alis

-

A0 ¢S

Ol pd 2lie 9 3250393 338 aleo
i) ket (033 = (il Slodd g (S i sle BRI
(YYAY 59) YAV Y+ F srasio F (50 Lol (o233 (50,90

! o o go ol S 51| o il gy il g5 51 56

e $ 9555 pl b okl b

Chsge ¢ oospn sl oiae s sae s sane pblin Slas s sage < (sene GBaase S0
Tl 4abls (g shnn

‘a}l: szl (é‘jd:): (5““\5":":"‘) tL;Ae.AjJ\}:\:I 03; (V ) ady u&fb‘)::l ,;\}.‘.c sl&aaly ‘u&ix (5&._\5.‘3.‘3‘.} “S:‘):‘S}:‘-’ 9 (53\5.‘&:):;9 AJ; (\

(s0uSls S5 5 (55502508 098 gl ol s cdrensdl 1 ghouss (Souius 3 (Sl (L s s (i 4k (S
(sene Eaana S5 Ol ol o Ll (S o gle o€l Sy
e-mail: Mohammadi.mohammadt@yahoo.com

s S

S Sl 93 obd 3 5L 451 AST ol [lgs o il ST s a5l Klosls OLE iy (sl 23 tadie
el ey ol 5T s s ST Cadls i s sl e bl ol g8 O el
(g bl sl 4 il B, g slas Aas LI ey spse ) s gl e P 03 I SL 3L gSlaS)
e 0 Oloys (hs 5 (Bl edd Oloys b (b 055 Dl 0 Balal oo 4l e Gl ise
03Ul (p 5 ST p 5 (en ¥4 oy 3595 5% ol (509 J315 Gao 55 51 alis W1 gl 4y (0315 09 8 p2) ik
03,5 oysigan 3 o o ol SSL S aLiS Gras st ) DUl Oloys 5l 5, ¥ S8 51 dm s 5
4506308k 5 (GSH) 0556 o8 clale (CAT) ;YIS (SOD) 5U gamys LT 5 g ‘5\.«‘.,_;1 b el
b UVA) 0g5 S 88 i3l 5 oMo mbs JRS 08 55 taadl p B end Wl SO 3L (MDA)
GRS o als Wl e Bl I la s ssb 4 anb 05,8 L awlie ;5 CAT 5 SOD slag 5
s B3 sl gy T L Olays als G251 OF 15 MDA Ol5 5 e 7%+ Oljs & 0 556 48 pebans
P agn glaasl ol g i S eSS ley ek A 4 1) 055U S Ol 5 il g5 sl SOD L
P PR S8 53 ST el G s 85 SIS, I e Sabis WESE B0 O S 08
Ol 53 Sl cpl gl o il 51 AG3l, ol a5 5lee b il gy 5T b Oloys iz 3580 2 e

Al s S s

ANV /Y dEe BRI A VARYAR raa a8l 50 JAV/A/A dlis bl o

Cobo (pos gsd anbin) wib oo Gl sl 4 e slEe (il 53
ooy (Vb Hsh 48) andoma Jud 3 padle U
oandie Hlal 5o KK Gad salls 5 o e (B
o2olse b (SVsk slaple) (o 59 podie onl s s e
(Shosd (Shsat, wile waSy BB s s ady

il sl e B0 lacua 5 Sl

douds

03 5 s ede Sallie golan S gusad b

solan Gl 4 e (L) G abie VYV 5 G yals s
i ohalS ale 4 b oesbs ale als usa ol Lo
(Jo! gsd cubaa) su s s sladshos cupaS Jalo o Gl s
dals & Cplpsl Jasns slasws S caspaly (2aK L



TP i oF solad a5k (cou95 (il pansdoglio 9 juyii9s3 32£ Galan \aA

Jsb o u_’.l_x:\...h.Slu_";ﬂ gl alin sud slasl ol yuss )

83 O s o0 1 b

Laghigy 9 319

b s a3 53 (ol slagh se 5l sl (a5 50
AalesT blpa Giogse 3Soe 5l sad s (Wistar)
YPe=YFe (S5 s89gdae 5o Al dals (S asle sl
SIAT S50 Gulesl s LagislesT ales a soliinl o S
asle S hayk s wms olipa b LIS
Sl Il o ollpa s S aladl & 4l (<55
G womlio cugh, (K6 @b, celw VY
ol Lyl psiwa by ol S Sl (s4a 0 YY2Y &)la
RV PP P R RELS) oinbeT 859 sk s lae

G Gawly cubs) Jol g5 a8 cnbis slasl ke 4
(STZ) s e il siss JAI3 3035 51 (0ol pua]
Ol S 5 b Olaan 0 S Gl D) Gy o S ol
(pSsls/a S lie Vo) 0ol s (pSslS/a S e A+)
Jstae 51 Ghse O 000 p oSS S o) 4 p Sk ¥
pd ol wass el D) G 55505 R il sud 4xgs Gy Ol
pde b oblgan 3o O am 595 0 ok aladl 3u558
S ealdieal b aS 510l 5o 3SR wsm s 5 (s0lhul s (e s
Olsie © wa S e padde (Enzyme strip) casyl ls
WS GiuleT s, 90 04l 5 ST Sibe ol sas

© oledl 5r5e cllps sals ghass alasl ¢l
w8 K 5158 ) o s S o (Bulal o) s

alles ol gan 85,8 cpl ol gaa toands J3S 85 S )
b JOES a5 S Olgie wlag] 5l S wag b
a S suldil

(Oslial 55851 5 (amb) sud Glass ganb 558 Y
IS a5 8 ke 658 cpl 5o oiabedT aladl Jal s alas
G Oy, euS Gyl ol € ouls ol b oas b
(pSobiS/a S bie ¥+ onslical 55537 (55000 51 550 T e
WS bl e (Shsa ojse 4

) Sblsas 5o Jsl psd el i b JHES 8y S Y
0 S B G 555 R il o JAI 30,38 L osy S
9 Bsiog) xbs wdle Gad ol ) Gay 5 500 0 5 o
Bbs JAS Olsie s S ool alblga 51 (ol
A soldi

Sl lanaly 0 ol B (2B oo (a8 Gl 53
158 5500 G (ROS) (30uS) Jlad slaJISosl; pan
sl sladsle o3y © (oo il Ho s Slans) il
A3 o LUl ol U s S eSS
slanl & srlanasl da sl Sl glad S go oty
e Mot ol canl culg 5o Lad
O sheal gLy (a3l diise gl s 4SSl T
LSL"\“:‘:):‘T S su g ol LI, ) b el s 0
© Ol O e VB 5 (SOD) 50 sacws arusly s
e 0sSbE Ko s ) T mss0e sle
abilie slarciSl o il LaSasg a3l e Gl o
s 5dl slaghahy sl gulul 5 Mals e
3900 s b AT gladas 51 A s L ROS
ol slagis ) (S I SL He sl el
Gl e TaBlie cubo AL e opna goui)
oelsSily 8l 5o la ROS byl 5 eoSsla bl
Iresbs (b oo oF code 3l ol sgea B ol
S5 lge
S 31 sies g Slamm Sl 3l (slaghassy
Sooe - 2B SYWEA 5 (oSl o 1) lagslind o5 S
oo 15 Cpond anbis wile plhsolan bl (A 5o
O lea S GBIE sA oS (Swals i3l )
il a5 olal ws Jlael Lagslicd goun o 3
sl pheolay kbl 5o Ll () sl
ssas 4 Ll Gl sas e 1) sleoiaS ohagl,
il gomall slagls 3a Lagsbicd Mol su,sl
¥ goua Y mnl Sles by © S sug G
i 30850, (HMG-CoA) T-anTsS JissK it
Lefer (a3 50 0 S0 oS 0 Jy il S (nals
sobo oblpa OB 5 58 ol ws ol 3 Gl sars
cliilae oo wleS) ot wl g il o], 51y €l
$oSas GBSy 59 O s S oSl sl o BB
o8 ol il el 5 golee ol Gl sl
soldionl punsse Koo i s el Gl S sa ol
0% She B0 puabisnl o Slae a0 sade LGl )
sala a3 ol Vel sad bs olas Gise
S sSlwns] Lujied wi ol B el Lk e

GoSsla oo (pliais Giige ul Sil il 5 sl 5, 551



V44 35S o 2l g il g, T

J/JL(‘@;L;MGELW/{J

2 oaaly s ml el gl w33 il
w338 daalas (n g5 p S Glae

Tietz Gigs 3 il opSBs8 Gl Gaie sl
Voo b @3sen glisad ) anlie clale Tiam solinul
Voooae 4 bslae V0 Sl gl s sl 35 Ko
Yoo g ooge b oalSmle g ¥ osles o diis
© Gabys o Jslae 5 SilgSae Ve a5k 5l
ad adlal ¥ae /Y olicd asaw g0 Sy Sae AN
oS 9 Hore SilpSie At Gu S Wl b e
e Slia 59 Jslas 74 /Y (DTNB) aacad S5 55 5530
FAY oo dob Lo da olhuis s S pomd (Sl 7N
Jslae ) soliiadd Lol cpgy @85 0 (b 5o el
o) gaie Sl e 5 s S Ve8GR
Jso 3l crn 53 (5856 6K @il 5 sass Sy (586K
Sl Jslae a8 dulae a5 Sk
ks g 5 Se YO - V- slaclile o 586K

Lagdd GaalasaSly ole o0l Gaad sl
soliza Satho is, 5 (MDA) adall s oulle oliee
65 ol V/0 03sen =il iy e 000 @ s
s Ve e 6 L) /) e (TCA) weal il 5K
L oso mle O Sldle V0 Gups w08 550l
9 BLA) PV SH stanbias el Sl e Yo il
Y e wad ool 8 (Bea sole (o ST S 4
i G55 Sl a5 dlal Jslas s BBy il e
Jolae ool 5050l Frve g o0 480 V0 cae
Ak sl Jie b OYY £ge sk Lo S5 Sose (20
Ot S5 LB Y 5 Y & Al soliind b MDA ol
2 Jse b crn 5y MDA 5 o0 (pas o plailinsl () sie 4
59 MDA s lslial Jslas ad danslae o5 a8k
N Soosdlen wal 5o Yee s Sae /Y slackle
w4

saldical u,08 s Gligs O (aSs clile (el gl
celie @3, b BL geslae 5 Gune ana Tias S
e ¥ e i sl il le \ s 4 5 408l
ARINCRVSPISPRRT PSRN IR JF O PR BPRY Y PO
Cia sl gl 080 £se Job s pupe s S Sl dds
Vodslee Il o lill Aate ey gl ad cug
g (BSA) 8 pr Cposall 3 il 5o a Slie
p S Sse Ar 5B e e N 0 glachle e s S

(ol o575 (Bba) sad Gloss b 558 ¥
JS a5 8 wiile 85,8l 5 Glaledl alail Jalye alas
G Ol 058 (ol ol S oyl Gl b ws b
(poSuliS/a S lie Yo ) olical 55587 (55000 5 550 ¥ e
S 2ilse (Shsd cose ©

eal oblps ol ilesl o9 550 ¥ oL Lo
Sl ol ) uSiea Ol am o 8 S 18 Gaee odisgn
5 ewa Sl Gl KL @il (O SHE oSeslal (1)
A 0508 4 ome s b 030088 JA & ce e @
woisbey] 3, Lo S lawy  JEn o S il gda 0
09 Vi) el 4y ()@ Sl 4 sud saaie slacily
Ve sl pal Genncond 853305 gas Call olans L3l
S s S 550 5mle AEs V0 Toue © ass ¥ S
e hatdion clgeald Gianw ¢l oo Jolae
i soliio s

SBgens wluSl g w3l cullad 5 Se3lal sl
sidlia /Y Yas suliiu) Winterbourn i, 3 (SOD)
N Yseibe /Y wiliw asaw 5o ¥se o/ EDTA
Vorrs DYl V0 (NBT) a s o515 5h s 550 5l e
SosS Ss s (UES sl 58 L) 550 by Sl g S
Ghasa YV 50 dABs 0 Sae 4 Gu S bglas 5 aay 5 sl
esMigns sl le /40 Gu i S L3 ol S ke
Moo AV arnl 5 olaws 8L Ho ¥ ee e </NY
SUI ooloa da 0 5o B0 VY Sue 4 @ils] pH=V/A
0F zoo Jdob 5o A0 0 b 5o Oda e ol sals 18
S anT Jlaie SOD cudlad aaly & i ey, siesil
callas usd Llgs NBT Lal e yen 51 70+ 5 el Sl
w3 S il (550 p She s aaly cus 5o 3]

Abei (i, 3 SYBIS aysil cullas o5Se5lal gl
Jsbl (BL goolae 3 Gure ana o ad soliiul
o8 s ¥ e Ll (i gl /3 Le </ V) Gllas
cblle L/ X = 100 5sh 5 gupe 9SGl &
cullad 5 8e30ml gy Uslas ol ad wlal 7Y ol
Slle /40 5u S Gl b (ESly .k saps IS @ a3
olid 5L s GBL g 4 Yse e Y- H202
b 09 oda Gup ol g o5l PHEV Y g0 e 04 anlly
aaly S ook swila SRl Y £ge Jeb o ASs Y
S 50 oS e H202 51 J 505 Ko o laiie HYGIS callad



IPAY o o (oslad o835 (5050 (jlagl pangdoalio 9 hayii9)3 2£ iGadzo \K

SoE Gloae 59 solaine @il bl 8T L oleys
Ou‘J:\A L] 4_..“:\&.» od sad OLQ‘)J uit\l:\..& C:L\‘JP OJ.A

WS alal) Al J 3K
0 (il eas) (Paeldl T 8 yume &l pads =) Jgan

Oy —o da L2ouls . w3 9y g—0 sL—20 9 —S
ol oucd sala Ly jlame I padl (aSilas

Fy-tee J s Sk s S pas o
ofliulgy 9l Gubs oobulg,Bl b (Flsbe)
VAO£Y - VA0£A" Yy=y YY£Y 0 5
VaazA" Yors\Y Yoy Ya+y \0 S,
Y-A£\AT YA V£V YoLy YALY Yo 50

b Ui s S dwlia o P<A/00 L Hlupne o glas *

SByams wuSl syg Bl callad Glhae ¥ s
2315 g p S liofanly i 5o (ul SOy 3L (SOD)
Olome ofeslal aas o Glis cyys 3y slass S
Olal38) caba B 31 S5 Ye 5 Gu T Gl cullad
S e S L awlie Ho ba JUES 858 Ho sl e
o9 2l Gl cllad Gliae S (ghsk 0 owl Glas ek
L oole oS5 @ b JoAS 5 ok 38 o5 8
o oas aSule soanly YY/REVE 5 \Y/exNV
S ol cndly ol GLS Llosa Lo sud bl glacil
S el 505 ¥ ot w0 bl s 5T s aolb Gless
Oless bs a5 8 ‘;:,")ﬂ Ol callas (Hls Jae (il
Bl Sl sud

Y- *

—«
o

1
-

—«
1

(05503 pSslae 5o aaly) SOD
© s

{24
1

Jas S b B s eubo
UV 0 PRY LI P

U gacus e SI g an 3T canllad () e =Yl gads
w2 oudi (Fabis 9 b Gl gas ! SUL 8L (SOD)
3 Oilincal 9 93T s (ylaya rualan B 5 59, ¥e cackilS
slas Gl gan 53 SOD ayjil eulas s sas (il 33
Byl (a8l as &y o da Lasuls 038 oo (5 535 gl

il 55 550

(i ae w50 8 S las) (s SK

alolinl glackle olse 4 5 GAle ol ) Jil e o
L solati

Gl Sl Sy 0 sael ciws o sladisl
sael crens 0 slasuls stewlie sl sud ol las
54 S el T 5T B 5 SPSS it )
alss a5 soliinl (Tukey’s post-hoc test) 53 & ge!
s S Bl gae WA Gl gie G P< /0 Ladwlis

sl

Okl oo s wose slass £ G SHE ol

RE S S B R KPR S A PR |
*
P *

HH

Jas 9 b Jos 9 by

b osbalsl hbe ol B

S g3 pSelio) (93 SIS IS Ol puakd ) lagad
N ouliivud Loy (o slao g S o s B (i ol
s 230 (STZ) (i 5595 9% yiad 5359 JBa 33,53
L Olooys aS 9 gddio 093 S 5-IS Hla e Gl 3-8
Gyg—o da Lacala aylad oy (g 280 (uilicul g 4 ¢5)
©glds ¥ Lol suid ouly (Gl jlaae U jadl (il
(sl J S 09,8 b dewsllo ju Pt /00 by jlu e

\YY+Y U—!:ujo J):\.S bj)g QL&‘J._A UJ; )SJK c!a.ua
ool b gless 5o Ve aS s Sl e wis jo 8 Kb
Oloze 52 solagre 5 dbade BB uas sl g5
pdle Dusr S byl b Sllsa o6 LK
s odsin Glsal 5 Ll Ho SHE sy «solul
s sad (b cblpa 5o sl g aubis S0 5 oS
(V Jsea)

b JAS oblsa o SHE ol Koo e 3
Olul38l ZVA Glhse 4 cobs G 5 55, Ve i 51 s

S0 T S (ke ae 5o p Sle 0001F) cudly



Yo 39148 il g bl gy 5T

J@K@;L;MGE»"M/{;

p oSGk os Jse b Yoo /¥ 5 0/+ 5410 L 5ol 55 @
il 098 5o Gl 55 5T 50l b Gless as s
Ol s cble Hls fae (ualS 5 cudl g8 55, ¥ e ©

Sibs 058 5o 0T O Seusbh o wla S5k
O 95e pSshie o Jse B F/0£4 /7 Ll sad ole o

(05508 pSskee 3 aals) GSH

.JJ.}
5 -
O ] I
‘E -
|
" I
\f -
\ -
Jos 5 b JAS 5 b
T 0 PR L B PR S L PR

ol ;S a3l (GSH) () gails oIS oo tale —F s g—ad
N80 ¥ cmidS Hl aaas ouds Julaa g Jle s L) gas
101 gt Oilial 9 931 (3l y3 yiLS 9 Gl LA
ambn b ju GSH o e hals j) ouilivd g 43)
B il (&l e &y 9o d Lasuls 038 o (S S gl
P<:/ 0L jlacne & glis * cacal o ouls (s jLaxs

sl J 58 0815 acaslia o

oL c8l (MDA) wiull o ol slile o juis

OLEs O Llasad 5o (e a Sk o Jse sl s

IV PSUVE-APSTI R

(05508 pSslae/aal ) MDA

A\l *
*
VY A T
VY A l
\. -
A -
; | [
\G -
‘ -
Jas 5 b Jas 5 b
ek osbulosl ube bl gl

ol ySab edls (MDA) wiiudl su ( glle Gldle -0 s gad
ol 38 e o bia LAY i adlas 0y 90 sLao g S

(05508 pSslee 3 aals) CAT

P<:/:0 L jlacime o glis ™ .ol ouds ouls (L jlaas
b J RS 09 S b dunlie o

anly s 5o oS3l @3b SYBIS a3l callad Gl

b s b slaey S llsm 5o S pSGke

el sl IL Y Sl gad S0 sud

Yo 7
* *
Y. o T
10 -
r
Ve T I
o -
JAsS 5 b JAS 9 =k
U T 00 PR | B VI PRt A PR 1

09 0l L @l (CAT) HYGLS asjsl cudlad -1 la gad
Caallad 330 Caen cualio Wil idallias oy g0 slao s S
Callad ys pilicul 9, 93 b Oloyo 48 s guli oo CAT a3
B il (a8l as &y 9o ds Laoaly sl 56 o ()
P /o0 U e ins & gl % caal oudd ouls Ol las
(b Jyias 09 8 b denlle o

T Col callad (a3 G 555 Y0 (o Lo calos B
Gmlie s 8 bs JES 05 8 ollsa a (4FY)
5 amb J5ES 658 5o ) susl s 4 slaaisly s,L]
T ool callad Glhae 5 su Llaiae (b JES sy S
S VVEVY Ll i a LGS usee a8 g9 L9
ool b ploos s Gafeon a S lelaaly VA/NEY/Y
23 olisre 5B ma S, Tro o 4 oslial g, sl
5 oad gloss s 55,8 Lo VB T cullas ol
JAS 05 8 L dwwlie 5o S5 @ sad Gloys bo
ok asas 4 Subs JAS 5 ol

2 oSl il 0sSbE chle ol ¥l
wose slass S 5u G a S le 5 Jsesl s
09 ol oSSl (o sb oK lile Gl5ae aas oo QLA 1, (o)
858 ollpa b e 5o Jiba S5 65 8 ollpa
sl (RAS VYL (lhae 4 solare sk 4 b SIS
b JSES 5 il SIS 558 o o Llute S 555k @



IPAY o o (oslad o835 (5050 (jlagl pangdoalio 9 hayii9)3 2£ iGadzo Yo¥

L oo LA, S o S Jlad Ll 4 culis 51 oAU s
cal cage Gul Sk @b 5o Lo ROS w5 Gauld) a3a
s S Tssdee ula Y sl sl sladsle
Olose 2 ol g susla (Bas3y s ol o5l Sos
Gl () Dlosas) Al Sse ol ane SH s 4 s XK
2 el s Vedals Sldan L, n A b Laasl
Slblpa osn KoK oo ol 8l € cl &S 0l
b e Sse b

B s G paline gtlaly ala Shassy
g wnlyd 5o 550 bl aluis Ghhwe L e
09 ) il seay elunsS) Loyt 595 5 Lo ROS
sl Gl wT58 50 5o slam T callad ol
G el s olapae Gl SOD 5 VB daa 3
LROS adg Jualysl (Yo ¥ Llosal) cudls ssay cubo
bl (A 5o (JaeSoomma 5 el s slagssl)
Oly dagniigsy o Slae 5 Hbale cubis wile ol ley
ety sla,siSB 5l ok ((Slas aly lasmas 5 03
ROS w3 (ial38) Lol ool s odiag o LI58 ,806 eas
slam il callad 50as b 2lheoleas iyl 51 (A oo la
S5 (55550308 Lt it el L) 5o laseS) T
5 SYBIE SOD wils plaas 3T b 53 WaJISuul; gl oo
G SYBIS sl Tlgd o (B8 SlanSlyy gt K
Rl ol ol Of @ waSly (35508 JaaS yo age
ouiel alasl 5 aalSl s 055558 G a3 51 SOD Wil
09 oS slasals Vil o 8 sla sl Lo ssleS)
AlKaa Ll Sl il YBIS 5 SOD il wlyuis b bl
sy enlona b dgalss 5ussilans) Qoo sl
3 eam b sad aladl glaga, s o Ll ol
sl (A o Lapa il ool callad (a3l o) S sa g5
Tailge slaS] pusial S5 5 mals olsie 4 o
o8 ool Sk @il SlaeS) BT plis plen oS Lol )
Vel ool sbes b adls 5o edl ol b danlis
© dla oo oo LaasT col cullas Gl Golsb
aal yo S 830 ROS (YL cbile @ eaaly Hu 0l Jlaial
el 8358 lany G0l 58 carn 5uua

S 0S8 (S Bl Hlate Hu 5udS sala sy 5o
il T e Glhae s0ss sl ool slageals
(P Llosad) ool ails subs K a5 S Lo gl e
5T Sl oS (555 pan Gloie 4 G5B K 1)

o Ol yu &S o g—iii om0 MDA ol 30 ju Hlu =20
ds Laculy .l J5L3 o T O jmse 43 (pailical gy 951
* Ll oundi suly i jlase ) jadl (aSilie &y guo
Jymias 0 9,5 Lo deualio JuP<:/00 Lo jla Aae o glds
ool S5l MDA clile e 55, Te b Lo cuba &I
JoES 058 bl Hu b JHES 05 S olilsas Ha 1)
Oless als Gl 70 (lhae 4 sola e ok 4 b
S Do Yoo o ol sl el b
JQMQLAJJ&JQ&J;MDAQEEQ‘\}&A)J(S\)‘JL;.\A.A
JoAS 0 S L dwlie o 08 3 4 sad lasya (Bl o5 S
0S5 sl b JES 85 S 5 ks

(et v )

-

slacil Hu(ROS) (35Sl 3T slads S w5 (il 3l
sl sl sisSB ) (S el Sl il o355 4 o AliA
el aals Gl ETAal o G e ala o Gl Gl
caonT e ssMe 053 a8 Gl s & sie sJISl,
Ladslas ool 0 Slae 5o il ol 51 G sladsla S5e
SV eael cons & laassl T s e b LudEs
SSE Gl 5 e sdle cubia W ols Glis suala ha s,
KNP IS - R ARV SN PR (AZ BTN
wads @8l Gpl o eSlasS) o il 55 e (el SO
59 5 0sSLE Hliie SYBIS 5 SOD (slams T cullad 155
@il (Laad O olasSlyy eals) MDA Gl ol
08 g 5adS el (b 5o Wl SSL
Go3 O sala a5y 5o Jol g cnbo B ki o
S el &l Gy Seoghiel gaans Jab
sladsl sl S ss g XK ST S Gann 535553 sl
G 8339 ok 4y cul WIS 5 e el Sk B
oo yala s 5o o s se Lad e ol 4 an
K, oaaad b oS ol 5 3S6K ssa s 5 s0loolog (s
© 05 SsK (ol wu S padidie 830y ] Jls
el ua a8 S R o culb el pedla Gl
020lse Suo bl Jshue 5 sus cubs syl wdle )
S 4 Il ol 5 P slad 4 cubs Gede
330 0 3 wa e S d il sy JAl G55 sl
sad 5,18l 5 oy dea B cuba alle S50
Ol VA Glose 415 0a SK a5 () Jsan)

alas) A w8 il el Lagma o3y cly o () Llasad) aas



Y-¥ 551 S ) oyl 5 sl 3, 9T

J/JK‘@;L;MUL"M/{J

il 55 Cilianl g, 5T el (a3 o (Oipas il e
835 soSsla onbs aa L8 HSBSE Hlatas (uals )
VAP Llased) wilays ads laie 1) o Slais Ja
Joe ROS (souiSig glpnn oloie & alisl « Lasl
slasly 5 (S bl 5T b s o Gilssl S
a3 Subis fpa 59 el L @il Ko L JISGul, Gl paals
il el bl sulasSl Guyiesl 5550 b 8155 00 4S
ourial as SIS L sl e e sae] s @
5 ol aile un slacil nla Hu il 55 5T sailas)
AL G olas suli abigolen byl A Lo SR
BRI PO R R GV PRI PPN - SO DI
oeals pleie o MDA (b sl (iagly
I8 58E cad Lo 4 paly Ho Ll ¢ sealanasS)
Lo by asbe @Y cad dds o wls Gl S WS
ENT RO ENPPT PRV PR PR FRCRVY PG P!
€ o o Wl cs @ sala e e € S0
09 oSl GBI pis s 5o (il g g5
i OlgSee IS L9 0SS ulal (omS s Ak bl )l
Y VWIS PPV Y B PN B P S| W PR
LS, bl © sad slal slacaaw! 51 LulSk
o5l Jee € oS la calay Jaipe 1]
W ol olas yuala Gtagss bl wada 5k o
Sl BT gy i 5o s ol 01 Jul e @ubis
ouiel ol 5 ROS s (I o Gul OG- by
LAl pulea s oninpan WaiS oo @l gl Hu slas
S aylaly oUles ol osbiol sl ool SeS o
Oled L3 ROS il 5 50 58 50 (s, 5iSB 5 Laaa 3T s )
ouloSk @8l 5o e SlanS) Gu il 550 4 sake oS b

el (S la sas

pole ol&aaly masdy eiglas 5 gl @ gyl Seubsw
sagad aalyd 1) pala hagly Gl sladuia € &) oF (i,
sl uzily Sty souSiiils pandgn 8558 (5,1Saa 3l uinan
o) (2land g slagioledT alas) sliie & d ol (S aole

B3 S oe Sasas 5 Sas b

References

Danaei G, Finucane MM, Lu Y, Singh GM, Cowan MJ,
Paciorek CJ, et al. National, regional, and global trends
in fasting plasma glucose and diabetes prevalence since
1980: systematic analysis of health examination surveys

ROS gaa e o clile (8l ol Vel oo Jae
oSk @l Ko SlaST Gustal S 4 sate 5 sud
MDA (lye sala s o9 Oninad ol swa S
895 L3 el Sl @il (Lo GusalasuSlyy aala)
Do plKia 50 (0 Llagad) il solaBae Gl b
lagy Oial58) MDA (lhae Jsare Hob 0 silaneS) (o sil
Ome 5 sSlanS) Guied G gesiasnlis € wiS
Ol e Gaal3d) Jla s oM e o & sailannSI
0556 5K Jlfe Al SYBIS 5 SOD w3l cullas ol
895 59 ISl sl MDA lhae (il33) Gxiapa
SSIanSh Gl oy S5m e pblE GLls bo JRS
il g @il ol 5
g Ghal3l peala 3 o se] s 4 sladsils
oolSiL @8l Lo slawnSI Gusial wulsé 55 5 ROS
So0 SV eoSsla baas o (lis a0 1) (b Glsas
il ol e al Sk @l Ho slaaST Loyt gy
gl U5 hay wlb (nalS 1, ol od b
soles G dwlis 5o ROS Lilie 5o Gl Sy Sl
sl sladsla 5 s Anly Hhies pla 5o G glacsl
ol e oo soid canl Gasae 5o Gala Y e
alss Gilndl 5 Sl ol Tl L8 gl
SBrae gLl b Gl SL bl o LYK,
OB 553 o il 5l a5 (2l cueal 5 )95 po by
ool Das 2 osbaleogsl el LSG ssls
Soge ead sl cubs s 9 S Gl S sslas)
ol 5,51 ool b w8 eSS IS s
HMG Co-A a1 Slga ol 51 Gsa JsoilS (ralS b g3
Gl o9 osliad T b pless wdlipe saS 5B,
thaly 4 4 SOD wl Llagiae Gil3l 3 asp
(Y Dlagas) 3500 Jae 4 sSsla wse a8l (ol ol
sl wlg grals duds @ S ol ol Jlaal o
L L Galalb Jo¥o o ol ) 57 45 a0 5 w5
asn ol € sad o) GualS G G enlisK Slage il

and epidemiological studies with 370 country-years and
2.7 million participants. Lancet 2011; 378: 31-40.
Poitout V. Glucolipotoxicity of the pancreatic beta-cell:
myth or reality? Biochem Soc Trans 2008; 36: 901-4.
Yoon JW, Jun HS. Cellular and molecular roles of beta
cell autoantigens, macrophages and T cells in the pat-



’r‘]fﬁ”;fdojw ;/,.‘b.afé (50090

Ulpl padgilio 9 jy19s3 32é galza Y+ ¥

10.

11.

12.

13.

14.

15.

16.

hogenesis of autoimmune diabetes. Arch Pharm Res
1999; 22: 437-47.

Kahn BB, Flier JS. Obesity and insulin resistance. J Clin
Invest 2000; 106: 473-81.

Luitse MJ, Biessels GJ, Rutten GE, Kappelle LJ.
Diabetes, hyperglycaemia, and acute ischaemic stroke.
Lancet Neurol 2012; 11: 261-71.

Jacob MH, Pontes MR, Araujo AS, Barp J, Irigoyen
MC, Llesuy SF, et al. Aortic-banding induces myo-
cardial oxidative stress and changes in concentration and
activity of antioxidants in male Wistar rats. Life Sci
2006; 79: 2187-93.

Tsutsui HS, Kinugawa S, Matsushima S. Mitochondrial
oxidative stress and dysfunction in myocardial rem-
odelling. Cardiovasc Res 2009; 81: 449-56.

Scandalios JG. The rise of ROS. Trends Biochem Sci
2002; 27: 483-6.

Sindhu RK, Roberts CK, Ehdaie A, Zhan CD, Vaziri
ND. Effects of aortic coarctation on aortic antioxidant
enzymes and NADPH oxidase protein expression. Life
Sci 2005; 76: 945-53.

Ungvari Z, Csiszar A, Kaminski PM, Wolin MS, Koller
A. Chronic high pressure-induced arterial oxidative str-
ess: involvement of protein kinase C-dependent NAD
(P)H oxidase and local renin-angiotensin system. Am J
Pathol 2004; 165: 219-26.

Tsutsui H, Kinugawa S, Matsushima S. Oxidative Stress
and Mitochondrial DNA Damage in Heart Failure. Circ
J2008; Suppl A: 31-7.

Ramachandran B, Ravi K, Narayanan V, Kandaswamy
M, Subramanian S. Protective effect of macrocyclic bin-
uclear oxovanadium complex on oxidative stress in
pancreas of streptozotocin induced diabetic rats. Chem
Biol Interact 2004; 149: 9-21.

Arboix A. Garcia-Eroles L, Oliveres M, Targa C, Bal-
cells M, Massons J. Pretreatment with statins improves
early outcome in patients with first-ever ischaemic. st-
roke: a pleiotropic effect of statins or a beneficial effect
of hypercholesterolemia? BMC Neurol 2010; 10: 47.

Li J, Sun YM, Wang LF, Li ZQ, Pan W, Cao HY. Co-
mparison of effects of simvastatin versus atorvastatin on
oxidative stress in patients with/coronary heart disease.
Clin Cardiol 2010; 33: 222-7.

Lefer DJ, Scalia R, Jones SP, Sharp BR, Hoffmeyer
MR, Farvid AR, et al. HMG-CoA reductase inhibition
protects the diabetic myocardium from ischemia-rep-
erfusion injury. FASEB J 2001; 15: 1454-6.

Inamoto S, Yoshioka T, Yamashita C, Miyamura M, M-
ori T, Ukimura A, et al. Pitavastatin reduces oxidative
stress and attenuates intermittent hypoxia-induced left

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

ventricular remodeling in lean mice. Hypertens Res
2010; 33: 579-86.

Mooradian AD, Haas MJ, Batejko O, Hovsepyan M,
Feman SS. Statins ameliorate endothelial barrier per-
meability changes in the cerebral tissue of strepto-
zotocin-induced diabetic rats. Diabetes 2005; 54: 2977-
82.

Winterbourn CC, Hawkins RE, Brian M, Carrell RW.
The estimation of red cell superoxide dismutase activity.
J Lab Clin Med 1975; 85: 337-41.

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

Tietz F. Enzymic method for quantitatve determination
of nanogram amount of total and oxidized glutathione:
applications to mammalian blood and other tissues. Bio-
cham 1969; 27: 502-22.

Satoh K. Serum lipid peroxide in cerebrovascular disor-
ders determined by a new colorimetric method. Clin
Chim Acta 1978; 90: 37-43.

Bradford MM. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Anal Biochem
1976, 72: 248-54.

Maritim AC, Sanders RA, Watkins JB. Diabetes, oxid-
ative stress, and antioxidants: a review. J Biochem Mol
Toxicol 2003; 17: 24-38.

Ohly P, Gleichmann H. Metallothionein: in vitro in-
duction with zinc and streptozotocin in pancreatic islets
of mice. Exp Clin Endocrinol Diabetes 1995; 103: 79-
82.

Graves DT, Kayal RA. Diabetic complications and dysr-
egulated innate immunity. Front Biosci 2008; 13: 1227-
39.

Kakkar R, Mantha SV, Radhi J, Prasad K, Kalra J.
Increased oxidative stress in rat liver and pancreas dur-
ing progression of streptozotocin-induced diabetes. Clin
Sci (Lond) 1998; 94: 623-32.

Polizio AH, Gorzalczany S, Taira C, Pena C. Aortic coa-
rctation induces oxidative stress in rat tissues. Life Sci
2006; 79: 596-600.

Murrow JR, Sher S, Ali S, Uphoff I, Patel R, Porkert M,
et al. The differential effect of statins on oxidative stress
and endothelial function: atorvastatin versus pravastatin.
J Clin Lipidol 2012; 6: 42-9.

Castro PF, Miranda R, Verdejo HE ,Greig D, Gabrielli
LA, Alcaino H, et al. Pleiotropic effects of atorvastatin
in heart failure: role in oxidative stress, inflammation,
endothelial function, and exercise capacity. J Heart Lung
Transplant 2008; 27: 435-41.



Vol 15 No.2 July 2013 Iramian Journal of Endecrinology and Metabolism | 234

Original Article

Effect of Atorvastatin on Pancreatic Oxidative Stress in
Streptozotocin-induced Diabetic Rat

Mohammadi M', Ramezani Binabaj M, Mirjalili M, Gaedniaye Jahromi M', Jafari M2, Salem F2

'Department of Physiology and Biophysics, & 2Department of Biochemistry, Faculty.of Medicine, Bagiyatallah
University of Medical Sciences, Tehran, I.R. Iran

e-mail: Mohammadi.mohammadt@yahoo.com

Received: 30/10/2012 Accepted: 06/01/2013

Abstract

Introduction: Previous studies have shown that atorvastatin inhibits oxidative stress in different
tissues of body during certain pathological conditions.. The aim of this study was to examine the
effects of atorvastatin treatment as an antioxidant to prevent pancreatic oxidative stress in
streptozotocin-induced diabetic rats. Materials and Method: The experiment was performed in four
groups of rats (n=5 each) normal, normal treated, diabetic and diabetic treated, who were made
diabetic by intravenous injection of streptozotocin (40 mg/kg). After 30 days of treatment, pancreas
tissue was removed under deep anesthesia. After tissue homogenization, superoxide dismutase
(SOD) and catalase (CAT) activities, as well as glutathione (GSH) and malondialdehyde (MDA)
levels were determined by biochemical methods. Results: In addition to increased blood glucose
levels in diabetic rats (78%), enzymes activities of SOD and CAT were significantly increased,
compared to the normal rats. Also, induction of diabetes significantly decreased the GSH content
of pancreas by 40%, and increased MDA level by 53%. Finally treatment with atorvastatin
significantly increased the content of GSH and prevented augmentation of SOD activity.
Conclusion: Based on findings of this study, diabetic-induced hyperglycemia provokes the
production of pancreas free radicals that lead to oxidative stress. Also, treatment with atorvastatin
may prevent hyperglycemia-induced oxidative stress in the pancreas tissue of these animals.

Keywords: Atorvastatin, Hyperglycemia, Oxidative stress, Streptozotocin, Superoxide dismutase, Catalase,
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