[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

VYF=AYY (Y o,Llach) YF 0,590 V¥ ¥ pu g ala ya .0 g3l auusd galie g Caslaa alas

S5 gm0 g b L 10 ST g g2 (3w 38 (HITT) Sl 3 (99 (32 03 il
99 £ cold 4 Wi LD ) I Slas b 4o (BNIP3L ¢LC3)

‘o S5 SS e B e L5 3l 3l L

oS>

.

JUstl 4y e Wl8 0 ol ile (goles Ll 5 5 a8 ol L;).,\.S}.:AQ:_L_S(.._L.‘; Sl Pl S o o8 (S50 s andae
LC3) (3l s somn b Ja po (slactis e Olon s (HIT) o sl a3 30 bl s plasl 51 G (ol il 63 5
el 93 & by 4 Wi slac, Jo glae sl ;s (BNIP3L

Sl e, Lus ol psf Yoy 05y nSle b JslaS ol 515 5l anle aw 5y oo VA oo s ol 53 ila By,
334 kel oy 4 b pl LS s ps Sabs 4 U Lol 5 55 5 e S 555l Jhomn Jho03)3 o5 Gisb
Sl Ddedy \)H”T Lu.gjas e);..)\_.i wﬁ_)bjzﬁrjb JJZSojﬁ ;,<.3 év\l.l..ir.:mﬂh;b.l.i: JJZASJ&LL{J U'ij""; gajjf
)l_}.é\p} 0 6 b Lg\jj Q}Aﬂ Gk sl aesls o ga s sl <=\>.L}\ o ST Ao ;3 40 B A0 Jslae Sus L oada
5 mbs JaS 05 8 5 a0 e HINT win lia 31 s |y (55l oo il 33l BNIP3L 5 LC3 (sla 5y 5 (sl s tlaaidly
.(P:~/~~~\);l>QLi.}(.)LﬂJJ;;;5

53 elSL Glag,bS s ($3Sy o Ll 0 350 L Lo e Jalse Sl LHIT &5 03 8 s 015 o 18 S ot
uéjww%mbjsésﬂwudwx\j&ﬁjbjJiﬁéjléjzra;ﬁ}w\l{u)&dqliséugayﬂw

.)‘}ﬁ:

Ol Gl Gl o&ils (bl 5 205 pobe 8aSEs (a5 S5 055 )

;S:u\")ﬁn C.u.u:i "C\\VY’\Z’YV QSL ‘Lf:":)JJ f;‘,lr. 0\5; ‘quulu‘J‘) K} éf;)z ‘5\5.“‘. SGAS.‘.LA‘J (J‘J:ul eliﬁu‘..\ :‘4‘)‘ O‘A&A ‘:)“)3.& o—‘!w‘(
daryanoosh@shirazu.ac.ir

VECY/N /Y bl o gy VEY AN S ol Caal 93 0 gyl VESY/0 VN 1y ey


https://ijdld.tums.ac.ir/article-1-6296-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

\Yo o SLACKHIS g 13 (1330 53 (HINT) Coch 3 (529188 (53 538 11500 9 (5L

S g 36551 b s [AT &S Jlad |y (556 ge Ll 55 a
Jraze Tl 561 L Astnd 4 (LC3-D) LC3 Js5 550 p b
S5 15 (LC3A1) ald 61 i dsilins-LC3 p 3 6 35 o
Lap 3386 51 a5 o WLl a5 SU 51 glalis w4 oS s
JSi5 1 s sl 5 sk S5 e L
GlUssds bawy o3 SUgl 2 Gl 5 das o
St 5 e Spon LC3 s e S essss)
T8N+ T 358 656 sme 4 e Ll 5o BNIP3L & Jlasl
et b OIS o 1y (Sl B s S gbe s
oSN Sy Al s b g3bsme (V8 i 5 Janes
BNIP3L iauly b (536 52 s FUNDCL" ilauls L (556 520
5 b men (3L o Lls Lag, S e VYT HNIX)
Lim o o Shes 5 Slgen U ,S e 3 530 e
S3U s (S she Salils O B s o 5 LS
534S s o WIDNA i sATP Wy 2alS 4 s
Slotisn Ol S s Jibe S w e Sle
BNIP3L 155 5 ol BNIPSL 1555 (656 sie 53 S 5
San Se s sphe el NIX Olpea pmen &S
SoAS s Som LS 3 Sl G A0S 5e 4 by
el BCL2 5316l 51 5 BH3 (55 4 Glate 5 3,0 513
AL e oS S Olgea il s NIX (55
b ale bamlie 55 Samal S s Soads
S ol ol jasie SHU 4 [VY] Al astlis el gl
bl o8 (g3l se 50,8 G Ol gea BNIP3L (55,
LYY sl

Lis g 3 G s sl Ol ol o
el paze Saolen S ol Ol 5 Sy
Jba Ao sbadls sl b Gl 5E ok
sl dsb s o« ol Sl ollas s 85l
sSs s el ssba sy e JBa 50
s,k i O S S ollas s (68 s
OF 35 & wul Gl slages 3l 6 sk
Gk Sl sk s Shes 4 plies Sln s e

6 phosphatidylethanolamine

7 PTEN-induced putative kinase protein-1

8 FUN14 domain-containing 1

® BCL2/adenovirus E1B 19 kDa protein-interacting protein 3-
like

VRV

Sl Sllae s sl ATP ayl 80sS i 5 La g, yoe
sl Ses ol 5 o sbadke gl S das
GoAS se kS 5o el [V] At (L ) (K5 b
S 5 5pke L 3 Shas et o s ASLI Wae
slolen skl Jool Jule Ll o ol 8 sl (pl 2
IYOF] dil s dile yo e

R SOAS s kS °v\~5¢~1@ SIHLT oyl
Slhas 5o adllas sy5e opfes fnS (A e S
G5l 28 gy J ol b [E] s S
el SSb s dile (S e LokS SRS SIHUE
Lo S wul 3 S 5l als ssms (S5 sds
g el 5 gl A e Sl sl
1S ol LaBL L 5 ey ol Glas S se o355
2 s S o] cl Sl (A8 e kS L gl
JaS 3 S s S 5bsie S ol ol 55 -
Ao o Ses 4 e Solg g0 & Sl (A8 e kS
glacdle dauls L B3l lp 5 25d 0 (oIS e
Y] e Sl ASl llze 55 555

NAMPK) lind ige (35310 L sdddled SLS 550
LS [V cd addcblis Sl osl oSS K
YV s Sl s S Dl sied
eAi b S Jsen RaS sy 05 Sl e 5 "(TSCL2)
el s ) LSS les 40 j2ee T(RhED) sae s
Ly dylp ol e HMTORCL) Okl S5
Oradled L [ V] s ol 1y Sbye 5 (5L S
s (5,55 Slagetis s MTORCL s isly (sl oSS
53 by OLL 4 5 plxil 1) (5L e Ll o 45 550 0
S 520 5= AMIBY 555,800 b Lo e 55 Ole o)
W ls Js0 e b dow 85, S CULC3) Y
Db s Ol el s &S il Osdlb LS
LC3 « Jlail b oS s S35 L ke Jalse

1 5'-Adenosine monophosphate (AMP)-activated protein
kinase

2 Tuberous sclerosis proteins 1 and 2

3 Ras homolog enriched in brain

4 mammalian target of rapamycin complex 1

3> Microtubule-associated protein 1A/1B-light chain 3


https://ijdld.tums.ac.ir/article-1-6296-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

(Y o lacd) Y¥ 0,90 ¥4 Y 513 g ulayd (ol 4ol pcasd galie g Cisbis dlae \Y#

&S das Som e K a5 ge sbaseSs cl
o LI ol eslle ol = (6,8 2 3l a8 5 oLl
U3 oz 30 HIT e b 5l (oS e (530 52
s Slee b BLl 53 didr el S S 5,5
3 el ped dle e Slagn o3 4 o (LS 20
G 3l s 0l )l Sl 5 4 a5 bl e sl
e 53 S ey Ol HIT 36 ol
olal as Slae sl s (BNIP3L 5 LC3) (36 st

sl 93 & Cobs s Wi slac,; (o)

L S

T RPN

S e STV 5 SOl b ks 315 51 o)
ol S ol i YYRY dB LT lases gles .S
G 00 ssd> Cusby s VY 4 VY & ysma (SO0 5 ol
o s 35kl (gl 5 Of ey sled 35 Ao s Wt

el

e B3l ddoe Gy P G b 5l sbs Wl By,
Lol o 555 9

ol e 53 G VY ey 53 53 650 ol sbml 6l
eSS 2 il 4 S oo M0 503 b sl S sl
Jolowe aids V0 Sl day (o 5 3,8 GaoF 0L O35 )
Uge /) Sl 3L 5 0l |>) "(STZ) e 55 9 5% el
3oL Sk Lo 055 o sea PHE E/0 L
VY s Gy O 055 5l eSS e bl 4 e S e
s Al Gladsle Gy S e cele
Qg A3 L;ﬁfe)'\.)d\ oKawes 5 eslixal L e 55 3555 el
s 43S a3 S5 5l 45 St 5l O S Ol
YA b 3w, (xjfdl._w WYV Lals s O LB A
233 g5 0AE mls als Olsea e ne S ke
DAT ws an § L

2 Streptozotocin

S 50 oS J3S Ol oS pladyl b 5l Glee sz
DL ol e [E] L e 3Ll s e el
58505 o33 L o un Ul ks b s ol \(HIIT)
BB slaosn ST Jald Dseme ool Jed L Jles i
F AL S wdd boadds 86 BT gl ol
U Y oo ol s b 6,555 6555 L ol an VOgpeak
Sl 3l K Olgea HIT [Ve V0] ool 436 £0
5 el ok olizad Wy el 53 S3lsn b b 3 (Sl
Bl 5550 1) oo slaggsbon 0 Ui Ol 5 OS5
] el Wl yls e s Sl el 13

5 Slgee (Y)WV) OLKs 5 Brinkmann  aé=s s
ol a4 Wi Ohlen AU dlas 3 (6)AS 520 5 Slas
Sty ol ¥l nped SO b g
Vbl 55288 13 s 250 $3lse s S kas
o 5 EBY 5 op e 3l 3 ais Voo 05 5l L3 aia
i oo BNIP3 5 LC3 glais s (slsimes cppes
odalie la s (lgma 53 Oboj aw s (Gl sae o liS
SLietsn 03 Sledd 8 WS Ok Olie () A
ol or 55 g5 ol « Uee Ols e o3 (5Lt siS o las
e s Ul aS S i b el Sl o
Cobs 4 e Ole 53 3l e ladul 3 ol See
Slgtsn LIS o LT oyl ) 5K 5t ¢
Clled & oS ) sbas b (ol 5 sgdin (530 se oiS i
Sl o5 ol 03 oS sl gl 3l 5 S
[IV]sss jasia ol

5 35b 0 i (G s kS 45,80 Sl S pl
Slagn el 5 ol b cos byl ol 6,5
L sballes drwg 4 LS e LS e JlE 55
WS Calls ams s 5 S Cllae s Ses L gl
S 3 ph g e ol pladl (gla g ) ey S SaS
53 oS e ol s S5b e Al age sl slady]
2 sk pl s age g S e 5 Ses kS
Sbse 4 bl e JSe 5 Jsho b en ooy 2 bl
Shesen b Soop Sl (5l ge s e plal (558 s
oSl Sos G cpl by ol bl AUl Sllas

! High intensity interval training


https://ijdld.tums.ac.ir/article-1-6296-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

\YY o SLACKHIS g 13 (1330 53 (HINT) Coch 3 (529188 (53 538 11500 9 (5L

Sl Oa3 Glgee OOy ARLLST 5,
6;0)‘&‘ BNIP3L 9 LC3 J::’}J-.’ A.LiM 9 (,U 6LA(=J3

A

Sl Jows 54 35

o S s s ol 0031 Gk Sl Waesls 03 Jle
ool sl paie glaesls daesls Do b 4 e b Ad
Opo3l 5 6, b S ISl bl Glaosesl g b 5l sl
S estanal b desls poy Al Jdowi s 28 (S5 oodaS
gl 38 el 40 AR e LGS e
el ods a § L5 3 P<e/v0 ol iagh (g obolias

Laail

oo 0L 8 b (15T 0g5T el Laosls s ey
xS las @b 45 LC3 85, Olpe » HIT wiia A
Solssne U 53 55 cubs 4 U slac; () 5L
ek ol sl DL S i Osesl (PT v/eee)) syls
loos S iz o LC3 s, lyiee sl Ll pne
Wl J xS oP= /v )) ls J 8 4 o Wl J 28
Slres S iz pizman 3 (P /00 )) HIT & s

(O JKE) P= v/ e o)) G HINT & o by J 28
A oS L esls Ol bsesls s oo ulalp roees
xS glae <l s BNIP3L 55 Olse o HIT asia
Solssnn U 33 65 calis 4 Une slac; () 5L
ek ol sl DL S i Osesl (PT v/eee)) syls
Slaes,S S o BNIPBL (5 slyme sl Jls e
o s dP= v/ ) b J 5 4 ol (e J S
ey S i fpizmen 5 (P /o)) HIT @ o

(Y JK2) P= v /oo o)) G HINT g o s J 28

Voa Bslad fgya GuIY) s, s & by Wl 5l
M (jaf -\) L;Uti.) JJZS) (J“'“ -\) d’bli.) H”T ojjf Zojjf
el a8 S s 53 G V) Wil U8 055 S e

A

HIT) UL 0as b osls 2l

O el e S Slac el S8 S g Wl
il )i G oS (Cubs o Ui 5 e £) S5kl o 5 S
SNl Dsail il eslinad s Sl ol e
R S R A S
&Qb@)b@lﬂﬂbﬁ‘@))bﬁo&ﬁ}j&ﬂ
O 33 &8 g8 Loy (o35 slesl 4 b se Olr)
5 5 50 Lo Sl Dlpea (ide; (S 4 O,
Haj o

42> 5 ge )t B0 s b G Dodews o a3 03 S sl
et HIIT 65,8 566 60 LT OT L 5 53 Les 5 (555 5
sj»&;ﬂbulg-f@fiﬁ.sﬁulg—omﬁij
0 oot (Lo pw JSIA= Ao y3 00 B ) aads 5 2 VYUV
SaS T 5558 Jals Aol 03 Bl y s 3 S 0 S ads
Aoy3 90 GAO Jslae o) 4ids 5 jo¥r B Yo spdm o
e b glaads ¥ el ol sl laeyas 5 (Co Sl
S Aoy W B0 Jolae o) adds 5 20 VO BVY 550
Vool g b la, 50 andr e OLL o Al el (s
0 ety (Copu JSIA= Loy 00 LYY ) aads 5 2 \V U
Sphd i N 3> 5w o fedf cd DS 0 add>

Y] el

AL 6,05 5 3L b,
O T SR W P SVCIVIR, § 35 [E
0r LY 5l S5 Ble 050 GuoF b s ST sl
seS ke @ U ae 5 peelS Ok 035 ¢ SAS 2 p S ke
S3L 0T Sl ey s s o e n3Wls 04 O3 p S S
Sk e S e 3 s M e S e
bs g5 S 0355 5 el (BL 5 G5 g Sall 058
Sl s damie D31 gle Sl a2l b e S a3 13

Sheslizal b Bad dezee A Glos L (gdms gla s


https://ijdld.tums.ac.ir/article-1-6296-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

BNIP3L

(Y o bah) Y¥ 0,90 1F Y 415 g ala a0 ol acuad galie § Culss alas

<0.0001

1.5+ [ I
<0.0001 <0.0001

1.0

0.5

LC3
Density (Fold of Control)

Control Healthy  Control Diabetic HIT

il slao 9,8 4 LC3 (5aii gy oyl 3ae 9 ylaslioul 1 jadl g (il -\ S
(ol oudds yadidio Las g S (a3 ($lu e JSuli ya)

<0.0001
| |
1.5 0.0023 <0.0001
] |

° ]
|
£ 1.0-
5 ]
o -
[ -
° ]
o .
[} i
w ]
2 ]
2 0.5
w -
(] .

0.0

Control Healthy  Control Diabetic HIT

Slide glas 9,8 4a BNIP3L (i g 4 o e 0 yluslival G jadl g (ailae -Y S
(ol o yadiio LA g S (a3 ($ lu e JSubi ya)

YA


https://ijdld.tums.ac.ir/article-1-6296-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

AR SLAGAAI § g3 (a0 5 (HIIT) Coaedi ya (o 93 u:i:oﬁ":l:li:l olySad g 4G a3l 0

smbs Gl gssasl 53 LAS s SdS 5 sl OAd oS
1250 Glhde (53 Shes okl o LIS o gl (nl S 350
o 3 edidml SLaE,AS pe B Zol LIS e (Y
55 3y ool bYECYOT sps Sllae Lliessl oS
Sal i Lol lagn o5 (OLSea 5 Moller guiss
Sy Oy Saalsl Cel c GUgb Oy e 5 buge U
el 53561 sk 5 LA edas0li o (Al LCBHII
Se 3 edidsawl S sy, Gl Cel Lol oyl
S HIT &8 S 0lg o ol ol 053 0 Sllas s Slas
Lgd o Dllze s 5B 5 OALdle el o (g5lsm
o s (YA OLes 5 Zhao Kos a3 lis o
5 Sl Jpn Sl 2 Hins slagd 6
SHios aped Ay B Aae 3 S e oby
Sode 3 A 53 59, 0 5 LS o el Sl aas Ve el
ol azia 3 4i3s V0 e 5 43 Yo sl dxia 3 Olej
s 0L 1 BNIPBL (5 lsime 20 gl .l o
Sl b L ey s OKea 5 Zhao Gass s [Y1]
55, Olge fals el (SUsb Ol o 5 b
ol el (30 e c s zalS sdasplis 45 1x BNIP3L
DIBl sl e S e b el Wis e anl
il i Fhsm Gk Sl Rdr GoAS s AS
2305 Slim el Obey Dde 5 Dl (p g &S S Ol
& Cobs Ohles Slays (gl ayls Sleys Gua uf:w._,
HIT (aea g a8 sie 3 Slas s OlSKs glls &5 5o
Al (6 b S Ll e

35 G5Bl sbml el Sk bl &S A el Ol
S s o Ol Oldlae 5 spd e IS dae
sooslle AL S wsy ol s ehsa Cl (Sew HIT
SNes i 3l S0 5B &Sl el slgis ol
CohS 3 g tho 31305 ke D51 (8 il 55 e
5301 b s W HINT [YV] 05 andls Jai (S s
wld el @ Sl 5 (e (B LI S 5 g
Pl &S el ol sl LA emen Lol el
5 Sple g plioilas! S a8 e W1 oL, AS e
5 &Ll IYACYAT s o il 1 aliae colizal cub b

SoLS 50 LokS Lab Gl Sose sl b (3L s

S S 5 Lo

0353 Slgmee HIT wxin A 3ls 0L Laesls Lo e 50
&S lWae w3l 3 |, BNIP3L 5 LC3 (laipsis, Job
s e SRl g p s abs 4 e o, s 5L
Slaarls bu g &5 (HAS 5o LohS 5 LoaS (SIS s
Isb s 5 bl opi o Salon 5 oo SIS s0azs
A ey Sl e (S sl i
Gl CiiS y me gl S [TV] X,
Sllas 3 1) GoAS s G0 r..h.; S Ll S5
Pl Selbl (sl dhexr 5l S o Salen S
SN Sl s 53 GlenS) ST e by (30 s
s sl wile (e gl e tal el ge U diae
0 b e Cr o e ol Gl 1y placs
380es Bl 6l o Spke lagslen ) SRty
Gl Slhae o,y 5 Colle 55 ¢l x culg s 5 Slas
IAAPRAS KV

S bS5 S35 ol LB L LU s
OLaa 5 Moller Lu g aass 55 (s A8 se b LJ e
L S50 g5l SIS (g5l 38 o a3 45 Lsls OLES (Yeho)
ol s e 5l Ol Sl dae s ULKL 5 b
S SIL Lad e slarSs 1 s3len s DT andllae
S Al OB hs s 5 S w p Oldl Sl Alae s
Fob s U Sl e LGB Ol Ld555 cpsed
Kk y a2t ol a5 OB s 85 s o il 531 1 w;u}:l
Oly 5 ULKL danly b SIS G2 b 51 (s31sm s S
YY) 358 0 oludl Sl dlze 53 (o361 Esl LC3-II
LC3 sk 055 Glsoes 8 5l QL Lol Gdod 0
Gosd 53 5 b bl sl slacn ad plnl JLisg
3l il 58 LC3HI s 5 Olsee 50 OLSen 5 Moller
SAS L 555 Slacp 0 &S dewy 4Dl 4 OI8 0 0 p
Slas 3 @bl T gslize ol 3 Ciloss £5 3
Oby wde 5 UL cus U HIT ol Guiss 55 gl
BNIPSL 5 LC3 (slaeisy; prbawe il sy cain Sin
lae @il 3 (56 yme Al 3 odd Jlad sdas OLES oS A3
0 Ll e dul B cpl ol 53 £ 1L S gl e
5 5bsme A ) i Rl Celh (VIS e Oy 0


https://ijdld.tums.ac.ir/article-1-6296-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

(Y o lacd) Y¥ 0,90 ¥4 Y 513 g ulayd (ol 4ol pcasd galie g Cisbis dlae VY

(s DS g Ol o e Jole Sl (e an) UL
(S o3l sla0les abiae uale 5 £ 55 5 (5 Sl OIS
28 o)lilo b 5 G2l s

win Sula JLisa oS ol QL LSl G i Sl o
BNIP3L 5 LC3 lainSsn Jshw 0o lsme HIIT
Slse Lo Laie Jolse ol RIS L L e SRl
2 Sl lBl L LS e e a5 8 S et Ol e
Sl IS e 053 g8 b slagssesl glas il
3 ket (ol o L5 o oa 5 LS (3LSL NWRE
5 (6,8 g Lok S o o

Z

S Rl
LaS ol 3l o8l S5 (6,8 Al Jol= ass ol
B ASLSJ‘je‘ L;‘LQ:; )‘ sl S Weorg) rbu‘f.u 4"_}'<i‘)‘§i LS)&“A

Ppde S5 S ok b pge sl

1. Cartee GD, Hepple RT, Bamman MM, Zierath JR.
Exercise promotes healthy aging of skeletal muscle.
Cell Metabolism. 2016; 23(6):1034-47.

2. Laker RC, Drake JC, Wilson RJ, Lira VA,
Lewellen BM, Ryall KA, et al. Ampk
phosphorylation of Ulk1 is required for targeting of
mitochondria to lysosomes in exercise-induced
mitophagy. Nature ~ Communications. 2017,
8(1):548.

3. Call JA, Wilson RJ, Laker RC, Zhang M, Kundu
M, Yan Z. Ulkl-mediated autophagy plays an
essential role in mitochondrial remodeling and
functional regeneration of skeletal muscle.
American Journal of Physiology-Cell Physiology.
2017; 312(6):C724-32.

4. Drake JC, Wilson RJ, Yan Z. Molecular
mechanisms for mitochondrial adaptation to
exercise training in skeletal muscle. The FASEB
Journal. 2016; 30(1):13.

5. Guan Y, Drake JC, Yan Z. Exercise-induced
mitophagy in skeletal muscle and heart. Exercise
and Sport Sciences Reviews. 2019; 47(3):151.

6. Ross FA, MacKintosh C, Hardie DG.
AMP-activated protein kinase: a cellular energy
sensor that comes in 12 flavours. The FEBS
Journal. 2016; 283(16):2987-3001.

35 & Loea glasss s (NIX L) BNIPL 5 LC3 .z
S ps3SUal S s LC3 s i Ll oyl
G4 s (3L Eals BNIPBLNIX oS Il os,ls

IFe eV ] e
sls Ol (YY) oLKen 5 Brinkmann s i s

Ohleg ISl dlae ;3 BNIP3 5 LC3 (sla iy (gl s
el ¥ meliad el SO b ss ps ol 4 n
LY 5 pped 5 8 amaa ) (e 5l 8 ais N gl
3,10 55 Ol aw oy Sol3 e W8 (o ped 31 g S
3 LC3 lapnsisy Oy (Bl ol G ol [VV]
Geirs 3 S Sl Js cal 5 sl Olis |, BNIP3L
SOl 1y ol sl O 5 Brinkmann
Ol e by 3555 Slacn poi &5 dowy 4t cpl 4 Ol 0
aJwSr.‘k.u S Cﬁw A s ol i il
e LHIT ol G 5o sl ollas 5o (50 5w
Geios 55 &S Sl Jbs cpl 5 (ais i) WU S Ol
Oy e b elinal gl w3 0L, Ks 5 Brinkmann

AT

7. Krishan S, Richardson DR, Sahni S. Adenosine
monophosphate—activated kinase and its key role in
catabolism:  Structure, regulation, biological
activity, and pharmacological activation. Molecular
Pharmacology. 2015; 87(3):363-77.

8. Marinkovi¢ M, Novak I. A brief overview of
BNIP3L/NIX receptor-mediated mitophagy. FEBS
Open Bio. 2021; 11(12):3230-6.

9. Towers CG, Wodetzki DK, Thorburn J, Smith KR,
Caino MC, Thorburn A. Mitochondrial-derived
vesicles compensate for loss of LC3-mediated
mitophagy. Developmental Cell. 2021;
56(14):2029-42.

10. Lampert MA, Orogo AM, Najor RH, Hammerling
BC, Leon LJ, Wang BJ, et al. BNIP3L/NIX and
FUNDC1-mediated mitophagy is required for
mitochondrial network remodeling during cardiac
progenitor cell differentiation. Autophagy. 2019;
15(7):1182-98.

11.Liu H, Zang C, Yuan F, Ju C, Shang M, Ning J, et
al. The role of FUNDC1 in mitophagy,
mitochondrial dynamics and human diseases.
Biochemical Pharmacology. 2022; 197:114891.

12.Li Y, Zheng W, Lu Y, Zheng Y, Pan L, Wu X, et
al. BNIP3L/NIX-mediated mitophagy: molecular
mechanisms and implications for human disease.
Cell Death & Disease. 2021; 13(1):14.


https://ijdld.tums.ac.ir/article-1-6296-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

AR

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Turkieh A, El Masri Y, Pinet F, Dubois-Deruy E.
Mitophagy regulation  following  myocardial
infarction. Cells. 2022; 11(2):199.

Robinson MM, Lowe VJ, Nair KS. Increased brain
glucose uptake after 12 weeks of aerobic high-
intensity interval training in young and older adults.
The Journal of Clinical Endocrinology &
Metabolism. 2018; 103(1):221-7.

Bagheri R, Robinson |, Moradi S, Purcell J,
Schwab E, Silva T, et al. Muscle protein synthesis
responses following aerobic-based exercise or high-
intensity interval training with or without protein
ingestion: a systematic review. Sports Medicine.
2022; 52(11):2713-32.

Zhang Y, Liao B, Hu S, Pan SY, Wang GP, Wang
YL, et al. High intensity interval training induces
dysregulation of mitochondrial respiratory complex
and mitophagy in the hippocampus of middle-aged
mice. Behavioural Brain Research. 2021;
412:113384.

Brinkmann C, Przyklenk A, Metten A, Schiffer T,
Bloch W, Brixius K, et al. Influence of endurance
training on skeletal muscle mitophagy regulatory
proteins in type 2 diabetic men. Endocrine
Research. 2017; 42(4):325-30.

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.

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.

Khoramshahi SH, Kordi MR, Delfan M, Gaeini
AA, Safa M. Effect of five weeks of high-intensity
interval training on the expression of miR-23a and
Atrogin-1 in gastrocnemius muscles of diabetic
male rats. lranian Journal of Endocrinology and
Metabolism. 2017; 18(5).

Slavin MB, Memme JM, Oliveira AN, Moradi N,
Hood DA. Reqgulatory networks coordinating
mitochondrial quality control in skeletal muscle.
American Journal of Physiology-Cell Physiology.
2022; 322(5):C913-26.

Houzelle A, Jorgensen JA, Schaart G, Daemen S,
van Polanen N, Fealy CE, et al. Human skeletal

23.

24,

25.

26.

217.

28.

29.

30.

31.

SRS § 1 (o jae o (HIT) Coacd yy (o gLAS (49 ‘,:ﬁ;lﬁ olySad g 4G a3l 0

muscle mitochondrial dynamics in relation to
oxidative capacity and insulin  sensitivity.
Diabetologia. 2021; 64:424-36.

Moller AB, Vendelbo MH, Christensen B, Clasen
BF, Bak AM, Jagrgensen JO, et al. Physical exercise
increases autophagic signaling through ULK1 in
human skeletal muscle. Journal of Applied
Physiology. 2015; 118(8):971-9.

Nijholt KT, Sanchez-Aguilera PI, Voorrips SN, de
Boer RA, Westenbrink BD. Exercise: a molecular
tool to boost muscle growth and mitochondrial
performance in heart failure?. European Journal of
Heart Failure. 2022; 24(2):287-98.

Memme JM, Erlich AT, Phukan G, Hood DA.
Exercise and mitochondrial health. The Journal of
Physiology. 2021; 599(3):803-17.

Zhao Y, Zhu Q, Song W, Gao B. Exercise training
and dietary restriction affect PINK1/Parkin and
Bnip3/Nix-mediated cardiac mitophagy in mice.
General Physiology and Biophysics. 2018;
37(6):657-66.

Aquilar CD, Malek EM, Reynolds CR, Dial MB,
McGinnis GR. Time Of Day Dependent Effect On
Exercise-induced Autophagy In Mouse Cardiac
And Skeletal Muscle. Medicine & Science in
Sports & Exercise. 2022; 54(9S):104.

Aparecido JM, Marquezi ML, Couto HL, Santos
TM, Cruz AF, Lopes NB, et al. Six HIT sessions
improve cardiorespiratory fitness and metabolic
flexibility in insulin resistant and insulin sensitive
adolescents with obesity. International Journal of
Environmental Research and Public Health. 2022;
19(17):10568.

Dos Santos EC, Ribeiro DS. Efeitos do HIIT no
perfil metabdlico de idosos com Diabetes Mellitus
tipo 2. Research, Society and Development. 2021;
10(2):e40910212656-.

Song J, Herrmann JM, Becker T. Quality control
of the mitochondrial proteome. Nature Reviews
Molecular Cell Biology. 2021; 22(1):54-70.

Da Silva Rosa SC, Martens MD, Field JT, Nguyen
L, Kereliuk SM, Hai Y, et al. BNIP3L/Nix-
induced mitochondrial fission, mitophagy, and
impaired myocyte glucose uptake are abrogated by
PRKA/PKA phosphorylation. Autophagy. 2021;
17(9):2257-72.


https://ijdld.tums.ac.ir/article-1-6296-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

Iranian Journal of Diabetes and Metabolism; Vol. 24, No 2, 2024 132

The Effect of High-Intensity Interval Training (HIIT) on the Content of Proteins Related to
the Mitophagy Pathway (LC3 And BNIP3L) in the Muscle Tissue Soleus of Rats with Type 2
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ABSTRACT

Background: Mitophagy is a type of cell death that requlates the quality of mitochondria and can lead to
disorders in diseases such as diabetes. Therefore, the purpose of this study was to investigate the effect of
high-intensity interval training (HIIT) on the content of proteins related to the mitophagy pathway (LC3 and
BNIP3L) in muscle tissue soleus of rats with type 2 diabetes.

Methods: In this experimental study, 18 three-month-old male Sprague Dawley rats with an average
weight of 270+30 g were selected. Rats were infected with type 2 diabetes by intraperitoneal injection of a
streptozotocin and nicotinamide solution. Rats were randomly divided into two groups: diabetic and diabetic.
A healthy control group was also included. The training group performed HIT for eight weeks at an
intensity of 85-95% of the maximum speed. Data analysis was performed using a one-way ANOVA test in
GraphPad Prism version 9.5 software. A significance level of P< 0.05 was considered statistically
significant.

Results: The levels of LC3 and BNIP3L proteins significantly increase after eight weeks of HIIT compared
to both the diabetic and healthy control groups (P= 0.0001).

Conclusion: It can be concluded that HIIT by increasing the factors related to mitophagy can cause the
cleaning of dysfunctional mitochondria in the muscle of diabetic subjects; However, excessive mitophagy
can also cause functional defects in regulating the quality of mitochondria.
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