))
09,5 10 o 4lS Bllae (139 (S (oS Zend bl 0l
05; 9 (P<‘/‘\) ACP +SMC 09; ‘(P<‘/‘A) ACP
L5)|.>‘_$.'_,ua oapls S 4 Cawns (P<+/+)) ACP+NAC
o 09,5 LACP 05,5 o (pizmed () Jguz) ol oonlins
oanlin o alS slhas 39 40 glo gxe rals (P<+/+Y)
359 ylade a5 ols las ANOVA g3l b )bl 5T o
6[@09;)0(P<‘/‘A)W4¢155(P<‘/‘\)w‘)d\.:.lsw
i el elal g ogle ghls pme Dl s asdllaes jge
A 4 S ooy S pled )0 Cosly alS (o (59« S5
ez adS e 9 A Jb o wid saalin g lo piae Sl s
olidl JyuS 098 4 Cawd (P<-/-0) NAC o585 o
wl)swa.&lwa” (\ Jﬁw)wo;&bm 6)10(5;.“
NG oS5 50 5 @l sy (olowl S151 Jol> gls

3] Slld 55y e e S 5 et Jn
Iy syl sme Ol poss andllans jgo (sloog )5 5o adS™ il YLK
oanline V loged yo a5 (gyeblen ((P<+/+0) wols las

205 yho oliws T b S Glyieas g 0 00938l (55518
OF 95w 89 VeV oS e S B0 Gogl b e
YE zsedsh ,o aide & b ,o wi> i3l (CDNB)
Aijeed CAb diges 10 GST (6 ,u505lwl (gl ol 818 iagils
Bl il Sea YA a553mm 2l disad 5| s Seo Yo oy
sl See B 5 PHEB5 L Yoo Lo Vov pewly Slind
Ol b S plgieay 5 ab o098l Vso loo S (53b5lS
SGCDNB 2y ySie B0 (599531 b (s 235y olSiws
YFe zoodsh ,0 addo 0 b o Cix bl Veo Lo
SV gt s 5l ool b el codlad ol S35 el
45 6, 5bas cdnlne A/F MMIACMY 5 g ns o F 5 ViS5
u/mg tissue & g04; adS gl o UMl s gy sl
3,5 GBS

GSH (l3e (o

sedlak and g, 51 s5bslS olie iomew sly
FIF dges 5 ommlin clale 4 (YF) ol colaiullindsay
Vo (EDTA) sl Sinl 1 cpmaliss obsl ol L
Voo asgaslolas,o Ve TCA 5]y e B0 v g Yoo Joo
L g9y Jsloes G 08 oyl Veeee oo boadiBs
Sl SS9 955 (e 95 (60 0D idg See O L ity
FAY zoedsb 5o wis Olnis 5 byl as,s V- (DTNB)
19 53blE S laslivl Jolow 5l oaliiul b .ags 8 o8 el
O95UslS o lslinl pove Yaeg Sio V\Y/O-Y o o slaclale
P Sl V909,500 canmp abslS Cale 5 035 o)
20,5 dwle S el gl pM/g tissue

Ol T 5T JU g el s

Benzie kg, 5l oolaiwl b olacnsST 5T Jbg5 (5 uSe;lusl
Ferricion reducing ) FRAP g, .05 el (YO) and Strain
TPTZ logal uSLeS ;5 eoliiw! L (antioxidant power
oh9y ol oelel cd)F slil (2,4,6-tripyridyl-s-triazin)
Jolme .l GlanS 5 jpa 50 98 4 G5 ol gl
Jslxe «(PH: 3.6) Vo +/Y qyos liwl 3L ol FRAP
FeCls. Jskxo 5 ,Ysa ba ¥+ HCl s Ygo L)+ TPTZ
s Sen 00 o talesl plonl Cg ool Yge Lo Y+ 6 H0
Ve S s g 00938 FRAP Gyne s oo VIO 4y | aiges
Toedsb o baiges Qi 285 HIETYVC gl o yo adBs
Olme b Sz 38 SdlB Qdar pegl OAY

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.4.4
https://jabs.fums.ac.ir/article-1-1596-en.html

[ Downloaded from jabs.fums.ac.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22285105.2020.10.1.4.4 ]

ST 55T oy 5T coasllad sy cpabismpus Juionl — S 9 cpsimnpus Jgianl - N iboli yinks

WAA Sl [ el | s dle | L (Sa 5 p ke oSl aloes @

(P<+/+0) ACP+NAC 04,5 «(P<:/-0) ACP 04,5 ,> p,m
JysS 09,5 a4 Cawd o(P<+/-0) ACP+SMCHNAC o4,5
plo ;0 a8 Jb 0 (Y loged) wb cdnlive (gl gxe iul3dl
S ealive (6,10 e Sl ks U5 09,5 4 Cand oy S
oanlie (P</-0) g o sxe Ol s ol 9 ACP 09,5 1y
oanlive 5,10 e Dl poss ACP 4y cons rog,S plo jo s

4 Cond ACP 09,5 ;0 adS” 2l VLIS o 5l cudlad 05 oo
aS Jb o «(P<-/+0) slo lis gyl cme il38l JuS 09,5
Golosme Slymsd J5uS 05,8 4 Cuwad oS ple o
ACP 05,5 & cos baog,S 5l plaSme jo i cvwlic
A oanlive (g ,ls pe Ol s
o] cudld as ol lzs ANOVA (ee3T b s bl 5T
Ol 1y 6l gime Dl pots aalllans s 90 (sloog S )0 s VB
SYBLS o 3] codlad o S5 mbnd s bl o (P<e/ V) ks

il hse 5 4SSl (oo 5 3lae (39 Sl (i ke =S 5 attiec Sl N b a8 5 50 5 2lea il (aliel 3B - Jgu

ACP+SMC+NAC ACP+NAC ACP+SMC
VAYAE-/Y-0 S[AFFE]YA SATZE VAN < [YFOE- Y'Y
[+ fa%-fe 1Y [+ fFEefe ey [+ SAZ-[ 00 [+ ¥YE]eenY
Ve NEefe¥e7 <JAqFE- /YT CIAYEE YO VY E R
[+ Y[ oo PAT [+ o fpEefe Y [+ ¥0Fe[een¥ [ ¥PE NS

(ACP) s 05,5 b asliia ;3 I cona GS] (FFHP< [+ 4 1) ((F5P< [+ 1) ((*P<-/

als edb sllae 39
(mg) <o,
als” Bl s (59

<JAYYE-[-V] AVARYA: ZYRR g V/-#YE[-YFY

ﬁwl)
(mg/g)
ads” el sllae (59
(mg)
4lS 28l (s 035
ofo s EOE oo VA oo s fYE e e e q ofo s fQE o0 e
(mg/g)

CAYEE VYT BT Vo YPEL [ YYE

20) JyaS 09,8 L anolae jo o cxe S conl oalslo MeantSD & jg04s gzl «(N=Y)

P fe o)) (P[0 ) ((P< [+ 0)

N
>

=
N

[EnY
o

CAT(U/ml)

8
6
4
2
0

CONTROL SHAM ACP-SMC ACP-NAC ACP-SMC-NAC NA

2o Lhge adS il yo YU a3l codlad (69, p Cnitias o =S g i Jutl -N b caS 5 50 9 oleBa wuly soliwl 51=Y 5loges

160 mg/kg 390 b opisiaew Lol ol = NAC 5 mglkg 500 bl oliwl = ACP @ Pl lasd 5,5 o3 = Shame : &, 5 za 9 J S =Control
SMC :160 mg/Kg 550 b ¢yutimmmns Jusinl ol + 15y ol =NAC + ACP :100 Mg/Kg 550 b ¢yt Juio =S + 5mM/KG 590 b oyl 5 ol =SMC+ACP

s e =S + i il ) + il slil = + NAC + ACP

(P<+0) JyaS 09,5 b anslin jo jlo gme OS] .ol oasyly MeantSD & j g0y zulis «(N=Y)

journal.fums.ac.ir



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.4.4
https://jabs.fums.ac.ir/article-1-1596-en.html

W WA le |V sled | ens Lo | L (i o sle oSl alns

ubled 9 Gisgh b

[ Downloaded from jabs.fums.ac.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22285105.2020.10.1.4.4 ]

GST 5l odlad ¢ S'g5 (ondind S Loliol  (P<e/+ V) 0l
ols lid gyl gre ol S 09,5 4 S ACP 09,5 (o
JrsS 09,5 4 s oy )§ ple jo a5 Jl> o «(P<+/))

09,5 oy (S0 s Dl o ais sdslin (ol Sre Ol s

20 45 28l o 51l 3 S (alslS o T Clled ¥ lsgas

56T amo e Lis Ty LtalegT Jsb yo anlllans e slvos S s
5UslS w3l coled a5 ols yLes ANOVA (505l L (o, Lo]

ol |y gyl sre Dl s axlllass y g0 (sloog )5 )0 5lyauil 5 S

90

X

80

CAT(U/ml)

70
60
50
40
30
20
10

0

CONTROL SHAM

ACP-SMC ACP-NAC ACP-SMC-NAC

e Goge oy 53 YOI @l Cllad 69y 1 s Jie =S 5 s Sl SN LS5 0 5 (aleiar sl (olil 51T 10903
160 590 b Cpisacew Juswl ol = NAC 5 mglkg je0 b wuly sobwl = ACP @ P> Ladd 55,55 o = Shame : &5z (90 J 228 =Control
590 b et Juswl o1+ Wl oobewl =NAC + ACP :100 mg/Kg 590 b i Juso =S + 5 mg/lkg 590 b oyl soliwsl =SMC+ACP :mg/kg

Ot Joie =S + i bl o+ Wl sebiwl = SMC + NAC + ACP :160 mg/kg
Sl gme BB (FFP< [ V) (FP< [ V) ((FP< [0 0) 35S 05,5 b anglie ol sme BB el oai Ly MeanESD &y god zuls (N=Y)

(+++P< /-

V) ((HP< [ 1) (4P [+ B) &gt (ACP) as 05,5 b dulia 5o

500

450

400

350

GST (U/mg tissue)

300
250
200
150
100
50
0

CONTROL SHAM ACP-SMC ACP-NAC ACP-SMC-NAC

4lS 28l 50 5Ll S sl ma T culled g5y g e e =8 5 et il N L S 0 5 ey il (el ST 0000

e ige

160 90 b oustanw Juiwl ol = NAC 5 mglkg 590 b wslyy sebiwl = ACP @ Pl Laad 5,55 o = Shame : 5,5 me o5 J 28 =Control
399 b pitiacn Junl ol + Wl (ol =NAC + ACP 100 mg/kg 90 b (pisincs Jie =S + 5 mglkg 390 b oyl ooliewl =SMC+ACP :mg/kg

O i =8 + i Juiol 1+ a1y seliwl = SMC + NAC + ACP :160 mg/kg
S gime BT (FFP< e V) ((FFP< [0 V) ((PP<- /2 B) S 05,5 b anglie jo o sire Bl uls Ly MeaNESD & g0 gl {(N=Y)

(+++P<e /oo

V) (+4+P< V) d(#P< [+ 0) & yq04) (ACP) s 05,5 b dslin yo

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.4.4
https://jabs.fums.ac.ir/article-1-1596-en.html

[ Downloaded from jabs.fums.ac.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22285105.2020.10.1.4.4 ]

ST 55T oy 5T coasllad sy cpabismpus Juionl — S 9 cpsimnpus Jgianl - N iboli yinks

WAA Sl [ el | s dle | L (Sa 5 p ke oSl aloes @

NAC L S 5 50 5 letias wulyy salbil 5151 ol s

Ot S ey 3Ll S sslgls o3l coad y SMC
wsls plas ) gl goe Ol adllacsjge slrog )5
GST ! codlad (( So omind cond ulal 5 (P<-/4Y)

ACP+SMC
(P<-/-O)NAC

(P<-d) o5 L ACP
(P<+/-O)ACP+SMC+NAC «(P<-/+Y)
LS)‘%_;*-‘“’ u‘).....u ACP L M Lbojjf )JLMJ ° O oo i

300

250 *k*k
. 200
£
=
S 150 -+
0
¢ 100

) I .
0
CONTROL SHAM ACP-SMC ACP-NAC  ACP-SMC-NAC
P 30 3ol 3 8 (5ibsls il Clled (g9 et Jeie =8 5 et ol SN bS5 0 5 et sl (oobil 51 =F yloged

160 590 byt Juiwl
599 b it Juil 1+ w5 (el =SNAC + ACP :100 mg/kg

e Gige

= NAC 5 mg/kg 390 L &ly (ol = ACP i Mo Ladd 55,35 o = Shame : &5 g o9 J S =Control

5990 b itacew Juie =S + 5 mglkg je0 b )y cebwl =SSMC+ACP :mg/kg

e e =8 + ettt Sl o + Wl soliwl = SMC + NAC + ACP:160 mg/kg

I ime S ((FFFP< [+ \) (P [+ )) (P<+

+0) S 09,5 b anlie jo lo cime B .l 0 Ly MeANESD & g4y gl «(N=Y)

(7P< /e V) (P4 )) ((P<+ [+ 0) &908 (ACP) gao 09,5 b annlin 1o

ACP+SMC+NAC ACP+NAC ACP+SMC
ARVAYA:RY2 /oFE - JAO® UY - x-/2) YiotE- /5. a/-0%-/V¥ A-FE YA ZIVYt./7f £
(uM)
als MDA
OYIYOEF\ O FOINFEYNY \REAVAE FYNYEN/ QT DOIVSEFAY £ /YVEO/FA \EEA7AN (nmol/mg
tissue)
VYIVY Y AAF + + £1/€. + Ry P
AY/YOESIN D VOINFENNY \PIAYEY/YY VEIYYEN/Y \PIAYEY /A4 YY/-\ENVE M)
GSH
als
MAAE-NE NANEN[F - AAdE-/f- YN TE-/OY ANY-£-/YY aUVIE-/PY VIEYE-AD (UM/g
tissue)
FAFIFFEYFINY FEVISEEY/AY FOVEOO/TY FEYNYEYYN/-Y OVY/PEEYA/TA OAVEFO/TY [NAVAREAZ YN £
(UM)
FRAP
YEAXYEY VST \YPISYESI0F YYYAOEYAIYY VYANYES/YY \YE/YAXV/VYE YWYIYAZANA \YAIOYENO/AY (uM/g
tissue)

(ACP) s 09,5 b dslie )3 I sine GBS ((FHP< e[+ + 1) ((F*P< [+ 1) (*P<+ /-

journal.fums.ac.ir

B) JyS 095 b anslin ;o lo goe OS] .ol ouis Ly MeantSD & jsod; gl (N=V)

(++4+P<e oo V) ((#4P< [0 V) ((+P< /2 B) & yq0



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.4.4
https://jabs.fums.ac.ir/article-1-1596-en.html

W’ WA le |V sled | ens Lo | L (i o sle oSl alns

Uble 9 @39> il

[ Downloaded from jabs.fums.ac.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22285105.2020.10.1.4.4 ]

s 9 e 05 a5 o lad mls .28 3 L8 o)l s )se
JrS 09,5 4 S ACP 095 55 canl) 5 o alds” 28l
YL 5e5 a5 ol Glai e Sl Sldllae ool azily als
Soden JFS a4 Cund G (g Rl el il (ool
Sldgre (ials Les g lgs Sladllas ;o izxen (VA)
GH92)3 iz 93 8 5 by (eliul (VL 590 50 G (59 50
b oldlhe b a5 ob oaslie oSl Sldlas b alive
a2 oo olid e 5 BB, regh (YA) clils Slgdren
2 Nl hsl (S5eSs ad s Sras 59,10 5l am oS
Vo9 0 590 0 adS 5 aS cdl 5 el hge
Iy Bl J S b ()lodme sl gan 0 Sl 05 (oo
Sy S Sl GRlBl e SokS p oS e VO 0 0
(F2) sl cllas Lo mls b a8 o sanlie alKiyle;]
ol el il glaiSEdl ppme o xSl
Olyass jop A i 45 05h 0 L g aplail 4 (g sl
@l dlge iz a5 (nlpby 09l e el 5 Se3lsly
w3l b ST s 5 00sS al e 31 s 4 Casl (Seoe
Oalpl 098 s 059 Rl 5 (@l Blge e Dla Cel oS
Joo Silgs oo Sige ol (S g e 9 590 2975 s o £99
G e 3l Lt ), San 5 Singh clalllas .ol acsslas oyl
G O 0y el Sel o) YO Sae a4 il bl
SRl ol () 05 550 & sy S gt L]
Boae wlgs oo ACP (2 pxa 53 (528,513 51 g ool (39
Qb e iz o Pl Jds &
o> plp 0 ol SladsSse i slas glaogd
OseolignS Ty s ol b agzlse 51 )0 5 aitus WROS
OsesldenSTn Sl Jol> kel Jpame S MDA gl oo
eor Sz el (230 S g o5 ol o]
g BT ) 3,05 o 118 oolitals go geilanST Cng
slid ol s o] (yselonaSTyy Lislidl sazas L MDA
MDA _isl33l el ol solinl anlllas ol o el Jskos
5 ol oolinl Lasgs LROS wlg 51 56 Laalsil ol a8 0o
ligios sl glid cloogy  OgeelannSly il
ol a5 083 oo (s 525 0 5 (49 S Loy calplx]
ool aslllas 5l b (38lge 45 555 o MDA _ial33l sl 0yl
oo MDA (ol d5doe i wln (oliwl 550 az 0 4
;3 MDA jlaiae iash ol 50 (O0A) wbiee il

ORl8l J S 09,5 4y S (P<e/++ V) ACP 05,5 ;5 5
og,S plo o a5 Jlo o o(F loged) o canlice (5l Sxe
i s onlice (6,1 sine Sl yeis 8 09,5 4y Caped
ACP+NAC ACP+SMC (s Ly ACP 05,5 s (o,l5 sins
(P<+/+V) o ovnalie NAC ¢ ACP+SMC+NAC .

NAC L oS 5 50 5 2l wlp (ooliwl J1 5l ol s
o5 (FRAP) o1 5T oyl &l i s SMC
clile Sles s (MDA) asall o oelle olses
SlogS om0 adS <8k g prw jo (GSH) (ssbslS
O30 b gylel BT o sols Llas ¥ Jgas o caalllass ) ge
(P<1+0) ads cdly 1o wsall 65 alle Jlaie aS ols Las Igs]
Sl Sliss anlllassgo (sloog S 50 (P<+/)) a5
fys MDA JJsie oS53 oind ot Lpolusl 1 isls oyl |,
(P<+/++Y) NAC 4 (P<+/-0) ACP+SMC+NAC ¢4,5 ,o
0955 (ol ol lo s Gl S 098 4 o
i 45 23 45 (P<+/+0) ACP+SMC 65,5 Ly ACP
oS ols Gles 1T ygesT b (o lel 50UT ol samlice (5 lo ine
Sl aillassge sloos,S o pr alslS il
ateie (S g (gmnd Cond (plal 5 (P<e/+B) 0,10 (5l sine
4 Caed ACPHSMCHNAC 04,5 ;5 o, GSH clalé a5 o
I ol s (P<1+8) 3l oylosine als S 05,8
53 asdlaes ;s sloog S )0 1) gy pre DS GBS ()
bl P/ )) wisls las alds oSt ool e b
2 ey 5 4lS GlanSI il b b (S el S
Wdg 00,5 Zél,s 1) (ACP) w a5 (29,5 4w
e  eS(ACP+SMC.ACP+NAC.ACP+SMC+NAC)

D )‘O‘é_l.:.a SuplS oyl QB 5,5

b sl iSe i aS wies o plis ol oldlas

2 DSy ol sl s, a4 e ess
A 53 gleelal gl GlaaST ST slagia
lge &3S o) Slog>ge jliwgiagn 0 e s ST .(YF)
promw Bad glacdl 51 (SG g ol Ledy abai ¢ Wl
IS o alizes pgows Jawgs sl (Sow a5 ol o las
5 ON 09 ok pa (TY) 098 800 b il (0 ,See
anllans ;5o (sladigas 1o 4ulS b o 5 llas (59 Grizren

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.4.4
https://jabs.fums.ac.ir/article-1-1596-en.html

[ Downloaded from jabs.fums.ac.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22285105.2020.10.1.4.4 ]

1T e 33T cllad s o Jrowl = 9 (pfimmgen sl - N iblis it

WAl [V sl | eas Il | Ls S35y 0 5ke 2005 alone @

ol 0053 6ySslr (Sas v b (2l el 5 HAO,
s Wy YOI el il a5 ciS g
(X5 wil 5lanS oyl sy o olis (glopanilSo
)18 257 55 sailisls e o a5 et aipelal
255 5 05l pllS g5 slawdly jo g Cansl goms ST jsboa
S 1S s Oy 63 Ojgeh ST Ll ogd
A0 s Zewd 1y 0e5 SlalST st el g el 5l
B Hsba solwly p edle Wlgioe bl cnlple
Dls cde ottt bl -Nolas jlae 1) 0151 sl IS5,
il i 5l S Olgiear et Alelal 09
318 s Bkl gl o )ls (GaenST 5T plys ()53lslS
13 CAT 51 codleb 2alS s g b NAC 3500 a5
) am VB il collid 2l olpliy a5 e 5 IS
Jeds 4 YLas T ACP b oS 5 4o 5 aalgias NAC 51 solicel
5 Ll el ST ,S5STy clodisS B 0 NAC Ul
3575 1 5o ol pladl VA) lyfSam 5 53,51 o Slagios
SYBE 3l cdled 59, £+ b o Gige il ool
Ol w8l i wly (eliwl (a5 590 4z e g adl tals
Dl 5l (B0 Wl oo (ALS (nl s oo yin Collad alS
oy ool B3 Ylais| adlys asl &2y 0y Job o
s L3lae 4S5 005 ROS adys cely caolisS 698 o
Jass 5o s YU M)'ﬂ Codled o381 L onsy 9e2 g0 £l80
0,90 Su b wlp bl By a5 gley Ll ojls s il
o el 290 ROS b5 (201531 by o plos SYsbo
i | Jols b 0s oo YU colles mals o olés
59, Y 5lam a5 caslesl ol g gaals 55 (YY) o) 4 b
VB 3T clled cpl iy (8 (55235503 o o Jlge G258
Gl w8 i el GRS AP 590 4 g ediee 0L
oo 32555 555 VA 51 om Lol a0 3 naline it ol
Gl gl oplply b o VB 5T coled aliy oy
23l aglge Gloj 9 599 2975 s o 98 Sl 0 Wilgi oo
S 2l g e 0 GST Sl cime ial3dl dalllae ol 4o

ookl . ay0,5 camlice JpuS 4y Cond ol bl Sl cow
el oo b et S =S g Geftias Jiil N
09,5 4 Cumd 415 5 0 pos ;0 GST 0 53T colld Jlo ixs talS
Loy G28l5 555 5,5 & o s GSH e 5,5 ACP
ACP+SMCHNAC 05,5 ;5 45 oy 9555 locixe Lol 5,5

journal.fums.ac.ir

3 ACP 055 4 s 5o sime y9bas ACP+SMC 04,5
Jeto =S Yl was oo plis a5 il gl alds cél
ol 5l mle gam b sgs glonT 5T o Shee b it
S8 a8 w55 e oLSKen ¢ Sl lallle o ol iyl
G (YY) 098 o0 LPOg MDA ol el (i e
O TS (it e =S o) Ken g oy lidos
31 6 aBb Al MDA ials el (et S90S
ACP+SMCHNAC 05,5 ;5 ,ol> imgsy 5o (FY) oS
g5 o 48 Bl bl 6,15 sime ysboas MDA Jluie NAC
el =N YL 350 eizmos 9 SMC NAC 5l 51 b
S5 1, NAC il i1 ety Slidllae sl et
2 e Sl slajes 10 NAC oS5 9bay ailes S
oRlS ar g ALl rnSgianl Ko L el pgens laise
ooy 5l ey pb lownST BT i)l g Seslail gl

o1 5T o s a8 ol Las Lo gl s oolicil FRAP
cle a4y el Ses a5 aiil ials ACPEy,5 5l e pb
Ot KaSly slaaisS oy 5 AU seilanST ol
ACP+SMC  slaog,S o pb ol sl cud b sl
ACP 05,5 4 s ACP+SMC+NAC s ACP+NAC
s NAC ool 095 s cine 205 ol Js il als
TAC o3l i (2alS 5l le ylowST 5T G lgreaSMC
g.,dl.: 9 P )é TAC )‘.\.a.a NAC 09; )$ .\.15....'60 ACP hws.’
S| 5T cpols 5l 56 Vel a5 il iyl als
30 (FO) oLen 5 5,5 Lirgh 5l Jol> mls el NAC
Cud b o hows el o loskew s NAC a5 aas oo olis
Al a5 0sdee 5 glme Gise pr b GlanS] ]
Coos 2 39 Jshos olds Las gl 51 oiis CAT a3

YU oS 5 Jee b YL o) el ST sl S50l 5! b
s 05 0 02 g ol @ o] Lo g HoOp o s el
i3l el ol sabil 4 ams oo )L andlla ol 5l Lol
ROS ilil 5l ool Ylas! a5 seb o CAT ol
.)Ln))‘ )‘ )Yl.,lf u,..u‘)B‘ l; b el \.\J‘).w GALH..:‘ .la.wy o..\.w..\.Jﬁ.:



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.4.4
https://jabs.fums.ac.ir/article-1-1596-en.html

W’ WA le |V sled | ens Lo | L (i o sle oSl alns

Uble 9 @39> il

[ Downloaded from jabs.fums.ac.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22285105.2020.10.1.4.4 ]

Sial3dl el wly abid wms s oLt addllae oyl b
pros 5 4dS Z8l o CAT GST (slaps 5 collsd s ine
bS5 50 5 2k SMC g NAC s 5 ]S a4 S
9 GST MDA CAT slag 3l ioljdl jo bows cel ACP
Lo s gls cplpls b TAC 5 GSH rals ;o foss
Olyeds eis o =S g (piias il N ols (Las
el (o Hobar S5l Sla ool als b plassT ]
Wgd oo )y selin] Coans ralS

pooms b yol> o3 iSeyie oleend J5uS
Sl 45 0pF o0 g Wl (oeliul ile (G gSSge
Al sy ol ol 55, (o3 sl b g
3985 5 Soomrw (698 b Cools Lo (G815 omles
Oblaibay slp 05 Suoms (g Vb Joo Sy 0l (ondge
0dls Ol i mas plaw 0 PLS Coge oS ol o]
bl 4 azgi b 0gb go 4y joxS Sy 00D 95 558 hlie 5o 9
wbrae Gloj ;IS Llpd 50 055 oo Sty adlllae (nl
Lo b ol LY 5 aimme 92 Ll o b s 0905 (SigSx
Sl (oolil s (B pas 598 5 jlde ¢ lend OS5 g pgen
Sdl 5 Cumjlame » o wolladl ISTE 0pl ol
&1 SMC s NAC (sla oS il 51 5 098 anuls calises
g oolainl Sbla> i

@‘é)..é 3 s P
Wl (cordigm Wbyl (wlid) 5 4bpbly Jol> egs 0l
Sl DN+ IVF 45,50 VWYNEF - 5,50, 05 L 35,95 o3l
ads 5l alewgepas ol el olhaisle oRKiils cules b aS
SIS Bl ool 2 perlaiioe |y S5 S ytans
Sllge> Ll B Jgol sllae aBisle;] @llys
396005 sy S 0S' L g o),055k olKiils o alKisles]
b5 &ye0 UMZREC.

&Ll o)l
los, 55 el |, _xbli Lo s Tt ol himns

S 5yl 8l ooy S ol b anslie )3 GSH jlada
o, 8les (o Jolas 5l LU Wilgs so a5 ols lid ]S 09,5 4
bgi 03655 palS ol (S jebay 8L NAC L SMC
3 5o ke G Olsrea NAC Jos 51 (306 wils o NAC
Sio o ol e o Slee jsbires 5 (sUslS
el GSH 1 snlial L GST il il oyl sla JIS5al,
Ol 000,50 o 5l gl @85 5 pgen Sl il
ol g ] e edly clibbre 5 ege LS
ST 3T et 31 (S 5 0slS 0 seilans]
555 LROS G cely Logiis Wlgi o o 45 Cansl b
Slalllas (FA) il GST 5l ol adl oole lsicas oo s
Gy 50 GST Lildl sms e Lt 5u oadplool L3
s il GSH G yas ilsil soimsylis aylyy ssbins
L as (¥ sl ol gilogiis caz o ol Jlie )0 o
ot GST collad il a8 SlniTlo s Slsseon Lo Slalllas
ol s Gl 0553 GSH oo zalS L of o ACP s pne |
ol cde 4y oo Wil oo GSH jals a5 ciS e oo
w3 Cnl by adgl ool (lyied o) Brae 9 GST collad
s 32l 51 (S plsiear T s @ bosye oo 5wl
Jol> s 0l ol sl JIGol, 5o G 5l sl o 20
o B2, 3l a5 (Fe) ol plas o len 5 JUb wlais
P lme Gige 59, A Do 4 (paslglS (eSS and
D505 L5 525 (F)) 1)K § oS iy zalS GSH oo
5 GSH _ials el almo ise syl sobin] il a5
Mg b wly (ool 35800 (2o 9o ;0 GST (il 4l
slie GawlaanSTpancd  aolidl caw ol Gl JIGl,
che LielS GST cled iyl GSH clile gals
adS 2dl g oy jo CAT collad (alidl 5 ol oS il
Jo =S gz a5 Wl olid ol Oldllas gl oo
b OlaSI T Glsiear it Jeisl N5 (i
Coas G2l el g jsbay ST Gl Jesl, rals

CFY-FF) sigi a

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.4.4
https://jabs.fums.ac.ir/article-1-1596-en.html

[ Downloaded from jabs.fums.ac.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22285105.2020.10.1.4.4 ]

ST 10T Sl ea 33T ciadlad s cpsiimnns Jaiwwl — S 9 cpsiimmns Juiwl - N ilblas yhaiis

; e st i ()
A4 Sl ) oled [ oo b | Ld (S p ke oSl s L2

References

1. Tomizawa M, Casida JE. Neonicotinoid
insecticide toxicology: mechanisms of selective
action. Annu Rev Pharmacol Toxicol. 2005;45:247-
68.

2. Kimura-Kuroda J, Komuta Y, Kuroda Y, Hayashi
M, Kawano H. Nicotine-Like Effects of the
Neonicotinoid  Insecticides  Acetamiprid and
Imidacloprid on Cerebellar Neurons from Neonatal
Rats. PLoS ONE. 2012; 7(2): €32432.

3. Kevin A. Ford, John E. Casida. Chloropyridinyl
Neonicotinoid Insecticides: Diverse Molecular
Substituents Contribute to Facile Metabolism in
Mice. Chem Res Toxicol. 2006; 19 (7): 944-951.
4.Singh T, Mukhopadhayay S, Sar T, Ganguly S.
Acetamiprid induces toxicity in mice under
experimental conditions with prominent effect on
the hematobiochemical parameters. J Drug Metab
Toxicol. 2012;3(6):134.

5. Pramanik S, Bhattacharyya J, Dutta S, Dey P,
Bhattacharyya A. Persistence of Acetamiprid in/on
Mustard (Brassica juncea L.). Bull Environ Contam
Toxicol. 2006;76(2):356-360.

6. Todani M, Kaneko T, Hayashida H, Kaneda K,
Tsuruta R, Kasaoka S, et al. Acute poisoning with
neonicotinoid insecticide acetamiprid. Chudoku
kenkyu. 2008;21(4):387-90.

7. Sanchez-Bayo FP. Insecticides mode of action in
relation to their toxicity to non-target organisms". J
Environ Anal Toxicol.2012; 4. 1 — 11.

8. Montezano AC, Touyz RM. Oxidative stress,
Noxs, and hypertension: experimental evidence and
clinical controversies. Ann Med. 2012;44(1):S2-
S16.

9. Jurének I, Nikitovic D, Kouretas D, Hayes AW,
Tsatsakis AM. Biological importance of reactive
oxygen species in relation to difficulties of treating
pathologies involving oxidative stress by exogenous
antioxidants. Food Chem Toxicol. 2013;61:240-7.
10. Juranek |, Bezek S. Controversy of free radical
hypothesis: reactive oxygen species-cause or
consequence of tissue injury? Gen Physiol Biophys.
2005;24(3):263.

11. Stohs SJ, Bagchi D, Hassoun E, Bagchi M.
Oxidative mechanisms in the toxicity of chromium
and cadmium ions. J Environ Pathol Toxicol Oncol.
2001; 20(2):77-88.

12. Halliwell B. Free radicals and antioxidants:
updating a personal view. Nutr Res. 2012;70(5):257-
65.

13. Rafieian-Kopaei M, Baradaran A, Rafieian M.
Oxidative stress and the paradoxical effects of
antioxidants. J Res Med Sci. 2013;18(7):629. [in
persian]

journal.fums.ac.ir

14. Atkuri KR, Mantovani JJ, Herzenberg LA,
Herzenberg LA. N-Acetylcysteine a safe antidote for
cysteine/glutathione  deficiency.  Curr  Opin
Pharmacol. 2007;7(4):355-9.

15. Rushworth GF, Megson IL. Existing and
potential therapeutic uses for N-acetylcysteine: the
need for conversion to intracellular glutathione for
antioxidant benefits. Pharmacol Ther.
2014;141(2):150-9.

16. Kumari K, Augusti K. Antidiabetic and
antioxidant effects of S-methyl cysteine sulfoxide
isolated from onions (Allium cepa Linn) as
compared to standard drugs in alloxan diabetic rats.
Indian J Exp Biol. 2002;40:1005-1009.

17. Thomas S, Senthilkumar GP, Sivaraman K
Bobby Z, Paneerselvam S, Harichandrakumar KT.
Effect of S-Methyl-L-Cysteine on Oxidative Stress,
Inflammation and Insulin Resistance in Male Wistar
Rats Fed with High Fructose Diet. Iran J Med Sci.
2015;40(1):45-50.

18. Chakroun S, Ezzi L, Grissa I, Kerkeni E, Neffati
F, Bhouri R, et al. Hematological, biochemical, and
toxicopathic effects of subchronic acetamiprid
toxicity in Wistar rats. Environ Sci Pollut Res.
2016;23(24):25191-9.

19. Sehirli AO, Sener G, Satiroglu H, Ayanoglu-
Dilger G. Protective effect of N-acetylcysteine on
renal ischemia/reperfusion injury in the rat. J
Nephrol. 2003; 16(1):75-80.

20. Kumari K, Augusti KT. Lipid lowering effect of
S-methyl cysteine sulfoxide from Allium cepa Linn
in high cholesterol diet fed rats. J Ethnopharmacol.
2007; 109(3):367-71.

21. Buege JA, Aust SD. Microsomal lipid
peroxidation. Methods in enzymology.
1978;52:302-10.

22. Aebi H. Catalase in vitro. Methods in
enzymology. 1984;105:121-6.

23. Habig WH, Pabst MJ, Jakoby WB. Glutathione
S-transferases the first enzymatic step in mercapturic
acid formation. J Biol Chem. 1974;249(22):7130-9.
24. Sedlak J, Lindsay RH. Estimation of total,
protein-bound, and nonprotein sulfhydryl groups in
tissue with Ellman's reagent. Anal. Biochem.
1968;25:192-205.

25. Benzie IF, Strain J. Ferric reducing/antioxidant
power assay: Direct measure of total antioxidant
activity of biological fluids and modified version for
simultaneous measurement of total antioxidant
power and ascorbic acid concentration. Methods in
enzymology. 1999;299:15-27.



http://journal.fums.ac.ir/
https://doi.org/10.1021/tx0600696
https://doi.org/10.1021/tx0600696
https://doi.org/10.1021/tx0600696
https://doi.org/10.1021/tx0600696
https://opus.lib.uts.edu.au/handle/10453/18214
https://opus.lib.uts.edu.au/handle/10453/18214
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3897036/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thomas%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25650289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Senthilkumar%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=25650289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sivaraman%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25650289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bobby%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=25650289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paneerselvam%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25650289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harichandrakumar%20KT%5BAuthor%5D&cauthor=true&cauthor_uid=25650289
https://www.ncbi.nlm.nih.gov/pmc/journals/1868/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sehirli%20AO%5BAuthor%5D&cauthor=true&cauthor_uid=12653105
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sener%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12653105
https://www.ncbi.nlm.nih.gov/pubmed/?term=Satiroglu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=12653105
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ayano%C4%9Flu-D%C3%BClger%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12653105
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ayano%C4%9Flu-D%C3%BClger%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12653105
https://www.ncbi.nlm.nih.gov/pubmed/12653105
https://www.ncbi.nlm.nih.gov/pubmed/12653105
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumari%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16987625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Augusti%20KT%5BAuthor%5D&cauthor=true&cauthor_uid=16987625
https://www.ncbi.nlm.nih.gov/pubmed/16987625
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.4.4
https://jabs.fums.ac.ir/article-1-1596-en.html

W WA le |V et | eas Lo | Ld (i o sle oSl aloes

Uble 9 @39> il

[ Downloaded from jabs.fums.ac.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22285105.2020.10.1.4.4 ]

26. Zhang J, Yi W, Xiang H, Li MX, Li WH, Wang
X, et al. Oxidative stress: role in acetamiprid-
induced impairment of the male mice reproductive
system. Agr Sci China. 2011;10(5):786-96.

27. Orug EO, Usta D. Evaluation of oxidative stress
responses and neurotoxicity potential of diazinon in
different tissues of Cyprinus carpio. Environ Toxicol
Pharmacol. 2007;23(1):48-55.

28. Devan RS, Mishra A, Prabu P, Mandal T,
Panchapakesan S. Sub-chronic oral toxicity of
acetamiprid in Wistar rats. Toxicol Environ Chem.
2015;97(9):1236-52.

29. Arfat Y, Mahmood N, Tahir MU, Rashid M,
Anjum S, Zhao F, et al. Effect of imidacloprid on
hepatotoxicity and nephrotoxicity in male albino
mice. Toxicology Reports. 2014;1:554-61.

30. Russell JR, Sexten WJ, Kerley MS, Hansen SL.
Relationship  between antioxidant capacity,
oxidative stress, and feed efficiency in beef steers. J
Anim Sci. 2016;94(7):2942-53.

31. Zhang J, Meng G, Zhai G, Yang Y, Zhao H, Jia
L. Extraction, characterization and antioxidant
activity of polysaccharides of spent mushroom
compost of Ganoderma lucidum. Int j biol
macromol. 2016;82:432-9.

32. Yan SI, Yin Mc. Protective and Alleviative
Effects from 4 Cysteine-Containing Compounds on
Ethanol-Induced Acute Liver Injury through
Suppression of Oxidation and Inflammation. J Food
Sci. 2007;72(7):S511-5.

33. Sandilands E, Bateman D. Adverse reactions
associated with acetylcysteine. Clin  Toxicol.
2009;47(2):81-8.

34. Orinne Sprong R, Winkelhuyzen-Janssen AML,
Aarsman CJ, van oirschot JF, van der bruggen T,
Sweder van Asbeck B. Low-dose N-acetylcysteine
protects rats against endotoxin-mediated oxidative
stress, but high-dose increases mortality. Am J
Respir Crit Care Med. 1998; 157(4):1283-93.

35. Nouri A, Heidarian E, Nikoukar M. Effects of N-
acetyl cysteine on oxidative stress and TNF-a gene
expression in diclofenac-induced hepatotoxicity in
rats. Toxicol Mech Methods. 2017 Oct;27(8):561-
567.

36. Limoén-Pacheco J, Gonsebatt ME. The role of
antioxidants and antioxidant-related enzymes in
protective responses to environmentally induced
oxidative stress. Mutat Res Genet Toxicol Environ
Mutagen. 2009;674(1):137-47.

37. Yan S, Wang J, Zhu L, Chen A, Wang J. Toxic
effects of nitenpyram on antioxidant enzyme system
and DNA in zebrafish (Danio rerio) livers.
Ecotoxicol Environ Saf. 2015;122:54-60.

38. LOpez-Cruz RI, Zenteno-Savin T, Galvan-
Magafia F. Superoxide production, oxidative
damage and enzymatic antioxidant defenses in shark
skeletal muscle. Comp Biochem Physiol A Mol
Integr Physiol. 2010;156(1):50-6.

39. Gasmi S, Rouabhi R, Kebieche M, Salmi A,
Boussekine S, Toualbia N, et al. Neurotoxicity of
Acetamiprid in Male Albino Rats and the Opposite
Effect of Quercetin. Biotechnol Ind J.
2016;12(7):113.

40. Bal R, Tiirk G, Tuzcu M, Y1ilmaz O, Kuloglu T,
Baydas G, et al. Effects of the neonicotinoid
insecticide, clothianidin, on the reproductive organ
system in adult male rats. Drug Chem Toxicol.
2013;36(4):421-9.

41. Gasmi S, Kebieche M, Rouabhi R, Touahria C,
Lahouel A, Lakroun Z, et al. Alteration of membrane
integrity and respiratory function of brain
mitochondria in the rats chronically exposed to a low
dose of acetamiprid. Environ Sci Pollut Res Int.
2017;24(28):22258-64.

42. Arafa MH, Mohamed DA, Atteia HH.
Ameliorative effect of N-acetyl cysteine on alpha-
cypermethrin-induced pulmonary toxicity in male
rats. Environ Toxicol. 2015;30(1):26-43.

43. Nishikawa-Ogawa M, Wanibuchi H, Morimura
K, Kinoshita A, Nishikawa T, Hayashi S, et al. N-
acetylcysteine and S-methylcysteine inhibit MelQx
rat hepatocarcinogenesis in the post-initiation stage.
Carcinogenesis. 2005;27(5):982-8.

44. Thong-Ngam D, Onanong Kulaputana M,
Klaikeaw N. Effects of N-acetylcysteine on
oxidative stress in rats with non-alcoholic
steatohepatitis. J Med Assoc Thai. 2007;90(4):788-
97.

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Russell%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=27482681
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sexten%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=27482681
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kerley%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=27482681
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hansen%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=27482681
https://www.ncbi.nlm.nih.gov/pubmed/27482681
https://www.ncbi.nlm.nih.gov/pubmed/27482681
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.4.4
https://jabs.fums.ac.ir/article-1-1596-en.html

| Journal of Fasa University of Medical Sciences | Spring 20201 Vol. 10 | No. 1 Khovarnagh N, et al

[ Downloaded from jabs.fums.ac.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22285105.2020.10.1.4.4 ]

.Original Article ]

Investigating the Protective Role of N-Acetyl Cysteine and S-Methyl Cysteine in
the Activity of Antioxidant Enzymes and the Level of lipid Peroxidation Due to
Acetamiprid Administration in Rat Kidney and Serum

Khovarnagh N, Seyedalipour B*, Taravati A

Department of Cellular and Molecular Biology, Faculty of Basic Sciences, University of Mazandaran, Babolsar, Iran

Received: 23 May 2019 Accepted: 05 Oct 2019

7 N\
Abstract

Background & Objectives: Acetamiprid (ACP), as a neonicotinoid toxin, causes free radicals

production and oxidative stress in various organisms. The aim of this study was to evaluate the
antioxidative effects of N-acetylcysteine (NAC) and S-methylcysteine (SMC) on reducing
acetaminoprid-induced oxidative stress in serum and kidney of rats.

Materials & Methods: In this experimental study, 42 male Wistar rats were randomly divided into 6
groups of 7 including one control, one sham (normal saline) and five experimental groups, which
intra-peritoneally received ACP (5 mg/kg), NAG (160 mg/kg), SMC (100 mg/kg), ACP+NAC,
ACP+SMC, and ACP+ NAC+SMC for one week. After separation of serum and kidney tissue, the
activity of the catalase (CAT), glutathione S-transferase (GST), glutathione concentration (GSH),
malondialdehyde (MDA) and total antioxidant (TAC) was determined.

Results: Acetamiprid caused significant increase in GST activity in serum and kidney (p< 0.01), CAT
activity in serum and kidney (p< 0.05) but insignificant increase in MDA level and insignificant
decrease in GSH and TAC compared to control. NAC and SMC, alone and in combination with ACP,
restored the levels of TAC, GSH and MDA and activities of CAT and GST.

Conclusion: Acetamiprid increases lipid peroxidation, activity of CAT and GST, and decreases the
concentration of GSH and TAC, presumably by producing free radicals. Administration of NAC and
SMS as antioxidants causes a decrease in acetamiprid toxicity due to relative reduction of free radicals.
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