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! Cardiovascular disease

2 Blood pressure

3 Blood lipids

4 Oxidative stress

> Inflammation

6 Atherosclerosis

7 Cellular senescence

8 High-density lipoprotein

° Matrix metalloproteinases

! Myostatin 0

VP F Ol ¥ oslad VY 095 /i pumr (K3 r,l:. olKisls alxo

YAAA


https://journal.jmu.ac.ir/article-1-848-fa.html

[ Downloaded from journal .jmu.ac.ir on 2026-06-13 ]

S o Slagise 15 ol Slagasli o5 9 Sla g2e3 b /0L 5 Sgd) Sloa

D3l Al B olyme slagise

5 R,

Dy Sla Jao jleslar wl g )50 g5l axllles oyl
Ve BA o ile L @l 5 alime ge po VY 2l
Sy silopye gl oS YAL BY - 59 (ke g oo
OB Nex 3yl wl o8 inlejl jo bl (a5 ags dp e
(YYEY Oyl dnjd 5 (SO0 ol dsy el w VY 43 )
S| SllasMe adS ialesl Jolye allS (3 b0 ()l
ol g3 b ) e )y alKilejl Sllge b I L alal, 4
N 665 2 51l o (BT Bluws Cule o ol
w5) b Sllge 23,5 Clial (6y9,—2 8 b9y 9 o
BAYD pl S p) B Ses alKiylejl 5 bl lis
B /A0 oS AFIO G ¥ 1 JON G YD oy Y10
SNNO cpid oo l0O G [0 S LIV B /50 ya b )
S g L INO 6 g S IVY g5 et IVY isste
39350l w yiwd & yguo 4 Syl O (MYlkg VY b \S/5
b )b slazin <SG y90 G (b 5l e o(V)) W3 adss
s & Blad b 4y alme glaise 0l lojl e
(e A 09)5 ) lo (nyed 5 (S5 (ped ] 5SS 09)5

W plool dian Cuia Cide 4y g diid ) gy gy Sl ped
Cllsd a9 Sl Cud )l a9 (05 295 2
N an oy iy e 0538 G g (gjlon b b ()9
VWIS P L PRS0 v

SR (r i SS9
ol Wiile paii e il 4 (o yiwd pis &y ds gl
Ce oo i 9, | e(dlS S Jelow g & jos
Cad 5 oy o 0dliiw] b yhge dipiig sy (15Nl (puand
b Jolas L5 45) o s 13 035 )5 4> 0 1 (g oS
(g QBB pog—ase Jrod 5 59y » 485> )3 yio Ciin
b o903l ol i plosl (S 50 b osialj (3509 (1903
Ao 4B du jo (glil Ay g 0D £ b BB (D o Vo Caspu
2B 50 Sllgs a7 Sl B 13,5 03938 o] ey g0
09,5 2 ashge dindey Cu por (pSleo (g ALBLS (290 4
doliys A o bro pyed aobp Sl (gl (gilan Sl pos

2 Resistance exercises

5T s a3

Y)
iy g9 3] dxne &S Jlad Jelge 5l ()l (le
b oS Sy (S5 Sow tid Sge o5 ot o
Olgs 4 58] 0gde paside S clld ol gl
ol o a3l (Sgpe B s codlw o ol Jole
oM a9 LB wled b Sy cullad g plate (555 ¢ S
9 JB ol 4 (Bgpe (ol slagslon Hlas g 00
oS Wy i cse Yo adlles pais sl ladye
Je aen I 36 pe g Sy ialS b Sa culld il
bugio job & 1) (SUj 4 Al Canl Sen g ol Lo po
O Mol s ialS L ooud 4 o g5l amy il
Jodlygiod (B) Cunl laye (iS5 (Bgye (A slasslow
iy yed g (AT) silsp iy yod (AHA) 5 501 B yar]
e ol il ol polie gl a1y RTY iagli
aS ol s op,S }AB‘L’& K AS o duoy Bi)g
Cuslolyon (Bgpe (B Lo (gl Gl lon )3 d00me (5 s

%)
Olges 05 ol gdaw 2 8y sime 45U (gl b teglio
215 s adllas ilie 13.(V) 3,18 5 elaybge B alias 5
P lagise » pitige 0 ol 45 2b G s
s o B i 10 G «leglie (a8 CoS b
b gme yob 4y ol S 0g)S L dunlie )3 (3L L oS)
OSed g (g9, (£)50u7 dslllae doldl 55 L (A) sl diBly yialS
CJL » u..{l)z.o dL"’u:’V ;> MMP-2 o) ol &S by ul“““’
Jee35 59y g 9 Wb oyed ladaly ot oSl
bl (4) ol ialsdl S 09,5 b duglio ,5 i S |3
&9135 RS dad Cuia 45 ULMJ O])K.o.b 9 ‘_5)‘5] adlhs
TIMP-2 5 oo (&l381 g MMP-2 5l (ialS' b 0
SoS a5 ol 2350 walats 4 (b sla yhge Gl B
ausly i bd Sharegsd )5 deuy 53 Cuwl Sae g 03,8
059509 350 335 Slapusille dacdyiy 3929 L () +) A3k
2 obge o WTIMP aMMP sl Jskos (oo )56
SISl (S0 Glp Db i pimgh 4 L B
55 9 il Dl pes Sl dunlie 4yl 305
(MSTN 5 TIMP-2 MMP-2) 5 codls (glajadls 5

I Aerobic exercises

VP F Ol ¥ oslad VY 095 /i pumr (K3 r,l:. olKisls alxo


https://journal.jmu.ac.ir/article-1-848-fa.html

[ Downloaded from journal .jmu.ac.ir on 2026-06-13 ]

S o Slagise 15 ol Slagasli o5 9 Sla g2e3 b /0L 5 Sgd) Sloa

(V) 15 ued o hge 3 Slal i) 9o 5 LS g i
o3litul b (CRPJ'C (aSly (3 n (soyw o (503
o9y 4 5 ol osil ok €8 b cs L eSS
¥ odlis | 390 CoS’ s b > 05 plol (g e P g9
Jlost g0 13 39290 CRP (b9 cyl 53 92 i )3 )5 (e
bl o oS5 wShoS SLuil CRP ws (ol 5T L
b oSdaS cpl JeSi5 5l Jo b 938" (e o w193
Tolew ot 0 pudi e dlaly g0 > CRP clale
5 (MDAP51 g3l (SODY e S yyo o
Joallygiod b allas 55 (TACY JS a1l b o
Uhay 3l 0l b g ) oD g5 8,5 elmcS

(V0) céydy plosl (g yragidg Sl

WU Y g oyl duds cpyal 5l celw YA 5l
bdiges plod o oy yed @l 3l Bl jglaie 4y) ol il cel
oS 3 Mo 315 555 bl 5 ol LS Lyl cow
WA (ot (0 MYIKG) (15 5 (P MOIKQ) (yealiS
Ol b g (i Jlainyge <8l egjlslin I (e doliM,
29 Jite mlo (15955 ) Co o & s D 0303 gl
b oS0l ] plosl Hlo b ol Bl w4 3 —Ar slo
o1 @)V Jodn 5 o3t 3y0 yasly gsSI 0 (o eSS
23 (oS 4 (O AliSes laplue 9 L Ful ol
cpasuie Gl ol S o sl (Sen dS jd Cawl pusio o
Cos S il & b 3 e (Sl atgr cdl Ky
S 9 bk slr Y loj e 28 )13 (oo Lol jlut 3
Sagle 4 2,2 (S ] o & prdisns sty 5 (03
Colyiolond Sl g lgn bles 5 jlideS Ol jes oS
S Jb i S5 LB (celw YF Sl ) obsS
SFSYsb sl (55950 0090 4 SSlmiar g )L Sl ped
Eojly 3 Saris ol ol s jls (celow VY L)
gl o STy (S ool bk Sloj
(009 )b 4 il (Slaptn s 9 L F b ) 95le )
(V)

S)ls 535 S | 51 osli | B by 5l 55 Lo Y-
S5 RNA Jg3ls Joloee 1 osliinl b (s 00 09559500
500 5 CDNA & .05 (gl Lalls g 2l 5 | b ok

5 Malondialdehyde
¢ Total antioxidant capacity
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! Maximum Carrying Load Test

2 Failure

3 C-reactive protein
4 Superoxide dismutase
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Abstract

Introduction: Assessment of cardiovascular disease-related biomarkers such as matrix metalloproteinases
(MMPs) and their tissue inhibitors (TIMPs) my help predict the onset of these diseases. The present study
aimed to evaluate and compare the effects of aerobic and combined (aerobic and resistance) training on
specific cardiac health indicators in adult male Wistar rats.

Materials and Methods: A total of 24 adult male Wistar rats (18-20 months old, 300-380 g, obtained from
Razi Serum Institute, Mashhad) were randomly divided into three groups: combined training, aerobic
training, and control (n=8 each). The combined training group performed aerobic exercise (treadmill running
at 40-60% of maximum speed, 60 minutes) and resistance exercise (climbing a rodent-specific ladder at 40-
60% of one-repetition maximum, 45 minutes) on alternate days, five days a week for eight weeksAt 48 hours
following the final training session, cardiac tissue samples were obtained, and the gene expression of
myostatin, MMP-2, and TIMP-2 was measured using Real-Time PCR. Data were analyzed by one-way
ANOVA and Tukey’s post hoc test at a significance level of p<0.05.

Results: A significant decrease in myostatin and MMP-2 expression was observed in both exercise groups
compared to the control group (p<0.01). MMP-2 reduction was also significantly greater in the combined
group than in the aerobic group (p<0.01). TIMP-2 expression increased significantly in both exercise groups
compared to the control (p<0.01), with a more pronounced increase in the combined group relative to the
aerobic group (p<0.01).

Conclusion: The findings indicate that combined training has a greater impact than aerobic training in
improving cardiac health markers. However, more extensive studies are needed for definitive conclusions.

Keywords: Combined training; Aerobic exercises; MMP-2; TIMP-2; MSTN
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