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Abstract

Background: Regular aerobic exercise training is one of the most effective methods for the

prevention of cardiovascular disease in the patiens with type 2 diabetes. The purpose of this Keywords

study was to compare the effects of continuous and High intensity Interval training (HIIT) on Continuous training,
the gene expression of TIMP-2 and MMP-2 genes in diabetic rats. L .

Methods: This is an experimental study. For this purpose, 21 male diabetic rats were divided High intensity Interval

into 3 groups of 7; Continuous Aerobic Exercise (CT), High intensity Interval training

(HIIT) and Control (C). Diabetes was induced in a pellet with a high-fat diet (30% fat and T (L1

25% fructose) for 16 weeks. After the last exercise and recovery session, the subjects were MMP-2,
sacrificed and their left ventricle was extracted. Glucose oxidase was used to measure
glucose in plasma using ELISA method to measure insulin levels and HOMA-IR method TIMP-2,

was used to measure insulin resistance index. PCR-Real time was used to determine the
expression of TIMP-2 and MMP-2 genes and comparison of the groups by one-way
ANOVA and LSD post hoc test to determine the difference between groups at alpha level of
5%.

Results: The results showed that gene expression of MMP-2 in both groups of CT (p=0.01)
and HIIT (p=0.001) showed a significant decrease compared to the control group. The
TIMP-2 gene expression in both CT (p=0.03) and HIIT (p=0.001) groups was significantly
higher than the control group. Weight in the groups did not show any significant changes
compared to the control group. Glucose and insulin in the training groups showed a
significant difference compared to the control group, and the HIIT did not show a significant
difference between the two groups in terms of continuation training group.

Conclusion: It can be concluded 8 weeks of HIIT training with a greater effect on reducing
the expression of MMP-2 gene and modifying the expression of TIMP-2 gene in
myocardium in a poorly regulated diabetic rats and possibly reducing the risk of diabetic
cardiomyopathy.

Insulin resistance

Received: 13/07/2019

Accepted: 30/11/2019
Conflicts of interest: None

Funding: None

Cite this article as:
Akbari N, Peeri M, Azarbayjani MA, Delfan M. Comparison of the effect of 8 weeks of continuous and high
intensity interval training on the gene expression of TIMP-2 and MMP-2 in male diabetic rats. Razi J Med Sci.
2019;26(10):107-116.

*This work is published under CC BY-NC-SA 3.0 licence.

108


http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://rjms.iums.ac.ir/
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
https://rjms.iums.ac.ir/article-1-5702-fa.html

http://rjms.iums.ac.ir

WA 65 Ve ojled Y9 0,53 15jl) 1Sijs ogle alan

oFope iy

a““ﬂ crmm ey
f ‘
)i ‘

g Al | A

[ Downloaded from rjms.iums.ac.ir on 2025-10-23 ]

3O Seymd bas lis oS Wb oo I3 TIMP-2 o
el ol plid sty wls L(V)) el CB il
ol 5ST SYL Qi aliwg 4 55l50 plaie
5 Sl (5155 .OVY) a8 o obul (6 5YL I8
S Rl 9 0g (oegl 3l o ped 4 Bl
MMP-2 2alS el 5 al oo Lialzél (NO) syl
Wl 29l i () 09— oo TIMP-2 i oy
L 6,55 o olssS slgzlad Lalts a5 (HIIT)
b b ol il b g ain 358 « ain )15 o>
S 0y90 Somle ol sl plfin ol ol o
Sy OS5 055 Ol 5l e 9 35S0 Sl
30 gty Jdo a2l o LO0Y) Wb oo L8l
Sg-ise e 9y (Jyelid 0Ll e Sl 09>
3o el 0als 5158 paaz pl ;0. (VF)
AL iz e s bioe 9IS Sas Eosl ggin
o3 99 0 Ll el iy Dad y glite Dl o5
sloam ! Gl b g ol o 5 gl
= St |y A8 0, Sdas 5 LS b0 S e
Lo sl ,qiS i Sl 050 0 .(VO) aizy
AF) )13 S92y (pandi 5 25 Slategh (o8 59
S LSen 5 Sle S Lo gs oS (gl aslllas o (VY
Opod 4z VY ols i gules ol bl (YY)
Gl s e o, el czrse el
S3leb b 5 Sy e sl 5L
5 aalllas o 45 s 45 (V%) asys,8 AMPK
ol ez ge (eglde (el ain VY (]S
Loss 5 (V)1 oh5e g s Lol (1Y) oy MMP-2
s e A wisls ylid 0g5 dsllae o )] )Sen 4
L .08 OA) ai MMP-2 olie als el ojlsn

Sys— ) 9= (5l (s Sl yed Sl
oS sl oged il aslie g sgae (b ()l
Sl e sloasliny (b 5o o5l 5 i
A Ol y s s a S gy 5 ulos ol
o=l b Bl 65,0 Sl (go win Slsiegs S
Sl o5 clises sla g, U e bLs,I >
4 je=e ¥ogss cabo jo B alas jo,0d 9 b))

AN 63 )t osled Y8 0y55 15il) 1aBa ji ogle alan

L So,lidy sl Jawe solbos Glogego,lS
il ez Gkl 5eS (Bose slaislen
sla o ;o Seaivnn Ol 5l g cado alws
eslse alox 31.00) 59— oo ol Slgw> 5 il
ol oY g ame LSCis 8 S oaisS sl
Advance (AGE)c AlLy

g9— o=l 3l 33595 (V) Glication end products
4o yomie Coles )0 g 009 (6,85 LS w9 ooy
I Jos o Pt Lo a4 8 eld b gals
a4 Comwls Q] JLss as (V) ao)fsa Jyaslo g
5955 lanl o e d8 ey ol 5 g Sley e
pops Ay 0 gy Cas s Ay (Y WS oo NN

sladolw ;0 55,8 o @ canS @ 4 Slulo

lad, in o

o3l polie (0) 095 oo (bled Cammges (olin
il b i 3 Vb G5 G el SIS aidly
Olye am bslasio n gllie 5, cnl 51 (7) 0gd o0 3
OS5k )3 Sedef law 5l 51 559,00 ool
oden GBS B L 5 s 25 oS5l
(MMP-2) La ;Lo g elie oyl 51 .(V) 0isS oo Ly
A LsY5 4 o« el Sege Metolo proteinase 2
5 S=)sl9 8 SLaS e Lo 5wl oo B9 e
Eeloud endaid o lao lize SS5elel
Lié pas S > SdiSew slaJoSUse s5loJlud
oo g b pdsee Sazme adgi 9 nled, arly
cobs hlew ;0 MMP-2 ol zshauws 2ol
(ﬂ c/\) Gl 003 cnal_io )3}5_..119);] 9 Y 59_’
oolgil s 51 (TIMP) 5Ly oo 28l 00ylosl
SEOiS e sl 51 2 s slSs S
Ologme 45 (5 5k a4 L(V+) 09, o0 )leds 4 MMPS
Tissue (TIMP-2) #gla s Jol x5 g putlod oais

uwolS >4 inhibitors of metoloproteinase 2

a2 oo plid waled .(VY) 058 0 MMP-2 5 Lo
MMP-2 s comdS ,ule JJo 4 0bo o8l o

http://rjms.iums.ac.ir


https://rjms.iums.ac.ir/article-1-5702-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-10-23 ]

4SS Lo i ol sl ol 5l s (VO
3 9 Sl g 0)90 Job yo 1) dgudl b (yleys
D G (ige p d aghy sl
0l S oguds dy Cubo sl 5l sz 03 by
O3 =V @B Y ey S Y 4 olad IS e ige
o3l (§5le o yed =Y (HHT) YL o b o9l

Ceypwlbaads Ve BY oo ay ain K b Jogs)l
L._wTulf..\_:Po)_:jJ_..Aé)Jl)Méf)M Ve B F
il S o dile (S5l (g5 (b)) sl e
dlne 9 (Bpae (ieaST ST 0o 4 o ey 5o
59,658 oaialid (5031 5l oaliiul by (53 yod Doy (yeens
95 ;2 )0 4 i b L o, S Jle sy
b gwlidlaads b e Fojlade 4y g LSS aads
Oegd 4 ol Ceps 0 YL b T 51 gy aigay ol
09,5 30y oilw Ld] atan G 5l ow (YY) asls
=l 0g2 oy yad 4ol dan A Soo 4y ol
e s yoi daliy gl 5l B aalllas (ol jo ai8,S
g 3lso g M (29l (Su e sl JSSg 0
Sl A5 3 il S iy e b Ll
Dol g ol pley glradlse 4 (g5l plasa )
UL_wL?bal_)l_uLeﬁjd_waOS)jjb)ddj_au
HIT JS.:”.' KW Lg)'l...u Qw (RS px> (gove
Ao Ve Cad L (0,5 0y g 0,5 4o O Jolis
Lo (el 29l g (430 1 e B) i Sy
30 (B o 5o VY) dion e o0 A Dol
(A8 p o VF) dicion Sy duo,0 U0 (ol aian
FSS3a ey ol ol e aas (LG U pgo atan
ISR J IR E WA E ] P L WA PP S PR Iow]
Sams b gl L aw, 48y e YA @ aiis
29,V L Jol azan o YU Suds b gl slaws
L ool aio 55 ),V L pow g 5o sloaian
Dol 90, L gl loy . 0g )15 T piie atan

http://rjms.iums.ac.ir

VYo

QI)K;@9L§)§| 185

@d@u&ﬁw‘w\ oS ) ‘:9?
O et JU T 5 G yed sl 5 D (o
odiSTy g dguaze 310, bbo 8 o Sles g ,lisle
@ TIMP-2 Cs 5 o pod 30 y0 a5 Sl 51, ol
§ DAl ¢ oyl £ alex 5l alize Jolge MMP-2
‘(Y~)¢J)lo¢Jl>'o)¢f)aQMWﬁJ,QTQM
Silo2 (o yed Sl amlio (ogas )0 pol> adllae 13
Mﬁdlw/\oﬁosbww ‘ngwjgos‘dﬁ
oo 4 M 5 sla oge ;0 MMP-2 4, TIMP2-

SLIETT
ol o ol - (=8 g9l ol asllas
L0 ow 5 @lme (hgo po VE gy plonil
Olabon dwwbo 5l o, S VA L5 VFe 59 an
Ol Sy pode olfasls olfiole;l 4 g 4 (55,
YO LYY loo jo Lesl (6 lag5s g wsas ools Jlal
I g, 00 L FD cosb, ol 5 le dz o
[_3 uaa.;a:u LgL:e u,u.ﬁ..é)d s\Y\Y‘si»)L:— LS’L"'”')S)
4o Sl o il 613 5 ol @ aloly] o yiws
B ol Sole, b Jolyo plas 3 oy 50
e | SGgy al ) 2 Biole sl Ol LS
bMWéﬂ)_’ ‘nﬁlc olKislo Sgan Y++%
IRSBMU.RETECH.REC.) s __=>lo s &>l

A bl g cugas (1395.883
Lk V) e YT oo o l.‘bu»yo ol <Ll 0450
T8 aiad a0 3s5 595598 Gol> g oz p slie
Job jo g wiad o adw o laslinl ey b o ol
e 4l o o (2l 0y b (e peT )0
clw sl 6], ol jo I a i wu s
YO0 &jgo (nom oz el o S LS -
7 eSS Ve ot el jogn 0 S LS
P RS YO 5 oS ads (0,5 ol 5l Jol> s
Ao ol 00 B o sl el S 4 4 59uS9,9
Lol e 08 im0 Y egs cobo sl aul jglais
(=5 ,98 cle) 01-mini ARKRAY ;oS oS L
9 9=b s Soslil e (hge po 5l 9> (s S g b g
il e g e S Vo Sl i 5SS glan
48,5 i o Vegd cbs sl amasin lse

A 63 )t oslad Y8 0y55 15l 1pBaisji ogle alan


http://rjms.iums.ac.ir/
https://rjms.iums.ac.ir/article-1-5702-fa.html

b ssge MMP-2 4 TIMP-2 (gla 5 oy o yes g9 90 5]

yobs aslllan 3)90 (sl s pmalpy Jlv =Y Jgua

Gene Primer F

Primer R

MMP-2 AAGGACAAGTGGTCCGAGTAAAG AGCCATATTTGCCGTCCTTCTC

TIMP-2 GCAAGATGCACATTACCCTCTG

CAGCGTGTGATCTTGCACTC

Sl Gl S -A 5 0 0 Ol e Gl
29, 3l MMP-2 g TIMP-2 (5 (L (fomw Cg
4 GAPDH ;I 4 Premix Extaqit L Realtime-PCR
Sl 65 ojlasil g w8 eolaitul ]S 5 (lye
oL 0551 o s b gl Ojg0 @ 03 nl ol
<L giagene)Mir nasy mini Kit 50 S alcwg
gl el @l - 0 sl Joall jgss 3ok 5 (L]
g ol sazis il o) s O+ 50 RNA
CsS oijls 25,5 Jaall )i Bl g 00,5 3900
w51 L g gl al o151 RNA Jy o
o ,55 slo el g DNA & Sl 4553 o 5IDNasel
Y Lo abges 3l plas 3l acs o5l RNA oS
CDNA ai) gl i sl MRNA 6,55 S
axlllae 8,50 slacyy (S5 Ole (o Hlade .ol colail
olasl La )] —olas! sla,aly S5 L s o
Slym oS YA L YFe odo Cos 0l 5,05
gz - 09m ¥ VA oash gl sl sla aiges ales
59539550 (g, 5l ead 2l )5l RNACLAS (o)
CDNA iowiw 5l 8 .o oolwl as,0 V38T 5
oo gzl il dbges ;0 DNASs S 5l olwebsl (sl y
oL dhermos scientific) DNAs treatment
transe criptor .S L CDNA jiiw .o sl (LT
oL Jdoch) first strand cDNAsinthesis kit

OSSO g )5 Al B jlog O)le (segls sjlee
Folh oogo dads i Sy, ao, o Ve b
aS (a8 p e 1) Jol dian 10 diiin Cd s Jo o
A S s oy 0 DAb b yaugs dado VY @
BRI B SN U VIR VORGP N L2-T-J F PR
S5 0l game po 09 aids e 10 5] aie
dgmp akBo Ve 5T &l 53 0 (caglS (lg (oS
o S Al 90 e il g5, (V) (V Jga)
7S Db 5 65 o3l b hge dniien Sa
gz Do ol ;0 (VY Vo) o 5 s o]l
220D 58 S e, 8 (eSS byl ol
Hlgi 69y pdnd> 12 0 Al B VO U Ve e 4y alan
Lo oygd dad )3 MBS (0 )13 S > 2 Ol
o by ) opr p adss plies b hge (S
Adged
bl a3l s gy Sl e Gloni
Gy dhewy 4 b Gige T 5l Gy 63505 5 s
mMg/Kg) =315 5 (A-mM/KY) (ol Slao 9,0
Sl s j5b 4 (S93 diged WD Shgem (V0
5ol L Lomadly (g5lslaz 5 g pslaez o (hge
Lagdo ¥ Sow 4 o Sl 4> 0 V0 sles jo 05
S8l o - 0l plol 4B 0 590 YO0 Cepw
Sezmie =V (59505 50 9 gl il alolBdl o Gl

Slaanm A a)pu.b l (CT) L;c’l.,\i" HIT a5)§ Ry 4oy -y «J9"‘?’

HIIT

A \4 5 A ¥ Y Y \
Y ¥ Y Y ¥ Y Y Y

YSOOYY/o oYY/ YY WA A \& VY

). A A A 5 5 5 [

ya \rg \rg Yy ve v A VO

CcT
v\ A \& W Y. A 5
N \\i N2 Wy Y. Ve a

0SSl wian
duds ya 5D gls i dlaws
(m/min Wb cus b ogls
(M/min sl ©d b gl

(ml/min WO2max 4 ;i) oo 55 i s oo

(MiN) g po8 olej
(m/min) ce

[ Downloaded from rjms.iums.ac.ir on 2025-10-23 ]

A Sy do )0 Po b 0090 A0 £y Al Sy o0 Ve b 0,8 0 g 0,5 4a B0 O 5l og Olis saglad (g5ler 1 ped dal
gy Sl 58 LS L oy e aan Ll s dniin G 2oy £ Sl b aug0 4B B0 VY a4 aS (adds 5 e 1) Jol alae jo

Sy B T 0,5 Sy 5 085 0 plal 4y 5T ik 39 45 (g 3lym e US olej ggeme 5 S kB 2 5o VO 5T e o

\RR

WAA 65\ oyl Y 0,95 15jl) iyTusjs ogle alan http://rjms.iums.ac.ir



http://rjms.iums.ac.ir/
https://rjms.iums.ac.ir/article-1-5702-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-10-23 ]

o dpmslos Y¥ a5 SPSS (g Lol 1531 a5 51 ooliciud

sty

Y Jgaz 50 Helgdl puoldie 9 3555 ¢y Sl yis
o o3 late Ol s el oal ooy s
s oline (g lel Blod ) (a3 dtin Cotn 8IS
095 95,8 ) eyl 5 359l polie ol ss Ll
09,5 4 L HIT (5505 5 (55l90 (o9l (0 03
Sg o Lo J 8

HIT ¢y 05,5 50 MMP-2 55 Ly &l i
4o JrS 5 CT 05 g9 & Cnd ) g lobine a8
ol polie ols plas P=+/+V) 5 (p=+/+)) o5 5
P=+/-Y) CT (05 09,5 95 ,» ;0 35 TIMP-2 55
Gl S 05, 4 S (=< [+ 1) HIIT,
)LQJa’l Q‘BJ e uaL..a‘ Q_g‘| » ol QL...J 1) Lg)|.>L;_r_,c
HIIT (3 ogmas am g (ol g9 90 0 Sl
ez o alae 0 05 ol ke o o5V 5L
Hlojlasl ¥ Jaaz oyl colo an M slo g0
C1SFE) TIMP-2 5 ol Sialdl o 1, HIIT o8
Qs o olas

(S oS AR 9 ey
Sl oy ain A Sl anslie 4 jol> adllla
MMP-2 4y TIMP-2 cos ) 3yl 9liS 5 smgls
Vs cabs 4 i 15 sle (g B il o

QI)K“'°9L5)f5‘ XY

Real asl o alosl oS Losll s b (Lol
Rotrogene 6000, o wo a—wgatime PCR
= aabp plecs 5 alsel Lall el ( corbet”
(S ,Lails >l ampligon) SYBER Green olul
54285 V0 osan ol 5 il a0 50 L
Sde dn o, 5 cile a0 A0 L as > Fealslddl
Laglfe Sawaols soloasofe gailbi N0
ol (Gl 05 ot S5 25Lo) ot ook sl
3laeaST S90S by an Lamadly 5905 romins o
5 odsmadl olie 625 031l 5 (ga3l oy 25 5)
oo L (bLS L Crystal chem) 191 s,
D0, ey pmldl Y il g /00 s
L HOMA-IR (g, 4 gl 4y Caoglie (amLs
(V) ad 655 o5l nj Joe 8
HOMA-IR (Ll ye Jomsl) = [HU/ML Lisl
(S ol mmol/L )] /22.5
sbe 05 ol il =5 i)l el 5 4320
change polio oV "AAct Jgo,8 lowgi lai o,
oolatul b Lo ools 23365 3091 Loy .o dwls Fold
WS ot - 0 aseie Shgg gl (5051 5]
5 (ANOVA One way) 33! g 29,5 09,0
Oy S s gl Tuckey s RYYS1M
bl s L Lo do acom . o ool 29,5
& s—ire s ;o A axx i Graph pad prism
Lo=/0 o B=/) 58,5 a5 0 b aiges e 9 P</0

Laog)S' S8 & 1) gl 9 3915 polie 1 jg st -V Jgu

oS (52095 (sheliial 095 HIT e
\INES N YAYLYY FYTLYD (#5) o339
ARY=S VAQEF . % FuerFotry (5 ool p S o) 3515
08/ +EYA/A 281V s Ao XY/ ¥ O gl
okl 3kl Gl 5 Sile JSC5 &) dlacl
Ry (2 09)5 Ay Cannd (5 olime Al
csialil 05,8 4 Cami (5 Iolins ailis ¥
TIMP-2 5 ok Gial3dl o 1y HIT oy pe5 31 ojlil =€ Jgas
Olupe ggome Oy dlald oSle ol 4y & hlize paw bl o s
Glayyo
Y TSN Y VA/YOV \Y/OSA of+N Naki
s Yo/fe0 0 ird

ARA

http://rjims.iums.ac.ir

A 63 )t oslad Y8 0y55 15l 1pBaisji ogle alan


http://rjms.iums.ac.ir/
https://rjms.iums.ac.ir/article-1-5702-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-10-23 ]

b ssge MMP-2 4 TIMP-2 (gla 5 oy o yes g9 90 5]

One-way ANOVA data

1.59

-
o
|

mRNA MMP2/GAPDH
ratio chage fold
e
(3]
|

0.0-

*$

1
ControlCT HIIT

groups

Amd oo LS 09,5 duyd SS& & |y GAPDH & MMP-2 5 o coms =Y JSUS
sl (+]+0) (s loline gaw ;3 CTog)S b s Lo cuglis il ($) 5 J S 09,5 b jholias coglis ailits (%)

One-way ANOVA data

8-

(3

mRNA TIMP2/GAPDH
ratio chage fold
T

o

ControlCT HIIT

groups

Amd o Ui 09,5 dw > S5 4 |y GAPDH & TIMP-2 15 oo s =Y JSW0

Iy 059 LalS s wuald o9l g Jawgo ul b
P95l ® oz ge ;S 5 e e AT e )0
590 o 5logd oo ol 1 3L g 8l g (DA
) o3 09,5 98 sloline (339 a5 pae (ly Wl
WP 1O il (0l Lo 4o 3 43L>|)‘T 3 pao
4 )L—wo u‘)Ldo.u 0 0‘5—“‘: YLa u? a8 O")‘?‘c
died Edl ol 5SS o STy Lo 4 oo
ey o b alae Joln o Comngae AL

WAA 65\ oyl Y 0,95 15jl) iyTusjs ogle alan

O S 0 ool Cawsd 4y glo sl b pcsly
Sial38l HIT oy a5 05,5 55 MMP-2 4y TIMP-2
b oaalive oaghts (53lga G yed 4 Comd (5
09)5 93,8 ;3 53585 5 udgudl polie pizen
O3 03,5 53 ;0 )0 (439 ke a8l (LalS oy el
Sloos 5 i 13 5ea pie olsiz wld aile B ot
s by ggi 1) J7uS 09,5 4 Cand (g 05
29T 03 Eg8 90 el Coale a5 1> oly s

http://rims.iums.ac.ir



http://rjms.iums.ac.ir/
https://rjms.iums.ac.ir/article-1-5702-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-10-23 ]

Cpmed aam Vool lis gl —andllas 5l ool Cuwss
Voeg cubs 4 Mie slo (hge 595 2 (0l sjlee
(Mir-133) 133 o, RNA 4 S codled iol38l L
Or—lebly 3w Jlsd 5 Job—w g5 0
Slge 0SS Piemd ey |y (55454l (Rapamycin)
&0l oy o (ALP) 1, il Sl o 5YT g (AST)
oS ) 055 Sl 5 JorindS (o e e
L anlin jo auad o5l o ped J31L(YY) 020 o0
adog o ot L3k Jods 4 slsn (sagls (n oS
FedS Brae o aS cnl 5,8 Gus olisS sl
Ol )0 eeas o il ST L g wuS o ol lugs
s ol 43 0 o alS B 2B 10, 5 5
Cobo A M ol 8l Cddjo b (5 )le g o
¥ o) amel ol aoals b o iee (59,
a2 oo SualS |y MMP-2 oglas (g5lsn oy yod aian
@l Gh9e 695 2 OLler 5 (ab Lawgs &5 Stagh
plosl ooy azd)5 )18 0y ol @, Cod oS
L ooglass (55l o ped aiin Vo ol o Lyl 0
09,3 93, ;0 |, MMP-2  jlo_as lasgin g o5 Oods
asllas 0 a S 0 .(V9) ols yralS po 4y 4

) S8 AS ale se 55y p 0lSen 5 &
ol yod 4y aiilos J1)8 aian YV Gow 4y 2 olie
el ol MMP-2 Jlae seglie @y ped aian VY
il oo ol ol a sl mls L as . (V0)
Gl asan £ 0,50 SO aiily bl K g olSq0lS
sbe (hgep bwgio Dab b (soglss (s5l9a (p o3
ols LS 1, MMP-2 2y 4485 b e & Sk
OA) il gyl mxe Gl TIMP-2 aSCJl> o
Ll ccdled alag G ais S laae o)) San 5 oY
Lo Ghoe oo (039 5l o) O lade 4y (sl 39 Joo

WS ad Sloul MMP-2 =l jo (g5l xe Sglas
o=l aS (YF) il el S TIMP-2 Lo a0
cle sl gnon ol aslllas gl 4Bl L b
Olallas pla g asdlas ool 5l Jol> mls o (a8l
= =S Slaseesd, 5 el 236 Lakal) o
§ DAl g pod aLBe sl 09l jo Dglay 4y Wilgs

http://rjms.iums.ac.ir

OI)K;&:,L;)S\ 185

slid 7yl S yile g 09 o0 yiion 432 (hlie )
Sl Olyosd ol j0 a5 Wb go Rl sl
5 el b g o] gLl el Jslow s 1o
olads o cpl 10 (0) 068 oo 8 oLl codled
ol J=do Sg— oo odalive b8 Joiuw 0,55 0
zobw Galidl 0 Se SIS Lo, ply sloLadl
S g bags 0ad Jlad (st slo S
Jboslaud, (PKC) C LS x5, (MAPK)
O il 00 ylae (PIBK) Y LS Joi 59
ATP i Gl 15wl oo G20l gamlidlisg il
il 5o MMP-2 Lal3 8l Crgo o] by 4 Conn
S8as g LSl Zobs jo Gull (nl p 0ed o0 Jobo
Lo asli p plol 4y 039 50l (A V) 00 5 o JBwe I3
9=t 3 Fge (sl ogd plsie 4y plite o pad Al
azg oL Je b ol e bz gla ol b
Cesl ool 00 Glgie e (ol 50 (1Y) 25 e
O3 Ol Glidl g wyiws 5o gl 0ni S (g5l e
50,5 g0 JLab ol o Sl5 Jul> slo gy
3l il Loy b g pod 5 s (VY0 Y)
[SSSPRTON WL WP [V OUR NN, P BN L VU
555 3L oS 1> ez ge 45 csl (CAMCHII)
Jlss alae o Jslo sLié mhw 4y (GLUT-4)
15 @5l ol T ¥ 51 AYSNY) sy oo
15 CAMP) Jlaie 5YL gjlasil ol Jds a4y oy
Tl ;0 5By i (2alS L aS Gl ATP Llie
) el8 2l (5w g 59,8 (Sl lo Jslo slis
e 00l lge 1o ol 51L(VY) v o rals
A LYL g lhwgie Sud 90 ;0 b (seglas (55l90
5=59,5 00S o Slgo 5 5 (GemneST YL
= colail 5, ol 5leo, S o | pwdgilin
e adaiie gl (VYY) oS s sl 65V
Loz ohye Ghamed slo Joho la J5Sg09,S L
boe 2l YU 5 lawgie s s tolictal (a3
a5l 5l e YL Gl 95 Bk 51O
ol o 4 1) SlouST T sla oo 31 Lalidl ol ol
ALl o ba (g ga—dland (1) 300
OSly g5 d9hios wge (nped I (AL (e
e o8 L ) g a p Cge 4y (5 iy
s @l () s cliblre iyloST cla o]

A 63 )t oslad Y8 0y55 15l 1pBaisji ogle alan


http://rjms.iums.ac.ir/
https://rjms.iums.ac.ir/article-1-5702-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-10-23 ]

> slagise MMP-2 g TIMP-2 sla)j ol  o2ye3 €95 95 5]

7. Signorelli SS, Malaponte G, Libra M, Pino LD,
Celotta G, Bevelacqua V, et al. Plasma levels and
zymographic activities of matrix metalloproteinases 2
and 9 in type Il diabetics with peripheral arterial
disease. Vasc Med. 2005;10(1):1-6.

8. Sullivan BE, Carroll CC, Jemiolo B, Trappe SW,
Magnusson SP, Dgssing S, et al. Effect of acute
resistance exercise and sex on human patellar tendon
structural and regulatory mRNA expression. J Appl
Physiol. 2009;106(2):468-75.

9. Daoud S, Schinzel R, Neumann A, Loske C,
Fraccarollo D, Diez C, et al. Advanced glycation
endproducts: activators of cardiac remodeling in
primary fibroblasts from adult rat hearts. Mol Med.
2001;7(8):543.

10. Van Linthout S, Seeland U, Riad A, Eckhardt
O, Hohl M, Dhayat N, et al. Reduced MMP-2 activity
contributes to cardiac fibrosis in experimental
diabetic cardiomyopathy. Basic Res Cardiol.
2008;103(4):319-27.

11. Schram K, De Girolamo S, Madani S, Munoz
D, Thong F, Sweeney G. Leptin regulates MMP-2,
TIMP-1 and collagen synthesis via p38 MAPK in
HL-1 murine cardiomyocytes. Cell Mol Biol Lett.
2010;15(4):551.

12. Santos MHH, Higuchi MdL, Tucci PJ, Garavelo
SM, Reis MM, Antonio EL, et al. Previous exercise
training increases levels of PPAR-a in long-term
post-myocardial infarction in rats, which is correlated
with  better inflammatory  response.  Clinics.
2016;71(3):163-8.

13. Holloway TM, Bloemberg D, da Silva ML,
Simpson JA, Quadrilatero J, Spriet LL. High
intensity interval and endurance training have
opposing effects on markers of heart failure and
cardiac remodeling in hypertensive rats. PloS One.
2015;10(3):e0121138.

14. Young WB, Behm DG. Should static stretching
be used during a warm-up for strength and power
activities? Strength Condition J. 2002;24(6):33-7.

15. Khakdan S, Delfan M, Heydarpour Meymeh M,
Kazerouni F, Ghaedi H, Shanaki M, et al. High-
intensity interval training (HIIT) effectively enhances
heart  function via miR-195 dependent
cardiomyopathy reduction in high-fat high-fructose
diet-induced diabetic rats. Arch Pphysiol Biochem.
2018:1-8.

16. Kwak HB, Kim JH, Joshi K, Yeh A, Martinez
DA, Lawler JM. Exercise training reduces fibrosis
and matrix metalloproteinase dysregulation in the
aging rat heart. FASEB J. 2011;25(3):1106-17.

17. Leite RD, Durigan RACM, de Souza Lino AD,
de Souza Campos MV, das Gragas Souza M, Selistre-
de-Aradjo HS, et al. Resistance training may
concomitantly benefit body composition, blood
pressure and muscle MMP-2 activity on the left
ventricle of high-fat fed diet rats. Metabolism.
2013;62(10):1477-84.

WAA 63 Vv osled Y8 0,55 15jl) 1Bibj gle alan

Jlacie, L Sogejl caodlus sz Jalse plus g (o
D, S o lil asdns B pae g cudlad jo 5,0 Sdlac
SS9 9 50 30 Jslos izren
95 e Yozl g & S0 (0bS (Shgmens)lS
So—te 53 55! pmmddlie FYL g3lasil ol b oy
Sl S 5o fo loasld 5l Wl oo 59,08

o=l IS 2 b el S gt ollllas a4y 5ie
= yol> adlhs gl Cusgass 5l 0gh OLSI Julse
1o p Sl sl digas 4y (qw s poe 4 )l
Seoslail pae ol Jiagi sle Codgume S0
05 Oeigymy i Sl Glebol (gl M (s b,
SgeS (s pis S S 05 aslllac 3 )90 Lo

Ll 009y Jidgh a9

aS ceul ol 51 S ovnl caws & bl IS, 6k 4
G315 (¥ Ay S (i 3B HINT (503
Jlo ol Loyl cobo (B 59,8 pals o eglus
Sl Aty il ) 5 (abad bl Sl e
Al s (55 00 S Olalllas

References

1. Grundy SM, Benjamin 1J, Burke GL, Chait A,
Eckel RH, Howard BV, et al. Diabetes and
cardiovascular disease: a statement for healthcare
professionals from the American Heart Association.
Circulation. 1999;100(10):1134-46.

2. Zhao YT, Wang H, Zhang S, Du J, Zhuang S,
Zhao TC. Irisin ameliorates hypoxia/reoxygenation-
induced injury through modulation of histone
deacetylase 4. PloS One. 2016;11(11):e0166182.

3. Fang ZY, Prins JB, Marwick TH. Diabetic
cardiomyopathy:  evidence, = mechanisms, and
therapeutic implications. Endocrine Rev.
2004;25(4):543-67.

4. Kavanagh T, Mertens DJ, Hamm LF, Beyene J,
Kennedy J, Corey P, et al. Prediction of long-term
prognosis in 12 169 men referred for cardiac
rehabilitation. Circulation. 2002;106(6):666-71.

5. Sirish P, Li N, Liu JY, Lee KSS, Hwang SH, Qiu
H, et al. Unique mechanistic insights into the
beneficial effects of soluble epoxide hydrolase
inhibitors in the prevention of cardiac fibrosis.
Proceed National Acad Sci. 2013;110(14):5618-23.

6. Lu K, Shen Y, He J, Liu G, Song W. Berberine
inhibits cardiac fibrosis of diabetic rats. Chin J Cell
Mol Immunol. 2016;32(10):1352-5.

http://rjms.iums.ac.ir



http://rjms.iums.ac.ir/
https://rjms.iums.ac.ir/article-1-5702-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-10-23 ]

18. Shon SM, Park JH, Nahrendorf M,
Schellingerhout D, Kim JY, Kang BT, et al. Exercise
attenuates matrix metalloproteinase activity in
preexisting atherosclerotic plaque. Atherosclerosis.
2011;216(1):67-73.

19. Pdsa A, Szab6 R, Kupai K, Barath Z, Szalai Z,
Csonka A, et al. Cardioprotective effects of voluntary
exercise in a rat model: role of matrix
metalloproteinase-2. Oxid Med Cell Long.
2015;2015.

20. Kadoglou N, Vrabas I, Sailer N, Kapelouzou A,
Fotiadis G, Noussios G, et al. Exercise ameliorates
serum MMP-9 and TIMP-2 levels in patients with
type 2 diabetes. Diabetes Metabol. 2010;36(2):144-
51.

21. Leandro CG, Levada AC, Hirabara SM,
Manh&es-de-Castro R. A program of moderate
physical training for Wistar rats based on maximal
oxygen consumption. J Strength Condition Res.
2007;21(3):751.

22. Ghareghani P, Shanaki M, Ahmadi S, Khoshdel
AR, Rezvan N, Meshkani R, et al. Aerobic endurance
training improves nonalcoholic fatty liver disease
(NAFLD) features via miR-33 dependent autophagy
induction in high fat diet fed mice. Obes Res Clin
Pract. 2018;12(1):80-9.

23. Silva FS, Bortolin RH, Aradjo DN, Marques
DE, Lima JPM, Rezende AA, et al. Exercise training
ameliorates matrix metalloproteinases 2 and 9
messenger RNA expression and mitigates adverse
left ventricular remodeling in streptozotocin-induced
diabetic rats. Cardiovasc Pathol. 2017;29:37-44.

WA 63 )t oslad V8 0y55 15il) 1eSabju ogle alan

dl)lSA‘b 9 L;).,ﬂ 1

http://rjms.iums.ac.ir


https://rjms.iums.ac.ir/article-1-5702-fa.html
http://www.tcpdf.org

