[ Downloaded from ijdid.tums.ac.ir on 2025-12-06 ]

YAY-YA4 (% o yLack) VA 0,90 N TAA 53 i —ala 3o 0l ya! sl galis g Caslas adans

&3B! Beclin-1 g FOXO3a slagmig ¥ (s1gino s b YU Swl b (99l o9 pod
WS (0 5lee 99 9 Cald 4 Wi (I 0 S ige B L8 o 1

Y*r.).z.ﬁ &é‘ri,\wg\)lsje- 3 grs

o AS>

-

S S g, G yb 318 galae Jahe 3L 4 e Ll e aS sl g & Cabs sl glassle mbs Sl 5,8 andae
el 53§ 5 Ials @ Dl Dol Sl 315 5 ol s Gla i ge LB galiae L s Beclin-1 5 FOXO3a (sla )5 s 5
s (G V) s 8 5 G V) s (i ped s S Y o ol oy 4 el S5 5 STZ W1 b 5l 04 2l
win A Sodews (aids 5 e ¥ B Ve o o s Y and> 8) o el gasl b llas atin 53 ja, 8 o el 0s S tUAS
L sl djf@.m e Bl fige remen ARSI Su 05 (gael 4 dd_,f@m JpS ey S as J= oyl p HIT o ad
33 P<e/vo d)l;@.uc]a,ﬂ.u oslinal Jino-t Q}aﬂjl Laosls oy 4y o (gl IS Rty (son5 Jsb s 1) o d sl
el o a4 S L

(P=+/++Y) Beclin-1 5 (P=+/++A) FOXO03a sla 55 5 slymen 53 (S5 e JalS a4 e HIT - a5 aia s tlaadly
M&QJJ%&};MW@QJJ‘NQ);

s lge 4 2 Beclin-l 5 FOXO03a sla s o (slsee 2alS L HIT o el atin Ciin S CiS Ol 5 o 1058 dousd
dates &S b LSLAL;.’J)").T Sl Ll o HIT by s 31 eslanal ol ol ccl oas FOXO3a/Beclin-1 (556 5

AL e (lizes 2l SUge 03,8

93 C).: Q.:Lv“b Beclin-1 uﬁi}ﬁ FOXO03a u.f»;_}ﬁ ¢L5.J§ 64.La.0 nVL SN Y L L;:_}LJ U'ij“‘? ‘5.'\:1; b@j‘_,

RIS S PR R
Ol ol s Saim dsl s o adlal 55T oK zils —¥

CYYUNN0AANY 5wy oS o S0ka aaly odlal al3T sl&ails ¢ 3 sois waged QLLA cmais Glase 31 300w St Ol bl o L&
m.sherafati @hiau.ac.ir : < s 3N ey - YIEETY - V10 1pal

VFAA/+#/YA 15y ey VWAA/+#/Y s sl Sl 53 5 gty VFAA/+F/TY el ya g


https://ijdld.tums.ac.ir/article-1-5882-en.html

[ Downloaded from ijdid.tums.ac.ir on 2025-12-06 ]

yYay LA § 53 (5] giae EALS L YU Cadhi b (o 9L (3 a4y [Sad g pudlo 6/ 4l

O3 Lo gs Ol 53 0l V] ol s (3651 05 S50
L BCL2 oy b s n opl 250 5,10 50, BECNL
5 5 T 53 ege (2B 5 el ala L3 I LIS PISK
B Bechinl (55 o 5 uis [N S o ) Joboo S
B s ) el el sdalin (ol Ll Sl G0k o
Aoz O ) 2850 S5 anws 5o adsl o e
ol (530 51 lad J 28 s slS J S50 S Beclin-1 [1Y]
3 om O der ) ame laS gl by Of b
(S (Joesss Gilado 5 0Fan b B A e
ot OB 35l 5 6305l b L Bedlind (b=l Lo p e
S o s Y] S e el " ol S e ol Olgeas |
a4 pslin (9,08 by (B0 = B glagsslen i 5o
oS S (B Gl el S sl ag e
b s e IS5l a5 B Sas I 5 208 e
Sl O il by e S pe 5 Jsbo Jolse & Mo S
Ay e g 5308 Ll 5 B 5 e bl b S
sralr 5 SSE S Sel piames (V5 2500 (G
b ki@l Il glad o o ALE ULl (glad she
HIT; High ) YU s b sks o a8 o sladle 55 [VE]
S st sl S Olgew (Intensity Interval Training
Sl el Sl g 5 alia cél;ﬁ L5 o a8 Sl ol alils
Sl s [10] Al anils o enas ogline slacid b el s
Gla,Bile 53 Kos Sl boalie Sl a4 pae HIT
b Ok oS5 5 Fae (B Salel (AS sakae (S sk
SO 5 e HIIT 6 ol ol o e Sl 0313 OLES
s 53 P LSk ails endS J 58 55 sl (6 5ie
S HIT s 36 sy & (T9A) OLKes 5 Sheibani
5l S sdas s FOXOB mhe 5 s
Ol JSM Ao Vor BAO dl b oS o a3 s
BAS o3 g s B s i plonil atis RS Dodeny e
s Soosd 3 dn 5 SRl G sed Ol Ae FOXOBa7 ko
5 Mejfas-Pefla s ad>s 5 [IV] s (g bsbas 2alS
D9 Sy p gaslhe S B s 4 (TIV) OIS
acder VU ol aslie o el s 5 e 1AL s Beclin-1
ol e Beclinel 5 (glgee g aia A Sodedy s a3

g4l (gl gme il O ge3l e s geslie op el axis

4o dle

ooy S (Diabetic cardiomyopathy)  wbs Sl g 55,8
Sy s asle i 5 s Shee I L Bl s bz
5 oMl il plaglen 5 B sladbe Dol s
2 Je S e 33 sl Wbl bagd e VU O i
e Sy GBSl el gy Sea b Sl
P Sl gan 53 cage i oS Sl S5 S o 5
DT o bzl 5L oo o30S 5 OF 28 5315

oS 2 53 (APOPIOSIS) eigysmelp Joho S o p gt
g5) (Autophagy) (s36 51 () ¢ 5) edigs b S S "
ol ol b 3l gl " ke S e (Necrosis) 55,55 5 (Y
5 oS, Mg eV sl b bd sy Of s S
5 s QU paioid 4w 55 Gl sl (slacilul
Sl STl T sy 36l [Y] S g 5
S ol (8551 S son L ety 5 ol Wa S g Slo
D53 SIS 2l S 365l oman [F] ol (550
s ok oslinal glad ;S go s Ol 5i0) (ool g2 3150 45 2o
AS o S pissd 53wy gt | (e slaO3SL
sen B b S 0 age Glaes S S [E]
Jeer ) Gk 3l Al e Cubs (g ley .l FOXO3a/Beclin-1
Lo] 555 B sladsho s sk (3B 514 e

4 eemes (Forkhead Box 03) 30a &Ko v (e ops
S ol s 5 54 e s FOXO3a | FOXO3 o se
5 & Gz FOXO0Ba . el (68 50, FOXO3 05 ka5
bog S cul J&a sy slayShoalgls 10 DS
[V 550 Jozie DNA & ile J&or stiasdlas! saals S
sl o3ls OLiS s o Ol 5 3l SSUS slajliy s ol
SSIFY 55 SokS e sSnn e FOXOB2 o
$ S5 B bl g e T s immen IV] ol 508 50
Ay e L FOXO3a by Al ssdie i
L s 2)8 ol (3l s 5 s o)
LUy Jshe 0as Js0s ks | FOXOBa S s Lais
b s o es 30 3l 1 250050 e S 5 A4S 0 E
2 SMS s ol 5 S 8] A e S s 8
e S Beclin-l 5, ool Beclin-l 55, (o365l o

S o Shes K Beclin-1/PIBKC3 [ Sas 51 Ll


https://ijdld.tums.ac.ir/article-1-5882-en.html

[ Downloaded from ijdid.tums.ac.ir on 2025-12-06 ]

(P oglach) VA 6,590 NYAA 5 93 ygudi —ala yo .l g3 pussd galie g Caslaa dalas Yq¥

S D] S Gy 0 85 3 e SAS o sl w e S e
3 el VY gl 0 a8 a0l 0AS wbs ) Olsab
2 St Sl 0dd 8 5 S 58500 5 SIS SS LG5
2 oS ke W VL O A8 s (g, Sesll 0 B L e

[ as@ 8 s 003 2l el Olsee, Ao

S SN
28T 4 ol gyl e la e ol G )
Ak s G V) 2> 58 5 G V) 2ls (e 055
S ey OB S5 L ST Gl e slaes S (sla e
Sl Ly 53 O3 Sl 5 (555 adds o V0 B0 o pen b arin
S i oy anls £ oain a5 s A Sdeas o 03 05 S
B> p fo NV BN s o baida 8 65,0 5 G el
bosladds £ odas 0 Jold 08 saeby e S 0 S
ol Glaayss 5 o Sl A3 40 L A0 Jalee ol
ol e S oy 00 s 3 | (gleda T Jles
VYV s e bla Sse i alds A OLL s S
A3 2l G B O Olejde 5.5 S o5 s ks
540 o U S5 ol 25 4k 18 O S I8 (555 deedr

IN] Bl (s axin A >

5 ard i 3 50 0 e b s S (5,3l U ses
Sl ge B sl Aol adds 3 0 0 s 5 e adds Y ja
Ay (oo Sl & aise D) (Sost 4 gl oo
Lo s Sanst & Glms Slaipn O 3 S o
JiS oS wode cpl o3 Y] i 4 S L 5 s e Sl
slo Sl i imen AN 8 el 45Sme
RIS s 0053 sk sa Ly gl b Sless & S

Solsp b A,

ol IS HB e sla e 5 ped sl BT 03 Sl L
o ol YE Sl s a5 gl sl Ol 53 La s so
G5 b I gl aley b ige oo e stk o
033 eSS 5 p S e 00 BT lS oS5 Hles 050
P 0% O35 e SAS 0 S e 0 BT Skl 5 (O
o 03 5 S 4l Ol Oy 3l (B (gl L s LS
S e S eslind b oo e 5 ol et 55
YT s S5 A los b g gla e (gl 2 5 Aoz

FOXO03a (sla s 5 ot ot S @ am 5 L el ol [VA]
oo opl B izme 5 3L e i o Beclin-1
ol o o galae 53 Jde S s s Sbge )l sl s
Ll g i 4S)le (pl e ST 2o BB s Sl e
Mo S Olsea Use b hins Shies Ss Sk
Gl Sliios .23 8 K5 5o mbs Shlew BB (ol ailons
3 bl Dl 4 e (A5 Dl el oS dlesls 0L
S gl 2B (08 s Dlidod 255 2 2 (52 Kot
il Mes S oy 93 g5 s S B s |y (3
S b sl e ain A U ) ol s 5l G
<3l s Beclin-l 5 FOXO03a sla 5 (sl yms  (HIT) YU
Cobs 4 M Jols Sl A5 5 gl s laise 8 salas

Sl 92 t,‘};

L %)

G 5 9 4 g

035 Lopen S Sl Sl g5 O S sy
T A R N R A |
oS VAT 055 ool b Jols S sl laale ¥ 5 Ll s
pshe oKLl Bt U 3 gl latge Ldd S
0=t Cugby ol S sl amn YYEY glos b lus Soyp
GHE s (e Gl Kb et 5 Aoy
g osate Skl 5 abll Opsma bl
A men S ag St (S e e oS 51 AR
Sosrs SAS ke 000 Sl s T g Sl S 3
S PR - S P R PN = RN 1 VS LR Ve
Jsol b las asllas (IRSUMS.REC.1396.51062 _3dls! )
et Sy pshe o8l e AL Sl LS

5SS e as

ks Ll Sy,
55 el ol (gl e e Oy 055 & 31 dmy oo wida o
StreptozotoCing ) e 559555 pl Jsloms ¢ gl (a3 50
Sypons PH=E/0 L N se 0N Dl e 3L 55 0l |>) (STZ
Al g e Sk N s b ais S ke e 2

Ve 553 b el 55 Gy 43310 5l 0 035 31 p S5k


https://ijdld.tums.ac.ir/article-1-5882-en.html

[ Downloaded from ijdid.tums.ac.ir on 2025-12-06 ]

Yao ~SLaCE g 51 sl giae (RAlS L YL Cadd b (o3 93 (3 pa5 240 (500 9 pollo ) pud

5 ool 5T s 5 ad s sts (Tween 20 TBST) oy o)
V oty s 355 4 56 (53b 5T 3 0 el 5T 453 (00 421)
S gy ok pla TBST Ay § 5 U1 (slos 53 sl
Mo s aps by EOL) lied s S
SSe3lul /N /NY ases) Image J ) 8l 5 | densitometry
5 anti-FOXO03a (DP-12) (sc-48348) « 56 5 aJsl ook =1 a2
osaS ol 5 Sl o5 L5 anti-Beclin-1 (E-8) (Sc-48341)

[Y8] iz S 15 eslinad 55 50 Sl

bl s,

Gl e 8l (KS) ol 5 S5alS 05051 ) o
@5 O3 by @ am s boad sslind tags laesls 35
i Stslin 8l e Sl 5T 3 it 5 Laosl
e 3ol b daosls Jond 5 4035 o 05 olisal s
5 a0 Sl e s o 5.5 1ol V4 seei SPSS i
ol 0 4§ a5 3PS/ 0 sl e bl s

aasl

s amaas e Jlisa &8 sl Ol @kj (s 0Ll s
On FOXO3a 55, Glymme 55 (Golsgme malS HIT
55 o sabas Sl s als IS 5 Als el laes S

(O K8 P=2/00A) 5 ls

(4) Jo=s

b g o ks (g S o100
S e IO ey AT 5y Sl el
RIPA j3l; 5 I8 il slacyis gl el sl s (5,831
s da Vo0 (A L pH) 5 3L N e v/00 sl
Jess mde Aoy S EGTA oy +/0) e LS
doys +/\ ailsl 4 (Sodium dodecyl sulfate; SDS) o\ s
Voo S LS5l 4 S el (Sigma) LS S sl
S b 355, Bl ssl fb s Se0ne s Sibp S e
S bogles 5o Cele o5 5 AS O0ses fwd Hploses
bo, ) Jlsdlrsy S5k Sl 3 e 5 A3 IS 51 S Sl
Vo Sdeas 5 3 S sl gamsn b \Yerr s s (swidrfroil
clle g eld @)TC"’* 230 @lo e 8 55k il 4iS
&Se3lul Bio-Rad) by, (oS und oS L Ol 55 5
T sl 5 (45 6, Seiltl a sl 080 £ e Jsb L) 4 8
S 4 ol oty O g o o (380 S 5 s
Y O3 S e MMB0) L Ks siped L))
— Ao53 0 s S A3 Ve Dl s 53 e o
calsl 3.5 S bglsve (T dgbge p Aoz +/000 5 J b1 08
Sl Uaesy plad U ks slilipr aids 0 ooty laisad
SDS- J5 5yl ) esliad Lo lapgSsn Lsd oy 5s
LS e Jke 5z glie 4 5 el - Polyacrylamide
Tris-Buffered Saline ;3 BSA 1s,5 0 3 celes ) Codkews (Lis
rayed
71 kDa

B-Actin S S S — 2 D

2 ®)

P=0/008

1 4

08 A

06

04 A

0.2 A

Relativ e Ley els of FOX O3a/ Actin

0 4

J=s

HIIT ,,

d.a.“hdJJygLﬁojﬁJdFoxosaOfiﬁ‘gﬁgblaagw@a—\ Jsd
B Sl edd oS alie (odmsOli gs o ges BB (galize il ps xS Kus ) Ulsea B-Actin ,FOXO3a s IO ey slas A
e b)) J 28 05 S 51 ol i Sy oty S J 28 Sun g Wlas ;5 FOXO3a


https://ijdld.tums.ac.ir/article-1-5882-en.html

[ Downloaded from ijdid.tums.ac.ir on 2025-12-06 ]

(P oglach) VA 6,590 NYAA 5 93 ygudi —ala yo .l g3 pussd galie g Caslaa dalas Ya¢

(Y 8w B gakae by alis J xS

33 LSJ"&‘” ULAS 4 e HIT RS A LlA (Croman
obs e glres S s (P=/0 0 Y) Beclin-l 55 5 (ol s

(A) Jr=5 2 yod
B-actin w—"——— - . .0

1.2

(B)

P=0/0{2

1

0.8

0z

0.4

0.2 4

Relatin ¢ Ly els of Beclin: LfiActin

s

HIT o

dalllas 330 slac g 8 4o BECHN-1 (4ui g 4 (o) gine (acualiio—Y ISt
OS5 GBI edd oS slie (okimsilis g sl ged B Llb (gdias il s J S Kus ) olgea B-ACHN s Beclin-1 (s, oS0 s stas A
e il J 28 03 S 51l i S geots S J 1S Sun ) e 55 Beclin-1

Slaedibeys glands S el S el 4 &S OLKen 5 Marfe
Doty [ HIT a3 S0l G gl L sy atls
G 53 e Jolse Sl ialyen diledls ol aria ot
G 3, sl I3 B |y Oly el Sdd Oy e ol
Gl atdl s s3555 s (ol G 5 OLSes 5 Marfe)
ol Caale & a5 Ly Al |, FOXOBa 55 (sl sen
LS o Uil |y oo 2B Dlae s3T5 3Bl 3 o 55
P HIT e o pasa 5 55 Sl sed S Sl Ol e
A Jor S5 Sl s ) S L S e Sl G
Oen 5 Kavazis Koo idos 53 by ol 53 .S (6,8 )l
FOXO03a 05 0l » il sl o jod il s 0 (Y010)
s odaoli S L5555 o el Aisls 0L Ol pl sl
59 ool 4 e (DOXOTUDICIND s 55 S 33 355
sphe e salas 53 5 b galas s FOXO3a MRNA
Gl Kilea OLKea 5 Kavazis i =k [YA]
Sl el S el Gl Lol Gass 0L 5 Marfe
Al s B ol i 50 IS ele S Wl e 0555
Ll 2505 Dlysed bawy 3B BT A8 e Colex
Al S s ke GlaSasle s sl gl b

S S g Low

Slyze 53 olspme a8 4 e HIIT (ol ania ol
@ G 23 g a3 05 S Beclin-l 5 FOXO3a (gla -y s
A5 s JRS ey S

g5 ks 5l AL 2l e Ol S b Sl s
sabas o Solew Olsea ) (2l Shae ey .l 5
@l Pl B8 8 asjle ol ss [YO] Wil e LS
Axtes | ol galae glad sk opd sl Ol 5 LDy SIS
e SLEl b Corge Culg 03 5 XS e S S
AR IEP

5 FOXO03a a5, (slgme oy SUI s Oliios
b 938 dxtes S 2bs gla Sase3] (g5, » Beclin-l
Aalyd ey sty cdizen 5 alae oo S e 5 s
S 2 HIT Sl ol (o sy 2555 Sl el Coale 55a
Marfe o g5 cal b ol 02 Gasio s (3651 13
U o Vb S cllad das 5l ey (VVY) 0L
dafige ASl 5 LB (gdae Sl 5o (Suileys 4 Oy
G gl [TV] WS odalis |, FOXOB 5, ialS


https://ijdld.tums.ac.ir/article-1-5882-en.html

[ Downloaded from ijdid.tums.ac.ir on 2025-12-06 ]

yay LA § 53 (5] giae EALS L YU Cadhi b (o 9L (3 a4y [Sad g pudlo 6/ 4l

Ak o 1 bl T s s e s Sl
St A Gk Sl NS osd Wb g3kl
Stxo3 3,0 5n Sadsb 3wl sladend A5 5 oo, 5
SIS g oSl S o a3y 3 sl 5 A, Lol
(S Wl g 53 ATP o Lai> sl 15 (53651 150
S e b ) )50 (55 o SNes 5 edsbe il
5 S e S S s 5 e ok iy s
o e Nlg o sl e oS Jl 55 o (658 2
5038 35Ty Sl sl g8 cul iy 0353 (A8 S0 ol
OLan sKim Kos i 55 [YY] 555 0 5505l 53 sl
Salas > i Sl 4 SL ST Rl e 4 (V0T
A Ddedy el Aty Gl g e Sla Bge 5y JSS
Azds by Cdeas 453 0wk Lazds o e \VE Ce b ata
> Beclin-l 55, glgmee A5 | o) atin 3 5950 Gy e
Slsme EDL salas ;3 i oy S5s 5 EDL (aliae
4 Sl 0du3 o oS 5 Olsr 058 93 a3 Beclind 5,
Galas 53 Al ool Wl oy il s jme a8 J S 68
S Kim s b b ol G i I¥E] 350 sls oma 5l 55
S ol S5 0Ll by S s EDL salias s 015
ol s el 0l (Sl B galae 53 LSl S il
Ly Beclin-l 55, (glgmes OLSKaa sKIM oS ol 5550 53
s 5 (6 Sl ISl salas s

b gl s daes Salie glade (B laian pe
b Gla g Bai ol Ly (s pdons Hls oS (g5Lsk
o S5 @ e s JB sba o3 e db il 53 JL
b 3 Shee ly oape Al S il AS e S
slecdls Gk 5l 3Bl amlp ol il ol 8
ool e [TO] il ke Sleys s G MIS e 2005
kS 85l s Beclin-l 5 FOXO3a sla,5s
OSUS (53555 CdiSom & U5 o &8 355 0 i Glodkny
roedS S da g 98 gl (Sla s sSE (glne bl ge dha
ol e AL s Saen ATP Ol sl 5D
ol 55 & Gl MTORCL e o o (oS olis
Psde db G315 s e IS sy Wl Il
FIP200 5 ATG13 ULK1 (sl 55, s LMTORCL s
I il (36 515 55 siS b b oS jlge 155 e

Llg o cwle SAS L A5 p el S Sl ol jale
Sl Al G ol Sl Dol o 55 6l 3L el
351 5 e (53158 s i [79] 355 B I
Oemen 1] A8 W )8 s Glad e Sl chils (6 1,
ol o 53 s 2 S g e B30
b Gae 5 Ao Shae cdas alS b hse 53 58 e b
|y sdideal SlasSsn 25 s s S S ZuuE

M) s 55
I, Bechin-l -5y, glymme 51, 2w 058U Lol Oliims
odalive il 035 (g Sl by Ohlew 3 b8 (galae s
4 (YOA) O Kea 5 Brandt adss )5 gy opl b Lles
) Sl sl K s s Sl GE
s Sl el sl Ol Al gdlae s (Beclin-1
T Sodety) o go DS L pgls (65l gusast 255 axin A Soday
BT Lol on o gie Sl b (gl et msn 5 (G, 5o aids
(i plomil o aBYr Lacsgia (o3 4833 V0 j8) oy
OLL 5 gad (J3 Ol o Beclin-l <5, (glsmms 54
o rsd Slyjed 08 53 Ad (Sl B3y Sl el
Ole s Beclin-l 155 5 (gl gme o gio old L polle (Sl
2505 p 3 S Ol & Lol 5555 ned OLL 5 2
o 3 35 s ad 03,8 53 Wl 6ols 0LES |y (gl sme Lyl 3
23 S i (Lo T L olen bage A L
Brandt > &b [FY] s saalie Beclin-l .55, (gl gs
2 s e by S s Bl G L OSes
Beclin-l .55, slgoes 55 15 Sols sme 2l Lo ol S
Clojed g5 @ U G 0 Slasls Sl s S sdalis
S 3 ol s el s HIT (el 5l e 55 5 S oL
S b (gl g g5 Sl yed 5l 0Lk 5 Brandt « el
09 035 e 5 g gesl g5 pamen e S sl Lo g2
Pl G slagngsl (Way 3 g mbs Sl Ges
Cod S35 0L Ll el 0 a 218 el 5o ge Jolse il e
Gl gt 53 p b 05,8 53 O Kes 5 Brandt a5 s &S
Beclin- -5 5 (gl soes (o o adl T Lol o Lo gio s
S Sl b godas DL pl 5 Gl 03,0 (gls pae i 1
S o & e Db Jolo LS A0 (e S
S 55 sy el ) AL (56 g1 g Beclinel 5


https://ijdld.tums.ac.ir/article-1-5882-en.html

[ Downloaded from ijdid.tums.ac.ir on 2025-12-06 ]

(P oglach) VA 6,590 NYAA 5 93 ygudi —ala yo .l g3 pussd galie g Caslaa dalas YaA

L;}L'““fj‘)@'Li_j:‘ji")lsm‘\s)>ﬁjsg;"iki3>\)é\g»ﬂ)b
51 eslazal b tkS o Wl 1y el la st J"L" S S

dxtes S 1bs gl gngesl 1y Ll HIT Sl e
Ol Lb s JlLMLJm‘M ;;“‘.lib ;;“i):")ibks

Sy plndl e pl 53 (6

P

Sl sl
534S Sl 5 Lf—i\ OB ) U;DL? va— R85 LJ‘i‘
)| ol 0 fl_"U\ )‘ﬂ_& oK..in E) )‘j.‘:":’ ,'<""“ji 6)1.9 a@‘)

D NG a8 ok b age el opl 2 oS (ol 3l el

1. Munasinghe PE, Katare R. Maladaptive autophagy in
diabetic heart disease. International Journal of Clinical
and Experimental Physiology 2016; 3:155-65.

2. Taji F, Kouchesfehani HM, Sheikholeslami F, Baesi K,
Motavalli F, Abdoli A. Induction of Autophagy by the
Beclin 1 Gene and Its Effect on MDCK Cell Line
Necrosis. Pathobiology Research 2017; 20(1):1-15.

3. Yang Z, Klionsky DJ. Eaten alive: a history of
macroautophagy. Nature cell biology 2010; 12(9): 814-
22

4.  Mizushima N, Komatsu M. Autophagy: renovation of
cells and tissues. Cell 2011; 147(4):728-41.

5. Kobayashi S, Liang Q. Autophagy and mitophagy in
diabetic cardiomyopathy. Biochimica et Biophysica
Acta (BBA)-Molecular Basis of Disease 2015;
1852(2):252-61.

6. Xin Z, Ma Z, Jiang S, Wang D, Fan C, Di S, et al.
FOXOs in the impaired heart; New therapeutic targets
for cardiac diseases. Biochimica et Biophysica Acta
(BBA)-Molecular Basis of Disease 2017; 1863(2):486-
98.

7. Cao DJ, Jiang N, Blagg A, Johnstone JL, Gondalia R,
Oh M, et al. Mechanical unloading activates FoxO3 to
trigger Bnip3-dependent cardiomyocyte  atrophy.
Journal of the American Heart Association 2013;
2(2):e000016.

8. Ucar A, Gupta SK, Fiedler J, Erikci E, Kardasinski M,
Batkai S, et al. The miRNA-212/132 family regulates
both cardiac hypertrophy and cardiomyocyte
autophagy. Nature communications 2012; 3:1078.

9. Seok HY, Chen J, Kataoka M, Huang ZP, Ding J, Yan
J, et al. Loss of MicroRNA-155 protects the heart from
pathological cardiac hypertrophy. Circulation research
2014; 114(10):1585-95.

10. Xie Y, Kang R, Tang D. Role of the Beclin 1 Network
in the Cross-Regulation Between Autophagy and
Apoptosis. InAutophagy: Cancer, Other Pathologies,

sl 2les 4 Beclin-l 5 FOXO03a sla 55 5 ros catll
g ome by by 4 mab s B Dl L)
HIIT by s 4 ey 53 Comas 5 3550 8 Sl smn 38
2 5552 SoSs ple SR S Ay K 5 S SE
Seans 5> e Ll ar g JB s 3651 T3
Jos 3 sl 5 eSS Wl Sl b (Jike S
4y i HIIT oy a3 48 5l QLS ol s lss [1V] s
L8 sl s Beclin-l s FOXO3a sla 5y, (glsme [2alS
LHIT a8 atis Sl & G Ol oopl il 953 00

GLsl e Dlee 4 e S pl Glseee JalS
Ll o HIT by o3 55000 51 el ol FOXO3a/Beclin-1

b

Inflammation, Immunity, Infection, and Aging 2016; 75-
88.

11. Maejima Y, Isobe M, Sadoshima J. Regulation of
autophagy by Beclin 1 in the heart. Journal of
molecular and cellular cardiology 2016; 95:19-25.

12. Ma S, Wang Y, Chen Y, Cao F. The role of the
autophagy in myocardial ischemia/reperfusion injury.
Biochimica et Biophysica Acta (BBA)-Molecular Basis
of Disease 2015; 1852(2):271-6.

13. Wirawan E, Lippens S, Vanden Berghe T, Romagnoli
A, Fimia GM, Piacentini M, et al. Beclinl: a role in
membrane dynamics and beyond. Autophagy 2012;
8(1):6-17.

14. Tao L, Bei Y, Zhang H, Xiao J, Li X. Exercise for the
heart:  signaling pathways. Oncotarget 2015;
6(25):20773-84.

15. Little JP, Jung ME, Wright AE, Wright W, Manders
RJ. Effects of high-intensity interval exercise versus
continuous moderate-intensity exercise on postprandial
glycemic control assessed by continuous glucose
monitoring in obese adults. Applied physiology,
nutrition, and metabolism 2014; 39(7):835-41.

16. Hafstad AD, Lund J, Hadler-Olsen E, Hoper AC,
Larsen TS, Aasum E. High-and moderate-intensity
training normalizes  ventricular  function and
mechanoenergetics in mice with diet-induced obesity.
Diabetes 2013; 62(7):2287-94.

17. Sheibani S, Daryanoosh F, Salesi M, Koushkie jahromi
M, Tanideh N. The effect of high-intensity training and
detraining on FOXO3a/MuRF1 and MAFbx levels in
soleus muscle of male rats. EBNESINA- Journal of
Medical 2018; 20 (1):31-39.

18. Mejias-Pefia Y, Estébanez B, Rodriguez-Miguelez P,
Fernandez-Gonzalo R, Almar M, de Paz JA, et al.
Impact of resistance training on the autophagy-
inflammation-apoptosis crosstalk in elderly subjects.
Aging 2017; 9(2):408-18.

19. Safhi MM, Anwer T, Khan G, Siddiqui R, Moni
Sivakumar S, Alam MF. The combination of


https://ijdld.tums.ac.ir/article-1-5882-en.html

[ Downloaded from ijdid.tums.ac.ir on 2025-12-06 ]

Yaa

20.

21.

22.

23.

24,

25.

26.

LA § 53 (5] giae EALS L YU Cadhi b (o 9L (3 a4y [Sad g pudlo 6/ 4l

canagliflozin and omega-3 fatty acid ameliorates insulin
resistance and cardiac biomarkers via modulation of
inflammatory cytokines in type 2 diabetic rats. The
Korean Journal of Physiology & Pharmacology 2018;
22(5):493-501.

Khalili A, Nekooeian AA, Khosravi MB. Oleuropein
improves glucose tolerance and lipid profile in rats with
simultaneous renovascular hypertension and type 2
diabetes. Journal of Asian natural products research
2017;19(10):1011-21.

Sherafati Moghadam M, Salesi M, Daryanoosh F,
Hemati Nafar M, Fallahi A. The Effect of 4 Weeks of
High Intensity Interval Training on the Content of
AKT1, mTOR, P70S6K1 and 4E-BP1 in Soleus
Skeletal Muscle of Rats with Type 2 Diabetes: An
Experimental Study. Journal of Rafsanjan University of
Medical Sciences 2018; 17(9): 843-54.

Garcia NF, Sponton AC, Delbin MA, Parente JM,
Castro MM, Zanesco A, et al. Metabolic parameters
and responsiveness of isolated iliac artery in LDLr-/-
mice: role of aerobic exercise training. American
journal of cardiovascular disease 2017; 7(2):64-71.
Aghaei N, Sherafati Moghadam M, Daryanoosh F,
Shadmehri S, Jahani Golbar S. The effect of 4 weeks’
aerobic training on the content of mMTORC1 signaling
pathway proteins in heart tissue of type 1 diabetes rats.
Iranian Journal of Diabetes and Metabolism 2019; 18
(3):116-125.

Khani M, Motamedi P, Dehkhoda MR, Nikukheslat
SD, Karimi P. Effect of thyme extract supplementation
on lipid peroxidation, antioxidant capacity, PGC-la
content and endurance exercise performance in rats.
Journal of the international society of sports nutrition
2017; 14 (1): 1-8.

Miki T, Yuda S, Kouzu H, Miura T. Diabetic
cardiomyopathy: pathophysiology and clinical features.
Heart failure reviews 2013; 18(2):149-66.

Kanter M, Aksu F, Takir M, Kostek O, Kanter B,
Oymagil A. Effects of low intensity exercise against
apoptosis and oxidative stress in Streptozotocin-induced
diabetic rat heart. Experimental and Clinical
Endocrinology & Diabetes 2017; 125(09):583-91.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.
37.

Marfe G, Manzi V, Tafani M, Pucci B, Gambacurta A,
Russo MA, et al. The modulation of sirtuins and
apoptotic proteins in rats after exhaustive exercise.
Journal of Molecular and Integrative Physiology 2012;
2(3):65-74.

Kavazis AN, Smuder AJ, Powers SK. Effects of
short_term endurance exercise training on acute
doxorubicin_induced foxO transcription in cardiac and
skeletal muscle. Journal of applied physiology 2014;
117(3):223-30.

He C, Sumpter, Jr R, Levine B. Exercise induces
autophagy in peripheral tissues and in the brain.
Autophagy 2012; 8(10):1548-51.

Le Page C, Noirez P, Courty J, Riou B, Swynghedauw
B, Besse S. Exercise training improves functional post-
ischemic recovery in senescent heart. Experimental
Gerontology 2009; 44(3):177-82.

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. European journal of heart
failure 2010; 12(4):323-30.

Brandt N, Gunnarsson TP, Bangsbo J, Pilegaard H.
Exercise and exercise training-induced increase in
autophagy markers in human skeletal muscle.
Physiological reports 2018; 6(7):e13651.

Zhang Y, Chen N. Autophagy is a promoter for aerobic
exercise performance during high altitude training.
Oxidative Medicine and Cellular Longevity 2018; 1-11.
Kim YA, Kim YS, Oh SL, Kim HJ, Song W.
Autophagic response to exercise training in skeletal
muscle with age. Journal of physiology and
biochemistry 2013; 69(4):697-705.

Lee Y, Kwon I, Jang Y, Song W, Cosio-Lima LM,
Roltsch MH. Potential signaling pathways of acute
endurance exercise-induced cardiac autophagy and
mitophagy and its possible role in cardioprotection. The
Journal of Physiological Sciences 2017; 67(6):639-54.

Laplante M, Sabatini DM. mTOR signaling at a glance.
Journal of cell science 2009; 122(20):3589-94.

Tian XF, Cui MX, Yang SW, Zhou YJ, Hu DY. Cell
death, dysglycemia and myocardial infarction
(Review). Biomedical Reports 2013; 1:341-6.


https://ijdld.tums.ac.ir/article-1-5882-en.html

[ Downloaded from ijdid.tums.ac.ir on 2025-12-06 ]

Iranian Journal of Diabetes and Metabolism; Vol.18, No 6, 2019 E 32
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ABSTRACT

Background: Diabetic cardiomyopathy is a complication type 2 diabetes mellitus that can lead to cardiac
muscle autophagy through the proteins FOXO3a and Beclin-1. Therefore, the aim of this study is to
investigate the effect of 8 weeks High intensity interval training (HIIT) on the content of FOXO3a and
Beclin-1 proteins in heart muscle tissue of Sprague-Dawley rats with type 2 diabetic rats.

Methods: In this experimental study, 12 two-month-old Sprague-Dawley rats with a mean weight of
27020 g were selected. After diabetic induction with STZ and Nicotinamide, rats were randomly assigned
to two groups, diabetic training (6 heads) and diabetic control (6 heads). The training group trained for 4
days a week in accordance with the training program (each session 42 minutes, 10-30 m/m) for 8 weeks,
while the control group did not have any training program. Also, rats did not receive any insulin treatment
during the study period. The independent t-test was used to analyze the data. Significance level is considered
p<0.05.

Results: Eight weeks of HIIT training resulted in a significant decrease in FOX03a (P=0.008) and Beclin-1
(P=0.002) proteins content in diabetic training group compared to diabetic control group.

Conclusion: It can be said that eight weeks of HIIT training decreased the FOXO3a/Beclin-1 autophagy
pathway by decreasing FOXO3a and Beclin-1 protein content. Therefore, the use of HIIT exercises may be
useful for diabetic subjects who are prone to diabetic cardiomyopathy.

Keywords: High Intensity Interval Training, Heart Muscle, Protein FOXO3a, Protein Beclin-1, Type 2
Diabetes
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