DOI: 10.22100/jkh.v11i1.1176
\VQOJL@J ¢\ cJme»lc\\ 693 4&)&)5&1:@

ng s Alio 358U Jleys silg Sleds 5 Ko e sl oKl

ol (5 Ul SR gk g oiliwtg 93T Lilizko (51 339 9 (oliiw (y3 303 (S 5 1
P SN0 B igo 30 )1 gao (gl HL1 31w

L P . Yoy . Yo . \
Slaads (b ¢ (HSB oo ¢ a8l Lo ydaze ¢ (g lelas] ST gae (0
s o9 el oKl -
edil = (b5)9 (392368 09,5 — Sl pole g Sl 0uSuiils =38 0 oSSl —¥
bl — (g5 gmgly 09,5 = (Subzy 0aSuisly — el (S5 pole olSitilhy -¥
bkl = g59) s 543 09,5 — S 3y a8l 39,0l (S 3 pole oKl —F
oolid = 5 ol 5 5y Sy 0,8 — bl pole 5 sl 21l Oyl olSutils 0
VWAFIVIVA 1o mds &0 ,6 AYAF/DITY :edl yo g ,b

RV

Sudo (Yol Spao o Jlr ol b ditn (Sgpe — ol (slocs)low 6K 0 (shiodge SIS 90 48 (p3))5 Codlad 5 Lol oo
g0 A g (Foldd Gy pod (S5 P ey So b Sl Jhaghy Cud (oglboli (il ST S Yo (slajgo )0 ohgt (Tl (slag)lo
el 48,5 g0 i e (slabse 40 3y g0 st lE ] ey b ()Ll S i o iliaoly 55T ()10

sostoldi G pod  PS (o) BT S 03,57 1 0 (Solai )5l (2,5 T o TD2 (g ) jlins Oy i (i (Sge e VO By, 5 g0
sty )0 os G A ol (2T STpp S oo 10 5 ) i) ileclyysil + i 5 (o pSheSTp S koo 18 5 )+ i) il 5T
b5 Eard Um0 s S oo gy 1 (rolit] ped 5 29y 4l lbo it ] lpo g, 50 0 (18- MOIKG) olimg ] (st oo
ooliz] pule 235" 555 5 o] -k 3ilon (550l T it 555008 SSb i 5 559 ] gy g S5y dol] i o
-+

09,5 b deglio )0 (g Sl g (jg ) o] Glie o cine ol el Guilinly, T (65, cilizia (glajgo g (rolitl G ped oS g b
b o ine Gl el Lol 9,50 bl (5555w i )0 S lstne et (e @ oliiol (p3y5 nped P/ )) 0SS
29 8585 ool Glie Jloine ialS el lgi 4 uilioly 5] (o9, cilizio (slojgs 0, S 09,5 b deglio o P/ 1) (gig
IS skSTp S o 18 g0 40 e Sigped 8b Glino ST I 55 09,5 5 lo0g)5 Gl o SME/ Ll P2/ 2 1) 0,57 iS5 09,57 L ol
P</ 2 )) oy o sies s )lo] Ll

il (ool o] sl s S 3 il il 5,0 Ciliho (sl 5 (raliieo] S poi a5 45 ol LS aalllae ol ol 06 puS el
g0 rall Sl Wi oo (25)0 Gloyo JUS 0 (ol (s ped jloolizal o Jl ol bl oo (lg 0 5,10 5 (e S 50 0y Bigne siS )l
00,5 pilicsly 53] o

i g il IS s oS e wesS el o pulilg o8] ‘L.?LQLB':"'"“ RS 1soals slaojlg
AFPYVYFARY fpled  AT-YYYYFALY 1000 (L0555 pole g (S Sauyd 09,5 —Sludl pole 5 Slool suSasls —adul oisls 1 Jghummo e..s.l....._g,f&

Email: shamsaeinabi@gmail.com

gy g elitul (yye (S Sl Slaad (gige SE Ldjueme Ll ST g plebel (o sus igleyl

oY (V)10

Yy



3L 5 e o3la

b gl S bl s 5T Calibes las 5o 5 geliiul o a3 (oS 5

B el 1o (gl 1o SISl bbb wpe Gl
s cws g ol gladie  plel (Sl
A) 38l ol (53,0l 51

Sl el sl sl bagls den aiile Wyl (Jls ol b
B cliblre nie ol Cligs Sy () il b
ol 1 03,5 155 | sl 5 Sy Ll 53 ol
5 s il b Ll 5 M Lylyd Sy @l o)
(Ve) ol 1035 5 S 3590 o 313 10 gl (YL (sljed B puno
Gy & oobpe Ml eolatwl duwy e a5 4 oplply
2 Gl San &S] g oogMe it gg)b loyd alie <l
Sub ) Yleosl sl e Jlew (S5 S 5 ilew d9m0
ol b olpl als o wilgie gy Bpas e elS
il eaS K8

Jols Vgane (ol S 51 gy Ohlow @l olond oloy
Sl 8 Syl cln ol plysa (855 ol el
SIS bl adllas S, 3 (V1Y) olfSen 5 (SudySile (1)
Ob JS8 gy diedge SIS Gl (o559 (nyed &5 X8
(Voo A) OhlSen 5 (595 (IV) 2bloo 3, gu0 oSyl 5| oy
0Bl el 3 g0 ugiS )l Sl am (8559 cnyes o5 W0l Gl
ol Slidos () 2980 A 5Sdas (2b3L 5 2, gm0 joym
algl )8 (ool 3 Jle L8 (Bgys podighl a5 wilosls
Slllas ool WS ik o3y clld L (B el
» NOS culld 5 by biys Colled s 50 a8 Wlodly L
2 (0F) Bbe Lili8l (Shear stress)  aivlwys jlid 4 Zwl
P SFr M adlie NO (g (popod ) (JsSlse o
15 ENOSINO iunps ol L5 sl JLbignil 3,Skes ulats
20k osess (Ul Sl i sl (B 5l (256 R3Sl
A aseie ENOS 166 clo oo 5 odlizl L Slse cola_iglo]]
b Gl oSl o gige 35 (Sl b
AW (elil clld ofpg (oB5)9 clld Sl > oS Lol
kaslind & dtuly e )b 51 ENOS (gilu 1 el bl oo
SYL cbale 4 e g oud (PISKIAKL) Akt—;LS —Y oo 5ol
(VoY) ohlen 5 bbb lie uiss G 5o .(V0) 20,5 0 NO
ol 5 ollys) g oslily)sl slagls oS5 & 8 )15
il Gk il a6 39,5 by ()lon 4o Sl 31 5 plaie (o555
o)lgwd (Hhw drg JB Bl el (yoh (95 sladideil (e
g selitel opyed wliie Sl @ dogl plple (V) 15 Sbyd
M5 Il 5 ENOS el 5 ol (il 5o clialsys (55
O r ol Ll alie Gl puomes 5 wluST Sy

)

doddio

Wl ) &S Cawl B dlae ol (659,50 Cunsy S (ol aSe
1m0 &) (old dlae sl g 559,58 el o Sl pas
2 V5 ot 5 B s > el (B 4o ()
GRIPEl 4 e & Cl Co pla Jgebs g (gt 3)Sles
(V) 398 (SN CaeS 5> Slodas MBI 5 oo g Spo e
s l 5l e (Cardiac remodeling) cdd adlas &y
2 Ol 5l lasgaze ol (Myocardial infarction) 5,0
() 250 oo o 3Skas inl & e 8 Cul o oy
sloiisly b ol alas g)libe IS5 i ol s I
Sl 4l (5wl 035 S5 Ly cud den el
3 e o b 3| st rien 5 (Infarcted zone)
n Bl Boye IS5 o 4 (Interstitial fibrosis)
(F) bso pylss 4 )il

cdlad oS canl sliwl gq,l G (Atorvastatin pslily el
(HMG-CoA) A w35 Lo Lo Y- uSyyn- a5
I, (3-Hydroxy-3-methyl glutaryl CoA reductase) ;Lsss,
s3ul,d a5 (Mevalonate) cliglge s w3l cpl A8 o o
oials WS o 3B 1) Conl g pdS faoge jd 008 dgae
JosielS catloyy 5 Sl Saliél 4y prte Jho S Jgyiuds
Joyuals’ (1ol 5 (LDL) JBs o5 xSy nged slaod S duoges
lagyly 5l eolanwl aS” Caol oad ey lis (D) dgui o Lawdly
i g 0)Shas p (gaiedgw Sl )l g el asle (bl
wily ol ibe 2S5 28 oS ae il JS
B bl le s nSin » boshel aSyl bl
DO oyd p bacpsliol e e I8l 1) sl sans SaS
Endothelial bl wlusl s
Gt I o s O W5 3 e G e |, (availability
Free ) olil claJonl, bwg ol as Jubps 5l o pnSin
P peels 4 e e lis aaled LS e cuga (radicals
85 ool Koo (ENO) Juligsl 5T St (g oy
@S gl B ole)b Tl idsl 2 1) ke
(F) 58 3k (o byl adlie hlo )3 (pizmen g 3) 500
OiblS 5> ¢ pwiliwl (glagyls as” wols L (Y+IY) o)) Ko 4 LLL
rl poogMe (V) B35 Jhaw (Bgye —( B sladlyg, jlas
ol iy 9> B 5 oylil & wmd e L s CleMbl
Sy wmpl MRNA s (V) S e cdable SiaSn]
ISl e ol 5 (BNOS) Jubisul sl LS

nitric oxide )



a0 )\.@{ N eyled VY oy

k_é..ﬂ).&.'.u’}v,ﬁ‘:‘d?u

5l 5 505 41iS bse e F 3l 3 S s wsiS il A ]
ssbas osile (Bl alimo (hge p YALCES )8 oy 3590 ]
(ol ¢ yo3 (N=F ccyed igh) J S Jolid 09,5 A &y (Bolas
Voo o N =) olinlgysl p)S ke B+ (yed (N=F)
ol oS e VO a3 (N=F) slulyygl £S5 Lo
osllsygl pS ke Ve (N=F) sl oS B (N=7)
e 45 803 o (1) linlgy] o5 e 10 5 (1)
PAS 09,5 A ggere )3 wb 09,5

5 Egpd (Sayed 5 9)l> e pgd 2y 5l sl YA
B>y po Vo ey by ol (yed el o gyed slaog)S
g Sy D) Eopd diin ) dud> B g jg) 53 Al Ve Sde
P> adp bl )3 &5 (gpgbar cdl Ll gyl uyed e
Joy 3 4B B g B p yie VP g b Mg B aybge
SSSop gk (4885 p yie Ve Cspu b (35 p )5 4dihy 0 Juld)
ol &S Gl ol astie Wbl Job a4 dtan ¥ seliiwl oy yed
(VORMAX) ipan o] fShin dumys 00 o (igyed o)
d9die oo (swgiS il alime Sl ige by (a5t 4 g coul
03> J)8 olSiwd (65, p 488> O Cde & aljg; oy, S plw L(VA)
Ll plool 1) 4y p e O oy b8y ol) asly 9 LA
o5l A e elo FA 5 gl alilie claog,S
Gl p S e V0 o Ve ) liee diljey catan ¥ uie 4y ) g0
ol Joy > Jgbme oyltinlgysl (MOIKG) o oijs pS kS
03,8 bl 5168 51 eolawl b g (STyed &yaway (Vo mI/KQ)
53,5 8Ly el Jlo i (liee cran dog S b (N JSU3)

(o558l 5l any 55 YA) (ped dude 3 ) any ol VE
b ulyd 3 g BA5 Shen (o p)89)lS ) eslitul b labge
2o Ve odloyd Bl )3 gt Jl a9 b Ll L8 Gaes
b pgots el any cels YF L0 00l 1,8 95LSd lsien,
sty 5 e 0 pgabst Slie bl 51 )3 5 A5 edly i
Gl 4 (oblie pgigSee oliws jl oslitul b 4l (slacs ol
ol gy S b 03l B PV (go) g A yagSee ¥
(H&E)  oujgl  —oebeSslan (g5elS5y 51 (6595
Sl 859 ymd <8l oy p cas> 9 (Hematoxylin - eosin staining)
(Masson’s trichrome staining) ygwle pg)S 5 (el S,
sSamg Sun 5| oolitol b Wadiges «(sppalcSs) 3l ymp A5 odlitl
)5 )5 sy 390 XF e (2S5 L Olympus ()5

Mol 52 Sipmd il g (659,55 sl olie 2L
oo )5 B gy )90 Allia jobas Cunfelgily 9 bawy

Y'Y

Lol gl LS jo eliwl e I eslitw] cunl Seo
4 Moo hlow 2 islae b (oS5 ©ppot) olinlygl
ool (Brae jod i wls g bl atdly 3890 ugs)lil
9 elil (pyed (S5 FIL L (Jb ol b s ials
il 5 (55955 cml lise 2 il (glojor b lisly il gl
sl 0 plodl (i (9SG 3) S gre (gl 1 (55900
(ol (pyed (S 5 Bl gy 3a85 ool plsl j Ban cnl
o Bl JS5 i oibilysl )b 590w
WS Cygo p e Sagbse 3 e (2285 ogS )l
Lol

o gy 9 dlge

VVVD (g L) Sy 315 &l 5 alme (hge yo VB Sl
sbod) oad 8 laes o 3jlubil glagudd ) 5 gylu S (p)S
oy, cel WY 4 g oy FO-0 Cugb, NV-VYOC
O | g 805 (6)eS5 die g OF & Sl3] g jrand L (SO0
aoliy SO ) asds bld 4 cole aian S g 59 el il
D alpme Gige posase Juedy ) » ol b gjlelid]
L jgy > 4ldd Ve Do g AdBS p yie £ Copu b Jlgte o)
@ bbge ()5 )bly Caa (V) K35 C8pb dapd jho cud
A5 oolitnl yel dee /0 e a4 (SOl S (g
Sad 7B 3855l Noes 090 b (B 4 B &S Lla yoge

sl pj GuF ) e (225 e Bl sbml ce
Ol 4 (Subcutaneous injection of isoprenaline) ,JG,, 5!
salob b Jlgie 59y 93 > ol Jloyi 3 Jolxe (Va+ Mg/kg)
ooy Jlo> (gl Jas 3 odle pl 5l ooldtwl b eolatwl caeliw ¥F
Conl (b a8 dbm] (gl Watgy ool 5l Se e hge
b plosl wsbly gadlae bl o)l ()5 9> sl (W 9 )
Sl @ pySde Voo 9 V00 Ve o3 dw &5 Cjgo cnl @
slagdge Ll Bl (gwp g 25 el G 0 PSS
Yoo 900 slajed 30 0) a0 wgiS,lal a5 b asuie ol pre
G5 59> conlple )8 Wl o g p)SokS il 4 p S e
VB ggemme Sl ad QLl (3 iy ) 5kS Gl @ p)S e VO
b caslio 6) 5k pas oy hge oo ¥olaad (loeo (9o puo
4 ige p £ A g Wad )8 BS l ded 55y 2 s
Golbe wble Bl oo hge g 50l Lolaisl b 0g,8
Uhge p PO Egetne 18 8Ly (Wlingpl 398 Jesll g
S o e o W alaws gy 03,8 bl yd (llyig il &S olyons
0 39) ¥ Bl ol (o plaiods e 505 5 g )5



O 5 (ke (sola

gﬁé)l:a-l.wﬁ.&ﬁjﬁb\})}TW&b)}b}éﬁb‘J,ﬁé}

5 $39055 ] slagasls jlae Gliol 5 (Sike O Joio
@l e ol ) ilise glaog)S > Gl cdl ) (5
595 9> > (V0 MO/KG) (lbygil (ol 5 32y55 & o plas
2 ) se weSHlal obyl cel cels V8 Aol L Jlge
3Rl S5y LAY JS) w08 Sty BlF 5 alpme sla e
S gladobe glis)) olie a5 0 lis gl — S glen
(Necrotic damage) (¢j9,S5 cuwl 5 (oK) 4l j> (clazun
o5 il el oxind Lt &S 3 b sl Wbyl ) b
(A=Y JS3) sl 5)S g1
09,5 2 55955 sl (liee 45 0 S s (903l
ol (2008 o) S 098 b dwalie ) elil oyl
b (228 og)S plo b awlie o Ll il (gl gine
L olyon (toliial (3005 oS5 o(P<e/e o)) 30y ()l
coly ibine ysbay olislyysl £S5 ke 10 5V B slajed

2 20,8 el 1) ol s 4l do)d e ©yg0 pliS 2
sebds LayMul ao)d Ve i pMel zls 51 lsebl s 55 LU

M L ezt o5 IE'
5
—_—

| | .

[—>

M3t ey 55 58

eelin i azia B

v

<

GBS I g ik - U
duglio &gl @l b g S B wyp 390 b ol

LT ela sy, 5 SPSS lsdley 5l oslimel b ooy zuls s
) oy gaw b s g ajes (blawl § huog
P9 b 3l 31 Gy (bl daw 53 9 jlre Sl ol 5 (il
0995) 31 B9 pranl — B9 S5l ygal 5l eslitl L leedls g5
4 i o90jl 5 (ANOVA) @bSy (uilyly 36T ()Ll
s )3 P<e/ed bog)S oy OS] (63 sine prbaws 45 o3litul

2B Bl 3 (G909 (55955 Cuml SBLAELS Hlre Blpail 5 (ke - Jgua

Ao (sog 5

Siapd Bl oy 59555 ol Loy 095
- - (w3) 36 S8

YoIAY £ VD VAT £/ s

Yo £/
ARV 2 2==RYN
Noe £V/-¥
Ya/vh £ </AA
APIAZE=RYARY
VelFE £
AYY £/

a/o- % +/o¥ otialyy sl p 5 e
¥ EY/F8 olinlgygsl o5 duo Ve
Mo+ £ \/¥Y olislyygsl o3 duo VO
Yo & Y/VA stelinl oy ye5
a/ss £ - /o) oxbnlg, gl p )5 oo B+ (prj05
Velde £ JAY oxbnlg, gl p )5 oo Vo + (ppje8
AE)NYE obnlg, gl p )5 oo VO + (pr 505

Yo 4

Yo 4

Con 5-Atr 10-Atr 15-Atr Exe Exe+5 Exe+10 Exe+15

Clisce o) ;5 Cdli 3 (659 el 203 (18Sleo =T l900

Yo

CA1
Con 5-Atr 10-Atr 15-Atr Exe Exe+5 Exe+10 Exe+15

o (slag,S )3 B Al 43 (559555 Gl 23 Sl Y foges



\r«b )L«&\ a)Ls..il&\\ )92

Ls.u).\.';}y:.;l.sd?u

Ve 098 0 659,55 el lie Bl el (g )b e psbay
PGk Vo H Gl 098 b dlie o olisly,gl 5 L
elbog,S o by dulie ;5 Lol el ol iine sglis 5ty sl
Gy b LSl )3 (P<e/oV) 39 jdy o3 sine ysbas (220
O 09)5 3 38 padld (pl o O Gl @l (gjgymd il
29y (275 SlogS 3 g JyHS 0g)5 L dwglie > alitl
P Gjepmd b Cowg (P<o/ee)) cal wlibl gl pxe
09,5 9 JFS 09,5 L dusllio )3 (9> + (pyed) (oS5 (sloog)S
2 AP<elen) edl ialS (g e greliul (o yel
Bl plie o5 b LS @l ;R0 b (S5 sleg)S dulie
b osllysl oSl V0 9 Ve + el sloog)S 50 Gigmd
cpl ol Ll sl gl e ] (o )le] bl S0,
bl Blod I olily, gl o) e B+ (ya5 09)5 b oogS
P cshe Vo 90 (slaog,S Colis cizmen (Pe/e o)) 391 4l e
bl 395 Jlo e (5598 <8l i 55 5l ¢ les 4 plisly gl
S0 sz oyl p)S e 10 09,5 L laog,S cyl M
(P<-1-23)

Vo MGIKY (e & llnpgil il G5 2ol Gedod
Bl > (chad (559,55 caml bl el Jlgie gy 93
O3y S 9 A8 (jg Bl (izmen ) gl slabee
S 09)5 b dglie 3 owgiS )l slaog)S 53 b (jy 4 8
Jbsa (B8 Gbadole (Byppme omadplis (ed) O3
sl 38 gra oS i

oliiol cpyed oS o b Ui Gios pl @l (S sk
ol line dguty > i ¥ Sde a4 pslinlgy gl (col> CBrme g
93 9 npeS J) 5% (ol dlae (giepmd SOl Lo 5 559y
2 4 litl (255y9 (oS wiin ¥ Jl opl bl ol &
S Gpas (IS b S canl gl nai el
ohols el J5S 098 b aumlie ) a2 51 ks 4 olisly, ]
e bl (p 5o VD 59 )3 efghr) 13 (539,55 ol i
2 ol e gojlul a4 oS og)b Gloyd slrog) S o ialS
Sl ol poegde g8 (99 + (nped) S laog)S
Cang 5 686 S ke Vo g0 (slajd > e & slilyyg]
9 (Sholil (pyed &ty o iy plply (B (559 ymd L
G el ) gyt (ol Al o loj sl (o)l
o581 51 g 8 8L Cllaly JS s a8 5] 55l
L35 1,8 oolasiwl Dyg0 (S 5 Dygody &S ABL Al 5,8 gue

g

P A L (ol - S gled (53l 155 Suogi —Y UK
8955 :C o) pIlw 92LS B IMI 1 amy 9, ¥ :A andlho 350 sboog,S
Yo+ op g i opilianls yoiT 058 oo Vo iE £ Roliiuw] oy yod D £ S
10 H {omiliwly il 005 o V0 + (i ped G {opilinly gl 0,8 dne
055 oo 020 1Ll y95T 0,5 oo O + (3 yo3 A £y ianly 95T 0,5 e
loiS ) 3) wad oo Ui 1) (559,55 GOl ol Gl i liusly g1

(Xi’

b

Pl Bl ol gy 5 SmelRy SIS ,Segi Y U
8955 :1C {(pd) Il 92l B M 51 say 59, ¥ 1A Laddlhae 3590 (glaog )5
Yo+ oayed tF opilinlyyeil 0,5 dao Vo iE ¢ galiiw! oy ped D £ 58
10 :H toiliwlgysil 0,5 dae V0 + oy yoi 16 fopilinly ol 0,5
035 o 0 3 S lianly 95T 05 Juo 0+ (2 po 1l £l 95T 0,5 o
b)) W3 LS 1) (G598 COL sl (S S ity 95

(xg»
205 09)5 9 JyHS 09,5 b dumliio )3 (65955 comel lne stnlS
VO 5 Ve ) sbaien 3l oalitwl fpiores (P<+/+ V) WS coldin!
ol i osine (ials el ol 4 plislsygl £S5 e
0355 elilol (npe3 09)5 g JHHS 09)5 L dwalie 13 (559,
b i s (aK b o558 slaeg,S awglie jd (P<+/++))
dlie ) oplily )l o5 o V0 09,5 13 (55955 ool (30 &5
Pl 8 0 5 (P<el-\) otislyygl o5 ke Vo 095
(P<-/-1) lilgysl )5 o Vo 09,5 b auglio 1> (yliuly gl

%



3L 5 e o3la

b gl S bl s 5T Calibes las 5o 5 geliiul o a3 (oS 5

dbawly 4 rolitol oyed 09)S (slagingesl & 2l sy Jlazs]
ool oy olEl e b o ol Rl
Culld e 3 LYyl @b einen 5 lingl
e (o35 SISl Coleg 3 g lodd gy )Lad Joodie (555
cely Sl JS0l, 3y g (mSsmn oy 50 ollngnl 5 (el
@ (pped 09)5 (alro lagbye B CL > (it cul Sbx]
L oolpen oloy anlyp 4 cpslinlg,gl (go)ls (2958 (Jls ol b
2 sl ol > (lalasMo LB (o300 cge ¢ ol (205
5 b ) sl 0 oot il ol elaise LB il
P Siomd ol ohgt ol (gm0 Gl Sl @ a2gl
Ol sl 0392 (oS 5 glaog)S I jST (29l Glep> slvog S
Gl S5 laogS > cul i g 3l i Ol
g ) dasy e s 4 a8 ol Cans el oy ped Aube <l ]
s oyl gl S50 b 1 sl 03,5 oy oysibialgysil gold
S9:8 3 £S5 e V0 593 3 oliulgsil (gl ol 151 (S
2 izl ol bl cal o3 syt Sl Gl (659,55 ol
A Oile 4 Cunl 0dgy (gSian ©jg0 p)5 (o Ve 9 8 (slajgd
pSGke V59 e p)Ske B 390 0 il il
I St @l o caml 350 350 50 (Jb o0l bl 03,
@ g I Copo ax oslislygl ol je0 4 s ol
YL slojen 5 o sl S Sle & sl (S 5 00,
48,5 1,8 gl 0yge 50 aLbdS Cladoy ;0 gadee (pl (sl jing
LY 5 ¥V ) cl
JoyualS” ials pogMe sl (slag,ld a8 Cawl odis oaly lis
Sll cpl S Bgye 3 Sdas p lod s all Glyls LDL
ol s 0,8 (Endothelin-1) V- bonl jials foli
(Sympathetic nervous system) Soluow (uac i Cullad
Ll olyisd boslinl cal 58] Jbé claaiss ials
o mpl cllad Gl el g WS o oo (Fgye (slaorind
{Endothelial nitric oxide synthase) (ENOS) Jubsul jliw bS]
Sodee Jubigul 3 )Slas Sy a9 ST Sy Mg
gl Jlas! cels bogyls ol 4 sl 00 03l (L5 ysizzan ()
oot & dxssi ) 6Kty 5 aly ) e M 0 ol s
S sl oad o3l i ¢ Sk 1Y) B350 5598 Ol
{(Shear stress)  ailoyd lis islisl gl 5l b5y cullad
S (NO) LT S5 555 255 0 48] St 455 il sl

(_5.99)3— wslﬁo d&l{ u.CL &S Cul L595 )L.wu ‘_5.99); [ RW-% &Lu.u‘

Yy

o b & (GBiyg cryed Sl 3)90 5> adS ClidoS gl
5\ AY) e Sl & g sbody sl ablize 5,8 gm0 yosS Lol
e (Y0 5 YF) ol o5 @lgl g (V=YY 5 1Y) b (g, (Y
Il (Sl 3dod ol bt cunl 00l (B (0 el
Sl S5 o g ol 4 elitel (23555 (wyed )b 0L
o ol b el 30 sm agSil J y 8 2dly ogllact
ostislgy gl (gols b olyen tolital (objy cnped o n
Gpao b duslie pd sl 48,3 51,8 odlaiw] 3yg0 (uS 7 & ygu0dy
ol Olie 50 Sy (5 ol D & lilgygT syl
b byl 5> 3ai cpl gl ol 023)5 (i9pmd 8L g (559,
L 3,0 (gl 5l dm (2le 4 (el (o559 (32 p05 5
s 1% (Sp b bl oy Slgen 398 Cliios (S
b e ol @l Slpen pae SV 51 (S )8 Sloen
sl ool bey 5 @l 5l il Vi) wiS Cliies
w5 lbby, Wil Llolss 45l 0id U35 sl 300
I om 8y cdlld Gglate Sl e 5> Cunl (e il
Sl (gl 3z opl 5 (YY) Wil awsly 58 3 )8 gm0 ueiS,lal
2 ool 0l ool (gl (gl 05 B2)55 jl 3 gee g )0
S35 olosd Sl gy J S lais 81 5 s
ol 005 03lizol (LAD) G 3 — ool
AL o (o3 Sl @ g0t Uil 5l 86 gS
Gl &S Canl oads 00> L Cawl 5948 0y 0S| o ygu0y
woSal Sl o (05edm)) (Reperfusion) g obye i
Reactive ) (5mS] Jbd sbaisS alg Gl cel cdge
S g b uSgue pl o0 ilidl (Oxygen Species
as” Wlodly oyl wlddod oyl y 0gMe L(YF) 295 o0 (b8 (slo Jolus
s sile Gl 4 gl 3 V5SS i b
(Hypoxia)  wSsws o (Hypoglycemia)  owalSson ¢ ob)s
el (5559 ol ot 5 & iz (TV) Can¥l o
M gl g oh > GieS] Gpas plp Ve BV Rl
SAVA) 3355 o b aler I caliste (slacdl s ol51 cla 0,
§ o5l cudloy alS 5 B clld Jas pae b
rzpe (V) Conl (8 @S | ey Ghiloss 000 <ol sla S
Mo 231 1> (5555 Clled acund ol (Boye s ndpeludl ol
o ol OBl e Gl (B~ slaglen 4
Cad )b (il b cul (See (Bgje s pdielus] GRalS )
B9y Cooglie (il el g Al olen Gl cnl 3 (23559
ol cnlnla (Y1) 935 gy (23559 laedld e > (ot



a0 )\.@{ N eyled VY oy

k_é..ﬂ).&.'.u’}v,ﬁ‘:‘d?u

early exercise training intervention were associated with autonomic
improvement in infarcted rats: role in functional capacity and
mortality. Eur Heart J 2011:32:904-12.

3. Chen CY, Hsu HC, Lee BC, Lin HJ, Chen YH, Huang HC, et al.
Exercise training improves cardiac function in infarcted rabbits:
involvement of autophagic function and fatty acid utilization. Eur J
Heart Fail 2010;12:323-30.

4. Sun Y. Myocardial repair/remodelling following infarction: roles of
local factors. Cardiovasc Res 2009;81:482-90.

5. Llevadot J, Asahara T. Efecto de las estatinas en la induccion de
angiogénesis y vasculogénesis. Revista Espafiola de Cardiologia
2002;55:838-44.

6. Landmesser U, Engberding N, Bahlmann FH, Schaefer A, Wiencke
A, Heineke A, et al. Statin-induced improvement of endothelial
progenitor cell mobilization, myocardial neovascularization, left
ventricular function, and survival after experimental myocardial
infarction requires endothelial nitric oxide synthase. Circulation
2004;110:1933-9.

7. Toyama K, Sugiyama S, Oka H, Iwasaki Y, Sumida H, Tanaka T, et
al. Combination treatment of rosuvastatin or atorvastatin, with
regular exercise improves arterial wall stiffness in patients with
coronary artery disease. PloS One 2012;7:e41369.

8. Qiu R, Cai A, Dong Y, Zhou Y, Yu D, Huang Y, et al. SDF-lalpha
upregulation by atorvastatin in rats with acute myocardial infarction
via nitric oxide production confers anti-inflammatory and anti-
apoptotic effects. J Biomed Sci 2012;19:99.

9. Golomb BA, Evans MA. Statin adverse effects. Am J Cardiovasc
Drugs 2008;8:373-418.

10. Doustar Y, Mohajeri D. The anti-apoptotic effects of atorvastatin in
isoproterenol induced experimental heart failure. Zahedan Journal of
Research in Medical Sciences 2011;13:13-9.

11. Jain M, Liao R, Ngoy S, Whittaker P, Apstein CS, Eberli FR.
Angiotensin 1l receptor blockade attenuates the deleterious effects of
exercise training on post-MI ventricular remodelling in rats.
Cardiovascular Research 2000;46:66-72.

12. Haykowsky M, Scott J, Esch B, Schopflocher D, Myers J, Paterson
I, et al. A meta-analysis of the effects of exercise training on left
ventricular remodeling following myocardial infarction: start early
and go longer for greatest exercise benefits on remodeling. Trials
2011;12:92.

13. Xu X, Wan W, Ji L, Lao S, Powers AS, Zhao W, et al. Exercise
training combined with angiotensin Il receptor blockade limits post-
infarct ventricular remodelling in rats. Cardiovasc Res 2008;78:523-
32.

14. Calvert JW. Cardioprotective effects of nitrite during exercise.
Cardiovascular Research 2011;89:499-506.

15. Lenk K, Uhlemann M, Schuler G, Adams V. Role of endothelial
progenitor cells in the beneficial effects of physical exercise on
atherosclerosis and coronary artery disease. J Appl Physiol
2011;111:321-8.

16. Galvao TF, Matos KC, Brum PC, Negrdo CE, Luz PLd, Chagas
ACP. Cardioprotection conferred by exercise training is blunted by
blockade of the opioid system. Clinics 2011;66:151-7.

17. Shukla SK, Sharma SB, Singh UR. B-Adrenoreceptor agonist
isoproterenol alters oxidative status, inflammatory signaling, injury
markers and apoptotic cell death in myocardium of rats. Indian J Clin
Biochem 2015:30:27-34.

18. Xu X, Zhao W, Lao S, Wilson BS, Erikson JM, Zhang JQ. Effects
of exercise and L-arginine on ventricular remodeling and oxidative
stress. Med Sci Sports Exerc 2010;42:346-54.

19. Orenstein TL, Parker TG, Butany JW, Goodman JM, Dawood F,
Wen WH, et al. Favorable left ventricular remodeling following large
myocardial infarction by exercise training. Effect on ventricular
morphology and gene expression. J Clin Inves 1995;96:858-66.

YA

S8 syl 3 1y g 29S8 4 0 Gl I
G IA) S oo cladlre )00 (oSl I A (s jls L
il mas ey (NO) 1,luS1 S 2 g5 il33l o sl s
(Stromal cell-derived factor-1a. chemokine) SDF-la. y.S'aeS
1o Ol wes ) wBus liblbee gl Gy & 98
(Prosurvival) & i J(Anti-apoptotic effect) ;00!
slodobe x5 b dae Bl IS8 s JhalS
() sl 3,8 00 ogS )l 51 gy A 8L 53 JUgail jlo ey
bl (lag)ls oS 5 a5 0,8 (1S (VT oo 5 Lol
JBe » oefngd gobw GRlPl cel laie o35y cdld
Sl s HDL & ol o0 Lasedio (V) 390 (HDL)
(Anti-thrombotic effect) (gjowsy o 5 Sodlis ¢ Slas] ol
» Sy Ban S s ] ok il cud (Ses g
&S &5 oy o 54 (Il (1) A3 d2g 3)00 (B oLl
Sl S el linly, gl o)l o (el (o355 05 ]
e 5 + 0 S 5 liog,S 3 il 5 o
2 ol ol Qo 4 olital (03 09,5 g (lisggil 09,8
g9 > Geldtnl (pyed o SISl &S )8 ool e ons
2B 4 el Jb ol bcwl 0 5o ouliulysl g
slajgd g (olitnl (pped S5 &S W3S el pSb Buiod
AL lojes Ay 8 2li plen olilg)sl go)l> Sl
33 ol (939m0 liwe ;300 Oylie 4 3,55 Bl 1) 3945 o Juols
by ol @ oslly)gl (o)l SYL (slajes o olaog,S
S Cusl 03 (2lmog ) 53 (90 (liee Sl Sl Sl K39 038
03,5 €8l S5 Oygods (llyygl Foml lajed 5 yed
S loy aulyp a4 eliul Cpyed 3,5 a8Lsl ¢oplplo LXdg
5 08§ f5e Sl el (i (1l 0 a2 ST g)b oy
20,5 g )y (Bpan 590 LiblS el Sl oi Lol ail ol 4 gyl
(selil o yod POl & sy o Yoty (35 ool @l 4 gl

9 5 ot b Awlie 3 olislysl (gols Bras L elyen
38 gm0 oSl 1 L el liwe HialS @Bl ©jgod
oy LS 3 telitel oy yed ) edlil (b ol b sl 55

V- L}“"mlg I) 9)].) ‘_5_9)4.0.0 )’9.) ul)m J)‘yw ‘_5.3.9)‘3

References

1. Zaafan MA, Zaki HF, El-Brairy Al, Kenawy SA. Protective effects
of atorvastatin and quercetin on isoprenaline-induced myocardial
infarction in rats. Bulletin of Faculty of Pharmacy, Cairo University.
2013;51:35-41.

2. Jorge L, Rodrigues B, Rosa KT, Malfitano C, Loureiro TCA,
Medeiros A, et al. Cardiac and peripheral adjustments induced by



3L 5 e o3la

b gl S bl s 5T Calibes las 5o 5 geliiul o a3 (oS 5

20. Serra AJ, Santos MH, Bocalini DS, Ant6nio EL, Levy RF, Santos
AA, et al. Exercise training inhibits inflammatory cytokines and
more than prevents myocardial dysfunction in rats with sustained p-
adrenergic hyperactivity. J Physiol 2010;588:2431-42.

21. Batista DF, Gongalves AF, Rafacho BP, Santos PP, Minicucci MF,
Azevedo PS, et al. Delayed rather than early exercise training
attenuates ventricular remodeling after myocardial infarction. Int J
Cardiol 2013;170:e3-4.

22. Wan W, Powers AS, Li J, Ji L, Erikson JM, Zhang JQ. Effect of
post-myocardial infarction exercise training on the renin-angiotensin-
aldosterone system and cardiac function. Am J Med Sci
2007;334:265-73.

23. de Waard MC, van der Velden J, Bito V, Ozdemir S, Biesmans L,
Boontje NM, et al. Early exercise training normalizes myofilament
function and attenuates left ventricular pump dysfunction in mice
with a large myocardial infarction. Circulation Research
2007;100:1079-88.

24. Gaudron P, Hu K, Schamberger R, Budin M, Walter B, Ertl G.
Effect of endurance training early or late after coronary artery
occlusion on left ventricular remodeling, hemodynamics, and
survival in rats with chronic transmural myocardial infarction.
Circulation 1994;89:402-12.

25. Jugdutt BI, Michorowski BL, Kappagoda CT. Exercise training
after anterior Q wave myocardial infarction: importance of regional
left ventricular function and topography. J Am Coll Cardiol
1988;12:362-72.

Y4

26. Chiong M, Wang Z, Pedrozo Z, Cao D, Troncoso R, Ibacache M, et
al. Cardiomyocyte death: mechanisms and translational implications.
Cell Death Dis 2011;2:e244.

27. Zouhal H, Jacob C, Delamarche P, Gratas-Delamarche A.
Catecholamines and the effects of exercise, training and gender.
Sports Med 2008;38:401-23.

28. Husain K, Hazelrigg SR. Oxidative injury due to chronic nitric
oxide synthase inhibition in rat: effect of regular exercise on the
heart. Biochim Biophys Acta 2002;1587:75-82.

29. Guazzi M, Tumminello G, Reina G, Vicenzi M, Guazzi MD.
Atorvastatin therapy improves exercise oxygen uptake kinetics in
post-myocardial infarction patients. Eur J Clin Invest 2007;37:454-
62.

30. Parker BA, Capizzi JA, Augeri AL, Grimaldi AS, White CM,
Thompson PD. Atorvastatin increases exercise leg blood flow in
healthy adults. Atherosclerosis 2011;219:768-73.

31. Tanaka K, Honda M, Takabatake T. Anti apoptotic effect of
atorvastatin, a 3 hydroxy 3 methylglutaryl coenzyme a reductase
inhibitor, on cardiac myocytes through protein kinase ¢ activation.
Clin Exp Pharmacol Physiol 2004;31:360-4.

32. Zhou R, Xu Q, Zheng P, Yan L, Zheng J, Dai G. Cardioprotective
effect of fluvastatin on isoproterenol-induced myocardial infarction
in rat. Eur J Pharmacol 2008;586:244-50.

33. Miura S-i, Saku K. Effects of statin and lipoprotein metabolism in
heart failure. J Cardiol 2010;55:287-90.



DOI: 10.22100/jkh.v11i1.1176
Journal of Knowledge & Health 2016; Vol 11, No 1 o ]
Shahroud University of Medical Sciences Original Article

The Combined Effect of Endurance Training and Various Doses of
Atorvastatin on Cardiac Remodeling after Myocardial Infarction in Male

Rats
Hadi Abdi (M.Sc.)', Akbar Azamian Jazi (Ph.D.)’, Mohammad Reza Hafezi (Ph.D.)’, Mehdi Khaksari
(Ph.D.)*, Nabi Shamsaei (Ph.D.)>"
1- Dept. of Physical Education & Sports Sciences, Payam-e Noor University, Tehran, Iran.
2- Dept. of Physical Education & Sports Sciences, School of Literature and Human Sciences, Shahrekord University,
Chaharmahal and Bakhtiari, Iran.
3- Dept. of Pathobiology, School of Medicine, llam University of Medical Sciences, llam, Iran.
4- School of Medicine, Shahroud University of Medical Sciences, Shahroud, Iran.
5- Dept. of Physical Education & Sports Sciences, School of Literature and Humanities, llam University, llam, Iran.

Received: 18 August 2015, Accepted: 10 October 2015
Abstract:

Introduction: Statins and exercise have beneficial effects in preventing cardiovascular diseases. However, prolonged use
of statins particularly at high doses has unpleasant side effects. This study aimed to investigate the combined effect of
endurance training and three doses of Atorvastatin on cardiac remodeling after myocardial infarction in male rats.
Methods: 75 male wistar rats (weighing 210-250g) were randomly divided to 9 groups. Sham, control, endurance training,
Atorvastatin (5, 10 and 15 mg/kg), and exercise plus Atorvastatin (5, 10 and 15 mg/kg): Myocardial infarction was induced
by subcutaneous injection of isoprenaline (150 mg/kg) in two consecutive days. Drug and training intervention was
initiated 2 days after infarction and continued for 4 weeks. In order to assess the necrosis lesion and fibrosis tissue,
hematoxylin & eosin and masson trichrome staining were used respectively.

Results: The combination of endurance training and various doses of Atorvastatin significantly reduced the amount of
necrosis and fibrosis tissue compared with the control group (P<0.01). Endurance exercise training alone did not cause
significant changes in the extent of necrosis damage, but significantly increased fibrosis tissue compared with the control
group (P<0.001). Various doses of Atorvastatin alone significantly reduced necrosis damage (P<0.001), but the difference
between these groups and the control group in terms of fibrous tissue was statistically significant only at dose of 15 mg/kg
(P<0.001).

Conclusion: The results of this study showed that the combination of training and various doses of Atorvastatin are more
effective in improving of tissue damage caused by myocardial infarction than exercise and Atorvastatin alone. However,
the use of endurance training with medical therapy can not reduce the dose of Atorvastatin.
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