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

VVA-VYA(Y o,lal) YY) 6,90\ F e J:t:\‘gab‘)i.ol‘,:nleu:d}..nmjcgl:md.h_.a

p g dlde
g FOXO1) FOXO 5;3lgil (50815l g cmiig 9 39 B — jluS coiig 99 sl
S0 S 9o ol v phay 59 Wb Ol b (S9lE (9 i JLisa (FOXO3a
Ao T (i g5 g Comui g 50y T g OGS
Tpokin B e ko L3, IS e BT 10

s S>>

. 9

S o ool gl ul Gl rpn oSS B3LS s s S3B5T es 53 e Jolge FOXO eslgls slagysis s saadia
3651 ool 5l Slasisy  PKBIB =38 (s, 5l sy canlllan cpl 5 G 55 o (3555 el b 5l il55 0
by sdi by oo gl s B Co sl s HIT) WU i b sl o a8 JUs « (FOXO3a 5 FOXO1) FOXO
A3l sl 555 5 STZ) s 555 5% o

S 3 2l p S YVEY s 05 Sl b sl 5 STl sl5 5l aale ¥ 5 s e e VY o saalllan ) 3 1l hy,
s G V) 2l U8 5 (e V) ls o ped 03,8 Y w0 sl () a0 Al 55 5 STZ AWl 5k 51 5o 5 s sl
Sl besls s 5 asms gl sty HIT (el 0 atia A Sodeas o 00 sl b Gillas wién 3 555 & o jed 03 S il
Wl o ab S S 3PS/ 0 (g ols gme prla L oslinal Jist Oge3l 5 VY ass SPSS 3l 5

Jlas 55 (P=2/vv0V) Ui J 28 5 o 03 Slaos S 0w PKB (slacs  slsme 53 (5ol sms [ilsdl a4 mee HINT oy 05 tlaasdly
A edalie J 28 5 o el Slaes S (P=2/+ 0 1) FOXO3a 5 (P=+/++Y) FOXOL (sla 5 5 (slsims 53 (Suls sme halS
5FOXOL (gla sy 0didlnd o 5 (2l 4y 2 PKB lais 5 (2l b HINT e s o iy sl (ol s 206 S omss
S o s sla gl 03 Bt 1 e (365 51 5 e s ol Slge 2sd e b sla g 55T LB 52 FOXO3a
xS

93 C‘y C».oLib FOXO03a u:*::ﬁﬁ FOXO1 U":;}Ji LB_)L,:S utsﬁjt’. o u.la.: :}JL: &SR Y L; &)U uij“’: ‘5-'\:‘5 b@j‘}

O‘fll AJ}TS bL’TL;& ;A_ge)kwl :\)T AK:«J\: ;J)IS :L»le& J;-‘} \_;:’)'_}} rjl.&)‘_g-l.v C/?j: ajjf—\
Ol QIsbT ¢ padal 13T o&sls (OlalT Al 5 (&5 5 Ol g 0 Kin sy oKL Y

Olyel Sl LsLT o 35 501 (St 3o 53555 pske 05,8 Y

Cray e WYEYYYY S+ 030 EAEAVATECY 1 iy oS o) 53 0l e anly adal o] oty &l Ll sl (J 55 ol e lin s Gl s SLET
nedaghaei@gmail.com :<u 4 ,5<I)

VEC Y el eyl VEe A PNY sl Sl 53 5 sy VE /Y)Y el o g,


https://ijdld.tums.ac.ir/article-1-6041-fa.html

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

S35 Soul A SLacuin gy i B LS (i g 5 Sl 11500 5 $IS g il VY-

Oy 55 dtes oge Ly "(Forkhead sl sl 5
FoxO6 5 FoxO4 (FoxO3 Foxl |sli FOXO eslgsl=
oSl dad shos #1531 Sl (ol 53 Loyl
Coenl 5 Lzes sl Slasaot s 5 Sl wolil (6l oo
sbdle 55 prmen JAl cl [5eb b 3 5 s W
Sl 2 FOXO 55, Jolse oo o ) sdal g ]
ol Sl 5 85 0 p5505) P S 3G 5
oLz [A] el sdel ity LB (3Ll 5 s, gl s
ol s (51 FOXO s 5155 Jolss 45 ol ot o3l
P CIL-S | W | PR PR P VRGN -L B AP P PRPHINE W PHLY
St o g sl ) s ¢ ASl sz Ly
e olbm sladsle L) 4 2lE s ol glad ke
Sl S ol gy ol J s [V-10] dies
5 3Bl 5 sVl 5 eliS it S FOXO ool sl
Lo] w5 S 0035 o

o oizen) T(PKB) B-3LS 155 GUS 05585 5 on e
S5 e e sbas Slas (pde antlis AKT ol
ks 53 PKB 5 Slee o Il 51 50 Cdlse
W Sl G Ay 5 L ol dhex Sl e SO
Casglie 5 33 75 Subs ( So e 5 B sl O
sbobs 5 sl 5 Sldl gbddl (sl &
b S5 bLil W] ol 438 515 s 350 e
FOXO esl il lasl 5 PKB oy loddcbli= s
S o a5 e PKB a8 ool 0l 0315 0L 5 50 3525
D£] 5550 FOXO slaoytis s Jles|

S Ol LHIT) Vi S b sl 08 ol sladles o
5l gl W5 e & Sl et b S 35 sasle
AL axsls ol omay oglite (gl dd b ol g5 Dl 05 5l (5 2o
2 S bl b alie Sl e s HIT ol o [V
5 B s B Sl AU gelae Sk las S5l
HIT & ol ol jasein ioman (Cosl esls QLG T, O S 5

2 Members of the Class O of Forkhead Box Transcription
Factors

3 Protein kinase B

4 High Intensity Interval Training

4o e

B Gl (Sl glaspaly o ot SV s s L
3G 5 Ol e 3 s S e Mo a1 (G en e
D] sl g oo 5 Sl Gl a0 S5
ol S YNV Il 53 L8 Osabee WA &S il ol 3,51
sla s S e (’LA: Sl de,s YY sl oS WlanddS s =y
[N el Sl

A gl o L Ll SOl
By TS L ICH WSO I PYE S K R PO
© sl S Ol V] cnd Sl Sk Slesest s
sl Lim 53 ags LB 655 wdd cblis cous
Sre 3lse 5 S5 el Ay 53 Jske li 5 65
(Sl dexr 5l olen ke 3 3B G E] b
5 e bl (P s B sl b
S8l s I O] 55d 0 ol 5 I s Ol e
(old bl P3G 0 ldes B (A gl e
S ofbl SlmenslS (Sosab Slaensl
YUIR) sdoes 03308 o/ oSl 5 b 5L s S (L
Oemead 0395 I3 5 Shas bas o LlS 0 (55L 51 sls
Slr sl B lagslen Sl S sl sl e S
Sl Sos 8 5 5l kil il s s G Sl s
I

A B GALEl W L e s Dl 4 el 2
568 ol sl 4 5B L alae (&3l 55 LS
Sosmb (b 5 ol A sl o
Sy el el B g LS, L LB SO 50
Dby Blis a5 B w05, bis s oot ayls
IV il 8 slag leal

sk @ls Gl s e 5 LB sl el sladla s
S gl b 4 by e e 5 G3lse S0 s
Sl ssle ul Ole o Ll sl bl SOSISL

O 550 ssb Sanx) FOXO s 55y Julse ate

! Ischemia-Reperfusion


https://ijdld.tums.ac.ir/article-1-6041-fa.html

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

'Y (Y o lad) ¥) 0,90 0¥ 5u3 g ulayd ()l yal pcusd galie g casbos dlae

B3 5l b STl Sl S aale Y5 gl
Olgm 55 gl s Gl fige s bzl o 3 YVeEYS
Gam s YYEY gl L 5ls S e ske Ll gals
Sl st s Aoy 00 Cusb, ol S sl
St Sl Glde Las (b NYY Ly,
oKils 1 A lesT Sl s o geasis 5kl 5 sl
DUl 5L 2550 Of amen b 4 Sl S5 pske
Sl Gons GAle 000 Gl 0 sl S
AS) S Jgnl i esls 13 6T Slastl s aau LT
L les addlas (IR.SUMS.REC.1396.51062 3=
pole oKl Cpae AKLLT Sllp LS Jsol

RGO [ e S STV I J- B 30

Cabs LAl 2,

St o 53 al o (sa g 5 3 ¢ Culis sl (6l o
A bl e Ske M s b a5 S5 Jale U
Jloes d 423310 e 03 S s Oy 055 Sl p S LS
Ve o) S B 3 el =) T(STZ) o 555555 o
30 b e S b 5 Jle |21 o) e (PHEE/O L
L3S Gasp b 055 3l eSS e gl w4 p S e e
VY Lol 0 a3 a0 O3 1l 5l Oleebsl g (Y1)
S G s s eSS SS LG Sl o el
O Q)} BN WA LSJ?S")‘J‘"‘ Léu:u}ﬁ L gjhl.:w )‘ o
Olpear i oms o8 e YA B o 0 S e VT
DA s a3 5 s 55 p 5 0ud by axls

S5 S
05,5 T A i 4 sl e laise il G g
A ol e D (23 7S5 G D) (il el 055
S Doy O S5 b LT 6l o8 slaes S slaise
el Ly 53 O3 S5l 5 (55 adds o V0 B0 o b i

6&&f§y%&>i%ﬁ)%/\&hbﬁﬁ@}ﬁ

2 Streptozotocin

DU Al a2l ol 58 35 ol 5k ST 15 0
AU s 4 (YV8) OLKes 5 Kavazis _idss s
ol aesls p FOXO3a o ole » o silsa ool o oS
syms S5 (w5 s el als OLE Ol
FOXO03a MRNA 55, LialS & s s 55 53
B N B e e
b s day S5l e (YY) OLKa 5 Marfe
5 galas Sl s Swileys 4 O, B oss SY5b
L35 odalin |, FOXO03a oy 53, LoalS laige oISl

Al
G K el gl wddS sbadle gk o
OLES 1y eyt 5 U poen 51 as (sl 55l Sl oy
o Dl gl SIS Sl JRS 55 48 wlesls
Slosist p i s WSy B, pleld s
bl el gl BB Byl 5 @bl Gl
slas Slas 03ls 513 Gaa ol A SLEL S e 5 S
Sl e Sis slages e oS,
Oless 55 diad 38 15l S LIS n en Jalge ool ook
b Ohley s Bk 5l s sl 5 slagglen
3 Gl Jhe S s Sl Gassle dats
a3 oo KIS e (Bh0s Slagn o3 nl by Les
23 =l Ohlen B gl bl Jole SO Ol o
AU g 2l G 5 Bls ol 158 B S
FOXO (3Lsl el slacnls,y » B-3LS (055
33 St b sl o es Jlise (FOXO3a 5 FOXO1)
bug bl ple e CBocr

ol Aol 15 585y e 55 95 55 el

L5,
GRS f 9 4 ged
ej; Oy ot S ol LSJL“;‘E_‘_;.’)’.J C}’ Bl fpb- OB 95

s e VY s nl 0o 1d S el J xS s

' Doxorubicin


https://ijdld.tums.ac.ir/article-1-6041-fa.html

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

S35 Soul A SLacuin gy i B LS (i g 5 Sl 11500 5 $IS g il ‘WY

6Ll & '(SDS) iy frus 3 ks A3 S EGTA
ol 4 s ealizal (Sigma) LS S Sl sl dsss o)
ol AL s Sen0ne 5o Gl o S e Ve S S
o 3 Ad Ofgen s splises S ks Sy, S
23 e 3 A IS 51 S Sl ez b gles s csl
3 s s (o, swldrfroil) sl 5sa sle S
e 5 35 Bl ai3s Ve Sidews 551 S Sl (a8
e S L 0T (S chle 5 e LSJ)TC“’.' s @l
zoe dsb 02) 438 (oSl (Bio-Rad) 55, (oS
o pyamy Y s Culg s (Us g, Seslul e 5l 040
LV ol sdel st OJpen s b (51365
YOSk L S- 5 MMB0) L sy (56l
2233 0 iJ g pedS Aoy Vo DWW g s 93 b Loy
Lo (o Jgbgep duoys +/000 5 Jpblls o lo
pled s ol g aids 0 Sokowy Lok sad caslsl 53 13 S
Sloeslimad L langSs s Lsd ey pls SLlS Lagss
slie 4 5 oA lu= SDS-Polyacrylamide Jj 8 <SJI
doys 0 s Cele ) Do sl U Jame ke 5 0
Tween 20 ) &5 +/\ 5 Tris-Buffered Saline ,> BSA
A SOl (00 ) adsl gab BT ys 5 Ad a5 (TBST
53 el ) Sdeas day Sa) sl o3l BT 53 0 sl S
S b baptis A5 elnil TBST aoys £ 53 U1 sles
s 5 s Loy (BECL) ulicws) olend Sl
O/ANNY - akd) Image J - lsle 5 L densitometry
anti-PKB  (AKT) (sc- slagab ol s (g, Sesll
anti- , anti-FOXO1 (C-9) (Sc-374427) .135829)
cole 5y Skl oS ,: FOXO3a (DP-12) (c-48348)

L] s S 15 eslizal 5 ge I el 528

Gobl Jolow
e Sl T(KS) Gy ek G S 5l 0431 51 lan

Jboj a5 Lad eslanal fags glaesls &5 b

' Sodium Dodecyl Sulfate
2 Kolmogorov—Smirnov test

ds p fo W BN g gopw bandar 2 55,5 0 Gy el
Loleads £ ooy 0 Jold uped gy e L3S 0 S
ol il lbeyss 5 S Sl 15380 B A Uslee ik
ol ot S A3 600 Jslas 3 L B Y Jlad
2 ANV BN 2 2o bl Bse 5 andr o OLL 52 S
A3 e iy Odss Dleside IS5 S 0 3 aid>
53 Ao US54 18 0 Sl s el

IV] Bl (s wan A s

S g Sl (g 80511 0 goT
ai3s 53 e 0 s b e S (o pSe3ll OS]
ol adds 5 e 0 led 5ol e 4l Y A g5
w B g Odonsr) Saes a4 ol o sl jise B 3L
sl Sgise O 52 & o iy (Jon2 5 sl
A a8 s s g SS1 Ol ey ey (S 4

]

SR TRXD)
IS Bt slasiin 5 s 2 LSBT 03 0 S 1
Ve 5t o yed Gl gl Oles s b S ges] e i
Jpol ooy b lafge o pnd sadr o AT 51 el
00 B YY) oelS 5l S 5 Sl 03 Gy b s SO
RSk 0BT a5 5 (O O3 p SRS 2 e S ke
G ol Sl e LS e (O 055 p SHAS
s SG5 058 e 53 5 A 2D Ol O 5L IS
Sy s e 31wl ) slized b Alobdl g s 030>

DT s S5 2 -Ay Gloa b g sl s

AR gl b,
Gl OO pey AT s, 5l eslizal L
ok L slas s gl gl s SASelul Jrags
s Al Ve e v/v0 sl RIPA 3L 5l s Cor

M)J '/'\ ‘V-','J‘Ml JU“JLS )V}A‘-A:.a AKX g(/\ JJ‘JJ pH)


https://ijdld.tums.ac.ir/article-1-6041-fa.html

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

\YY (Y o lad) ¥) 0,90 0¥ 5u3 g ulayd ()l yal pcusd galie g casbos dlae

(B sA N K5 P=r/v o)) 543 e 5 alae oo
03 Golsgme S @ e HIT (s ania A Jilie s
2 JRS 5 s Slaes,S w FOXOL (55 (sl sims
SA Y K8 P=r/0r) wd 5 sl ol il

(B
53 Sl S e HIT pad ada A e
2 RS 5 e glaes S o FOXO3a (555 (s sims
SA Y KD P/ w5 gdkas Co ey il

(B

Jis el Ogesl 51 dla e s Waesls w35 O3
S RIS GIV RN W P Q.ajjf O demlie (gl s
45 S plowil Y (a5 SPSS isdle 5l eslizal L claesls
ol e (oLl oS s 4 (sols e e el

sl 0l 4 § L s P<e/v0

aasl
SMaMuﬁuabbJ&d_}dﬁﬁdj‘J@gd@h)}:OL:L;)J
Slyee 53 (o3 pme Pl 4 o HIT (05 avias A

Qka. CAL: B JJ:.SJ u{fo.: LSLAUJ-f O PKB Q,_\i}jﬁ.

O 09

P - .-

T

p-Actin

42kDa

®)

16

Relative Levels of PKB/p-Actin
s e o = e
E=Y (=] -] = =] Rl

o
Pa

Jr=

(ol g0d

dadllas o 9o slao g8 o PKB (445 g 49 (s giae (gamwlio - Jsubi
B il s s J xS Olsea B-ACHN) Sl s PKB s (6l gime o3 02y slas (A)
Sl xS Jlis ;s PKB sy (slsee sadil sdd oS olis Godins OLES g Hls 505 (B)

(JJ,:;SAJJfA._»C«MJwﬁJoj;&ﬁd)\awd)t}\%é)


https://ijdld.tums.ac.ir/article-1-6041-fa.html

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

B3 S0 A SLaculi gy e B s (i g g b 1) (S00 9 SIS g (T LARS

o
~

(B

-’

=

o
o

Relative Levels of FOXO1/B-Actin

0

I~ ged

dadllas o 9o slae g 8 ;o FOXOL (4ais g 4 (6l s dewalio -Y S
s b s st 28 olyea B-ACHN G-l s FOXOL 55, (olsme U O 1wy o sbas (A)
Sl S s s FOXOL (155, (slymme ol ol oS olie (golins OLES st Sl 505 .(B)

(55 058 4 sl 03 05,8 (SOl sne Mt )

Relative Levels of FOXO3/f-Actin
® S &

=
P

I o g0d

dadllas oy 9a slac g S o FOXO3 O3 953 (51 iae dewslle -V JSub
B S3l s Jls J S Ol gea B-ACHND sl s FOXO3 (55 slsms 3 0 s sl (A)
s d s e s FOXO3 (155, (slymoms ol ol oS olie (golins OLES st Sl3 505 (B)

(dﬁn}ﬁwwwﬁo_};wéﬂzwuw\%‘)


https://ijdld.tums.ac.ir/article-1-6041-fa.html

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

YO (Y o lad) ¥) 0,90 0¥ 5u3 g ulayd ()l yal pcusd galie g casbos dlae

Sl bl Ll cpllas o ped saly Sl o 2l
Lok e R «oleds slaas Lile HHT o o5
Sl 5 Gae cate (Sple 3 Shes a5 sl
SRS ST RNCINIEL BTN R IR v
Sl s el Sl VU Coaal GIHIT glacy o3
S Aoy T apus B a5 cles buge Ul
3555 o sl O selinST Al L) b e 05.S]
L o258 05 e OO S 4 o 5 IS e G
St |y 55608 Sl eslinal Olsae « o5y Culled s a5l
Sty (s n 5 51 8) PRB sy SIS 45 0
L e Ol 53 1y S8 5 Slas s s Ll e (A5 s
[WV] das e 5 3505 Slagn s Gk 3l o0 g5 ok
S Gk Sl Ll PKB sy lime ol
Sl s B Plas sl o o (365D
FOXO ¢l a2 (3L 51 55 5853 Slacnts n ok 5l 1) ks
OL&ea 5 Holloway  aa=s s Laly opl 55 &S
Clyome 5 HIT Sy s amin £ 30wy p & (Y4)0)
D gl sl e B galae 5 FOXO3a 55 5
wﬁjﬁéljzx»ﬁé)\:@uﬁ:ﬁ@\i Ly B el
2 [YAT 51 0L HIT ol o5 bl JLise; FOXO3a
s ol G =L OLKa 5 Holloway .iss
S Sl 53 s me LAl dals Lo |yt bl
G 5 &Sl Jb sl 235 FOXO03a
S SSad 03,5K8 ols pae i O 5 Holloway
GaiS 53 |3 Sl Wl e ed Ol Sde il el 5o
s awa Sl HHT o Ol s O, 5 Holloway
s Ol Cde pl ol ex g atia A Lol S o
6 25U O glaSsy Slse 5 Olpe p Klg e HIIT
S el e el Ol J ol LS sl
S Kies s sigs ol Jolye FOXO asl it slapsis
Slagtsn Aol a8 L glagolen B i pker 5

S Sk W05 sy o RS 4 o 2

1'VOomax

Sow

Shl HIT o ar ain A Jlise & Lols 0L bt
Jle 53 o)l 54 PRKB (055 5 Glsee 3 (olo ons
S5 smn ,ialS FOXO3a 5 FOXOL (slayutis s (sl sime

Sl ol
Soboer VL faed b uls (Sola 8 ol 0l eols DL
sl 038 e sdes Sde &S Gl o en Gy, 5 B
5o sk o Sles (A g B (Sl e Shs
L5ty Gamml b 5l et s a8 Osls s
e 2N S s Sl cwd 35S
CiS Salpl gl Ll e Sl &J}J;u)uﬂ
bl D Ohley 53 SO3IPL0 WDle iS5 (S
O e 5 Moeini ad=s 55 [YE] 558 eslanal o3e A3
PKB 05 0l » HUT oo axin A 56 oy o 4 (Y2Y0)
33 fr ks e Sl 5 gl Gl o
05 Oly 5o Guls sme bl 4 e HHT - a5 astls
Sl 3l L HIT (e 48 s S Oly Oliie ol .43 PKB
250 S S L S nd Sosmle PKB OS5 Ok
V0]l 8 o oy SSIAL B ls Sl 55 S
S s ol Gt zb L OLen s Moeini Guiss b
Glsime il dali Lo i 3 8 3 15 tkines Ll
e dse 555 ol RIS etes PKB 055,
ol 3 (S5 Pmd Bos e ek LS LS e HIIT
s s Ll cpl s AL IS gabae IS s 5
win VY 56 ey 4 (T919) 0L 5 Mirsepasi s
Sbis ox ol s PKB O3 ol HIT s
Ol 5> (Gols gme Aol sdl idastls g ¢ wbs gl
J5S 05,8 4 S HIIT gy 505 05 555 PKB (555 05
s Moeini G 53 a et [ W elis 2L
S ol Sl ol o S 0L 5 Mirsepasi 5 0l
oy Ml o HIT (n e posaar 5 (2005 slagn 3
T A UK P SIS P PYF
S5 0Ll adl sl s b S s,S dxies


https://ijdld.tums.ac.ir/article-1-6041-fa.html

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

S35 Soul A SLacuin gy i B LS (i g 5 Sl 11500 5 $IS g il \ALd

S35l a3 s 855 arSsn ale 16 & Ay iy
Al o Jsbe S ns 93 ppamen il 5 LB i pe

LFY] dzen s 30 55mal 5 55,50 b by 55l
o e HIIT (pjad o ol DU 5l God i Solg 0o
Glime 28 OF Jlsw 5 PKB 55, glgme 2ol
(ol ol €355 o LB L 53 FOXOL 5 FOXO03a (gla s 5
Ll 055 Jad 40 e HIIT oy jed axin A &S S 0155 oo
05 FOXO eal gl (656 51 joun Jlgn 5 S350 58 (355l
5 g ks 33 B s g e HIIT Sl e 55000 31 5
e S B s S S s Slaens ) deis S
23 S Slades b Gl b AS e Wl ) dde oS

355 plandl e

P
S Pl
08 &S Sl Gl ol Qkf.):..,,.uj SN yt,. SR oyl
)‘ RGP fbu‘ )‘J:J: o@‘; 9 )\J:‘":’ < —Jt’. f}l-“ aK...\._";

D g NG5 S 6ok b age ol ul 53 oS (ool Bl alel

1. Benjamin EJ, Virani SS, Callaway CW,
Chamberlain AM, Chang AR, Cheng S, et al. heart
disease and stroke statistics—2018 update: a report
from the American Heart Association. Circulation
2018; 137 (12): e67-492.

2. Timmis A, Townsend N, Gale C, Grobbee R,
Maniadakis N, Flather M, et al. European Society of
Cardiology: cardiovascular disease statistics 2017.
European Heart Journal 2018; 39 (7): 508-79.

3. Dikic I, Elazar Z. Mechanism and medical
implications of mammalian autophagy. Nature
Reviews Molecular Cell Biology 2018;19 (6): 349-
64.

4. Shirakabe A, Zhai P, lkeda Y, Saito T, Maejima Y,
Hsu CP, et al. Drpl-dependent mitochondrial
autophagy plays a protective role against pressure
overload—induced mitochondrial dysfunction and
heart failure. Circulation 2016; 133(13):1249-63.

Sl Lls e Sy Bl ey 05 035 sl s aex S
Liel 53 FOXOL/3 cled oalin J 25 L ol Ko 3
Udtes FOXOL 155 5 45 dilosls OLES dalyd any L
s FOXO03a 3 ,Slas a5 I3 315 pae o2& 3 s

IALY FOWRS NP
b b sl 5t Sslis glad e LB gakas slad sl
Bl B Glacn s i ol ol i jle oS3l
SaS ol (S5 @ e JB osbar b e dsb ol
B b s Shes Gl a0 B S 3l S
i el b 3 g5l s o ol b e
SLoE s n e [F0] AL Ade Jlops Gy, SO LS
Lo s FOXOL 5 FOXO3a (sl iS55 sms FOXO (gosl st
G USe S apbie wBS Gledan SIS e
(A5 Jelse s slge Ao 31 OSUS (35,5 SIS
s oS g ATP Oljo ¢ s 513 oS Ll dalygo 50
5 FOX03a 5 PKB (gla iy s i el 1] 55 oL
) 6y sles 4 FOXOL 5 FOXO03a (sla s s (pooeat
Shoe S 4 mie & ol Solow 4 muly > B Dl s
3 S SO HIT Sl el ap ol 53 oomen 5555 0 B

b

5. Cheng Z. The FoxO-autophagy Axis in health and
disease. Trends in Endocrinology & Metabolism
2019; 30(9):658-71.

6. Wu X, Liu Z, Yu XY, Xu S, Luo J. Autophagy and
cardiac diseases: Therapeutic potential of natural
products. Medicinal Research Reviews 2021;
41(1):314-41.

7. Ferdous A, Battiprolu PK, Ni YG, Rothermel BA,
Hill JA. FoxO, autophagy, and cardiac remodeling.
Journal of Cardiovascular Translational Research
2010; 3(4):355-64.

8. Martins R, Lithgow GJ, Link W. Long live FOXO:
unraveling the role of FOXO proteins in aging and
longevity. Aging Cell 2016; 15(2):196-207.

9. Klotz LO, Sanchez-Ramos C, Prieto-Arroyo |,
Urbéanek P, Steinbrenner H, Monsalve M. Redox
regulation of FoxO transcription factors. Redox
Biology 2015; 6:51-72.


https://ijdld.tums.ac.ir/article-1-6041-fa.html

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

\YY

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Cheng Z. FoxOl: mute for a tuned metabolism?.
Trends in Endocrinology & Metabolism 2015;
26(8):402-3.

Yan H, Yang W, Zhou F, Li X, Pan Q, Shen Z, et al.
Estrogen improves insulin sensitivity and suppresses
gluconeogenesis via the transcription factor Foxol.
Diabetes 2019; 68(2):291-304.

Schaffner 1, Minakaki G, Khan MA, Balta EA,
Schlétzer-Schrehardt U, Schwarz TJ, et al. FoxO
function is essential for maintenance of autophagic
flux and neuronal morphogenesis in adult
neurogenesis. Neuron 2018; 99(6):1188-203.
Manning BD, Toker A. AKT/PKB signaling:
navigating the network. Cell 2017; 169(3):381-405.
Webb AE, Brunet A. FOXO transcription factors:
key regulators of cellular quality control. Trends in
Biochemical Sciences 2014; 39(4):159-69.

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.

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.

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.

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.

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 MTORCL signaling
pathway proteins in heart tissue of type 1 diabetes rats.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

(Y oglach) YV 0,90 ¥ v 4l g ulayd )yl pruad galio g Cuslas dlae

Iranian Journal of Diabetes and Metabolism 2019; 18
(3):116-125.

Zarei F, Sherafati Moghadam M, Shabani M, Jokar
M. The effects of 4 weeks high intensity interval
training on mammalian rapamycin target protein
(mtor) and sterol transcription factor regulatory
protein-1 (srebpl) proteins content in diabetics
obese rats adipose tissue. Iranian Journal of
Diabetes and Metabolism 2019; 19 (1) :26-35

Jokar M, Sherafati Moghadam M. High Intensity
Interval Training Inhibits Autophagy In The Heart
Tissue Of Type 2 Diabetic Rats By Decreasing The
Content Of Foxo3a And Beclin-1 Proteins. Iranian
Journal of Diabetes and Metabolism 2019; 18 (6)
:292-299

Moeini M, Behpoor N, Tadibi V. The effect of high-
intensity interval training on the expression of
protein kinase B (Akt gene) in the left ventricle of
male rats with type 2 diabetes. The Journal of Jiroft
University of Medical Sciences 2020; 7 (2) :332-340
Mirsepasi M, Baneifar A A, Azarbayjani M A,
Arshadi S. The Effects of High Intensity Interval
Training on Gene Expression of AKT1 and
mTORcl in the Left Ventricle of Type 2 Diabetic
Rats: An Experimental Study. The Journal of
Rafsanjan University of Medical Sciences 2019; 17
(12) :1119-1130.

Kréankel N, Bahls M, Van Craenenbroeck EM,
Adams V, Serratosa L, Solberg EE, et al. Exercise
training to reduce cardiovascular risk in patients
with metabolic syndrome and type 2 diabetes
mellitus: How does it work?. European Journal of
Preventive Cardiology 2019; 26(7):701-8.

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.
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.

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-1-6041-fa.html

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

Iranian Journal of Diabetes and Metabolism; Vol. 21, No 2, 2021 128

The Effect of Protein Kinase-B on FOXO Autophagy Family Proteins (FOXO1 and FOXO3a)
Following High Intensity Interval Training in the Left Ventricle of the Heart of Diabetic Rats by
Streptozotocin and Nicotinamide

Neda Aghaei Bahmanbeglou!*, Reza Salboukhi?, Mohammad Sherafati Moghadam?®

1. Department of Physical Education and Sport Sciences, Aliabad Katoul Branch, Islamic Azad University, Aliabad
Katoul, Iran

2. Young Researchers and Elites Club, Abadan Branch, Islamic Azad University, Abadan, Iran

3. Department of Sport Sciences, Apadana Institute of Higher Education, Shiraz, Iran

ABSTRACT

Background: FOXO family proteins are important factors in autophagy pathway. Protein kinase-B is an
important regulator for this family that can be regulated through exercise training. Therefore, the aim of this
study is to investigate the effect of protein kinase-B (PKB) on FOXO autophagy family proteins (FOXO1
and FOX03a) following high intensity interval training (HIIT) in the left ventricle of the heart of diabetic rats by
streptozotocin (STZ) and nicotinamide.

Methods: In this experimental study, 12 two-month-old Sprague-Dawley rats with a mean weight of
270+20 g were selected. After type 2 diabetes 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 for 8 weeks. SPSS software version 23 and
independent t-test were used to analyze the data. Significance level is considered p<0.05.

Results: HIIT training resulted in a significant increase in PKB protein content between training and control
groups (P=0.0001). In contrast, a significant decrease in protein content of FOXO1 (P=0.003) and FOXO3a
(P=0.006) was observed between the training and control groups.

Conclusion: It seems based on the results HIIT with increasing and regulating PKB leads to a decrease and
inactivation of FOXO1 and FOXO3a proteins in the hearts of diabetic subjects. Inhibition of these proteins
can prevent excessive cardiac autophagy in diabetic subjects.

Keywords: High Intensity Interval Training, Heart Muscle, Protein Kinase-B, Protein FOXO1, Protein
FOXO3a, Type 2 Diabetes
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