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Abstract

Introduction: The effect of regular exercise in decreasing the incidence of heart diseases is well known. The abuse
of anabolic androgenic steroids (AAS) has been associated with cardiovascular disorders. Uncoupling proteins (UCPs)
transport protons across the inner mitochondrial membrane; thereby proton gradient can be diminished by the action of
UCPs. This process will result in the uncoupling of mitochondrial respiration from ATP production. The goal of this
study was to investigate whether UCP2 and UCP3 are involved in the mechanisms of AAS-induced cardiac damage in
the rat heart.

Methods: In the current study, adult male Wistar rats were divided into five groups (n=S8): Control, vehicle,
nandrolone, exercise, exercise- nandrolone. Rats in the exercise groups were submitted to a progressive running
program on a treadmill, 5 days a week for 10 weeks. Rats in the nandrolone and exercise- nandrolone groups received a
weekly intramuscular injection of nandrolone decanoate (10 mg/kg), while those in the vehicle group received Arachiz
oil as vehicle. Relative mRNA expression of UCP2 and UCP3 were determined with real-time RT- PCR.

Results: The data showed that chronic administration of nandrolone significantly up-regulated UCP2 and UCP3
mRNA in rat heart and endurance training induced a decrease in the expression of UCP2 and UCP3 mRNA with or
without presence of nandrolone.

Conclusion: It may be concluded that chronic nandrolone treatment causes an increase in the expression of UCP2
and UCP3 mRNA. Thus, it might decrease energy metabolism efficiency by impairment of ATP production. Physical

activity may decrease the adverse effects of nandrolone by down-regulation of the UCP2 and UCP3 mRNA expression.

Key words: nandrolone, exercise, UCP2, UCP3

" Corresponding author e-mail: Hajizads@modares.ac.ir
Available online at: www.phypha.ir/ppj

330 .



YEe—¥Ye (¥) V0 559095k, g 55909508
¥ smb

PR )T wdw g0 wdd UCP3 g UCP2 sy (5310 9 4o S
P 9300 (o 30 3995 1905 PUS g 390 3O holiiuil i )59 S

pollan play ¢ (5350 s ¢ (b0 dnbld pae 02558 oagn ¢ g doe Todlj s Ol ¢l Lo Ml
S st sy oS> ¢Sy ISl 659l 3a8 095 )
O oo a3 oISl (K53 0SS o 5 5lgiSge 09,5 ¥
S5 s Bge daed (Jlopdy gy lesd g (Kb pole oSl ((Sbjy 0SSl ((55lgn 08 09,5 Y

e 0 bply Ae opdy9,8 YA icdl o

2SS

23

L ol yon (AAS) SJgbl 559,057 slossg yiwl 5l ool sgm g osd 4l og5 & (Fgpe ol clag)low gond ialS 1 plate 559 Medgw il 51 dedo
il g a3 e (LS 1) (g (L3S dhuwy (nds g WS (0 Jitie (5)35 g0 B> sLis (230 1) gy LUCP el o3 (B9 (o8 slacslows o
o] ilSin 3> UCP3 g UCP2 (gl iSg g s oy yoles aalllas 5l o 395 oo ATP a5 ilS ey dily ol i o lis ATP g5 511,y molignsS]
bl o AAS Gpns 5l il 5

=055 53 0899, 8U= 1559 5 G329 <ol equld ol ¢SS 5% el (N=A) oalol 09,5 iy 4 Yty A5 5 o sl ige adllas il 3 1 (WBg,
099l o> plins 3T ) o 10ME/Kg 595 b cebglss 5)oynilh rizman aizd)S )18 (1055 maled Cov i 03 Soo &y i 3 g, O gl SUls (3559 sl
05 ol e oy » ¢ Real time RT- PCR g, jl a0 (32,5 Baes Sygo 4 Jly diae (3 0auS'cdl s (slaog)S )3 didn 03 Sde slp LSS (slacan
i olitwl UCP3 3 UCP2 (sla 1555

Ssdice Sl ol ) Sl el (3559 9 99000 8 5 UCP3 g UCP2 (glo iy ()l s ial8l sl coglss (pglgyail fagoms ol (L gulis 1 4By

ol ams Lials ATP wlg I3 b 51 o5 pundislio 1S wlgise UCP3 5 UCP2 (glocytis s ool pasins Lial3il b 5l 25 a8 dongis

i e |y B > (Sl (5551 2 Wl e UCP33 UCP2 ol (il b (559 5500 bl uled aetins 565asaST (o sl (slal 1, B Sl oo

UCP3 UCP2 « 5,9 «y905,80 1 slS” gW03lg

g At a8 Saifo,l 31 g it SWalT Sl s EVRY Y
i olwsl slaoylow 5 (ool olaws floys B b lal yo

28l o SelblS elbcunss b olyan 45 lacs lay alox Clitie (AAS) S bl 59,30l sLaisg il
2 Y g b S g cydd (Siw S (jgrgtial Aile Ogrmgins Ly dulie )3 &8 A3l oo (g pgiad Suiitiw
03la il sgw 350 (ydgl HAS s 0 g oyl o 51 U

OWE=b5y9 plaw g (hls,m 45jg 1330+ JLw )3 AAS Hajizads@modares.ac.ir Ll Jgtame bliangi
38as p Lilial Bua b G555 e 31,810 laaey o (5,48 www.phypha.ir/ppj ieloro oS0y

331 Y



SiPS )l g S d

4S 23 _a UCP1 g5 j) coglite sluws UCP3, UCP2
LYNRNY] o)l 255 (gl ogrd (oy> il o aolaid! jgla
3 1y el e g b glacdly 5 (gmpwy mjy UCP2
2 o) sdas 4S5 0k 4 303 (g dgde 53,25 UCP3 Ll
Gl 48l 2005 BB )3 (g 08 paw )3 5 (Sl alae
W b piigp oyl &S Canl ol (asuiie jgpel [VANY]
=8 Jlosl dix ya .05l P390y 10 (9L cuenl UCPI
oddb ablis oot oS assl Lol cunl s liil liseen Lyl
JLasl Gl 32 b el gy cnl & cul
JLsd poan L Lol )y (0)aiS g sl )3 ()j9)08 (4
e ialidl o3l 395 3, Shes oyl ol sloosiS
[20a]

Ol oy )9 &S Cuwl odd 03 i Slllas jo
s 5 Sl dlie )3 |, MRNA gaw , UCP23 oL,
thLS Gl e sy e 15 4y om0 StalS
» La UCP mRNA gl ials a5l (65 5] g gilie
c2ge Gk ol a8 adl e By (Sl Mae
Olallas (o V] 59 Lacal cpl jo (555 AW ials
oS il asl ojlusl 4 el ons o3y Lis (gaxie
e loyr — (oSl Jho 3 ASS (eje g Jlon
ol - Sl ol e 5l (S0 ¥ ] b e 1581
ATP 2 g 5 pl5 (als oSl (o) )3 pogasy dione
Ly LaUCP a Sl 5| ol by [EFA] 4itly o Jskos 1
SPS e 1 liE (2)e 3 (Fiern LIS hals
ol PFAAYAYAR] 155 5 o ATP W jials’ sl
ryn UCP23 oLy ielidl 5 1 ASS 3525 4l
ol Sl ) Al g 00d (B sl > ATP 155 S
“ i o9l an b ol ol pre (slaasls Sl (S &S
)L b5 @l a8l Gl el el ol ples wal, 1) 3L
Ol Rl A b e (5500 Sy B (g9 AASS
1> UCP23 5l Jaisl 0,56 4S5 5 4 13l UCP2,3
o=l Gl )l cewd J8las AASS salaiwl 4 gl
b oS b g ) 3B g (s9) 2 St (Sgeysn Jols
e 1y opdle ol 455,55 13 allan 3,90 555
BB 59y 3 (B5rg e 9 AASS by 48T o il
ol oamis a3l UCP23 oo sg) 2 39500 wooo

332

ol yoyl3 S SISl s @08 g 0005 iulj8l g (S5
dae (Sprg oeSan jw AAS g G yiwgind [YV] cul
AAS YU slajed il ookl cunl Sen (5548 5, Slos
doe oy @ o (Bl pA)lse I (g b (i
AAS (YL clajps 4yl 4 a3 g (53,5 5 3
ok ol (36 (HBgye (i Lo )lon oS
oy Aty L (09 9 9 bl (65 Jg S
(HDL) YU sy U piSg pond zolow ials (LDL)
o058 a s sl eyl Garog i i Sl Ll

oy Jg S o 1l L oliie (o3 g
Sy 9 Eoed Olise S5 oS pae 5 (49 5009 5)Lidn
@By d b Joodi dgm0 (oje 931 9 b basye o
bl plate (0559 Sl Cppeipe (S SeSn]
oS Ll o3lasl igye a4 a0l edly lis calisee lallas
o oyed s Lobail 5 Slas 5 00l ialS 1) 5, 500
s [FNA] sl 03,8 yino 1y dazee )b o= oSy
ol Gl ol s Ll 3 5555 J5Sle
33l 5 (V5] Co5Lis gy i JUsb ¥ sl
[FNFONA] wib o ST 5T clae 35T culad

» 2l w9, La (UCP) Uncoupling Protein
F59n JBU plate 4 & st (oS g B slis
[)Lass! sl o0 4 lid iy by Jlo jl & UCP1.kidg 500
s oLl dawlg a9 01> dg3g (gl ogrd oy il )
S 93 20 1) Oiarier bend 90l Lol ()jgye
iy i g ol il S g0 Sene Bb olis
o Lo 055 il 08 i 1y glaguS gl i
5l yBa__Se> > (nonshivering  thermogenesis)
AN AVALY

o) 5l s oM UCP3 4 [V+] 14y L ,»> UCP2
SOV ¢ 0% 55 4 UCP3 g UCP2 i 9 IS [Y]
&35 A0, SwMS UCP lon L UCPT 4 caalis

Yy



B UCP Glagi gl » (9559 9 099550 5]

Sl )S o Jlasl ddBy 45 o YO Caopus b 4l O+ ot
Sy 48830 g 0,5 £, 5 4> 0,5 sl U pgd atan
D309 il g £9yb )3 4By )3 e VD iy b ()8
9 R0 il B )3 g o)D) Ol pEAB g euld Al )
PPl Jlesl duopd Ve o ot

I AAS g5 S ea S cdlyd glaog, S )3 ilag)l
il a8 (biw)lxe Gedeon Richter) csglss olg,asl
L dunlio pd g bl o (g pmwgind gl =Y (g il Glatin
=29y €S b asm) )l (6 iy Sl 51 g g
g LSy (sl azin 10mgrkg jos Ly (090592 ol
oala il atan 03 Cie 4 Iy alae o M 5,5
Sedl] o) 3 cdgls (lg)aih 9,8 > ga
w9 <8 i slal) [ L)l Henry Lamotte] (Arachiz)
099,350 Jolbs vehicle 69,5 ;5 b odlatwl (5052 )
2 A 63 Gl 4y HLSS glatan CuSPlSy els b salS

9 UPhy9 o plosl Sl am il (35 e g (22
el gl cops ul Jobs b cudgilsy olg,il 35,55
o p5 leo 0+ ot Jlmsss (sl 5l olisad L ol L)
il i gl B e (ot (0 g P55k 2 S]]
b Gl bl slacdl ol 4 B losis g gl oy
“io aled By oo Bgpe S 4y ol a0 e
W o ABINL S 0 Sdg 508 p oy J515 55 B g 35
Sidl 9 @ S2idnid pw S 51 s
Sk o o e Mo ()9 Casby Dl WL ()8
A g Mo dtsldS cuily HI 8 o Bk 8 j0 oS gladid
293435 (o el dslad N> & 5 L o play Sy
A lod b sy 4y b 03903 3y 30555 OB 3D
A0 s g ogleen Ladigel g 050 29
bl o sl

MRNA L () Cte i J9-Sge Lo
Real bs) jl ols alic 3 UCP3 3 UCP2 (¢l s

333

= CdglSy 9ls il ez il Bass cpl jo Lo coplply
9 Ofl.w Lsi‘)?w du’uf’ﬁ‘ 5 u‘b UCP2,3OL3 L;LEJ' 59y

w2313 8 oy 390 1y (GB)y9 (peje el v
W gy 990

2 g 335 5 plyme 9o o Tr g9y B85
£S5l gl ) 45 05 VYIS oy iy o3gns
JytiS 5o sl oS GBS ool b anes
g dder lod Cd g (olojw g (alo)S s 05 9
9 lidyy el W joday Cllgs (6598 bl 59 4
(e ¥ colo (Qlidg) £9p) 18 Culey (S0 csleo VY
i g Ol s (6)laSS YY=YF o3game 45 ailulges o)ly>
Lyly s ol cogby il deag oljl Hoday cllgs (clp
p5Y oloj Sllojl g9, 5l Sy 292 Sl el gl
oo 3=b Cnley olSiolejl baee b wllges 5 gl
2 9 S S 05 09)5 iy 4 (B3l ©jg0 4 Sllge>
b 515 Galoil 2)90 ige s A 0g)S 5m

09,5 (¥ (V) 951> Jol> 09,5 (¥ (C) J ;=5 09,5 ()
0992350 =559 09,5 (8 (E) 559 09,5 (F (N) (1g)g)ab
(EN)

P En Sl @l sbgise (55 slees,S 5
B )9 paded dolpy S Cod dtan 0 e 4y didn
250 U] Jros 5 ol b Wn yge dtbn oyl p3 aix8 S
Joy By Vo e (gl B ) jie Ve ey b gl )
59y 3l A @B VO e (gl 4By (0 e VO G b pgd
= 03938l (hjyg Cde & o)y (Slil 4 4B O o2y I pows
Ol 8 4B YO Ay (h)ye Do pxiy o) 3 A slar A
oSS ol dddd (o o VO oy i ol Cas yu (Jg 8l
Gl 4885 10 o Ve & Caopu pgd dlad (D LA oo LS
o slil &S as e edly Eul38l ol 59, 50 adds Y e
Py Aid 40 40,5 0 03938l (Bys Cde 4y 4l O g,
An D B> )0 e Vo Casp b 4GS O+ (2B mels
9 Py AR )3 AiBd ) o VO oy b 48B3 0 p o
5 iR A8 )0 diBd ) yio Vo Gy b ABBD Qe (ol

5 ok Ald 5D Ay 1D o YV/O sy b 48D O (ol

AARY



SiPS )l g S d

B-actin , UCP3 ,UCP2 (clayj sboyoslys =) Joior

Primer sequences (5°-3)

Genes
Forward Reverse
UCP2 5’-GCCCGGGCTGGTGGTGGTC-3" 5’-CCCCGAAGGCAGAAGTGAAGTGC-3"
UCP3 5-GCGTGCTCGGTACCATCCTGACTA-3" 5-TTCTTCCCTGGCGATGGTTCTGTA-3"
B-actin 5'-GAACCCTAAGGCCAACCGTGAAAAGAT-3’ 5’-ACCGCTCGTTGCCAATAGTGATG-3’

L (AC,) sss 53Ylo 5 3as diged o (gl MRNA o 5
A dlee AC= uep) - Co practing Cr Jao b 31 o3kl
03,8 5138 274X 1000 &9 4 MRNA s oo
V Jsis 3llas Real time RT-PCR sla, o)y Jlos
L ¥l odel Cunds (slo diges Jolis 09,5 o cleMb] txidg
4ol y 3l ool L odcds (g yglaes SleMblog g V
s .cé)3 18 oo g 450 3,90 Excel 9 SPSS (¢,
L b Silee dungliio 50 &) SEM + (,Slie &y 4
;U1 (One way ANOVA) 4 S il )ly 905 oS
o 3l Bog)S o )l (e gl 3529 (wyp S g A
Jlis lgie 4 P<+/+0 polde .0 odlaiwl Tukey (yg050

s Sl 0 )b ee e

> a3l

9y Ay Comnd > tan Sl )3 ()59 yueS (ke

(FYIAFEONNG) (19)g)80 — 13559 09,5 5 (VJS) vl
Loy, 5 AFYALSIY - g, P<0.01) JiS 0,5 jl yiuS
g ) oler b (ROATEY g, P<0.001) |l

g, ) U599 09— S o (VY/AAES/¥AP<0.05

prSeeo Yo 9051 JS RNA . oslazwl time RT- PCR
RNeasy fibrous tissue minikit ¢S ;l salawl b céb
b gl el oxsjlu Joallygiws b Gllae (0131 <8 55)
» Sas b i g ySejlul bwg RNA slaclile
Gl Cumd g ol Gos B g s 300, o9l Y5
2 (pyS 9,80 VA) JS RNA b yuasd yiogil YE/YA-
Dy Aol ()3 0,95Ld 4By O e (gl VeoC glod
L @il Fermentas ¢S pi i cuS jl odliiwl b g el
g w3 3l ool L il 8,5 ol g2
JS > ;3 ANTPs Random hexamer (RT) oo
CDNA 5 ¢85 plosl ug—San (agig) 9o ¥
Master mix SYBR Green jl solaiwl b (s cSisdis b
o=y reverse o forward sla, oly 9 o5LS <8,
Lo 3 1SS .cd)S pbsl RT- PCR g SV Y/ ol
Annealing « b Y+ < 4ly 40°C > Denaturation
&ly= ¥yoC s Extension 4 4ol ¥+ <o 4l £40C
Ol 35 plonl S ¥ plie 4 4B Y e
Wl 1) ol jguniw bawgs (ololis B 5 oY Catw,old
28 o gl |y bl opl &S 1y JSiuw .65 (Threshold)
Sy S8 gy (C) 135 s SS9y s

*kk

p—
[ 3
>

ABody weight (g)
DA N ®
ER—E—R—I—

o

100 l I
C \Y

N

E EN

0955 L aiulio )y *¥¥¥P<0.001,*P<0.05 .,Lixe (slas £ 5, 850ee jl a5l polie . yioloj] g9 4 Cad wbd 42d D 50 (359 i (pSolo dulio =) JSWS
EN=(ygds 65559 =9 N=iglg 86 V=gl Jols =8 Al o (29,5 oo c)lol M) 5 J 8

334

Y'Y



CBBUCP layyi ol » b9 9 9leysb Sl

1 -
0.95
0.9 1
0.85
0.8 1

Heart weight (g)

%

0.75

I

N E EN

ool =58 48l o (g5 o 65lal B 5 S5 05,8 L duglioys FP0.05 ono s £ 5o 51 5k ool .8 35 ik sl —Y JSUS

EN=y5)9,06- 5559 E=(b59 N=5lg,80 V=4l

e

0.004 - !
0.003 4
0.002 4

0.001

HW/BW (g/g)

[

*
d
M

25
]

7

%

‘V
&

‘V
&

‘V
&

Tl
KX

T
S

‘T
&

%

‘T
&

I

N EN

GWB] g JyiS 09,5 b dulio ##¥P<0.001,%*P<0.01,¥P<0.05 . lze (clas £, Sbo 5l 45 ke pdlio . (59 4 ol (59 Coms (1S0be dunlie — Y JSWS
EN= gl 565559 B= 3509 N=(iggyails V=g ls els L= S dl o (o295 o 5l

E°N
)

3.5 1

w
1

2.5 1

1.5 4

UCP2 mRNA expression
[

S
S U =
1 1

B

C

1
T
v N

.

EN

*#P<0.01 ,*P<0.05 .cwloais a3l)l }Lixo (glad 1 SKlio & ygody (gt o Canlosds 3oy piST o5 glo 4 Cows a8 UCP2 (5 ol olee £ S0
EN=909,56- 5559 B=b559 N=0lg)ab V=g)ls Jals C= 18 a8l oo (29,8 o s ylol ST g 518 095 L duslia>

He b plas Jwli8l pse cpl (</AVAEL/YYE) )90
0159 S (pSile sl (g)ls me MBI gLl s S
I8 09,5 )3 (Y JS—8) b 09 4 o8
glg ) J——ol> 05,5 ;5 g (+/cYAYEL/+ 1 Yg/g)
g/g, P<0.05) 53,9 05,5 jl yteS (+/«+YAFE /v v 0

g2 ) 099l —hiyg 09 g (/e TVIE e e v
).) )_»Juuc u_i‘ )‘..\_(Lo ..)9-; ('/' ~Y'Y'f’:|:'/' d "VP<0001

335

Jde (535 5 99yl 09,555 g (VY/VAEA/AYP<0.05
M gyl L3 ) Jg 35 S35 095 5l 58 peite
REwARY: d)bg_g""“
Jr—58 09— > (VJ5—d) 8 09 Sl
S (IAFFE /Y g) Jol> 09,5 )3 g (</AYOE-/-¥Yg)
595=S ;> 9 (+/A¥AE-/-Yag, P<0.05) ,b;,9 09,5 5l

=539 0905 3> eyt g ([AOFE-[-AVE) elg)a sl

ARKA



SiPS )l g S d

*kk

I

*khk

Kk

fer]

C \4

N

E EN

L aewlieyy ¥*¥P<0.001 .l s &3l)) jlre (slas Sk Gygods e b Cawlodd Yo ST 5 e & Caws 4 UCP3 (5 by olise =0 wa:
EN=905,6- 5559 B= 8559 N=lg)a6 V=gl Jals C= 518 a8l oo (29,8 o s)lol BT g 8 095

MRNA pda s 5 UCP3 3 UCP2 1y &l yasid ooy
(A= 039 3= 809 9 0999350 ST iznen A olil
B o D50 (i O 4 B (g S 9 B
@ 0859 b 0glerwl e A (LS oSl @l s S
~Uh39 0935 5 (g Sl i (g 59y 5T bl
4235 pialS jles (e 0js (g BB ysbar (ygls)ul
Ol 5509 09,5 3 B s bae (g ()b 51V IS
G B ()59 lal8l (19lg L= 59 09,5 53 I (s
A5l o ad odaliie (1glg) b g J S slaog)S 4
Ol 355 (] s e (Y JS5) 395 sl ine (s )le]
B (59 s ()99l B39 5 B39 sleg,S 5> 4S ol
5-Sse slbi 2 5> (VISD) €8l (RIE o 0 «
Ol glise 0gleral ool Gl (hagis nl @l
955350 09,5 )31, UCP3 4 UCP2 19, mRNA
3929 Ly (9l slim(iding 9 U239 095 53 Aedse (il
S35 o ine (g )lol Jlai 1 g ¢SS 09,5 4y G talS
035 % O Camd 9 B llas (g IO 5 Fisla JSS)
09,5 (1=l 9> e By iy 2 IV SBjy9 09)5 )3
el 0y Cams GRlBl glgral — 559 09,5 ) Bl e
09,5 (=l 0> i g R & bgye (glewd (o )y
ol > B gy Gl 4 barpe Slgi oo 55 (tewd A oo
2348 05 o ine (gylal ylai a8 i jm Bl 0g S
o aag LyogyS ol )3 48 58 bliwl (g o ggeone

336

095 9 (P<0.05) (5,9 09,5 I yider (159,45 ~(55)9
cog)S 5 g1 (o] T VES oo +¥ g, P<O.01) cyodg,b
M g)lel s ) jeito ul s o)l 5 B39 sl
UCP2 3595y MRNA oo olime bl (gyl3 ine
5 g (YIVFOEIARY AU (5layih 0,8 o (FUSA)
el (VYVAE- /Y -¥,P<0.05) S 5L nog, S
(- [EY¥E£-/\YD, P<0.01) 55,5 {V/¥5)E-/VAYP<0.05)
5955 33 39 (+/FYAE /Y P<O.0T) (55)a,6 — s 5
09,5 4 Cund (EalS 2929 b (199,059 9 )09
295l gine (gylel Sl 51 g )8
09,5 ) (0JS=3) UCP3 (nigpy MRNA by (jee
JytiS sLiogS 5l i ( SIASAL-SYY ALUL) cydgyil
/¥ -¥, P<0.001) J_sls (M+dA%+/- VA ,P<0.001)
Cbiss 5 (+/EVe VR, P<O.001) Lbire {MEVA
s 0955 5 9 (+/AENAP<0.001) 5lg,
095 A Cumd SR 3529 b ()9 pesa 5 (glg st
295 gine (gylel Sl 51 g )8
sbacs ol = UBirg 9 098l Sl Gaios el
M8 oy 39 2l iy d8 UCP3, UCP2
¢ Real-time RT PCR g il jolaio cpas )3

\Ard



B UCP Glagi gl » (9559 9 099550 5]

el (S5odg b (B9 Slonl ) (559 1 Sle &S
5 JUL g 9 13l o (K055l jed (hile S &S
(V] oo 9 555k 5 VF] e 5 Sila VY] Ko
039 4 BB 0y s Gl e g B (Bllae ()59 (ytalj8)
25205 [YO] Gaios ol 50 .Cewl o (5135 55 (o
s 0955 33 el ALl llia I CaslSs glg il
el a5l csilos ) 05)9)a0b Sl ety e 5le)nb
Ol 45 45 oanlie (59 09,5 L ailie B ()59 a3
SBorw Sy Ghjye S5 Blo anusles adg el an oo
9 59 9 [F] OhlSen 5 ol bawgs &7 Sladod )3 [Y0] 39
Gl g o Blae (s 53 s 03)S bl VY] ySen
Do sde e Juj9)¢_w] oS MBL).) 9 L)"))9 lelbo9)§ )9
S and ogdleys a 0jg & e b BB g By g
Sl gyl 0aiS cdlyd (sleog,S > asgr BB 5ol
52975 48l ] S0l oS 13 oamlito (oo b9 9
D39 L b 2l 4 (B By el Wl oo 239 il
I¥¥]
1235 plosl lSen 5 cogigd bawg o laddlas
095 33 A= 09 A= 8 (g 5> lalj Sl laid
5 odnlie (Lo 59yl 09,5 L duslie )3 (4559~ 439 i
sbagbse o (459 ) Gl 35 hlSes 9 pen)5 [A]
S35935] g sl 48 (5559 sl Ly olyer (o
L Jlss o8 (slagyg y5 o5 45 60,5 asalite ) Seon
Crl > ol [Ve ] 3,5 3929 (peje GB1yg b Mgyl g
la JS5g, M3 4y by e Yiaisl wlgs o li)ljs
9 omg—d99 by 45 Er2 69y 3] 1B9) (—)
45 Jeodn 5 595 UP)ag pln 53 0ad odliul 3590 S0
5 osd9s bwgs aie )3 )Ly 90) i > Adg il g
Olie 83 (LS ooy cnl @bt Jsdge sy 5
593,350 09,5 33 UCP3 5 UCP2 559, mRNA ol
~UP59 9 08309 09, > bl e Lvog S Lo 5l iy
5l (Hg S8 09,5 4 Cod il 3929 b (99),00

337

Ao OleS sl JHS 09)5 A (g b halS
Ll (8 (895 ()59 09,5 Ao 42 45 5)S (555
Lawloats]

AU Lkl Sslite sla b)) alse cldllae )
~ Cusl odd SIS o G 59y Mgsiel 2955 9 G0
9 [FANENNTE] (o559 180 pae Slalllan 30 4500k
9 [AMVE] alos ) S A1 1y (o 0jg 9y 9yl 2920
8135 0 bl Sen 5 gy bawgs & Audos )
2955 Jg 0995 IS 156 (1 (3 59y (P9 oS Sl o
2 Orpen [TF] closd (o g SRl el usg il
Mgyl a0 a5 Cuwl o 03l L 58 (6,500 Cldllas
LS e S e |y e LB aSy o g (S D) o0 25
2 039 b B 4 baye (o (g GRS [TV
L¥V] Caol 03 005 dwlxe Lean body mass > oo 4

Gl g jlade 5 ()9 e g OAD E g duy o0 a5 4
Frge OlLadS pl 3 Gglite oy 53 gyl 525
ooyl &S Caloadodlsy i Sladllas o 8,k | .cawleds
Spegigsl Gl L 550 (mas phow B2)b 5l Sl
b il Glime ol 5Son 5 48 (00 S0 20 |y G5 )
IVE]2)3 U o 39 g9y Beske ol 31 9w il
Oly> 9y eyl 9 )38 (9a &5 o3l (695 B9
Se59yal laasy yaal [¥F] cuslod ;S5 s () (39 0392
rizmed 9 SIGUIS 0ally 51 LUl (ol Sl
byly b dy (S &5 St Sy 9 B 13y (g9) SIgU]
4 Mgyl 2955 b yb5e 5o ol 3 [Y0] 5yl Liules]
ool i sl i o ond o 0y el el e
Sah 48 ol o oaimd i 4 ol Culodgs Iy e
ialS sl s b atuly a5l 09y YU L U359
0992450 S59le 28 (595 j9> 925 (B)b 3l 5 39 )
O3y LS czge i 5 (S Ay g9y ST L cdglsd
(9l 5509 09,5 ) Ay p Lo sl
mauly 4y sl 4y als (Ll Bl en b gl 5 259
D35 o 0j9 42y JB el el cul

plosl [YO] () Sen o (52399 Lawgs 4 (udod )
039 o8l eel (yoje (559 45 sl oad (3155 03
S G plar S (g 9 oo Ol sk e g B

Yy



SiPS )l g S d

o Giss B 3 MNSOD culled (sauopd ¥ g
Csiomd Bl el a8 W0l Cowd (Wijyg (po 0 (i ped COT
Sguie UCP2 ogilly 008 S 26 lgins ol pgw 992 3l
AASs i b alaly o (5155 98T Al 4 g L
el 5 3,145 35525 UCP2,3 1555,y MRNA 1y (55,
Ay S A el oo dlaily ol )3 IS (g Bedos
ol Es L AASS S055le 8 395 (slajgn jl ealitul
s MRNA o ;5 UCP3 5 UCP2 oLy 3 ang ol
S b i 59,5 e (S o 53 Ve
bwg 4 ()0 Sgie (ABb glis (g 95 0 (Sgrk
DAl 03 e G205 1y 395 Sl (3,250 JU 055
g > ISl g (2l 3yl 5l 5l pedgilie )
oy ol g e g0 (] &5 Mo S ATP
Cawd 5 (o ablgd bled axiue g5linST Loyl slacow]
Gl Sisle b 358 590 L AAS (yeje jugas oS ol
I IO 3% PURCISTTE PR TS
IS F] el oad (alimo (g B )3 duoe (b
31550 oy — oSl S Kig,S5 gl i e
PEYA] Gl 5 clacumoms 15 ATP Agi 5 553 ials
S oo 51285 ) Sl J (S 25 Jlain! il
oS )l asbojlasl iolidl 5 elg,ub asle AAS 3l g4
ol Gl atl o 3 0 4y el olizn ) bl o5
18L 5 3 UCP3 , UCP2
soliiwl 55 45" Wlodly Hlis calisee lalllas 8,1 Sl
INVIvo Jace 3 et |y weiS sl asb o}l wlgs o oy 30
Ay ials e bB jsba [VF]invitro pa o [VVY]
Bl cluls Jials )3 (9559 Sl Seulle calis )
J—olge g il 0ad,5 ploul (goaxie colados 8
ol La JU ol Uy gl a8 5o iS5
oyl sl g [0] (KATP channels) ATP 4 aiulg
[WYOF] b0 L] g 53500 il 1 950 (sor 5]
ol il el 005 ks 3,18 gre 008 clailes lgia
8 cLn s )18 sie ;> UCP35 UCP2 (55, mRNA
el & (Sjdsd Uil o Sl cage cunl (S
o33l ol isl3 8l L g 00,5 55y Al el ST glo
o5 £lall _slibloce (clomanlSio 1 o Mol5 (5] penlgplic

338

L gma a3e (5ol (B 5 FslaJS5) 295 o siae ()Ll
aoohy s s oS bl e [V] e g b o
slk—ige , (endurance training) _celiiwl pyoi 45
OSep MRNA by 703 4 ZV8 ialS coge olyxeo
e g ol Ll sladlac s 4 UCP3
alac ) pisren UCP2 59, MRNA mda w005
bl ialS 7Y 9 Z0F Cupa BB g elid Ludls
SYL Sdglio (g0l )5 & L5 a5 ol L addllas oyl guls
,» Uncoupling sla w5, MRNA 4l yials' L ol yen
A > el cel 4 Wil o b Sl eMac
MRNA Ly jialS 6,k 51 .50,5 0 bedl ol o (g5,
CBbLs A peiores sl (5o UCP3 UCP2 (455
SoS 2950 Cidgle ()9 (el ST Sl dn )39 o
Slos

Sl Lt ;505 (o )3 [V] hlSen g g2 (eioren
S g e obgS 0)93 S Jlosl ()9 (i ped dtin & 5l s
MRNA L glie 2 mln sbee a8l el b))
S o0 )5 gm0 43 vyl o & Cows UCP2 (54
AR # V) e (Bhy9 OreS g 0955 53 SRIPl nl &S
D9 (s 40l ()59 Jlael jlan 4d8> e 5 YO 5l s
4 09,5 93 0 5> 4hd Ae jlum g 030 )5 l8l ) il
D)8 oy oyl paw

obe ORli8l ol 487 408 (65 o (udline (1
aJsl el jl e sl Ses MRNA .54, UCP2
1S oyl LS Gua L Gl T glss
PR =S SRV WY S+ S UL A P P PSR W V00
2o puslSo S UCP2 Lo (upregulation)  iljél
Sl 039 pSU JU3l 0295 32)b 51 ROS g5 ials” (ol
2l iz G5eeST 3959 (B9 G509 Al A pe (b oS
=5yl g MnSOD Lwg ROS Gls 5 1L o Liol38)
) e 40,55 g i 5315 i Ll
azan £ glyy gelaiwl oy ped AS o LSl pitren aslllas
s 55ys bawss o0 sl UCP2 555, mRNA t,58l
2 Sl Yoli8l) ams oo &5 o (90 B o
b0 3 Splp ¥ ORI L dlis ) wlai Cou gl g
YL an ) g9d9e nl J> onllioee cpl & (puld g sl

YYA



B UCP Glagi gl » (9559 9 099550 5]

Ay dgi0s UCP3 s UCP2

&5l Fwlps

celer s 3 i 42y (6555 dly ) g nn 30
Cwlodd Pl_?ol WP S ys ol iily u_i_w): f9l.c 0dSils Jl.a

S35 09)5 pyioa Jodliul Glo Lojle 583 jl dlde pl Bty
slaoyglin s a s coy o8l Sy pole 0aS0il

Soled o (6l Sl i cpl plol (o ) o Uakedgw

References

[1] Bo H, Jiang N, Ma G, Qu J, Zhang G,Cao D, Wen L,
Liu S, Ji LL, Zhang Y, Regulation of mitochondrial
uncoupling respiration during exercise in rat heart: Role
of reactive oxygen species (ROS) and uncoupling
protein 2. Free Radic Biol Med 44 (2008) 1373 -81.

[2] Boss O: Uncoupling protein-3, a new member of the
mitochondrial carrier family with tissue specific
expression. FEBS Lett 408 (1997) 39- 42.

[3] BOSS O, Samec S, Desplanches D, Matet MH, Seydoux
J, Muzzin P, Giacobino JP, Effect of endurance training
on mRNA expression of uncoupling proteins 1, 2, 3 in
the rat. FASEB J 12 (1998) 335-9.

[4] Brown DA, Moor RL, Perspectives in innate and
acquired cardioprotection: cardioprotection acquired
through exercise. J Appl Physiol 103 (2007) 1894-9.

[S] Brown DA, Chicco AJ, Jew KN, Johnson MS, Lynch
JM, Watson PA, Moore RL, Cardioprotection afforded
by chronic exercise is mediated by the sarcolemmal, and
not the mitochondrial, isoform of the Krp channel in
the rat. J Physiol 569 (2005) 913-24.

[6] Chaves E, Pereira-Junior PP, Fortunato RS, Masuda
MO, Nascimento JHM, Nandrolone decanoate impairs
exercise-induced cadioprotection: Role of antioxidant
enzymes. J Steroid Biochem Mol Biol 99 (2006)223-30.

[7] Demirel HA, Powers SK, Zergeroglu MA, Shanely RA,
Hamilton K, Coombes J, Naito H, Short-term exercise
improves myocardial tolerance to in vivo ischemia—

reperfusion in the rat.J Appl Physiol 91 (2001) 2205-12.

339

Db Cgune b9 lawes
2 09986 =059 9 (859 sleeg)S yd adllas (pl y
jleials 5939 L UCP3 5 UCP2 (g)lby dasens yliue A

92 gl 1) ()b ne gles S8 05,8 L (glel L
aS Wb odnlie dngi B Eals y5lg,0il 0,5 4 Cud

s UCP2 (g )by a5 ol yojo iyl o S0l

099,350 2975 )y9 sl ) 9 w30 il |) UCP3
MRNA gl > UCP3 5 UCP2 gy (il 53 (6556

P 03)9 &S 35 (65 4o g oo oplplo o)ly
Sy s ialS L1y Ll SOl (65,3 o) Wilgs e

[8] Du Toit EF, Rossouw E, Rooyen JV, Lochner A,
Proposed mechanisms for the anabolic steroid-induced
increase in myocardial susceptibility to
ischaemia/reperfusion injury. Cardiovasc J of South
Africa 16 (2005) 21-28.

[9] Echtay KS, Mitochondrial uncoupling proteins-what is
their physiological role? Free Radic Biol Med 23 (2007)
2-19.

[10] Fleury C, Uncoupling protein-2: a novel gene linked to
obesity and hyperinsulinemia. Nature Genet 15 (1997)
269- 72.

[11] Hamilton KL, Staib JL, Phillips T, Hess A, Lennon SL,
Powers SK, Exercise, antioxidants, and HSP72:
protection against myocardial ischemia/reperfusion.
Free Radic Biol Med 34 (2003).

800-809.

[12] Hamilton KL, Quindry JC, French JP, Staib J, Hughes J,
Mehta JL, Powers SK, MnSOD antisense treatment and
exercise-induced protection against arrhythmias. Free
Radic Biol Med 37 (2004) 1360-68.

[13] Himms-Hagen J, Brown adipose tissue thermogenesis:
interdisciplinary studies. FASEB J 4 (1990) 2890-98.

[14] Hwang H, Reiser PJ, Billman GE, Effects of exercise
training on contractile function in myocardial trabeculae
after ischemia-reperfusion. J Appl Physiol 99 (2005)
230-36.

[15] Karhunen K, Ramo P, Kettunen R, Anabolic steroids
alter the haemodynamic effects of endurance and
deconditioning of rats. Acta Physiol Scand 133 (1988)
297-306.

[16] Karila T, Adverse effects of anabolic androgenic

¥ya



SiPS )l g S d

steroids on the cardiovascular, metabolic and
reproductive systems of anabolic substance abusers.
[Thesis] Helsinki University (2003) 1-66.

[17] Klingenberg M, Huang S G, Structure and function of
the uncoupling protein from brown adipose tissue.
Biochim Biophys Acta 1415 (1999) 271-96.

[18] Kloner RA, Simkhovich BZ, Benefit of an exercise
program before myocardial infarction. J Am Coll
Cardiol 45 (2005) 939-40.

[19] Krauss S, Zhang CY, Lowell BB, The mitochondrial
uncouplingprotein homologues. Nat Rev Mol Cell Biol
6 (2005) 248-61.

[20] Liang, MTC, Paulson DJ, Kepp SJ, Glenek T, Meneses
P, GierkeLW, Sekwartz FN, Effects of anabolic steroids
and endurance exercise on cardiac performance. Int J
Sports Med 14 (1993) 324-29.

[21] Lunz W, Oliveira EC, Neves MTD, Fontes EPB, Dias
CMGC, Natali AJ, Anabolic steroid- and exercise-
induced cardiac stress protein (HSP72) in the rat.
Brazillian J Med Biol Res 39 (2006) 889-93.

[22] Murray AJ, Anderson R, Watson GC, Radda G, Clarke
K, Uncoupling proteins in human heart. Lancet 364
(2004) 1786-88.

[23] Natali AJ, Wilson LA, Peckham M, Turner DL,
Harrison SM, White E, Different regional effects of
voluntary exercise on the mechanical and electrical
properties of rat ventricular myocytes. J Physiol 541
(2002) 863-75.

[24] Pescola MK: Reversibility of the haemodynamic effects
of anabolic steroids in rats. Eur J Appl Physiol 58
(1988)125-131.

[25] Powers SK, Criswell D, Lawler D, Martin D, Lieu FK,
Ji LL, Herbet RA, Rigorous exercise training increases
superoxide  dismutase  activity in  ventricular
myocardium. Am J Physiol 265 (1993) H2094-98.

[26] Powers SK, Demirel HA, Vincent HK, Coombes JS,
Naito H, Hamilton KL, Shanely RA, Jessup J, Exercise
training improves myocardial tolerance to in vivo
ischemia-reperfusion in the rat. Am J Physiol 275
(1998) 1468-77.

340

[27] Powers SK, Locke M, Demirel HA, Exercise, heat shock
proteins and myocardial protection from I-R injury.
Med Sci Sports Exer 33 (2001) 386-92.

[28] Powers SK, Quindry JC, Kavazis AN, Exercise-induced
cardioprotection  against  myocardial  ischemia-
reperfusion injury. Free Radic Biol Med 44 (2008) 193-
201.

[29] Quindry J, French J, Hamilton K, Lee Y, Mehta JL,
Powers S, Exercise training provides cardioprotection
against ischemia-reperfusion induced apoptosis in
young and old animals. Exp Gerontol 40 (2005) 416—
425.

[30] Sessa WC, Pritchard K, Seyedi N, Wang J, Hintze TH,
Chronic exercise in dogs increases coronary vascular
nitric oxide production and endothelial cell nitric oxide
synthase gene expression. Circ Res 74 (1994) 349-53.

[31] Sullivan ML, Martinez CM, Gennis P, Gallagher EJ,
The cardiac toxicity of anabolic steroids. Prog
Cardiovasc Dis 41 (1998) 1-15.

[32] Trifunovic B, Norton GR, Duffield MJ, Avraam P,
Woodiwiss AJ, An androgenic steroid decreases left
ventricular compliance in rats. Am J Physiol 268 (1995)
H1096-105.

[33] Trifunovic BA, Woodiwiss J, Duffield M, Norton GR,
Novel attributes of an androgenic steroid-mediated
increase in cardiac end diastolic stiffness in rats. Can J
Physiol Pharmacol 76 (1998) 1-8.

[34] Woodiwiss AJ, and Norton GR, Exercise-induced
cardiac hypertrophy is associated with an increased
myocardial compliance. J Appl Physiol 78 (1995)
1303-11.

[35] Woodiwiss AJ, Trifunovic B, Philippides M, Norton
GR, Effects of an androgenic steroid on exercise-
induced cardiac remodeling in rats. J Appl Physiol 88
(2000) 409-15.

[36] Yamashita N, Baxter GF, Yellon DM, Exercise directly
enhances myocardial tolerance to ischemia—reperfusion
injury in the rat through a protein kinase C mediated
mechanism. Heart 85 (2001) 331-6.

Y.



	ab-Bayat.pdf
	bayat_corrected_proof.pdf

