WAl FY ol ) oyled VY 0y90 SSbjaly alleyd il

S50 3955 Jolo ol (odS (1929 )5 (g0 pw 3l 0 (Silgd el yBjsg S| 4lllne
2lome Ghge B (Gl 2593 U coSuual canwT 3 jggaT £989 Ol 9 WIT

Sl d.w%

Ol s oDl 51T oS 5, ol g o (S jaels 0dKE3NS (95 ) w0 5L 05,5 SN
vetdoustar@yah00.com : L3 Ss J s ok 5°

@UYY ol opds A0/ /Y tdlie il )

S

B 595 25h ) g 53 ] (B g Bl JKSy 15 pr (Kol S s 4 0 Ol Ol S5k T
bl adlae ol OBaa a5 Bl ol e obond g sl pasls (TNF-0) WI (g)0 5 55,58 Jale 5 (€TND) |
(IR) Gl 5535l (oSl ol 53 TNF-0 5 TN o o pslin kil olite alps 5 okaeli S 55058 2555 1
Wald glaoy 5 Jald e S e 4 (Bolal ssba Jhesy 5 pl e ras e b sl pdy BL e ol o g0 S
o gy lan (G5l gh (eSS e (55l gn sul B g it B5)9 s e LR 5 g5l 559 s 45 LIR IR
G SF9S S5 IR sbul (gl il plomil a3 0 ok b aBEs VoYt Dok w 4BES 20 V0 -Y0 S b oy § (59 O
Lt b g gl 5 3,5 15 Todoms il g ool ¥ ks 5 5 WaaedS ads ¥ 51 ey 5 3 g0k ool o 500
b (Bl sl p lasse B 51 kas 2SOLT o TNF-0 5 TN lowis Cgr o2 08 Sty o sioms 51 55055 51
by s g 8l GRIBIIR 31 s oS 1) TNFa 5 CTNE (o jpalie Sodallys 53158 plite 3555 b g U (5501 K,
dald 05 8 b amslie 53 IR o3 8 b doze g gl glad sh slims (il wbidmml )3 5l 2als (p<4/40) (g ls sne
ol iine s sbas 1y S gk T (slad g sl (Dda3lys el g elite (3198 3555 (D/0N) L Rl gl me 5 sbey
= oSl T 31l e SLa Gt B (Dl 531s ekl g oliie 55 sl DL s (p</e0) sls tals
&S il s Gl 5 g

e G sl W s 55,5 bl d G s 3 E503 Sl 3l el (S a0 lgans

¥4



Hhiwgd Cawgy

w8 grg 5 o plie g (5len late (5559 1 asdllas

VaN) s 5 e 5555 Gk Sl en s Sl ek Sl e
.(Dijk et al., 2009

Llo izl phae onl 335 GlapnilSe Sl L
Sl 5l oSl ol bl LY 5SS s
Cdr LALES s sdee Sl S &S ol
Ladsbo ol a8 35,5 0 el slad b (a5
reactive ) o5 Sl Jlss laais; 3l ol salas
5 Sl s o)_aﬂ 4l (oxygen specises; ROS
S P - S C NS PR WA W
S e Lay 1y Waslos s sk GlaesT e aie
;\J_>-‘ BV J‘)’T} e P Ly D i e 9
At e 2l AS e s d 5 Jebe I
wlaFlswe JSKE5 5 b S 5o (6 pdid sl Al
ol slalis g pds s e Al ..njju_n
b O3S Il slads 5§ uJ & (Gottlieb, 2003)
5l gdmte eS8 gt O S Cely sie Jla g
a0 wlnST DNA ol |3
MOENS ) b 5 o 550 00 Wl 5 bated O pesliinST
(et al., 2005

s slailon Gler 50328 5 i Sl
33U Sleds s 35S g ol 5 55 S
03,5 el b oSl Hlrs 4w sdoe Jlu S5
UL [R-{ UV 5 N N -t POV LN
Liwad ddowo wia:u .L\S:bda QJL::- S TRENY
Jjj—’)‘ LS_.Z))}}@})‘JMC)%\J_AL:LJ

LJJJJJOTQLﬁfLSLAWTj}g\M‘UAP|

EVRTS

(Sr3S Som Slall 3 Sl (S sl Jlise,
Sl A 05 Ol b)) (oSl s B sl
ol B o S 5 a5 0l (L3
o555l 51 sy (Ferdinandy et al., 2007) 555 .
e dm Goge 5 S e la i 318 g >
ot oLl Ly S a5 slagls Lo ol
o3l alS (gl g Rwl n S g sl 6558
) e S s e 5 62 S e S
Ll b Jls I L (Foadoddini et al., 2014)
L5 e« SeaSal 2508 5 4 O 0L 0l S5l
el 4S5 syl gty ol G e
4 gt 0dali 218 g e il gt 5l 5L
CP O E ] W PN LR WHNGRI | ey O LW
Slos gadsn ol SRs olea s A
i Sl odme Gl st il & 5550 SmA
slawl 5o el o 3Y SaSl 3L 0Ll o5 1
Foadoddini ) s 5 taly rges 3L Cielian ol
(al., 2011

— oS ol S il ealaolis Sl
sladlsGsl, L5 G b 3l o) 5 a0 Sla i 50
(van Dijk et al., 2009) s, & s sLoul sl
i 0y ol b 5815 e 31T SladISSs),
5 ok b e slan 5T s3ladled & e Lapsis s
S g eSS s a e Slg
g eSS L g e Dk Ll o S35 5de
s Ol eate slap il slie glad ;SU5e
It 5l J gl cdlas 5 oslsil 5L 51 Lslazs

S S0 Gl DNA & ol poan 553 0



WA Sl FY ol ) oyl V) 0y

Sugaly (2lKiloys  wlid ol

a0 plies laeyss plnil 1 Aol Sy
P OO I P R P CO- R PR K VPPN U PRSP N
Powers et ) &S o Claslee Jlu e 5l- oS!
.(al., 2008
g}ij}j 45 k;_m" o.,\_i: u.ﬁ.>r_«:~° wJ\iJ; {l?u‘ Ytno
el Sdd ol s sla i 53 Sde oS S
JALJU—J‘SL;’L—"JJ"}}JL_J‘“&—“:’“JJ b ))uﬁ.ﬂ
5 s e—axes (Brown et al., 2005b) Jas
oU)S J:'))) 45.«\_.!3‘5 dl_.:,.! AEAY JLW)J Q‘)&M
u_]ab lejjﬁﬁvj)l.b‘d_:}b o)‘b‘ 039y 0 ol
sl e s 3 Sl sl Sl IS5 5
(Chiccoetal., 2007) das_» a8

J_Z.AJQ_A Olis suSuclin LSJ‘J\A &i‘ S b
Wsls LBy il DT (g5l e sla 3505
(Dl (A la, oS els oS Jie Ol (S
s el 0 lile BL Eou 3550 g S A O
Sl Olay am aly sl 55,5 o, J~
_J&—“T'.““-‘T.—"JJ—' eJ\_A.l‘JBjVJa.\_ACJ‘)HM
Sl 0SS 5 L p s S Sl 5 5L
L5 S3ln ol gla iy sidle 36 4 )
—M\Wijeh‘fjvbuhm‘j@)ﬂ
el ol ime glanglie sbay I3 Sl S50
JJGM‘JBJV.EM&:)JAMJJQJAOU;‘S)‘}Q@

AN

L5 eoS S )5 4 Sl it 5l oS
Bezzerides and ) sl Bl > o1, 0l
.(Rosenzweig, 2011

S SSUS Glresd oo ol 4 ax s L
a5 15 andllas 3,90 ool ool 51 B Clablons
)JU‘&SJ‘J{L)JA&AM‘.@J&JU w‘)."j&:ﬁw‘
U':J).)) V.h._ﬂ LELAOJJJ fl’u‘ 03 4 g_,.b)‘ Clas s 4
(Bayatetal., 2012) .:b .
Cbe e I slasslen Sl K 5 sl
LAL;)L«:.» Ui‘J‘ Lf‘;l" u..a)\j.o J,.Alscufw) 03 g
Silga e Sl a5 (Ignarro et al., 2007) 55 3
Glras S rsk v JalS LIy oL s e s Shes
(Tofighi et al., 2015) 1S s C 58 O5unST Jlad
Cj_;j v_..fa)")j U.LJ.Q.? &S Sl ol 0aly OLES e
Ohbogs 53 SeSI ST b b 5 s L pl 5 1 553
Linke et ) as o fals I3 cee oLl o4 s
Sl 5550 3 5= Jls o .(al., 2005
35 635 Sla el sy bl 25
sl a3 S 15 axlllas

u—:ﬂ)‘é}jb&iﬂl_gf:d&:ﬁ—w‘ IS LJLJ‘J'S/
—L;o_{_m__v“ t._,\.:_wTJ_"J.’)J b J‘)\J).:.A Lﬁ_":j)j
(Brown et al., 2005a) &S . cladl=e Sla 550
S coulesls plis st s &5}5%.&:\ Oladlas
J_?}J‘L_.g J)LS}.:A g_A:_.\.J)\ d_‘:’b Lfﬂ;«h?- ‘U‘;).)j
das e alS |y Sl coblae Sl 5L

Sy aallas ;3 oean (Brown and Moor, 2007)



Hhiwgd Cawgy

w8 grg 5 o plie g (5len late (5559 1 asdllas

54 Sl s Gl el Y T
S 05, S5l pn h5os azis S ial/R oy, S -8
Ly aallas ol J s atin Cln 05 S ol sla s
23 s KA S el ulh g s (glen S5 Jeme
235 oSl aiB ¥ Cou R o5 8 diles ulg
5,5 1 s Gl el Y OT
T Slas S soin (S3lsn (e 1o S (S9!
BIOSEB Treadmill, ) |wds 5 (g5, 04 55 amudr
0 s 5 aids p» , Yo Ve co,w L (USA
O oazia SO ode 4 la e ST 3 s |l as s
s el ole el 5 oSaws Ll il 5 oo
i aids ) Sl ol adr 55 3 S S 5l
o a3 5 813 Ly 5 oKy s s
23 e VB0 e s b llad e ) s 0 S
L Lo i (umad Jsl azin 55 53 Al el aids
A pah a3 10 Dl 4 addy 55 e Nt e
s g S8 s dy 4D 53 8 53 e A3 S O 0
G ] azin 53 5 Al L A en 58l O s
aids T a0 Cdle 5 aids s e Y0 4 ol
0553 el Ll 51 ooy 5 olKs koo
Sh—= OV dsdz) Ul cbaz )30 (555 (p s
VoS0 e L 03 S 08 akB3 0 i el andr
b S B 53 058 5w i 5 Oles a5 adids >
ACSM el ke J sl olwl 5 SI ol
(,_LN (American College of Sport Medicine)
.(Thompson, 2010) x> S

S5l 55 Ol 5 8 3l (TNFeo) WT (550 5

J\.J:L:da J‘)ls‘x.ﬁ LSLAJ).L&U DL

g, 9 S0
53 5 035m AL 25 5 5l ol allas
oDl sh3T o8 isls Sl 55 e 53 VY40 Jlu
5 SN SllaSe S aalllas ol 3 A pladl 0
3y AT bl (535 L sl Jasdl 52
By AT Sl G i ol xS 56
e b0 2l Sl andlas ool el sl sl 25k
oS YerEY0 O35 L ol sl 5 gl s e
5 di a5 0 eslind azia V0w a3 g
W o a5 0L Laey S el sl S8
o VVEY Gl 5 Sl iy, el
sk 5 Ol s OLaSs M o a0l S L
azin S 5l ey 5 4 S 5 s sl
Lasbse g s Shlesl cidr Ll 4 5 850
o575 =) idald e S Dler @ Balal 5 sbay
dotlie 6 S 05 cpl Gl fige 2550 55 S el
SR 05,8 =Y s plamil LB (6 S0 5 3505
Glazia Cota 055 OLL 53 0,5 ol Gl s
oS ad 3 T s 5 > Jes ) g canlllan
I s Gl csll YOl s s
S 03, S5l hios aie 53 IR 65 ST s S
Job ain cin 5l 2l atis 53055 ol Gla i g
235 LA ol s e 1) aalllae Dus
235 Sl aiBa Y CoS IR o5 8 diles Culg

ay



WA Jlow FY ol ) oyl V) 0y

Sugaly (2lKiloys  wlid ol

addllas 3,90 ol et (sl B 90 (53190 it o s (50— Jpar

£an
e oS
o o e prsdsd ol
Yo Yo Vo K o=Ve  (akds j5 ) S pw
T Yo B Vo Ve (4ids) oo
0 0 0 0 ° (A2 33) o

L . ¢ TNF-0 ,sLas 5 (International Inc., USA
A s, Seslul (Assaypro, USA) 151 s
ol L Olesps Lo s dan 108l owliadipun]
(cervical dislocation) os,S (slas ge 55 S35
o pe b 5 S s Ll s 5 ol asolu]
s et L s Ve g L e b s S
L sl b s oslal il slaldis GRS
sobatl gl S gl sl 05 S 0 Culs
terminal deoxynucleotidyl transferase-) U
4_¢> (mediated dUTP nick-end labeling; TUNEL
Gl G oSy S Dlal i s S
Ol 0 53 s xbr laiS5 b oSl slad b
Lol p by A o Sl S S
ECLIPSE E200) Nikon Jus ;55 < sSwy S
sladsbuw sl as plosil (slf 5 5iS ol
e Syt Ll S0l 5 st S s
ol il gladsle S 4 Sl cbad e
A ol

SSS Sl eslinal b Sl glad e jasis
oS Jandly g ulwl s TUNEL _wlazs|
=S dnsitu cell death detection kit, POD) |5
b .l el (OWT 28 oL Roche

DL e oLl Lsﬂi"i 9 g;.’.b)u:j‘)li LQJLJ" 44,,03&5-

oy

5 IS g il gl oSl o] <)
O3S IS URICIVS WS 7 NP N PR S PR g B
= oSl ol sl Sldee a3 o
Sde 4 Joe S la e LS b=l Sl
sl gl A esls JolS olie sy sl Y
Alfasan, Woerden, ) J_wo sV eleS 31 s
Loy Y s Dl 5 00 mglkg ol s 4 (Holland
4z 0 mg/kg Ol 4 (Alfasan, Woerden, Holland)
b Ol dd eslinal Slis |21 555 O s
Brown et al., ) Lus =1 > 0K 5 03l B3,
oSl sl gl o aads V03l us (2003
(©lamp) « = 51 eslizal b 55 o3k o S35 S,
PRREEEENUTE SYEN RN ST
SonSml 4653 3dome Gl jp Cola ¥ Dls &

L35 13
Ll Slhes ool 5l s 2 ot bounign s Lo
Sl g O i sa Gl sl oS
Sobese Olgeas €TND 1 5 g5 5 (oo 2l
s 3 CTNF-) WT (65505 55,55 Jols 5 15
A % e (Retro-orbital plexus) iz o S oty
iy p3 ppdeny Ce s Lot gl A S
53 s e Ll p e 5 5k 8l 4d3s )0 Do

JAT) W anS L eTnl sl oy (slads soi



Hhiwgd Cawgy

w8 grg 5 o plie g (s5len late (55)g T adlllas

Lasl

3 s s oo 2ol 2 GOlr 00 50
5 (ONF-0) LT (6555 55 S5 Jsle 5 (TN
53 2, sm slad sk 03 5l p 585 Ddd izmas
Slme Sl b Gl sl eSnl ol
05,5 53 el ol 03l QLIS Y s 5 andlas 5 40
TNF- 5 TRl oy alie 53 (6 s ime Ll IR
55 (/o)) At sl Lt 6y, S L aslis 3 a
Sios ploml s A S w s S a5 IR o S
5 CTE Al 505580 slde odulsh 5 olos (55l 5e
(p<<e/a0) sy S (gols pme jsbas 1y o TNF-a
3lin (6l e 6 azin ¥ ke 0 sl
il La s e TNF-a s TNl o o sl 200580
2 Szl sladshw (BL bac ol s
BB o U i) oy Sosa JU 65l
s 55 ol pxe il BIIR o3 8 55 Wog Cus,y
dals o5 8 b aglie 3 3508 pe S5 gl slad b
Sde w03, 5,5 MR 63,8 55 .(p<+/+)) A sl
sl ol 5 oaie (S5l 505 plasil cania A
Db 1y 35U s Sl lad sk il 2l
S s A5 pll (P/00) ol LalS (g5ls pxe
S sl gladslw sl (gols me 56 azin ¥
(5 sl JS8) St La g 5,18 5

i35 10 Sdeds a3l s eals s hade Ol
K LS i il Aeefp ST L GBI sles s 5
(Boehringer Mannheim, Mannheim, Germany)
L 5 05500 SISy cdled s 8 5 5lses
SSFENENRVISHRE A1 N W gFFJ0| JPREENIPY
e TV gles 5o 5 akds Ve Slea (J kel A s
fls S 5 sl b2y s 8 S5k 81 S sl
Terminal deoxynucleotidyl ) L gl 3l e il 5
a3 YV laes s aass v ous 4 (transferase
Deoxyuridine ) dUTP o el 453l 51 S sl
A (oSl L el s 4 S 535S (triphosphate
5hds en 58l anleST 3 DNA U453 40 3-OH (slalgzl
oS Gl IS ST - 5T gl ol
by La b s eslemal SIS gladgs S 5
S 5 ki (551 S, (Diaminobenzidine) DAB

A eslinal S Slas 5l 3 4 (550l
N le 5 51 Laasls w5l slaoald (g5l Juloxs
(oS odal Cwsa glaesls . eslinal SPSS-22
5 51 (Mean+SD) [l Gl sl £, 8ls & gos
HUT bl el Lo 5 baos S I3 gms 3D
S35 ins 0ol 5 (ANOVA) & by 3l
ch 53 Sl 23 S 13 ) 5,50 (tukey)

L al s e p<i/eo

ay



WA Jlog ) ol ) o)l V) 69 Szpels ISl sl

3,8 g0 53 5501 g Bs DA 5 TNF-0 €TNE o plis » (515m adial 3B 5 odie 3355 56 Y Jpix
Glors Sl ke 5:Kke) anlllas 3,90 (ol e (sl 5

R 3590 S\, g5

) #Sé'ja'xi swdsles  TNF-a (pg/ml)  cTnl (ng/ml) i
AL ESTAL Y4/V\0/Y4 VRNV dals
VV/ALEY/N OF/EYEY Y VY2 QR IIR
Vo /YAEY/N N2 £4/A0EAM LR CJOAEN /4R win ¥ Sde w0 giles Liiyst IR
RACEAVIAL ANVARE AVAYL SYNEED e A Sde g5l el s e 5555+ IR

Ap<t/oN) dali oy S L aglis s Dl gae Bl (gls @
APt/ O) R 03,8 b anslis 53 515 sms 3Dl (slyls

- ¥ : ' L '."'.f*
3 ; . Yy A
¥. L e : M L
Slosgd Ky Sl ol sho 31 58 3luad R o5 5 5l e Jige S B Gl 5l oy slei -Y K
(X\ AR ‘j'LaJC,..:)J LJJU LSJ:‘.‘T&)) -\J"J‘;ﬁ sdalie (L&u&ﬂ) Q,.f:})

ATA]



Hhiwgd Cawgy

w8 grg 5 o plie g (s5len late (55)g T adlllas

A

i \4.
\;

\ 3'.
! ‘t _".";

sladsle aman ¥ de w03 Sssln S35 R 655 5

&
-

%0 ’.“' 3

I3

o W

e Py S b Sl s gled T IS

OV e plaicids (b 5wl 5,) g g sdaline (LOKKL) (rds) losgd ) 40 Sz gl

g

Bt T
g  *
. / ‘
7 - J‘
- & ”
o A 4

e
o a® A L £ ‘)"

s A uwmoaﬁaiﬁ‘ﬁ}rh.né)lﬁw))j I/IR bj;)'l

sle e S B 3Ll s sl -t S

OV ey pledid s (BB (65l 5)) L odalin (rdsy (slosgd ) a8 sldad b S ol slad s

CTNl 55 i 5 05 Slawdly & LS (S
O =1 ok A U s B sl sl lany o
S8l s b 5y bascTnl CILW Al e Sl
Neumayr et al., 2001; ) c—i o il Y VJL,J
-~ .(Bbunin and Jaffe, 2005; Jesse et al., 1998
$3 bay pamia laal dul 5 5 Shls (15
Al ahde 53 by e 0550 511 0T & s
ol adlas 55 (Ng et al., 2005) AS o & slize

S 35 4o g S
b s 5 o ol Bl (s 00
- oSl el 5 gla 5y s 3 (€TND)
TNl 5,8 e GRal3dl (ols pme sba Sla i 5k
5 3 oS L3 e (S| LSS (S35 54 pe S
S e Jes U Glad e LR 65,0 5 s e
ol 303 5 e Dl a3l 055

L el Sl e 9305 A= B 5035 5 lad sl

oF



WA Jlaw FY ol ) oyl V) 0y

Sugaly (2lKiloys  wlid ol

5 Seeliossen GlasLid 4 muly o Ll e 5555
LS5 5o s ehs ol o B (S5 5 50 5
o St Ly (S350 ol 05 (L
Al esll Ll elinal slacJlas oo oK
5= J> ;5 4= SI.(Soozani et al., 2010)
PEETPPRC ERECHN JUE- TN PVIPIPAIECS
phae Dby el Lol el oy LB g5 50 S Ol g
533 s Jeems (2l 3l 5 (85l sl psle
Lee et ) 55 e Sl 5l oS) ol s
‘_;k_a(._m:;&a .(al., 2000; Gatta et al., 2012
L | VIV B W PR TSV B - LR P L W
o=l o e Sl ana g Jald Sl 5L
il ST BT B Rl s s s Sl
Sl el 53 das e OLid Oldles (Lee et al., 2000)
OleeST 5T slaan 5T dlad 53 2158l odadily
French et ) W ls euge » I3 Chlam 5 age 28
.(al., 2006
Cslaze Sl st 5k aS ol el Ol Sladlks
B Alae s s il ol sl a8yl
Kevin et al., 2005; ) 555 o ol o sla 55
slaa S bl el opl 55 .(Mokni et al., 2013
sl ol S OIS 5T adss b 05T Jlad
LS sem el OF o 5 5lnST el ()
oS SLy slaws 551 (Sawyer et al., 2002) 5,5
5 VU1 Gl sy 28T e i 5T IS,
05eS) SLadSGsly (3LwsS L b 5lanS] ;055618
S Cmiles 5 050k AnST 5 eS| O g s

ol B s JonS 55 SISl LSS
(Sawyer et al., 2002) Liwa siluS| o ol ade

v

3 s 3l Ros S el Jeadl) s
ol o gl 50 53 1 CTN o e palie o3
s SRl gl e sba Sl b e
o303 €T Ol 5 coddplonil Sl ol
Powers et ) d_ib o s il 4 03,05 cnl i
ol U g0 Ll 0 355 el cpl oS ((al., 1998
o=l Al 53 B S Sl e SO cnl Bl
B ol il Oladllae a3l 8 ol
aS Culoals QL YOV L 55 0L 5 5 e
LeTnl o, polis o gie ol U Iy 2ol o a3
23 ol ssba QU WSl o Gla e o
o Sl Sl oS s oSl e Sl e
5 Sl sl il 03 0 5 ) s
2y =l L (Marefati et al., 2016) 4l
Sdedds glac Jld as aas e 0Ll Slidss
Jybay coln S5l i oS 0Ll s L sl
B S I 4 e Bl o el s
5 (CK) LS 0315 s (l5 3l e
Dawson etal.,) s 54 ¢ 55 (CK-MB) 0f o 53155
5 gl )31 .(2003; Neumayr et al., 2001
LSl 5 el Sl OS5, L5 €T
w35 b glacibn] 5l Sl &S glad > JLs g
Bersohn and Scheuer, 1978; ) .l o 2,158 50
ol s as el s 5 L (Owbeer et al., 2007
s S melen e s 5l el —
ol Pl Ll et gy shad b 5y e SYGb
L s St 58S sl 51 0 15 e O
b el s bl Sl e Js) st o
Sh =2t eTnl 05 3l (Sato et al., 2004) .—:L



Hhiwgd Cawgy

w8 grg 5 o plie g (s5len late (55)g T adlllas

LSl sl 3l ust o 0556 68 5 VB U e
Sl 5553k L 0dae Wl 5T adISGsl, 45 550
03935 L5l cpl a5 g 5 by ¢ oSl Clas
olaie s il S sy s pl oS ASL e
3 b 3, e el a1y Sl Y5 b (gl sn
Ll oy oKl Colate sdome Sl gt
Jle oo polie (Rl Sl s 03
Sl Slns 5 (TNFra) LT (5 55 55,55
— oSl e sla e 2L e 3 gles 1S
s el 31 SUs a8 aid eass Slw sl
Sils eduld 5 ole 5555 el AL e 518 5
TNF-0 oo p3lie e 58 LB S sba Do S50
Lo e 35LS e sadshe o3 1 Ssmpl p585 5 5
ol 2l LS Sl 5 il oS ol
Sl olis s plasil bl ol ST Laaddly
w55 5 oSl el 35050 55 1y e SV b
TNF-0 J )5 aas o )3 Aol 5,90 iy (S
O3 L Ly 2)LS g sl Sl I 53 (630 500
Irwin et al., ) coul sis LS S Sla 5l
3l ey 48 Gl 0l 03l QLS (e (1999
33 e g 23)l8 Sl S (B S i
S, A3 el slacsl o 5 as el 5,8 40
(Guetal., 2014)
53 TNF-0 a g5 5 J,8 das o 0L Slides
ydome 5 LS Do S5 d sbagal,
ol 45 b o e e 03,8 G o seme sl
el ol BB by a3 gl Gy b 5l Y same sy
50l w1y il (S5 950 Slagaly s Ul

oalS S Cl el Lasiie ol 0 LS axllas s
5 VU G s denS g slag 331 s
ol S sl e 53 Sl ST 055 IS
el i (ol e s sba (Sla i s 5l S
R T N PN PR R SR S
ol plomil Wlallas 5> (Doustar, 2017) 4ot s
S 5 YeVo Jlw 3 Ol 5 2dys au g
= oSl ol DA YL s il
ol edled o Go b 5l B Sl 5L
Tofighi etal., ) el suw; LI o OlnS] i
S5l e 555 4 Aas e OLE s ) (2015
eS| 8T S s 5 e e GV
(et LS Lo 58 pilenS| e al ade 1) 3018 g
L o O eS| Ol s 45 ol 0 0303 OLES
5ods Sl clasb Jle sbilis ol s
Doustar, ) A o bLs,l 55 Lag 5T oasdles 2
Lol (i ladles 55 .(2017; Gupta et al., 2013
Sl sl s el ol 48 il ol
S 30 e OgblenST 2 53 (oSl e
e Jame 151530 o A e BT LaJISC s,
53 Sl S 0T Sl 5 0050 o Ol
Cdleb bl S a7 sladlsSsl, 1 d s
asllas )3 .(Zhou et al., 2006) J_il Laolans! i
s dulsh g aie (g3l B35 plasl s S S
=il ST g0 e ansly ial5al slie (ke Vb
sy alS 1y oSl e Blate Sl 3L
55 sl s pslias [ials .(Doustar, 2017)
oS Dl Vb (gl e 555 el L S
AeeS1 o lae 31 S dlad 58l s

OA



WA Jlaw FY ol ) oyl V) 0y

Sugaly (2lKiloys  wlid ol

Cismlios s p by Sl sl s eals 2als
Jole S Olmsan 5ol (i o hige o Bcl-2
SiU €L ) 5535 e o smime LB 5 Shae 62 mlo
(al., 2004
Sl b 5 addlas ol glaasl o o 5L
5 ol 2 ol 4 Ll ap i (aizee Lo
IS s G o b e Vb (65 sm el
22 1 plae Blat e b s (s T
C3laze sdms Sl 51 U slaenST ol
Srtsl Sopo a5 35S Ko oSl
3 ki gl By elasil (ol sl LS o bl
S Sy Sl D GV b (5l sl b
— o Sm) 3 mU 5,8 e sl ST Glac il

335 o0 4o Sl ik

Sl Fwlpw
s amin b Slaid b 5l dle
eloil a5y Ay ol 1T oKl Jle ol
Sl ks pd il 0l C|J>'=:_wl PGV [P VIV
S Ay el T ol e n sl
4S 3513 e plsl o, 238 o Slays 5 i

S0 35 g andlle pl 5 bl sLaS m)fc.a

AR

s (Sack, 2002) 555 o 5,5LS g slad she
s e oS 3 TNF-0 Il )5 caS ol 0l
Sl el G b ol ey 63, Shas sla 2l
5 Ol 5 KJ (Szaboles et al., 1996) 5 55 .
355 ias ped 48 Alesls QLS Yero JLu
5> Sl ml es b sy Lol e | 55
=B el an S Ohlas )3 om0 55,8
5 b5 .(Linke et al., 2005) Jas o 28l e
R4S A5 S asl S Y 0 Jlu s OhLlSes
SadnS| AT s W55 alS 5ok 51 slse
s el slaeas gLos slwdled 5 o
50 ST ezl 5 1l e sla i e
(Tofighi et al., 2015) &S o clobls Sl 3l
St dled slaw S aS conl esls OLiS Slid>s
e Ol s Sl (555 slos il
Sisl S S Pl cls 5 Bax 35 gl iy
Rl ST il s el 538 5 Y 5L
Spdn a0 5038 Sl i e 5 il
olass (Jls e s (Cesselli et al., 2001)
L BLsol o elinal o el S Sl 03 S ol
TRV VPV K VU Jp] PGSy FCONN P U |

L LslwlS 5 Bax (35m le Jolss Ol 6 e



SLugd oy w8 grg 5 o plie g (s5len late (55)g T adlllas

Xbe

Bayat, Gh., Hajizadeh, S., Javan, M., Safari, F., Goudarzvand, M., Shokri S., et al. (2012). Effect of
exercise and chronic administration of nandrolone decanoate on expression of rat heart
sarcolemmal ATP- sensitive potassium channels. Feyz, Journal of Kashan University of Medical
Sciences, 16(2): 102-111. [In Persian]

Bbunin, L. and Jaffe, A.S. (2005). Troponin: The biomarker of choice for the detection of cardiac
injury. Canadian Medical Association Journal, 173: 1191-1202.

Bersohn, M. and Scheuer, J. (1978). Effect of ischemia on the performance of hearts from physically
trained rats. American Journal of Physiology, 234(2): H215-218.

Bezzerides, V. and Rosenzweig, A. (2011). Saying yes to exercise and NO to cardiac injury.
Circulation Research, 108: 1414-1416.

Brown, D.A. and Moor, R.L. (2007). Perspectives in innate and acquired cardioprotection:
cardioprotection acquired through exercise. Journal of Applied Physiology, 103(5): 1894-1899.
Brown, D.A., Chicco, AJ., Jew, K.N., Johnson, M.S., Lynch, J.M., Watson, P.A., et al. (2005a).
Cardioprotection afforded by chronic exercise is mediated by the sarcolemmal, and not the
mitochondrial, isoform of the Karp channel in the rat. The Journal of Physiology, 569(Pt3): 913-

924.

Brown, D.A., Jew, K.N., Spaagana, G.C., Musch, T.l. and Moore, R.L. (2003). Exercise training
preserves coronary flow and reduces infarct size after ischemia-reperfusion in rat heart. Journal of
Applied Physiology, 95(6): 2510-2518.

Brown, D.A., Lynch, J.M., Armstrong, C.J., Caruso, N.M., Ehlers, L.B., Johnson, M.S., et al.
(2005b). Susceptibility of the heart to ischaemia—reperfusion injury and exercise-induced
cardioprotection are sexdependent. The Journal of Physiology, 564(Pt2): 619-630.

Cesselli, D., Jakoniuk, I., Barlucchi, L., Beltrami, A.P., Hintze, T.H., Nadal-Ginard, B., et al. (2001).
Oxidative stress—mediated cardiac cell death is a major determinant of ventricular dysfunction and
failure in dog dilated cardiomyopathy. Circulation Research, 89: 279-286.

Chicco, A.J., Johnson, M.S., Armstrong, C.J., Lynch, J.M., Gillenwater, C.P., Moore, R.L., et al.
(2007). Sex-specific and exercise-acquired cardioprotection is abolished by sarcolemmal Kartp
channel blockade in the rat heart. American Journal of Physiology-Heart Circulatory Physiology,
292(5): H2432-2437.

Dawson, E., George, K., Shave, R., Whyte, G. and Ball, D. (2003). Does the human heart fatigue
subsequent to prolonged exercise? Sports Medicine, 33: 365-380.

Doustar, Y. (2017). Effect of regular aerobic exercise on cardiac ischemia-reperfusion injury in the
rats. Journal of Comparative Pathobiology, In Press. [In Persian]

Ferdinandy, P., Schulz, R. and Baxter, G.F. (2007). Interaction of cardiovascular risk factors with
myocardial ischemia/reperfusion injury, preconditioning, and postconditioning. Pharmacological
Reviews, 59: 418-458.

Foadoddini, M., Amir-Abadi Zadeh, M. and Ghiravani, Z. (2014). Cardioprotective effects of
ranitidine against ischemiareperfusion injury in mice. Journal of Birjand University of Medical
Sciences, 20(4): 346-356. [In Persian]

Foadoddini, M., Esmailidehaj, M., Mehrani, H., Sadraei, S.H., Golmanesh, L., Wahhabaghai, H., et
al. (2011). Pretreatment with hyperoxia reduces in vivo infarct size and cell death by apoptosis
with an early and delayed phase of protection. European Journal of Cardio-Thoracic Surgery,
39(2): 233-240.

French, J.P., Quindry, J.C., Falk, D.J., Staib, J.L., Lee, Y., Wang, K.K., et al. (2006). Ischemia-
reperfusion-induced calpain activation and SERCA2a degradation are attenuated by exercise
training and calpain inhibition. American Journal of Physiology-Heart Circulatory Physiology,
290(1): H128-136.



WAl FY ol ) oyled VY 0y90 SSbjely (alleyy il

4

Gatta, L., Armani, A., lellamo, F., Consoli, C., Molinari, F., Caminiti, G., et al. (2012). Effects of a
short-term exercise training on serum factors involved in ventricular remodeling in chronic heart
failure patients. International Journal of Cardiology, 155(3): 409-413.

Gottlieb, R.A. (2003). Mitochondrial signaling in apoptosis: Mitochondrial daggers to the breaking
heart. Basic Research in Cardiology, 98: 242-249.

Gu, X., Wang, Z., Ye, Z,, Lei, J., Li, L., Su, D,, et al. (2014). Resveratrol, an activator of SIRT1,
upregulates AMPK and improves cardiac function in heart failure. Genetics and Molecular
Research, 13: 323-335.

Gupta, P., Kanwal, A., Putcha, U.K., Bulani, Y., Sojitra, B., Khatua, T.N., et al. (2013).
Cardioprotective effect of ritonavir, an antiviral drug, in isoproterenol induced myocardial
necrosis: a new therapeutic implication. Journal of Translational Medicine, 11: 80.

Ignarro, L.J., Balestrieri, M.L. and Napoli, C. (2007). Nutrition, physical activity, and cardiovascular
disease: an update. Cardiovascular Research, 73: 326-340.

Irwin, M.\W., Mak, S., Mann, D.L., Qu, R., Penninger, J.M. and Yan, A. (1999). Tissue expression
and immunolocalization of tumor necrosis factor-a in post infarction dysfunctional myocardium.
Circulation, 99(11): 1492-1498.

Jesse, E., Adams, I. and Uickie, A. (1998). Cardiac Biomarkers: Past, present and future. American
Journal of Critical Care, 7: 418-423.

Kevin, L.G., Novalija, E. and Stowe, D.F. (2005). Reactive oxygen species as mediators of cardiac
injury and protection: the relevance to anesthesia practice. Anesthesia and Analgesia, 101(5):
1275-1287.

Lee, I.M., Sesso, H. and Paffenbarger, R.S.Jr. (2000). Physical activity and coronary heart disease risk
in men: Does the duration of exercise episodes predict risk. Circulation, 102(9): 981-986.

Linke, A., Adams, V., Schulze, P.C., Erbs, S., Gielen, S., Fiehn, E., et al. (2005). Antioxidative
effects of exercise training in patients with chronic heart failure increase in radical scavenger
enzyme activity in skeletal muscle. Circulation, 111: 1763-1770.

Marefati, H., Aminizadeh, S., Najafipour, H., Dabiri, Sh. and Shahouzehi, B. (2016). The Effects of
Moderate-Intensity Interval Training on the Resistance to Induced Cardiac Ischemia in Adult Male
Rats. Qom University of Medical Science Journal, 10(4):1-9. [In Persian]

Moens, A.L., Chaeys, MJ., Timmermans, J.P. and Vrints, CJ. (2005): Myocardial
ischemia/reperfusion-injury, a clinical view on a complex pathophysiological process.
International Journal of Cardiology, 100: 179-190.

Mokni, M., Hamlaoui, S., Karkouch, I., Amri, M., Marzouki, L., Limam, F., et al. (2013).
Resveratrol provides cardioprotection after ischemia/reperfusion injury via modulation of
antioxidant enzyme activities. Iranian Journal of Pharmaceutical Research, 12(4): 867-875.

Neumayr, G., Pfister, R., Mitterbauer, G., Maurer, A., Gaenzer, H., Starm, W., et al. (2001). Effect of
the race across the alps in elite cyclists on plasma cardiac troponins | and T. American Journal of
Cardiology, 89: 484-486.

Ng, L.L., Loke, L.W., Davies, J.E., Geeranarar, S., Khunti, K., Stone, M.A., et al. (2005). Community
screening for left reticular systolic dysfunction using plasma and urinary natriuretic peptides.
Journal of the American College of Cardiology, 45: 1043-1050.

Owbeer, C.L., Seeberger, A., Gustafsson, S.A., Bouvier, F. and Hulting, J. (2007). Serum cardiac
troponin T, troponin I, plasma BNP and left ventricular mass index in professional football
players. Journal of Science and Medicine in Sport, 10(5): 291-296.

Powers, S.K., Demirel, H.A., Vincent, H.K., Coombes, J.S., Naito, H., Hamilton, K.L., et al. (1998).
Exercise training improves myocardial tolerance to in vivo ischemia-reperfusion in the rat.
American Journal of Physiology, 275(5 Pt 2): 1468-1477.

Powers, S.K., Quindry, J.C. and Kavazis, A.N. (2008). Exercise induced cardioprotection against
myocardial ischemia-reperfusion injury. Free Radical Biology and Medicine, 44(2): 193-201.



SLugd oy w8 grg 5 o plie g (s5len late (55)g T adlllas

Sack, M.N. (2002).Tumor necrosis factor-a in cardiovascular biology and the potential role for anti-
tumor necrosis factor-a therapy in heart disease. Pharmacology and Therapeutics, 94(1-2): 123-
135.

Sato, Y., Kita, T., Takatsu, Y. and Kimura, T. (2004). Biochemical markers of myocyte injury in heart
failure. Heart, 90: 1110-1113.

Sawyer, D.B., Siwik, D.A., Xiao, L., Pimentel, D.R., Singh, K. and Colucci, W.S. (2002). Role of
oxidative stress in myocardial hypertrophy and failure. Journal of Molecular and Cellular
Cardiology, 34: 379-388.

Siu, P.M., Bryner, R.W., Martyn, J.K. and Alway, S.E. (2004). Apoptotic adaptations from exercise
training in skeletal and cardiac muscles. Federation of American Societies for Experimental
Biology Journal, 18: 1150-1152.

Soozani, Sh., Nazarali, P., Hanachi, P. and Shemshaki, A. (2010). Evaluation of cardiac troponin and
creatine kinase in a long endurance training sessions in three female top athletes. Exercise
Physiology, 1(2): 38-44. [In Persian]

Szabolcs, M., Michler, R.E., Yang, X., Aji, W., Roy, D., Athan, E., et al. (1996). Apoptosis of cardiac
myocytes during cardiac allograft rejection: Relation to induction of nitric oxide synthase.
Circulation, 94: 1665-1673.

Thompson, W.R. (2010). American College of Sports Medicine. In: ACSM's Guidelines for Exercise
Testing and Prescription. 8th ed., Gordon, N.F. and Pescatello, L.S. editors. Philadelphia:
Lippincott, Williams & Wilkings, pp: 580-640.

Tofighi A., Ebrahimi Kalan, A. and Jamali Qarakhanlou, B. (2015). The effect of resveratrol
supplementation and aerobic training on cardiac tissue alteration of rats with acute myocardial
infarction. Iranian Journal of Physiology and Pharmacology, 1(4): 135-145. [In Persian]

Van Dijk, A., Krijnen, P.A., Vermond, R.A., Pron, K.A., Spreeuwenberg, M., Visser, F.C., et al.
(2009). Inhibition of type 2A secretory phospholipase A2 reduces death of cardiomyocytes in
acute myocardial infarction. Apoptosis, 14: 753-763.

e Zhou, B., Wu, L.J,, Li, L.H., Tashiro, S., Onodera, S., Uchiumi, F., et al. (2006). Silibinin protects
against isoproterenol-induced rat cardiac myocyte injury through mitochondrial pathway after up-
regulation of SIRT1. Journal of Pharmacological Sciences, 102: 387-395.

5Y



Veterinary Clinical Pathology, Vol.11, No 41, Spring 2017

Effect of regular aerobic exercise on serum levels of cTnl, TNF-a and
apoptosis in cardiac ischemia-reperfusion injury of the rats

Doustar, Y.

Associate Professor, Department of Pathobiology, Faculty of Veterinary Medicine, Tabriz
Branch, Islamic Azad University, Tabriz, Iran.

*Corresponding author’s email: vetdoustar@yahoo.com
(Received: 2017/1/9 Accepted: 2017/5/10)

Abstract

The process of restoring blood flow to ischemic heart muscle is antithetically capable of
inducing cardiac damage. Cardiac troponin I (cTnl) and tumor necrosis factor alpha (TNF-a) are
the important biochemical parameters of cardiac tissue damage. The aim of this study was to
evaluate the effects of short term and regular growing long term aerobic exercise on serum
levels of ¢cTnl and TNF-a in rats with Ischemia/Reperfusion (I/R) injury. For this purpose, forty
male Wistar rats were randomly divided into four equal groups including: control, I/R, I/R with
two weeks of aerobic exercise, and I/R with eight weeks of regular growing aerobic exercise
groups. Aerobic exercise was performed 5 times per week on treadmill at speed of 10-25m/min
for 10-30 minutes with the slope of 5 degrees. For induction of I/R injury, the left descending
coronary artery was clamped for 30 minutes, thereafter blood flow was restored for 2 hours.
Finally, after collection of blood samples from the retro-orbital plexus for cTnl and TNF-a
measurements, all animals were euthanized. Histologic sections were created for TUNEL staining
from the hearts. Regular growing long term aerobic exercise significantly (p<0.05) decreased the
cTnl and TNF-a serum levels, which were increased due to I/R injury. Microscopically, the
numbers of apoptotic cells were significantly (p<0.01) increased in I/R group compared to the
control group. Regular growing long term aerobic exercise significantly decreased the number of
apoptotic cells (p<0.05). The results showed regular growing long term aerobic exercise protects
the cardiac tissue of rats from I/R injury.
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