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Abstract

Background and purpose: Resveratrol (RSV) is a naturally existing polyphenolic compound
abundantly found in grapes and several plants. It has potent free radical scavenger and antioxidative
properties with significant effects in reducing oxidative damage. Oxidative stress and mitochondrial
dysfunction contribute to PQ induced tissue damage. In this study, the protective effect of RSV was
investigated against PQ induced mitochondrial toxicity in lung and brain isolated mitochondria.

Material and Methods: Mitochondria were isolated from fresh rat’s lung and brain tissues using
differential centrifugation technique. Isolated mitochondria were divided into control group, PQ group,
and PQ plus RSV-pretreated group. Mitochondrial viability was assessed using the MTT colorimetric
assay.

Results: Paraquat induced mitochondrial dysfunction was found in lung and brain isolated
mitochondria in a concentration-dependent manner and higher toxicity was observed in brain isolated
mitochondria. RSV prevented PQ-induced mitochondrial dysfunction in rat’s lung and brain isolated
mitochondria.

Conclusion: Considering the protective effects of RSV against mitochondrial toxicity of PQ, this
compound can be used as possible agent for prevention and treatment of pathological condition due to

oxidative stress and mitochondrial dysfunction.

Keywords: Paraquat, resveratrol, mitochondrial dysfunction

J Mazandaran Univ Med Sci 2014; 24(114): 93-101 (Persian).

93



Ohs—ilb S}y eo—L cali S L a

(AW-tel) 1WAW Jls 15 NCo)lads  @)len 9 Cumy 0)gs

3 Slac Jlisl plp ja Ygpljgw) pikslan Gl gl
wlgSijh jl bl b j2iSgie

" o315 5 domre
" cawgade 550
"obss 0l
" hiely 3
Y‘SM a2l

M Sb dobld

238>

Sl 13 OLaLE L 5 5580 amn 53 55 e 4 5 ol S B L (oS 5 Ui 1o s 1330 9 diblus
el 0313 0L 51T T 1 6,E o 53 1 s D1 5 ol 1S 5T 51 ol I3 1y 25 55 g0
ol 03358 (BL T 5 m e (S e 3 Shee 53 I 5 gl ST o 2l G b 51 il 5 0 ST
3y50 Dy e s a3l ol Ss,AS se 655 DISLL (pbodS s ey gl sey (ables DT cardllas
238 S5 s
s (bl suate S gy 5le gy b OT (6,48 s 5 0dd o Hli 5 o)y Sl jhe g 4, 3L i b9y 9 3lge
S 03,8 5 DISHL G 03,5 0,58 05,8 aw as (he 5 4y LAl Sl ods I (sla g s 51 K
&3 YO [ FY-ds3l e 3 FOIFIMTT s s 40 (558 g0 3 Shos Ol s Uk s I 515 g0
W38 3 b 2y pa(dles p psdsil s b
S s Cble 4wl g 4 S she s 4 Sl 4lg ) Sla,uS e s Shes 55 I o SIS il 4Bl
3 It ol s Cbibloes Eel U 51 gy 2305 OLES oy sae Sl odd gl (Slas ) AiS sie 55 1) (65 i Cavos
A Dy e sy 3l ol gl LS ge 53 SIS S GEL (S ge 5 Shas
53 d3 515 5mms 3 O1s5 (om e STHL 31 (30 (b siS e T (555 s 5o smy (ablons Sl 4 a2 55 L s bt
5,5 o3litul (658 st T 5 551 ol 51 50 S5 5L Lyl

oS s > Slas oy 1) 00y (ISl 163408 sl 0l

oo

5 M BT DS yls s o35 S5 b S5 23550 53 Gl 4 o ol S m s 515
Gl s 5l 56 5T GladlTsl, ouS” csls ALE SLS 5 3 ol 5 (0T s 5 a gy )30 3
S35 0 plowil (655 0 axdllan (TPl yilanSTl &S S so 0 5K oml ()35 0 L s

O5l5le (S o e ol T 555 03l WA 2o S (5 3kn 515 0313 255l — 5 Alold rghasse g0
E-mail: fshaki.tox@gmail.com
Ol el O3l (K g sle ol OISl 03,05 ke i 57500
Ol el e i3l (S p ke o1 (g5l g s 0Ll (ol o 5 (55550 s Sy
Ol (i (0lewn S Glays Sledst 5 (S e oSl casmn ulilgy Sliiond 50 ¥
AT/ Dy i o s6 WAF/Y/YY : SloMal Cger gl l WAYDNY 1 dl s sl

19I5 4 111E o)Laib « @)lgn § Camyy 0)93 ohsijle Aib) eolc sEibil dlas Qi



pl)lSns g u:llj_|5.|"'u anan

Cliblos o Jslge 5 S0 sl ST T
P e SOAS s S pl a4 gL ol e (0P S
‘,_,_:;&,,ﬁbwd:_ajuﬁu;\,g&u
@JQJSUJL?QT;\H,UMJ\.‘Q_gW
oo 51 8 s s (alie g3 5T
b ool 3 ot oLl SISTHL ol S s
b e S (655 5 51 gy (dloes Dl S
s, sl adspl s S s 53 SISTL I AL

W3S I ey g s e

59, 9 dlge

MTT &85, 5 018 63 DS L s 51 5m
Jd 63 -Yd [ = -Y-dg5ls Jee 63 -Fd]-Y)
(StLouis, MO) 8 & 3l (Aslas s psds)l 5
oslainl 5590 5l g0 4y A (g,l = Sigma-Aldrich
A% ags (Darmstadt, Germany) ¢S, &S % 5l

3155 Sy Sl e s lejT - o o adlllas opl o
2 S o SN LY i enghoe 53 sk
S 5 1o 5 T o s 5 515 il ol
o3l (Lus (5,15 a5 St 5 glidy, welu 1Y
kst Slas T SR SCRGVIIE | QUHHPERE
L cos plonil sla i la3T 4l ik o aetls &5
SliclojT amaS” )3 oud &5 gla Jordly s 4 2 5
Ol e sl ey 3le (S ke o8l Sl
Aol 03,8 g SILL e, 288 5 e
A3 5038 2o by e sy s o p e o sS b
VF MM 5,8 /YOO M Jsils) 5 Jsiils
CBL s 5 Lk 0315 55 5 o (EDTA +/Y mM
S L 1Al | 0l O oot C3L L 4g5 O 500
o 9 b e Sl alds Vr O Yerx g
aids ) e VX g e by ) dslee
gy 5 W 95y 290 Jloes 503 S gty il
o AL L El (AS e gl S L dJ W
Y MgCl ,¥ s —Ls Y+ mmkel +/YOM 3,I81)

S5 G b 51 s 5l s 48 0305 OLis J g 51 5m
e LS 4 i Wil 5 o0 35 (SIS (5T
4 s Low Density Lipoprotein (LDL) O sesldnS’!
3518 s 4y 03,505 o Olje S22l 0T JUis
(SN o Hler (Sl S DT e en (0355
j‘fl.a.i“" _Ja.\_';_f\'lyuu\;zjkgjg_ugqu
() sl sy ST a5 505 OT (cuS6 508 g
e Sl S il o Spli 1S SISk
sloul Eel Wl g 0 a8 Sl (65,9LES 3 slaal

Ul 5 0Ll 55 (i b Hly Slp s o
(F5 Sl ) SISTHL Ooda 3L g e (V)2 50
L rlad 53 5158 (prae o S itles Dlalllas
STl 4 50k 4 Wles S 5,18 1, SIST5L
Soloo 53 55 o5 e Jolse 51 S Ol g
oo Sl r..._gl.(a (Ol 0 e 0 9uiS T
355 48 Ll STy 5 S0 5T 5 IS
T 5 b 0581 Sl S 5 4 i Wl 5 oo
aS i enls Olis ( (A3 Olallae 55 (V)38 Jske
S9N ES Lt T sl 5 b 5 I ST
ST ladlSGsly ud 5 4 2vie NADPH 4 42l
L sy 03 35T LadlSSsly ol g 558 s
AT e a0 53T A 5 0 5SSl 55U 5
Al 5 o O S| SISl (slaws & ol S
56K i 55145 e 5
dilesls olas L8 Sladllas (015 3157 I sl
SISHL Comn Sta 3L o For G045 5200 &S
T G b SIS e s sl o
g5 9 53 M S) il Al Eel (6)AS s
OY 0355 o Jsho o s
J=1s gl oSl S ) S (G LS g
e slats & a5 53 1) o S35 45 Sl Jshas
& a5 o or 5 sk (5,51 M5 05T
Lt Ol (e 1S e Ll S5 T 05 31 (e
Ar 03 G gn 3 Shes 53 Pzt 1 5,8 e

Q0 1RAW 13 11IE o)ladd « @)les § Cumy 2)9s

ohsijle (i) eolc olEiils alas



Joyihow) ¢ Tbélas Syl

G e Ol 5 o Kils ey il

S50 e b eslizel b OUT (sla LT s ol o
S a Slin LT s oLl 1V Jus SPSS (LT
s o3l 6 HLeT anslie gl :SOke 5 i LSS
54 5 Cger Tukey 4 b &S5 GWT (LT s
3 VS Sl e Ao Al oslaul La osls oS

S old i as /00

b asl
ol 03l Olas Y oyl s guad 43 S b Olen
3 ey S st 3 Shas Calzbes (glads 3 (ol
(Vo mm G +/0) SIS Cabises glacbale b ules
Go13 me Sy o o SIS s (5 - So Il
Ol e o (6)uS gm0 3 Shas 2alS sl (p</00)
G blE )3 s 5 4t 3 F 519 A FA BF VO
Slasyd=S sin 53 ¥ sn AoVt SAFHF YO
am g L as J a8 s 8 4 o O 4, Sl Al
LCo- Q\}_:.oc\_uyj_nu_ltnfﬁ._ﬁl.&l_m:\: o=l
O+ sgd 0sll 8 jla meie &5 sble) (Dl ST
(o8 e an ) Sl Sl ad g 5l (Sl dS e oo
S5 eslinal 350 s SliglesT gl &8 A ons

.(\ aJMﬁ_yaﬁ')@;

=
o
o
5-

*Kkk

feu
o
1

o

Lung Mitochondrial Viability (%)

]
]
]
]
]
]
4
T T T T

o
N

PQ (MM)
3,8 (655 DS SIS el =553 (gomia ) oolad 59

Sy Al nl sl S s
(‘JS/Q:—L:‘\ S Shedes gl sla (50 e 3 Shee
e Gl U olad Colw oS5 5l ey 20 ooV 5 b
s et MTT &l eslizal b (PQ)IC S5 Caliins

+[0 Tris-HCl 3 Ygo Lo ) Na2HPO4 ¢ )Y 5o s

(\0)As au\lfljg: S yw ()y}" g_gL""

e CBE e

Soslial b gl (ol S5 e b (55 Clale
..\_;L;ﬂfa;\,utg)u.uuw\ob;p@w\?(.ﬂw,ﬂ
L 6o sn O gl g 1 SLEs LT olas 5o
oslial 1) a3 0,8 e S5 1y o bl
030 Doy g 4 g ) hS gie ¢ isle T o (gl .(09) s
350 Solwldar Sl day Celo Hlgar ST 5 U ag
Gy odd xS glaunT bl .5 8 )3 eslizul
YU Sk L (S g (55l B o ol iy
.u)\ﬁ)puaquﬂ@m.;ﬂf(w

A4S 0 3 Sloe b i)
S o3l bl (gl S e S 95!
35585 DS s 0 5T Lo § MTT (gll O o
PTG G5 Sl g @ 5T 4 el
3 Shee 55 st ol 3 48T ol gLy e
Ds S AMTT Jos 5 esbsl 58 51 (6 )AS siue
SIS 50 378 oad oy 50 O35les 8 MTT K5,
Calie Glac L L o) e 5 a0, Sl adspl gla
o313 wlas g 5y sy osdhe 4 SISTHL L Sl ST
P 23 SoAS $iae O il g SIV 00 UL G 5 0l
FIMTT J pdoms 5 asde  glasils 48 ol oSals
Salr a4 ) (Ve mMM) SlnS g of ot 4 (Lo s
Sods 4 a3 YV (glos 55 (555 5 Had w503, Wl
Ko 05l ladlin S s 4 S0 el o
J=DMSO I 2y Ko Ver 03,5 SLsIL 1 ok
o3l b 2e gL OV 551y b gad odem s 5035
T Sl 55 i doys el B 5y 1Y
JrS 05,8 ol plp o3 ey 8 Dl Ot |

(D)L dcwloen

119 15 4 111E o)Laib « @)lgn § Camyy 2)93

ohsijle Aib) eglc sEibil dlas Qg



pl)lSns g u:llj_|5.|"'u anan

ug;_lél';.(p<'/'b)>}_3)|>u_;&o>r§l»;&ﬁ:l_f
)‘J_iﬁ j‘JFS VS’ 45‘-L& dﬂ:*: jiﬂ C;ég LsLaLSJ'US’}%f
a)wﬂj@)b}a@.)ubéudjv\.sﬂjékw
L_{ j__iﬁ LSL—JsLSJ'L—;S—j;:‘ )L—Af; g,zt_i Ls_é«J’ j|.(f
C_-GL(YO—Y"HM)J)}\)}_M)JMLSuCM&
O3L—B1,8 51 55 . (p<+/+0) Hls ne Al S
L s 53 ke bl Sl a3l (sLns S
Yoo e glac Ll > ("mM) ol ST,

(F o5led s 5ad) A g 5515 5y 51 5Y 505 S0

504 - mmmmmmn

*xx

T T T

4 5 6 7 8
PQ (mM)

Brain Mitochondrial Viability (%)

o
Wt e a

;J_Q‘pw,u;\,\_;u;lé.ggf;,;@m:n)m”as

oy e Sl Ayl sla (6,48 s

(Img ooy jhe Sl ol a0 la (6ouS s 5, Shas
cla bl U plad Sl ¢S iy clmg protein/ml)
s et MTT &l eslizal b (PQIC S5 Cakiins

S3E GwlesT JLSG LU a3l ol meantSD &y g0 4,

P <0.001 #** P <0.01 **. P <0.05 * : sl ol

Lol ST S sl 0l alllas ol s

e 5 aa S gl Gl S se s Slas 3 ISk
S el 0T Sl addllae s (i o 35500 O
GBS s SIS o SIS SHd 5 50 5
SSHL LS o 6,8 gl ) jra 5 4, 5l gl
23 (a3 g 4 48 Ll YU e L 1S e oS
s ean 4 5,28 a8 eslial 550 (65558
als ce S5 Olse 4 SIS sl o s

le))\duﬁjswwjlwiusj_ﬁ

Gl SrelasT S 5L a3l ol meantSD & 50 4

P <0.001 :P<0.01 #* P <0.05 * * .Culodd

Coos (§ 35 I3 51 sy (Fadlowe S ST aalsl s
Sl ()8 g 55 SIS G156 oL s
25485 b Oler aS Ll ) p Dy 4 Sl ads
a6 H)hS sin Hlad i 0dd 0315 OLES Y o)lads 5 guad
g i (UMY e BY0) o kel 55 d 51y 5m, b
MM) SISHL Coamr 2aLST o il 4l
Voo Glaclls 5o S1 oyl oS Al 4y (S g 5o (F
3 sinn 5T L3 31 Jg 5l gy 51 Y 505 Sa Yoo
Ap<t/20) 5y

100+

50

Lung Mitochondrial Viability (%)

0 = l=
O&@\ Q © & & RSV (uM)
O
PQ (4mM)

S (§9) I3 51 4y (HB3Loes Sl , 51 0 lods g g
S a5 Al Sl S e 5 SISTHL LA s
4353 0 (Img protein/ml) &y 4, 1ol 450 sla (6,48 g
U9 55 gy Cadbes gla Bl L (PQ) S STHL L oles 31 JS
3 Slas s 5 S 0315 L3 (25200 pM) (RSV)
s gl A e MTT & 3l aslizal b (6,4 g2
ol i3S lasT )1, S5 5 4w I J—ol> mean+SD
(P < ol J,=5 05 8L ylaline (oDl oins Ol 2455
ol SISHL 05,8 L Jls iae Dt oins oLis £.0.001)
(°P < 0.001)

Sadsnt Glag,usS se g9, Sl STHL o
iy D)0 4 DISHL ST AS ) 1 o8 Do)y oo
Slas, S s 0Ll )18 51 il sl cw Clle o
23 SISTHL A ojlacs s ss) dd Oy she Sl Al
g a ¥ deA g7 F YD e/o slackls
FY Vo A Ol 40 (5l e 3 Shae 2alS Esl,
crl Lac bl plas )3 48T dd dop3 A 5 Y4 ¥4 oFY

qy 1RGP 3 11IE o)ladd « @)len § Gy 2)9s

ohsijle (i) eolc olEiils alas



Joyihow) ¢ Tbélas Syl

T o O3S 1T sLa LSOl L
T 3 GoAS st 3L B8 (g, S s
S 558 a6 )08 e 5SS T sla, S6
dpbiee (BT Ll 5 Joke e 4 s
5, Sdes 53 st 48 Cul ols jadeions 09 1l
e L)l Sl ol 5350 3 008 s
S st 3 Shas andllan ¢ |5 e 4 .(YY -YF)3,0
ol 5 il Sl ) ey b 3 (345 e
Liad 3,51 5150 G Olgte 4 gl S s 5 30
OT L L5 o SN 5 (58 20 5 Shas (o) 55
YD) 4d o 0ol
NSV TS PRPN{ N WOy VI - S W S P [0
S oS e 53 SISHL S (56 ol S e
S5 Lo g alllas l Jols slaesls 5 (\1)sls Ol
Sl o e 45T 4y b sl (658 e T
L wbed 5 1) Gl sl Ce samns 53 SN STHL Cota
Sl 53 o (s o (B 5155 0L ST
Glrosls il ods 558 SASTHL L ulas 53
23 SISTHL iU T 50 aslllas ol 5l fesl-
sl g Doy o a1y e 3L g5l Slag ) AS g
Bld oS 55 opl a5 b6 S5 5 505 Olias ke &
Ao s O sl HLST 5l gl Sl 5 e e
S s Ay CSL SIS S e 3L slag S s
234 S8k S e S3L O3 5l AL
03 s ke 4 ra 3l ol (Sl 5l Lol
FYL e ¢ ST 5T ¢ Los (6 505 ol
O s Ol o 5 e e 9 pLb e sladd
b Dl IS o ol 4 O 53 O3S )
ol S, g 5t T Yzl 5 (W)
O a SISTHL L eled 53 45 8L 4 S i
SIS Jsbw o3 Lol d 45 o b 5lcal e
4S (N3,13 G ie— S5 Sl H e 53 WS Uy
Gy o o Wil g5 0 SinS Syl slis !

d_‘fbu\.&bcblﬁ J‘L%ﬁw)} Q‘;‘J‘i}&:’

L e s J 28 5 0leys ailiwlie (V)
S S5 Oleys 6 sy ple e 4 DI STL
oo Sl ol ol 0l Srgn O]
23 SIS el 31 ST il 55 2 DS
Sl SoblB 7555 o s (95515 IS5 4 O

13 1y L LS g SIS 3 a0 35S sl d 5 50

RCLY o

g
>
£ 1004
=
8
>
s
S 504
g
o
8
= =
o ——
£ o =
5 & S s e g RVEM)

00

PQ (3mM)

S 5390 J3 5y (FiSLs D151 05l pgas
Sy e 3l sl Gl oS e 53 SISOl LS s
(Img protein/ml) <oy jie 3l ol g 5l (sla (6)S 50
Calises sls S ble L (PQ) I sSTHL L ol 31 L6 4ids 0
e 3 LS 0313 ulas (25200 pM) (RSV) U 51, 5
o gl A8 et MTT &5 3l aslizal b (5545 g2n 3 Shos
ols il 5S teleiT LSS 5L w1 Jesl> meantSD & yos
(P< ol I8 05 5 L lslime CoDlstl szas olis 1 4%, Ll
ol SIS 05,5 L s gme oDt oias 0L £.00.001
05,5 L ,ls tme D] (g odias 0Las S (P < 0.05)

PP <0.01) cl SIS

J=1s slacsal! e ) S (GS s

Il glas & W5 )3 1) o S285 45 Sl Jshos
3 250 635 02,57 @2l s ATP W 5 O3S
o (G gm0 T ]y 0 8Dke (Y2350 J shas
S8 e 1SS mTs p GLay gS6 2 5
oo odd 3 w2 5 0 ol g 15 87 555 0
o S =l 5 & S e (B b )l
a3 55 a8 el 05 ST LadUSGsl, a5
o S g 31 5l ol s 0 e

119 15 4 111E o)Laib « @)lgn § Camyy 2)93

ohsdjle Aib) eolc sGibily alas QA



pl)lSns g ﬂ:lljjs.lil anan

Jeds 0 Ylaml 51 ol 487 A8 he 5 4, L )
Wl SIS, (U 51T ol ) (6,8 sl
GRS 53 ds Sl gy e e Dl Sl 4 a5 L L
Ll i 5o SIS S 6 b oS e T
S Gl =S 5 o 5 Ol e o J s
Js1s Slallls 3 SISTHL OS5 o)l 5e
2 Ol r (o S Dy 0 53 85 S eslizal sk
L3l al opl 3,8 eslinal 0T 51 50 b Sldllas 3

SISl

G185 4l 0L Sl b ol anlllos o]

0 dSKiIs O gz s Cwgiide 0 5LS L il

Sldlae pl 08 s ot el ol (S3lesl

5 4 05l (S p ke oiils oia s Cislae
s 1) S5 JWS b pl s b 5 oles

References

1. Xu Y, Nie L, Yin YG, Tang JL, Zhou JY, Li
DD,et al. Resveratrol protects against
hyperglycemia-induced oxidative damage to
mitochondria by activating SIRT1 in rat
mesangial cells. Toxicol Appl Pharmacol.
2012; 259(3): 395-401. PMID:22015446.

2. Fukui M, Choi HJ, Zhu BT. Mechanism for
the protective effect of resveratrol against
oxidative stress-induced neuronal death. Free
Radic Biol Med. 2010; 49(5): 800-813.
PMID: 20542495.

3. Raederstorff D, Kunz 1, Schwager .
Resveratrol, from experimental data to
nutritional evidence: the emergence of a new
food ingredient. Ann N Y Acad Sci. 2013;
1290: 136-141. PMID: 23855476.

S Sl eslinal (IS s odlS 4 4 5 b
ilzie o3le oyl 5 lee mals s SiluST 5T esle
Shestenul gl (6oL 5 Julad 09 el iy o i 4
Ll 3 =8 5 (6,8 sl 53 anb slaOlST| ST
(090351 3 525 sonn ST o il 51 (26 S5 5
2245 Coal (oaeb I35 (b S 5 S5 s s
33 gory e plaly 5 a3 5 800 Jae g1 sl
o315 Ol 1y g 35 SISl T Sl 51 g 515 g
Iy Ja 5l sy date Sl 1 Calides Soladlas (Y )]
Joe ke (glas ey 038 ST 5 (6,8 5k )
) () 59,0 b slag ey (YAOL
oo 51 68 s 5 07105 55 slacsslay
) 51T o il 5 (L A3 oo T 51 50 e
I3 s 5 s - andllas ol 53 Lilesls OLES 1y (vF
3 B S e T 51 (68 S 53 e 5 S8
4o ly S g g 1 sy 05 OLS DI ST

A5l g ydS sie 05L31L8 51 zals Cel clle

4. Delmas D, Aires V, Colin DJ, Limagne E,
Scagliarini A, Cotte AK, et al. Importance of
lipid microdomains, rafts, in absorption,
delivery, and biological effects of resveratrol.
Ann N'Y Acad Sci. 2013 1290:90-97. PMID:
23855470.

5. Wu JM, Wang ZR, Hsieh TC, Bruder JL,
Zou JG, Huang YZ. Mechanism of
cardioprotection by resveratrol, a phenolic
antioxidant present in red wine. Int J Mol
Med. 2001 8(1):3-17. PMID: 11408943.

6. de la Lastra CA, Villegas 1. Resveratrol as an
antioxidant and  pro-oxidant  agent:
mechanisms and clinical implications.
Biochem Soc Trans. 2007; 35: 1156-1160.
PMID: 17956300.

qq 1RGP 3 11IE o)ladd « @)len § Cumy 2)9s

ohsijle (i) eolc olEiils alas



Joyihow) ¢ Tbélas Syl

10.

11.

12.

13.

14.

15.

. Pourahmad J, Hosseini MJ, Bakan S, Ghazi-

Khansari M. Hepatoprotective activity of

angiotensin-converting  enzyme  (ACE)
inhibitors, captopril and enalapril, against
paraquat toxicity. Pestic Biochem Phys.

2011; 99(1): 105-110.

. Bove’ J, Prou D, Perier C, Przedborski S.

Toxin-Induced Models
Disease. Neuro Rx. 2005 2(3):484-494.

of Parkinson’s

. Liou HH, Tsai MC, Chen CJ, Jeng JS, Chang

YC, Chen SY, et al. Environmental risk
factors and Parkinson’s disease: a case-
control study in Taiwan. Neurology. 1997;
48(6): 1583-1588. PMID: 9191770.
Ghazi-khansari M, Mohammadi-Bardbori A,
Hosseini MJ. Using Janus Green B to Study
Paraquat Toxicity in Rat Liver Mitochondria
Role of ACE Inhibitors (Thiol and Nonthiol
ACEi). Ann N Y Acad Sci. 2006; 1090:98-
107. PMID: 17384251.

Smith LL. Mechanism of paraquat toxicity in
lung and its relevance to treatment. Hum
Toxicol. 1987 6(1):9-31. PMID:3546084.
Ghazi-Khansari M, Mohammadi-Bardbori A.
Captopril ameliorates toxicity induced by
paraquat in mitochondria isolated from the
rat liver. Toxicol In Vitro. 2007; 21(3): 403-
407. PMID: 17107770.

Shaki F, Hosseini M, Ghazi-Khansari M,
Pourahmad J. Depleted uranium induces
disruption of energy homeostasis and
oxidative stress in isolated rat brain
mitochondria. Metallomics. 2013 5(6): 736-
7344. PMID: 23629690.
Shaki F, Pourahmad J. Mitochondrial
Toxicity of Depleted Uranium: Protection by
Beta- Glucan. Iran J Pharm Res. 2013; 12(1):
131-140. PMID:2425058]1.

Shaki F, Hosseini MJ, Ghazi-khansari M,

Pourahmad J. Toxicity of depleted uranium

16.

17.

18.

19.

20.

21.

22.

23.

on isolated rat kidney mitochondria. Biochim
Biophys Acta. 2012;1820(12): 1940-1950.
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;7(72):
248-254. PMID: 942051.

Izadi-Mood N, Gheshlaghi F, Sharafi SE.
Fatal poisoning cases admitted to the
Emergency Department of Poisoning, Noor
Hospital, Isfahan.

Forensic Medicine 2003; 9(31): 122-126.

Scientific Journal of

(Persian).

Lee HL, Lin HJ, Yeh ST, Chi CH, Guo HR.
Presentations of patients of poisoning and
predictors of poisoning-related fatality:
findings from a hospital-based prospective
study. BMC Public Health. 2008; 8(7).
Castello PR, Drechsel DA, Patel M.
Mitochondria Are a Major Source of
Paraquat-induced Reactive Oxygen Species
Production in the Brain. J Biol Chem.2007;
282(19): 14186-14193. PMID:17389593.
Hosseini MJ, Shaki F, Ghazi-Khansari M,
Pourahmad J. Toxicity of Arsenic (III) on
Isolated Liver Mitochondria: A New
Mechanistic Approach.Iran J Pharm Res.
2013; 12(sup): 121-138. PMID: 24250680.
Hosseini MJ, Shaki F, Ghazi-Khansari M,
Pourahmad J. Toxicity of vanadium on
isolated rat liver mitochondria: a new
mechanistic approach. Metallomics. 2013;
5(2): 152-166. PMID: 23306434.

Wallace DC. Mitochondrial diseases in man
and mouse.Science.1999; 283(5482):1482-
1488. PMID:10066162

Detmer SA, Chan DC. Functions and
dysfunctions of mitochondrial dynamics. Nat
Rev Mol Cell Biol. 2007; 8(11): 870-879.

PMID: 17928812.

119 15 4 111E o)Laib « @)lgn § Camyy 2)93

ohsijle () eglc olSdils dlas oo



pl)lSns g ﬂ:lljjs.lil anan

24.

25.

26.

27.

28.

29.

Camara AK, Lesnefsky EJ, Stowe DF.
Potential therapeutic benefits of strategies
directed to mitochondria. Antioxid Redox
Signal. 2010; 13(3): 279-347. PMID:
20001744.

Pourahmad J, Hosseini MJ. Application of
Isolated Mitochondria in Toxicological and
Clinical Studies.Iran J Pharm Res. 2012;
11(3): 703-704.

Pourahmad J, Shaki F, Tanbakosazan F,
Ghalandari R, Ettehadi HA, Dahaghin E.
Protective effects of fungal B-(1—3)-D-
glucan against oxidative stress cytotoxicity
induced by depleted uranium in isolated rat
hepatocytes. Hum ExpToxicol 2011; 30(3):
173-181. PMID: 20522489.

Bastianetto S, Quirion R. Heme oxygenase 1:
another possible target to explain the
neuroprotective action of resveratrol, a
multifaceted nutrient-based molecule. Exp
Neurol. 2010; 225(2): 237-239. PMID:
20603117.

Jang M, Cai L, Udeani GO, Slowing KV,
Thomas CF, Beecher CW, et al. Cancer
chemopreventive activity of resveratrol, a
natural product derived from grapes. Science.
1997, 275(5297): 218-220. PMID:8985016.
Ungvari Z, Labinskyy N, Mukhopadhyay P,
Pinto JT, Bagi Z, Ballabh P, et al.

Resveratrol attenuates mitochondrial

30.

31

32.

33.

34.

oxidative stress in coronary arterial
endothelial cells. Am J Physiol Heart Circ
Physiol. 2009; 297(5): 1876- 1881. PMID:
19749157.
Virgili M, Contestabile A.  Partial
neuroprotection of in vivo excitotoxic brain
damage by chronic administration of the red
wine antioxidant agent, trans-resveratrol in
rats. Neurosci Lett. 2000; 281(2-3): 123-126.
PMID: 10704758.
Quincozes-Santos A, Gottfried C.
Resveratrol modulates astroglial functions:
neuroprotective hypothesis. Ann N 'Y Acad
Sci. 2011; 1215: 72—78. PMID: 21261643.
Sinha K, Chaudhary G, Gupta YK. Protective
effect of resveratrol against oxidative stress
in middle cerebral artery occlusion model of
stroke in rats. Life Sci.2002; 71(6): 655-
665. PMID: 12072154.

Richard T, Pawlus AD, Iglésias ML, Pedrot
E, Waffo-Teguo P, Me¢érillon JM, et al
Neuroprotective properties of resveratrol and
derivatives. Ann N 'Y Acad Sci. 2011 1215:
103-108. PMID: 21261647.

Tiwari V, Chopra K. Resveratrol prevents
alcohol-induced cognitive deficits and brain
damage by blocking inflammatory signaling
and cell death cascade in neonatal rat brain. J
Neurochem. 2011; 117(4): 678-690. PMID:

21375533.

1ol

119 115 4 111E )Laib « @)lgn § Camyy 2)93

ohsijle (i) eolc olEiils alas



