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ABSTRACT

Background & objectives: Obesity and a high-fat diet (HFD) lead to metabolic disorders in
the liver by affecting the signaling pathways of fat and glucose metabolism. Exercise and
dietary habits are of special interest to prevent and counteract obesity and its associated
metabolic disorders. Also, Capsaicin ameliorates diet-induced obesity in rodents and humans.
The aim of the present study was to examine the effect of aerobic exercise and capsaicin on
the gene expression level of AMP-activated protein kinase (AMPK) and protein kinase B
(Akt) in the liver of HFD rats.

Methods: in this experimental study, 40 male Wistar rats were fed a normal diet (ND, n=8) or
high-fat diet (HFD) (n=32) for 8 weeks. After 8 weeks, all rats were divided into 5 groups:
normal diet (ND), high-fat diet (HFD), high-fat diet-training (HFDT), high-fat diet-capsaicin
(HFDCap), high-fat diet-training-capsaicin (HFDTCap). Training groups have performed a
moderate- intensity aerobic running program (60-50% VO2max, at 15-25 m/min, 30-60
min/day, and 5 days/week) on a motor-driven treadmill for eight weeks. Capsaicin (4
mg/kg/day) was administered orally, by gavage, once a day.

Results: Induction of diabetes was associated with decreased AMPK expression (p=0.0001)
and increased Akt (p=0.0001). The results showed that training and capsaicin significantly
increased AMPK expression (p=0.032 and p=0.045, respectively) and decreased Akt
expression (p=0.045 and p=0.049, respectively) in HFD rat hepatocytes. Also, the interaction
of training and capsaicin had a significant effect on the expression of AMPK (p=0.017) and
Akt (p=0.0001).

Conclusion: The results showed that HFD impaired hepatocyte function and that aerobic
exercise and capsaicin increased lipogenesis with increasing AMPK and decreasing Akt
expression. However, the interaction effect of training with capsaicin was greater.

Keywords: Obesity; Exercise; Liver; Lipogenesis; Capsaicin


http://dx.doi.org/10.52547/jarums.22.1.50
https://dorl.net/dor/20.1001.1.22287280.1401.22.1.8.3
https://ejournals.arums.ac.ir/jarums/article-1-2196-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOR: 20.1001.1.22287280.1401.22.1.8.3 ]

[ DOI: 10.52547/jarums.22.1.50 |

o3 Jlad SUaS (ailin 3 0 Ol 22 prmluns’ 9 S)lgd ()03 R13SlEed il
P20 b odub 43335 (o Sl Yhge ) 3uS 8L B Hlus yaiig )3 9 AMP L

SRR e
"sduc danl ! Lslo yulic H Al ol ol jasold

Ol (JoT e podunl ST olsiiuls (o il T Saly (b9 Il 38 05,5 )
Wbl (32938 (o) Siaer InLol el s ol seloial [99.1.: [CERN A Y IO}LC 09,5 .Y
info@ghasemtorabi.ir : o9 a8 couwy = VVEPPIV- -4 ;58 SAVVAEEEVYT :(yals . J shune 0wy g5 *

oy

IS5 5 G podsilio s pse SidiSiw sla e 2 il b (HFD) op pp 2138 230 5 Bl 1838 9 dlue)
=ML 5 S3la L ablie 5 5 i sl il slawmsle 5 b)) wulled .5 g oo a8 )3 oKW galie YMAL el
5 OB 3553 03 1) SE a3 I b Gl pmlinsS (sizmad ol JI3) 53 54 1 0345 wxsetl S 0T b o po S salio
JLsd JLS i 0 0l 2 opmalinS b ol jad (S)198 (g2 05 )3l (L)l puols iR 952 Jl B3 s 50 Ssue Ll
553 HFD b o 45385 (sl b o (55 il (AK) B S (555 5 5 (AMPK) AMP L o0

s(ND N=A) Jlo p3 3t a3) L atiady A e & Dby 5 lhzue (hse puw &+ ()55 aslllae ol 0> DI Gy
(ND) Jlo 5 l3¢ P200:05)5 O &l pboo dad Aled il Jl A a5 43385 (n=¥¥) (HFD) o )2 »» l3& 230
23 5 (HFDCap) (ypsslinsS o o 33 132 235 (HFDT) (32 0050 53 33 132 230 (HFD) o yy 132 23
GIl9R V293 Aol 1 Al lid 3w Ay (g3 pe5 S0 T .wa(HFDTCap)Mh&g_w)&s_g&)ﬁ =le
Aol bl Juod 5 590 L (@18 550 ziy o)/ aaBs Yo 7+ 4885/ yie 10-YD VO2max 70+ -7+ ) lowgio i b
b 0sshen S L Shsd w g & sy s )b K (€ mg/kg/day) ¢puwaluns

G205 45 33 ol gl S92 ol et (P=+/+ = 1) AKE il 33l 5 (p=+/+ -+ 1) AMPK gl (alS b sl (slall Ldaidly
s 35 40) Akt l GRS 5 (p=+/-ED 9 p=+/-¥Y 5,5 &) AMPK yls )3 ol Gise inl 331 el puusluaS 5
SIS 2o b yuunbasS b oy p0 Jolei (yaizmads .aub HFD o slahso s3u8 slad ol (p= /- €] 9 p=-/- €D
wedls (p=+/+ - < 1) Akt 5 (p=+/-\Y) AMPK oy

L rnnlisS 5 SIlod (e 9 03b 53 SLadshw 3 Shac )3 YWl cncl HFD as sls glis gl 16 paf dxais
L ol o ¢y e Joolss sl 3929 ool b b Some b 5auS 335 ) 3lg3 50 Yleunl Akt yhals s AMPK ial 531

ol 3 o (A8 (b)) walled (Bl Ry Gbojlg

~

VENVYNY 1bpedy VESV/D/\Y radlypd

9 munlled Al I bl 3l ol 381 [V ] cowl oo
S 4 a5 039 e dge da Sl i b juae 03 AbAT Jlw 0+ )3 Yl puwslyw 03 SBla g oub


http://dx.doi.org/10.52547/jarums.22.1.50
https://dorl.net/dor/20.1001.1.22287280.1401.22.1.8.3
https://ejournals.arums.ac.ir/jarums/article-1-2196-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOR: 20.1001.1.22287280.1401.22.1.8.3 ]

[ DOI: 10.52547/jarums.22.1.50 |

Ve Dl Jsl o plosis (9D 9 w09

Jul S g e sle olfiuls alxe BY

AMPK SiylliSun o 3 gib 53l I bl ¢l unsl
9§M6|)__voé_bf)|3é.bo|dé_ﬁ‘_f__gAkt9
Soas o2l L [V] sl S galio slasolon ooy
D) S Sbaie SidliSaw JeS oo 93 ol (i Jwolss
S35 Jgiliiml 5 S8l V> S5l 9 2 pand 52l
o3ub 03ls Ylis S5 b Jl .l oauis adlivh (ped s
JWAT oy gail 45 o gliie Silg3 50 w9 LIRE aF
5 8L L3S D pod p SIL 5 555 Joxs
=200 03 SS9 b)) 9 il iy Sgue SRS
ol bl 5o I VUL Sl (b e 138
JLBS a0 635 (o Glsixe HIRL AF ool o3l
OHRLS VS Hnss 09 Gid Milgioe S walled
o3l s Bla slaybse )3 [A] 303 70 S8 wJs
23JUSw 5 AKE 5 ) Sloc Soue b wuss & Sk
[3] sl ol )t SIS (5L gl mhouws )yl gl
el SJlgd ()05 4S5 03b o3l YLis (yrizxed
HFD sl b »3 g3 AMPK gl Ginl 3-8l
0d—b 03 libie ju5 (Silgn wlelloo )3 [V -] e 50
) wbw Vl—e V3 GBS S)lsd (2 )ed &S
sladslw 5 ) Sloc 39up el PI3K s AMPK
ol L DN ] 39 o0 diedlas LR 9o )3 S
PE e aF oo osBlie LIRSSy D2 S 3520
T =S 8l (S sdgimud S (63 g w9 YRRl
Bliles 4 (Sbirs wulled j osMe [VV] 35 505
&) oS (bl slawdljo sladi )& il 38l
slagloys 5 )5 (pla slacy 5 8)93 )3 094y
Q158 Bl 5 lLaploys aloa)l Hols jue
Aidly (5 it el S a)9) oo 5 Sl b
TMol 4 plss 50 LGB rl RS Pae Jl &S il
S ZMol 5 2915 LALS I o3l (R1SE p23)
osle K plgie & uunluus [1V] 55 ool Fa3)
Aol Yl V3 5 0352 7 )—hoo Sl 2
NVE] assilos) e i) )8 woldl disle s len
Olo—icany HuubuS )l i [10] s Joirsl 9
28 Jals JLsd S 55 (g pieuce 35 J 9890 S

A wawl a8l Giul i3l ol 03 3 & Bl v w)s
L 05 a8Lal SDIs 0T s cumen oo o Ly s
KA S ulsie @ Bl ol 2 osMe [ ] s B
adon Jl caJike S galie L )L—on Sl H—

oo e b8 sl obon wnbs (e pud
I ) o s 38 solow 5 b ) (CVD)
25 02 o [P] el oaub aislis (‘NAFLD)
‘dli_éﬁj))adﬁémubglplw)sﬁ
L b ) Sl 3 8o ol uized 5 S
u_g)%&gy_déél,);._xmaopt);g;)ﬂmuimlf
o= Jiaw b 9 oda Dl (g it Dladie azuis (S48
03 0T ©3—b ST 5 5 )0 gl agusT ey us
Slads—Tgo olso )3 [¥] ol s G305
Ao S b eu b5 ) alisie 03ia s YUl
5 (AK) B LS (3559 3 02 pasdgalie 5 (o) gl
(AMPK) 5 s—iao 03— JL=8 jLusS (it s p—
A b o p3s—e SLadliSw o ) aiws 2
bl SOl diiwd sS4l 9 S e salie oy gansl
J13 & Vsl K3 i 5 o 30 1SE 20
S st ok 5 ATP (530 Slge )3 il yuds
o 4y 1) AMPK 5 Akt oy Lais olagll iy
4 Lo b Jao Jl oslaiwl Ly [E] 35130l 5
5 Akt alisto (Lo s ds3mb S-S (S Kws
PRYCS e f»_n.u.d}.)l.m 5 63— 35— )3 AMPK
230 I bl B 5 gl &y cxoslio oyl oo
AKt2 o359 4 AKL [D] s ainlud oy ldE
—olic 03iS Jaie iy pm lwdlsd sl )
o5 5 3339 (SREBPIC) 1 Js sl oS @albis
O] wawl 5)5 06 S galie YLisd ool pibs VS (522
o5 SREBPIC 5 )—Slac AMPK ., 53 55—
AN 7] 38 5o Do ) 205 9 538 ) gslisnnl (5202
e bslxo el sl Koo Akt s AMPK as LuT

Muj&}&&:é&d»&oﬁsélﬁﬁlﬁ).)

' Non-alcoholic Fatty Liver Disease


http://dx.doi.org/10.52547/jarums.22.1.50
https://dorl.net/dor/20.1001.1.22287280.1401.22.1.8.3
https://ejournals.arums.ac.ir/jarums/article-1-2196-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOR: 20.1001.1.22287280.1401.22.1.8.3 ]

[ DOI: 10.52547/jarums.22.1.50 |

oY Q|)L§o.$34.lf-;».l.__:_dl)3rowl§

a_slUos )l T oso Sy b5 390 (Y- Sl j5VL
5 050 U)K B puan 5 Gl pes SS9 02 Bl pas
Obs—o pw &+ S5 .39 (3 03 ol s T
e S VEV/EAE A/EN 0o L slaiat & 5 il pio
olinlo T &5 5 b aus ) giuwly gl JI pliuns 3133
@5 oelsl 2 pols asllos a5505 pma 3330 Jhiie
Slbd) 3u0)3 B IS Size Flows ) ity wlini=s
2w A (93 g9 sUan) 740 ol T wlss 5 (Jsl 95
03 Uil T )50 wliloun aub (s 09,5 0 0>
Ao L wlio )5 s slayuad s (b & slaoy )5
A3 YYEV/E bu=xo slod L3500 (188K Ll
el VWY S50 & pliby)y ad a5 51,5 Lislw
D93 3003 BO/FEE waeb) o

o3l <l b

Aoas oume bl b b Ly Gbge OB jlw Jl asy
S ) 09,5 55 4 L hse (iad I )
N=XY) o) pp 2l3—E o) 5 (ND n=A) Jlo
3o 4 ND oy 5 sl ybse A3 iy (HFD
70 (9 ) 303 YY) Slasliwl (plde b e
33U 43385 (2 o3 Y 5 whaad g )5 o)
=l lng):') JIHED 05,5 la oo wde cyaed )3
VW ol ooy s (515t .33 55 oaliiwl oy
o) £ 9 a9 ) 3003 EY (yuli gy Juo )
2352 o8 )5 2o I3E s Sl 35 G2
o sl abs o Mlasbi_wl sld—_¢
YA) e o8 o (05 5—LS/p )SY7D)
{p S 58/ oS ¥O-) ) (p S 5—uS/p )5
5 Lagpeliys byte ()5 oS/ )8 1 +) s il
¥) os5—sie DL (p 5 5 AS/p )5 7+) (Gase sl
DI 5 ()5 58/ 2 )5 V) pee 353 (e S 5hiS o )5
oles liad aib olaiwl (o )5 sliS/ 5 1)

AT e jhgo 09 slde ol a CPLIPYEN

109 )5 0 a4 Ly ybgo Aot Aisd wudd Jl Ay . aaubls
—w 2 (HED) o s 50 (ND) Lo s (3 025
5 (HFDCap) (pmmlunsS -0 5z o (HFDT) (5 505

Gl E 8 500 4S5 383 50 lis B9 5y sl
N7] sl ol ot SBla HieS £ o b uunlunS 55ls
Jobib prunbus SBla 3o sl 09l o juile
olal38l 335503T Jle 9 3w © sawlswsT (ol 331
Lol 95 pa 335505 5 Slogid (2> 035Ul 5
23 g—ae Sl puwe G b Il 6 pw il 58l 5
Ol ol ws 3 ) Sloe Joas5 5 wo—oMigud
A 03mib o3l Yl oyl o o9Me [1V] il o0
o 503 55 Jl—25 1) AMPK (il
SIS 3359 Slool 03iiS eulais a5 Akt/mTOR
2 Jlialas ang L [VA] a8 o oo b el
WSS 0Is Uikl 8l Jss & A SSsalie s ySdec
MU gl 5 (F32 Sldalles Ju) 5o s &
D)1 Bla ladsiges ) 3uS 3 Slec Sgup o SIuke
5 G0 wlled ol slap ulse S ol b
2= o ol sl (plwlidh (295 & prubugS
G2 URRLS S S 5o S 4 dalgh (el
S5 sl by Elsil (s8> pSlec S0 9 S
oS iR 9 5 oyl 03 13 . 3iby se (uwlie ool
S92 o pes GilSle Hl ple jed Vsb 4y a5 s
03 a8 =8l Akt s AMPK o) ol o cpaunluS 5
3o oy 1 e ro._g)") L oaud 4335 sla oo

D)8 DS w2

PLES LY
slaginle T 4 5 035: (275 95 Jl G52 il
O b o slacmuwbw 4 axgi b wllgas 4 by yo
13158 SLa i b bl ) Ulges Sl esglos
ko (5 sl sleidly (ysilsd 5 b plool ((Sisula
oot le ) AL T bl 14 s ol
23 BYAL aieS 3l Uy Likds 5y ool (psizead ol
A5 L by po aly oMl HT olfisls ind s 5
03— x9—as & IRIAU.ML.REC.1398.015
O35 2 Jolis puola aslline 4y bl Hlse sl

S 0Palb) (509 03930 )3 IS VS 5 Labse


http://dx.doi.org/10.52547/jarums.22.1.50
https://dorl.net/dor/20.1001.1.22287280.1401.22.1.8.3
https://ejournals.arums.ac.ir/jarums/article-1-2196-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOR: 20.1001.1.22287280.1401.22.1.8.3 ]

[ DOI: 10.52547/jarums.22.1.50 |

Ve Dl Jsl o plosis (9D 9 w09

Jul S 3y e sle olSinls alzo DE

7 el glo) 5 oduuw) piad Akad VS Akds
oslaiwl guie 43 ax g3L () J93n) =il il j3l asids
O3S 3003 B -7+ Jolwo ( pes b ¢yl 03
22 ] 39 3l slabse 3 (VO2max) b juae
ol B VS Y3, e T Awds mih b S el Al
D3 5 03b £ b ABBS o pio b e paw b (pid)
Plesl 45 0 gud (yred 4 I8 pun akidS mip b ol
w3293 Sl L bge S =3 ) ohaie 4 3w 50
okl (Vs )S)les o)lgas &y a4y )u8) (Figo S H=o
S o Sl idsl slads )3 4 w50 e s
oslaiwl g0 S e b ol et o8 Sy b S S
O35 olred & Lbse VI se b b Jl puy 5 2
LS wole) psbie & luls bl )3 S Hme 93
S e Jl loss (Salinle 3T plgan L )5 L3Nl

Aub o laiwl S$9e

e (HFDTCap) (usalunS - 2 p—03- o3 2
(Lee Index) J poali bl ybse gaub Gl 2524
ool o ¥V - VL juslio b sla b go b (LI
b o gmze Bl (S sl

hied Y593

L b T staio a5 Glol (208 g9 Sl Ju5
8340 55 )3 Wb ge < Jras 5 bawgs alled GsS
AV e L aiids iy i o il =i Gb
Aol yo . Siibls e dled a0 uib b asids o i
2035 590 u3=9d Jolb (S)lgd () e wulled
L (=l ealow bl ol auel yiund s oS i)
D90 = 5 ATaR i 30 A 00D Hauo
o3 Aol o S5 Lahge Jol aiady )3 .5 alad
23 pie 10 wai b Jues 5 90 b ol 33 s)lsa
oT Jl ass .asals plul aads ¥ e 4y aids

03 i YO as alids )3 o 10 )l endled e

(19) gapes JSS952 A Jg3a

Yo Yo vy 4
- - 00 d-

[“)L@W [o,.wmm [03)41.6& d9|4.'iiuh
A \$ 1) (o) sl
& Yo Y- [CETERY REIRWY

L pasio § 015 01331 9 )15 9 L by
Il it Ly Laras goi plas o Jiiiune pusio Jlocl Sl Gy
Dl ey enelaw EA) Al dosl )b )3 9 4l Mols
A (RUbb celaw VE B Y 5 i yod duda oy AT
L (J—oSo 5 grp—es ks w3l 03 0 ow Il ) sbie
5 (7-mg/Kg) yrolsS Sl S )3 SBlao JAls (33053
23 350 =il 330 Gbsa (O ME/KE) il
Lo o 9 o 5 (S 05 sl Sl Huy abolds
= RNA later ssla slooss os s ol
a5 oab oals 3 RNA oy ) Jl 6 a8 s-a
“As sles o Yl 03 e 5 e @le w39 pis
S 1S s S ol glo) B ST Sl ax s
G5 A 905 w5 )9 asluib pia) 28l I 58 ols sl
A aads V1Y celaw s 5 0aub JleT A celw Jl

Ol 5 500 9 A 09X

@ TS o8 b JI (40 (o sla L) yuuluns
Jslze .aub slay ya (Sigma-Aldrich Co., LLC.)
oslol 3o -/ s > (€ mg/ml) ¢ypuuluns
Lol 3 5b 505 Jo (255 0 ol 03 Grunluns 2
I =8 S)lgo plas )3 .30T 5o wawd &y @ gl gan
03 wluS )5 a8yl Jl plisedol sl Jolxo Sl oslaiuwl
o=l b 50 bolse b a4y SIS d9n 9 3o wlla
L)oo 03 )b SOOI L (Shsd w)guo ag S )3
UM O DS Akl el v & & mg/kg/day oo
253 &5 [+ ] b so olamuwl liibs) a3 £ b J
b el il Ol e pled 43 s Rog T


http://dx.doi.org/10.52547/jarums.22.1.50
https://dorl.net/dor/20.1001.1.22287280.1401.22.1.8.3
https://ejournals.arums.ac.ir/jarums/article-1-2196-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOR: 20.1001.1.22287280.1401.22.1.8.3 ]

[ DOI: 10.52547/jarums.22.1.50 |

(61 Q|)L§o.$34.lf-;».l.__:_dl)3rowl§

b i po Allele IDV7.8 )1 331 0 3 Joww g5 03uis 3l b
) ) Qs 9 85 DS w) e 390 W) A
el @-RT  PCR oS Giboy Jl eslaml b o ol
oaub o3l Ylis ¥ Joaa v 5 leT s b iy
it ol Beclin-1 1 ks J 8 sy ol
olii—wl 350 S A ) S0
A0° @aids | - wawe 4 40° ; Jolis Real time-PCR
Glawl V- ° S €0 oT JWss a5 5 asli V- e 4y
W2 350 BSOS VUl s 393 7% wla s
asliwT Aa ) slaauwslio Ghs) L asllbo il v

Ruid 5 )3 (bl S)so Y(CT)

! Thereshold Cycle

I Akt s AMPK olu 5w » Slre -dumw ) 50 0LL
b oslawwl Real Time PCR. s,

Lol ) ulw mow s (Jsfs0 & W) »
plosl J9ls Jl oslatusl b 38 sy JIRNA 2yl
Jsb 03 0s o3 ol Jleslaiwl b s «nd )5
a3 9 bl ) abl) SoS by iesil V7 - Z oo
Dol sy (5o g0 4 RNA asges (pola

C (ng/ul) = A260x ex d/1000

YL s bale 5 o sls b RNA zssiasl I Gy
CDNA jiicw Jalyo asllos 3) 50 5lads 505 (Soles
s 9 8,8 plomil 08l S b YS9 0 Bub
G939 OiSly plasil s oaib jiiw CDNA
S roul 3 1cil 8,8 )53 oslatwl S)ge (weSao

Akt 9 AMPK o0l 53 595J1.Y Jgaa

Genes

Sequence (5' — 3")

Beclin-1 forward
Beclin-1 reverse
AMPK forward
AMPK reverse
Akt forward

Akt reverse

TTGGCCAATAAGATGGGTCTGAA
TGTCAGGGACTCCAGATACGAGTG
ATCCGCAGAGAGATCCAGAA
CGTCGACTCTCCTTTTCGTC
AGGAGGAGGAGACGATGGAC
AGGGCTGTAAGGAAGGGATG

laaxsl

=295 o= 0T @l 5 HSilae ¥ Usas 03
aShl e lizo (slaaias )3 Wos S Wiy & bes o
ol oauh

asel HFD slall ,sls Gids 5y mlss (olal »
AMPK gl gl e 03 SIS —ize il
Akt gl )3 s —ise Gl 33l 5 (p==+/+ V)
(€ J933) 2 ND 05,5 0 connss p=+/+ - +1)

odls Jukxi g &y jx3

09T Jl oslaiwl b osls eub &)ss 2l Jl Gw
00T Jl oslamwl b L uwb)ly Hi%ed 5 s 5 umlib
MUT 9T Jl Golol Jdssan joms sl w0y
o3laiwl 539 rdis s V90T 5 a8,k 93 bl
ST Jljsle s il oslaiul Ly b wlxo s
Lo ool sols sHize o 9 b el SPSS-26
A axs S b5 s p<-/-d


http://dx.doi.org/10.52547/jarums.22.1.50
https://dorl.net/dor/20.1001.1.22287280.1401.22.1.8.3
https://ejournals.arums.ac.ir/jarums/article-1-2196-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOR: 20.1001.1.22287280.1401.22.1.8.3 ]

[ DOI: 10.52547/jarums.22.1.50 |

Ve Dl Jsl o plosis (9D 9 w09

Ju)l S 3y e sle olfiuls alze BF

LAY 3e ilio Sla09 T ) U9 &3 b9 re Soliiwl 9 Sawogi HleoT @Y o>

o= P 095 ,
()5 wis

29 HFDTCap HFDCap HFDT HFD ND

- /Y& \0\V/YY £ A/QA VEAMZY £V V4 VEA/NY £7/\Y VEY/PY £V/YD VEO/YY £V /AQ U}A)’TJ&& 0,93

B A 2737 G T 0 T v 2 ) G 74N TR SV O
I\ A X YA FEAY/AQ £ BV /5 fe2q/05 £ ¥Y/d

PPN EYE/ES PV EYYAS el s skl
TEOF/MNVEAVA YAVDF Y/ o asae Sila

St Bevadr /YA FEdAYAE Ev/EE FE0E +v0/00
S Byagiey d vy Bepv/sv £ /) BEvasy + vr/y

FEVWAREYUYE  VIWAIEY YA ol ams sl as
TEVA/EE YA PYYDFEYYAE  seiTom N

[o.:)) :HFD WJlo s (lde ro.a)) :ND HFD 09,5 L wslas $ ND L wglas # (295 op wolas * p<-/-0 EJouw 03 Al Huibls 9 Jaiuwe t u,.e)T E.:Lu

HFD 9 ND 09,5 93 )3 Jdtiamo t U,#)TE-'L“ £ Joaa

t p-value oSbe 03,5 4o
E/AYA £-/¥7) ND AMPK
YY/yY\& feet .
\ £+ -/VED HFD (g;f‘““ ols)
</YYY £-/-0Y ND Akt
-F/¥\E et ]
\ = -/PYA HFD (g;f‘““ ols)

5 AMP L oo Jled LS (yuls9 » :AMPK o e 2lde rcu)) HFD Jle 55 l3e rm)“) :ND u.(},})fwﬁghu*pi/béb.m )Ad.e.umtu}.o)Teba
B U oyt 5 5 :Akt

93 owlbls 3BT I oslaiwl b esls Jul=s 5 & sz
omalusS 9 (0= /- EB) ¢y re5 &S 3l pLits aal)
AKE Ol )5 Sl s-ine IS wacl (p=+/-£9)
orized b HFD Glh=o slagbse a8 =il
Il AKE 9l opamlins b (2 008 545 )3 alsloe
@=-/+++\)sls Luals L HFD slajhswe saus

(7 50 Jslan)

owlols 3IUT Sl oslaiiuwl b Wesls Julos 5 &y 3
OunluaS 5 (D= /- YY) (o o3 &5 3ls Ylis aal) 93
AMPK ¢ls )3 olsGise sl 381 vl (p=-/- £D)
o-izad Ab HFD o sla i ge (348 sl
s il 331 HFD sl o oo oS Jolmw

(50 Jslas) (p=+/-1Y)

A5 3L Akt 9 AMPK 03 0l g2 amslunsS 9 (33505 099 53 3l slhe adlygs (usbly Julxs 9 4y 55 galis .0 Jg>

PTRC Y osSle a)s Esozo

MO ISTO R A F chsime 6T sbsine e o

- /BAY AP R £/3Yd q/vva \ q/vva 3

/bvE " ./ E0* E/v-5 Y/AAA \ Y/AAA eyl

JFAY JVEA AV 5/v0d VN \ WEE s % gepesMPK
\/ADD \ig 77/YAY 122N

/DYy " TS £/vay YEA \ VEA 3

-/0-Y AR S ./-E9% E/\RWY -/¥YE \ -/¥YE Ol

-/AYD ¥ - A Y AT \VEVY \ VEVY S X o pe8 Akt
/N \nd Y/a\y IZEN

pS/I) EJouw PRRCITIEE JEVIPPR L_)”JL-’.)Iﬁ L}le: 9 & )x3 E.:Lu

B Jlus OB 9 3 :AktjAMP L osuis

Jles JUsS oyt s 3 AMPK


http://dx.doi.org/10.52547/jarums.22.1.50
https://dorl.net/dor/20.1001.1.22287280.1401.22.1.8.3
https://ejournals.arums.ac.ir/jarums/article-1-2196-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOR: 20.1001.1.22287280.1401.22.1.8.3 ]

[ DOI: 10.52547/jarums.22.1.50 |

oY Q|)L§o.$34.lf-;».l.__:_dl)3rowl§

Ol 9 o208 Jole slrs L gisge 3u8 w3l Akt 9 AMPK ) ol 4393 columsliie (sl (539 292 09T gl & Jgaa

p—Value 3)lastuwl sloa OS5l wglas Y sl og,§ Vsl oy ,§ peCivy
VA -/ED- \VARY D05 U9 oei by 25 Jole

./ £0* /€D ./a¥D oS 03 omeliS b GuluaS Jole AMPK
-/ €0 -/-4¢ -/190 2R3 09 s b o3 Jole

./-€9%* -/-9¢ VALY olbiSysse opwmbes b Grlus Jole Ak

ps-/-0 Cbau)éa}l.m*u;j)m}au}n)]‘@b
B)hﬁfuﬁ.\j)gAkt;AMPl.\o_hLdlss)th.‘ug)aAMPK

OMRLS aely 9 0350 u s VS (5 iy (S s s
T Sl gl s o9de [YD] 35 50 AMPK il
AMPK = lsd (sLaosis putais jl )5 (55 a8
as 313 395 Jleial ¢yl wmawl ATP/AMP s
i D AMPK il s oyl il 381 L HFD
Gk JI AMPK ials bisl pogas ol 03 .58
oS ledbl aSil (sl bl oo gt HFD sal
65l sla ypalis o HFD 580 S s8a o)l s
"PCr 5 Pi "TAMP 'ATP J—ud jl ol 93503
adled el Jleasl JoVs )l )58 S0 318 S99
Aeibl i ol yepss Jl bl el Ses AMPK
HFD JLss & aF Siiy) aoslio a5 osub o3ls plis
o) G IS w > JMal 4 p=ie 383 50 &)
O3 Jles Jhals 4 j=ie 9 0ab Solw voos
2—ols g o mlis )5 JI[YF] s eib o0 AMPK
SLall s & sauS w8l ARt Gl Jls sise iul 38l
o a5 a3l plis jw uhlea 5 5 .55 HFD
al_be 5 a8 )3 Akt yorwly)shms &L
)3 HEFD o05) oz (b g0 (yo 94038 9 pislS
G 8b S G @eS &5 elR [VV] 3 8 (e
LS 90T 5 Lo s b Gl 38l sl s 5
AN Goid gl pud 5 gl 42 o slio ol (ySone
Ol 38l 4y, mie a5 03,5 £Lall ‘mTOR b
o=l 03 e 50 AKE & astunly ¢ sawsl 23 JUSms

! Adenosine Triphosphate

* Adenosine Monophosphate

3 Phosphocreatine

* Mammalian Target of Rapamycin

KICA
23 SBls Ll 4 sls gl psls Gl g 5oy molis
ol Lhals el HFD jl oslaiwl L Lagbs o
S (548 w8l Akt ol Jls ise sl 331 s AMPK
olw prluS JoSo 5 SJls—0 b)) wled
OlalS 4 Hxie (yrizead 9 o3l Linl sl 1) AMPK
=31oi HFD slahgso a8 wdl os Akt ol
5 O3 & s 5 el Yoo 5 (2 003 Joles
2 3lgs 50 HFD aus) 5o pisas 593 Dl Size JoSo
D355 (638 Al eel 5 anbly 3L ro.m.d,.;Lw
ols a5 a5als lis ohles 5 SLi Liwl) cpal Yo
5 48,5 )13 HFD p0)) j86 wass a8 )s AMPK
olis ghlSad 5 Sl uimad [VV] 0L 50 Hlals
P- o9 = wle Lkals el HFD E2d0 a8 asals
K A5 [PV] S9boe BB ge 3 S sl AMPK
S Lasbaid 95 pud galic Jpiis Glm Sl =l
¥ g5 b b iy )3 Gere OB 9 0392 L2 2
AMPK [Y¥]s)ls jo s wlg 5T s NAFLD
Sy audgilio 5 533l Jliw et ol oS ks
asilg3ome S )3 AMPK (5 5LusJLss sl (s3i0
o2l B b oon oslaausT s 55518 pud 9alie
SHloial [g_m_»lzo Sin [YE] vy Soue v I
IL HFD Jlss a AMPK jials a5 s)ls s9a5
Sle) S cmawl ¢yl THo 95 o oSoslw L3RS 50 To 93
5 35985 sl Sgalie Slptms g S p3lie a5
exadled (bl s (i 3 ST o sl sl
ovSe ol fas el 3k s Liel 33l AMPK
HFD JLss ass o) 0l $3Lio o g 5550 03


http://dx.doi.org/10.52547/jarums.22.1.50
https://dorl.net/dor/20.1001.1.22287280.1401.22.1.8.3
https://ejournals.arums.ac.ir/jarums/article-1-2196-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOR: 20.1001.1.22287280.1401.22.1.8.3 ]

[ DOI: 10.52547/jarums.22.1.50 |

Ve Dl Jsl o plosis (9D 9 w09

Ju)l oS 3y e sle olfiuls alzo DA

0 Alg5 50 pa5 &y 5 [V] 039y Jaus yo 28 DLl »
2L b gl o GBSl bl sl pleys
ol OlKed 5 55 A5G 395 ¢yl b .aubl aubls
slabgwo )3 MRNA AMPK zbow a5 sssls
SIlsd by wlled ataa VYV Jlis a4 ¥ g5 Sbbo

LV 13,8 puss oal il
Akt Hly Jls Size LU juols id 95 s % I
Akt Somy sib ) wndlled JLss 4y (538 w8k
el 3 el gl B JUShus (SIS 0.3 pulsis
aialicis js (PKB) B LS (ufs9 o wls—ic 4 s
Sl il sl alouwls AKE (5 lwdles [¥1] S gib 0
Orized 5 jalg35 9SS 53555655 9IS sy el gail
LPY] el (saS o ps Sladuwl O gawlawns|
w5 g3l Jl b il galie 5 gaslnST yo il
503, Z)a e bais s Jl Akt a8 JUSue
303 e Ll 38l b (63 il oamil 4y ex o slio
ol 3195 0 Ly (3 305 a5 0313 Yl hé wlsllawe
1) Akt SidliSuw 03 9a 202 I Gl o p3e ol il
590 G823 93 ) prizmed [YV] duliy Soue
aslbdlosls Hases &S cauh oals ylis Bl slaybgo
gl 03 gl 23S 9 Akt 5 )Slac Soup b
s aoals pliw ylai=e [1] wwl ol oo Lo olus
A wwoslie HEAL el wanl (fon (b)) wlled
23" Nox4 3l it " ROS Lials §s o Jl e gassl
Soi Akt JUiSiw JLasl inl 38l 9 SilSwl alac
1) {TRB3 yla a0lgsgo (o ))9 collad (yrizod
Sl aliae )3 1) Akt G gawdly) saumd 9 osls Likals
S 0 pusille (s ) (2l -3 HLIL Bl llgas
OT G b Sl 35lgs (oo b)) s cailnd &S ol
A STIVE]I 303 39 wo ) AKE ¢ ouuwdl)gimd
03, Jal=s 9 4y ji ) TRB3 gy juols asllaws

6)|,.Q 03 JS 0 a8 S)ls S99 Jleial eyl el

* Reactive Oxygen Species
> NADPH Oxidase 4
* Tribbles Homolog 3

35 oI5 b o Jled AKt & asunly (slo JUiSuw Joul s
[YV] a)ls a5 395 Soub cow )3 b
L) S o 39 3 (59 ) S 0lg—ie & AMPK
SOl Bl T wa Jl S (Y 9B @ slassls )
Siile (S galiio (o piwl x5 &S wmnl ol o) glus
Ol gamd § pbo Sl (5b ) wled 5 (Ll
ol Dda Hinhiel el 5 oauh Jd VWYY (yus95 53
Ol 93— @l [V] S 5-bsmo B 52 00 wspwlauusT 5
03 638 8L AMPK gl as sl gl ol
Uil HFD o5 5 a_ s HFDT o5,_§
0950 )3 VLS 5 5T o eibls ()15 e
A Ol ) )l 90 I wdled A Assls Yl
Er Doe d Aad S Al Fh A wulid wie
Ib HFD I 5L oS AMPK glo Hhals awds
5 358 Jo5 Ssug ol izt 5 03,8 usSee
olis jw oo 9 juss [V -] b 35 5 a Lials
- PSS ANTS U STPWA L1 WEFPHT WA ERIAN
AMPK 558 oo )3 Jls Size inl 381 el HFD
23 ) ol gl e s oglio 9 Dbl Huizzed 5 0sub
Or—zed [YA] 23 50 HialS Lo yhe—o oyl
Aiag it 4 353,58 by ulKed 5 STgw il
=3l AMPK gl Ginl sl eacl Sioliml oy pes
BS )3 [P4] s 9b 5o HFD slayige )5 s9ulS
5 0315 Sinl sl ) AMPK el iolasiuwl ¢y poi
Dold ) 9 0auh (SIS siwe S Sles Sgug 4 pxie
O gl SauST Gl 381 5 535 5] HalS 4 )=ie
orized o8 AMPK (5 5lolsd .5 54 50 W o
" ULK-1 o gadl) giuns 2 b Jl (5308 931 (slall cacly
583 Lops)g i bwss SLbl sla ) 02k
Sotb g 35 S Bl () @z HRAL 4 Hie
aS oaib o3ls Yluis jep Sl wl wMac »s [Y4]
Soib 5o AMPK oyl Giul sl el s)lod ¢y po0s
pudgilio S0 b AMPK. o Jlss caus ) [¥+ ]

! Unc-51-like Kinase 1


http://dx.doi.org/10.52547/jarums.22.1.50
https://dorl.net/dor/20.1001.1.22287280.1401.22.1.8.3
https://ejournals.arums.ac.ir/jarums/article-1-2196-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOR: 20.1001.1.22287280.1401.22.1.8.3 ]

[ DOI: 10.52547/jarums.22.1.50 |

04 Q|)L§o.$34.lf-;».l.__:_dl)3rowl§

4 e 9 03,5 J S ) el ACC 5 "FAS sl
5 Akt (et GrlinS S5bise 335 Mo
SREBP-1¢ oy lais Ly a5 338 50 Vo 1) mTORCI
orrliS U5 [0] 35-b 5o j35 9 ealbis el
o2l By e Jl o SREBP-1¢ 3 ACC )l sl 5o
5 &S ol wl Ly & Llae (sl ) o3l
5 S oz il 38 0% pulS (5 )5 e
O3S UL Lyl 45 303ls olids ol)lles
el w538 sloadsluw )3 AMPK 5 ‘FOXO1
OSD NB Soup & 9 0b (ST 33555555 8
Ol 33l usls it g 3s gl x5 JI [4] 33 e oS
o9 — 5 )5 Akt jial 5 s AMPK Jls ,— ise
s A e )55 oy S 4 wuws HFDTCap
oib 8l il el o b oS 5 pa5 S 3
393—=0 ) .nwl ALbIS ol yod a4y ) @Lu o=l s
5 o005 2 pes Vle)ed Jl Gw) » 4 &F R0
93 o=l S )3 AS Al ol Yl Al o yrsluas
sl bos )3 HMac p-AMPK. ol 8l e el
A waoslie (yuized A Yb JoiS 9 58 b ool 4335
0ebSL =i o)lasl s sulawsT o il oyl gansl
UL 5 Hwd) o) -6 Huizmed [YO] il Lials
5 QoS S )5 A aials Pl il 933 0
WA= w9 (GBS LS el wael Guusbus
D93l 5 9lau ST o yiawl (508 (202 w0
rbls i3 a8 bl | [YV] 39b e GauS
pll a5 T J1.s 58 0 )bl ¢y pe3 £ 95 40 wlgs 50
ris Wb ety baungio b o5 ks b o p03
Slm Sleslie il pei b 9 Vb wadh b wlip pes &y
OalS )3 5039 r3eal) Bl S3IL 5 asgos
GRS oo ol 1 )ls i 3l vae sl 2

B35 50 Ao 93 Bl sladiges )
ol =5 ojlal pae pols B 93y wd9i=e JI
Sl slacussaxe ,bla ay TRB3 5 SREBP-1c

? Fatty Acid Synthase
* Forkhead Box Protein O1

50395 o, 0a TRB3 ylw Lials b Lo asllow »s
L 3l Sgug )09 walled Sl Guy Akt ple Lilsie
353l Ylis (iR 939 VS Y 9 (Sawe S9a9 pl
IS iz il 381 el Vb s b (55U5 (g9 5 &S
Ve il pxo sl bee s sl At o5 ols 0o
BL) asges )3 wolas [¥O] Soib oo ¥ g9 b &
S Jolde 03 $I158) (205 95 (Gl 2l 03
(I8 ol y2 0> 348) (S 22 Soge 8L 5 (Vb b b
23 el 00 e glie gl wacl el HSoo
ol )oa Akt Lials L AMPK il 381 jusls a5
alalae 4§ assly gliis js ublSed 5 95LF .59,
ilwdled sl pa b (2l3e 02)) 5 by wulled
e 395 sy (yizzed 3 AMPK/ULKI yumine
olsicds 5 osub S b s Akt/mTOR/ULK1
S3—sS DIMAL 3 w0 Sho e (535 piwl S
Ol QB9 5 e )3 3539 ol b [¥7] 2bboe
23 Akt Hlu o 86 ibJ)s wulled 4 aub ools

)1 il wMae
Ol Uil )8l oo iasolais s b g5y gl
ol 8 5o JLis & Akt Gials s AMPK
ol 953 VS YR 9 w9 3 L) ¢l VS 56
S sladslw s ) AMPK yusluns a5 ssals
03 iif oy a5 a5 AKt/MTOR jimino 5 03,5 Jlab
o=l 03 3,5 e b wmnwl 5S35 59 Sl
= AMPK (s lsles a5 s oals gl Gidg 5
s AKT/MTOR )L &y ,=io cyu—usbsS
aS 2ubl oo juille sl Son 9 03 'SREBP-1c¢
VAT 3 e e 1) 333 9 (munlinsS” ©T Jouws g3
oyl b osubJled AMPK as o o3ls glits
1) CoOA_Jssllo oy 53T cal 38 (5o Jlieo 1) YACC
5 a5 SREBP-1¢ 5 03,5 juiiw o slaauwl

S o L) vle Gy oIS JHuS ) eis s

! Sterol Regulatory Element Binding Protein-1c
? Acetyl-CoA Carboxylase


http://dx.doi.org/10.52547/jarums.22.1.50
https://dorl.net/dor/20.1001.1.22287280.1401.22.1.8.3
https://ejournals.arums.ac.ir/jarums/article-1-2196-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOR: 20.1001.1.22287280.1401.22.1.8.3 ]

[ DOI: 10.52547/jarums.22.1.50 |

Ve Dl Jsl o plosis (9D 9 w09

)l S g e sle olSiuls alxo 7 -

23 G 3 ) Slac Sosi sl pise ala (s 35l ks
Gl slallbe Sibro Yo ioa b ISE @33)
o= o= GhI0s Blled 5 rnlunS 31w e Sl

B 5o MBS 4 (59 )0 pumme

19033 9 HSuis
SI9d 92 8 aiib) 5 5> allw) I8 S (Baixs (pl
o T Al e saly oMl ST olSisls )3 (b))
oMl ST olisls (it 95 )3 GMAl digeS 3B L o
IRJAU.M.REC.1398.015 a5 L waiid9 50 Saly
9 S5 OB i 98 Al 9 i el oaub el
el SRS slaaaly yal S 9 Sls a3

...\.':)L)u.a

23Uo o )lss
Slh— 528l SLuss 468 ma a9 i ol o
D)las S99 Ulfé.ia»._x_,.'\

SIS owilgi o Lo il ¢yl S =5 ol Do
Ho—e Jolsc s prunlusS 5 oy 03 36 Il s 5348
Il ol asibls sauS 35 eud o 90 la S
o=l 50350 Vb 355) K pab Bl aF T
SIS 5o Sl b 3ed wilbl waw S Ls solew
A 3 S35 5 rl Pzl oo o 13

Sor ol HIR gk )N slaeussaxe

)Agﬁﬁdluﬁj)df&supubmbwh
2309 S LS il wacl (o sla yhse
| 8 ) )3 Seiee 058l Lk 9 08 (S
Gl TS bS5 (s b glops .31 (5o
Soue HFD Sl slahse 03 1) ($3sS 33) o)
as oy oluis puols asllae mlis (ppizrad by o
Sl LS o s psbu 3l prsnlunsS 5 2 pes Jolss
ABIS (lads 4 plaS 58 4 s SIS 555

References
1- Chooi YC, Ding C, Magkos F. The epidemiology of obesity. Metabolism. 2019 Mar;92:6-10.

2- Grundy SM. Metabolic complications of obesity. Endocrine. 2000 Oct;13(2):155-65.

3- Wang Z, Yao T, Pini M, Zhou Z, Fantuzzi G, Song Z. Betaine improved adipose tissue function in
mice fed a high-fat diet: a mechanism for hepatoprotective effect of betaine in nonalcoholic fatty liver
disease. Am J Physiol Gastrointest Liver Physiol. 2010 May; 298(5): 634-42.

4- Kurauti MA, Costa-Junior JM, Ferreira SM, Dos Santos GJ, Protzek AO, Nardelli TR, et al. Acute
exercise restores insulin clearance in diet-induced obese mice. J Endocrinol. 2016 Jun; 229(3):221-32.
5- Yecies JL, Zhang HH, Menon S, Liu S, Yecies D, Lipovsky Al, et al. Akt stimulates hepatic
SREBPI1c and lipogenesis through parallel mTORCI1-dependent and independent pathways. Cell
Metab. 2011 Jul;14(1):21-32.

6- Zhao Y, Hu X, Liu Y, Dong S, Wen Z, He W, et al. ROS signaling under metabolic stress: cross-
talk between AMPK and AKT pathway. Mol Cancer. 2017 Apr; 16:79.

7- Steinberg GR, Carling D. AMP-activated protein kinase: the current landscape for drug
development. Nat Rev Drug Discov. 2019 Jul; 18(7):527-551.

8- Romero-Goémez M, Zelber-Sagi S, Trenell M. Treatment of NAFLD with diet, physical activity
and exercise. J Hepatol. 2017 Oct; 67(4):829-46.

9- Kim HK, Jeong J, Kang EY, Go G. Red Pepper (Capsicum annuum L.) Seed extract improves
glycemic control by inhibiting hepatic gluconeogenesis via phosphorylation of FOXO1 and AMPK in
obese diabetic db/db mice. Nutrients. 2020 Aug;12(9):2546.

10- Ok DP, Ko K, Bae JY. Exercise without dietary changes alleviates nonalcoholic fatty liver
disease without weight loss benefits. Lipids Health Dis. 2018 Sep;17(1):1-7.


http://dx.doi.org/10.52547/jarums.22.1.50
https://dorl.net/dor/20.1001.1.22287280.1401.22.1.8.3
https://ejournals.arums.ac.ir/jarums/article-1-2196-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOR: 20.1001.1.22287280.1401.22.1.8.3 ]

[ DOI: 10.52547/jarums.22.1.50 |

11- Shykholeslami Z, Abdi A, Hosseini SA, Barari A. Effect of continuous aerobic training with
citrus aurantium L. on mitogen-activated protein kinase and phosphatidylinositol 3-kinases gene
expression in the liver tissue of the elderly rats. J Ilam Uni Med Sci. 2022 Feb;29(6):81-9. [Full text in
Persian]

12- Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, Torres-Gonzalez A, Gra-Oramas B,
Gonzalez-Fabian L, et al. Weight loss through lifestyle modification significantly reduces features of
nonalcoholic steatohepatitis. Gastroenterology. 2015 Aug;149(2):367-78.

13- Upchurch DM, Chyu L. Use of complementary and alternative medicine among American
women. Women's Health Issues. 2005 Jan-Feb;15(1):5-13.

14- Richards BL, Whittle SL, Buchbinder R. Neuromodulators for pain management in rheumatoid
arthritis. Cochrane Database Syst Rev. 2012 Jan;1(1):CD008921.

15- LiQ, LiL, Wang F, Chen J, Zhao Y, Wang P, et al. Dietary capsaicin prevents nonalcoholic fatty
liver disease through transient receptor potential vanilloid 1-mediated peroxisome proliferator-
activated receptor d activation. Pflugers Arch. 2013 Sep;465(9):1303-16.

16- Wahlqvist ML, Wattanapenpaiboon N. Hot foods—unexpected help with energy balance?
Lancet. 2001 Aug;358(9279):348-359.

17- Zheng J, Zheng S, Feng Q, Zhang Q, Xiao X. Dietary capsaicin and its anti-obesity potency: from
mechanism to clinical implications. Biosci Rep. 2017 May;37(3):BSR20170286.

18- Bort A, Sénchez BG, Mateos-Gémez PA, Diaz-Laviada I, Rodriguez-Henche N. Capsaicin
targets lipogenesis in HepG2 cells through AMPK activation, AKT inhibition and PPARs regulation.
Int J Mol Sci. 2019 Apr;20(7):1660.

19- Rocha-Rodrigues S, Rodriguez A, Gouveia AM, Gongalves 10, Becerril S, Ramirez B, et al.
Effects of physical exercise on myokines expression and brown adipose-like phenotype modulation in
rats fed a high-fat diet. Life sci. 2016 Nov;165:100-8.

20- Mosqueda-Solis A,  Sanchez J, Portillo MP, Palou A, Pic6 C. Combination of capsaicin and
hesperidin reduces the effectiveness of each compound to decrease the adipocyte size and to induce
browning features in adipose tissue of western diet fed rats. J Agric Food Chem. 2018
Sep;66(37):9679-89.

21- Sheng D, Zhao S, Gao L, Zheng H, Liu W, Hou J, et al. BabaoDan attenuates high-fat diet-
induced non-alcoholic fatty liver disease via activation of AMPK signaling. Cell biosci. 2019
Sep;9:77.

22- Zhang Y, Deng Y, Tang K, Chen R, Liang S, Liang Y, et al. Berberine ameliorates high-fat diet-
induced non-alcoholic fatty liver disease in rats via activation of SIRT3/AMPK/ACC pathway. Curr
med sci. 2019 Feb;39(1):37-43.

23- Day EA, Ford RJ, Steinberg GR. AMPK as a therapeutic target for treating metabolic diseases.
Trends Endocrinol Metab. 2017 Aug;28(8):545-560.

24- Zhang BB, Zhou G, Li C. AMPK: an emerging drug target for diabetes and the metabolic
syndrome. Cell Metab. 2009 May;9(5):407-16.

25- Saha AK, Xu XJ, Lawson E, Deoliveira R, Brandon AE, Kraegen EW, et al. Downregulation of
AMPK accompanies leucine-and glucose-induced increases in protein synthesis and insulin resistance
in rat skeletal muscle. Diabetes. 2010 Oct;59(10):2426-34.

26- Lindholm CR, Ertel RL, Bauwens JD, Schmuck EG, Mulligan JD, Saupe KW. A high-fat diet
decreases AMPK activity in multiple tissues in the absence of hyperglycemia or systemic
inflammation in rats. J Physiol Biochem. 2013 Jun;69(2):165-75.

27- Liu HY, Hong T, Wen GB, Han J, Zuo D, Liu Z, et al. Increased basal level of Akt-dependent
insulin signaling may be responsible for the development of insulin resistance. Am J Physiol
Endocrinol Metab. 2009 Oct;297(4): 898-906.

28- Alnageeb M, Thomson M, Bordia T, Ali M. Histopathological effects of garlic on liver and lung
of rats. Toxicol Lett. 1996 Jun;85(3):157-64.

29- Takahashi H, Kotani K, Tanaka K, Egucih Y, Anzai K. Therapeutic approaches to nonalcoholic
fatty liver disease: exercise intervention and related mechanisms. Front Endocrinol (Lausanne). 2018
Oct;9:588.


http://dx.doi.org/10.52547/jarums.22.1.50
https://dorl.net/dor/20.1001.1.22287280.1401.22.1.8.3
https://ejournals.arums.ac.ir/jarums/article-1-2196-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOR: 20.1001.1.22287280.1401.22.1.8.3 ]

[ DOI: 10.52547/jarums.22.1.50 |

V&N )L@;dglo)bﬂArag.)ywb)}) k}gé)lﬁ)ﬂ[a}ko&hjlé%o?\‘

30- Takekoshi K, Fukuhara M, Quin Z, Nissato S, Isobe K, Kawakami Y, et al. Long-term exercise
stimulates adenosine monophosphate—activated protein kinase activity and subunit expression in rat
visceral adipose tissue and liver. Metabolism. 2006 Aug;55(8):1122-28.

31- Cho H, Mu J, Kim JK, Thorvaldsen JL, Chu Q, Crenshaw E, et al. Insulin resistance and a
diabetes mellitus-like syndrome in mice lacking the protein kinase Akt2 (PKBP). Science. 2001
Jun;292(5522):1728-31.

32- Li X, Monks B, Ge Q, Birnbaum M. Akt/PKB regulates hepatic metabolism by directly inhibiting
PGC-1a transcription coactivator. Nature. 2007 Jun;447(7147):1012-16.

33- Zhang Y, Wan J, Liu S, Hua T, Sun Q. Exercise induced improvements in insulin sensitivity are
concurrent with reduced NFE2/miR-432-5p and increased FAM3A. Life Sci. 2018 Aug;207:23-29.
34- Qi J, Luo X, Ma Z, Zhang B, Li S, Duan X, et al. Swimming exercise protects against insulin
resistance via regulating oxidative stress through Nox4 and AKT signaling in high-fat diet-fed mice. J
Diabetes Res. 2020 Jan;2020:2521590.

35- Medina-Contreras J, Colado-Velazquez J, Gomez-Viquez N, Mailloux-Salinas P, Pérez-Torres I,
Aranda-Fraustro A, et al. Effects of topical capsaicin combined with moderate exercise on insulin
resistance, body weight and oxidative stress in hypoestrogenic obese rats. Int J Obes. 2017
May;41(5):750-758.

36- Gao Y, Zhang W, Zeng LQ, Bai H, Li J, Zhou J, et al. Exercise and dietary intervention
ameliorate high-fat diet-induced NAFLD and liver aging by inducing lipophagy. Redox Biol. 2020
Sep;36:101635.

37- Medina-Contreras J, Mailloux-Salinas P, Colado-Velazquez J, Gémez-Viquez N, Velazquez-
Espejel R, Susunaga-Notario A, et al. Topical capsaicin cream with moderate exercise protects against
hepatic steatosis, dyslipidemia and increased blood pressure in hypoestrogenic obese rats. J Sci Food
Agric. 2020 May;100(7):3212-3219.


http://dx.doi.org/10.52547/jarums.22.1.50
https://dorl.net/dor/20.1001.1.22287280.1401.22.1.8.3
https://ejournals.arums.ac.ir/jarums/article-1-2196-en.html
http://www.tcpdf.org

