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The Effect of High-Intensity Interval Training and Ginger Supplementation on
AMPK/SREBP-1¢/ACC Pathway Markers in Male Rats with Nonalcoholic Fatty Liver
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. The AMPK/SREBP-1c¢/ACC signaling pathway plays a key role in regulating
Online ISSN lipid metabolism and reducing lipid accumulation. The present study aimed to
3060-7078 investigate the effects of high-intensity interval training (HIIT) and ginger
supplementation on markers of the AMPK/SREBP-1¢/ACC signaling pathway in
Yaser Fakhrayi male rats with nonalcoholic fatty liver disease (NAFLD).
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Materials and Methods:

Twenty-five six-week-old male Wistar rats, weighing 156.98 = 7.82 g, were
randomly selected for this study. Following an acclimatization period, 20 rats
were fed a high-fat diet for 12 weeks to induce nonalcoholic fatty liver disease,
while five rats served as the healthy control group and were maintained on a
standard diet. After confirmation of NAFLD induction, the animals were divided
into five groups: healthy control, disease control, HIIT, ginger supplementation,
and combined HIIT plus ginger supplementation.

The intervention protocol was conducted for eight weeks. Ginger
supplementation was administered daily, while the HIIT protocol was performed
five days per week. Serum levels of liver enzymes, including alanine
aminotransferase (ALT) and aspartate aminotransferase (AST), were measured
to confirm disease induction. Real-time PCR was used to assess the gene
expression levels of AMP-activated protein kinase (AMPK), sterol regulatory
element-binding protein-1c (SREBP-1c), and acetyl-CoA carboxylase (ACC).
One-way analysis of variance (ANOVA), followed by Tukey's post hoc test, was
used to determine differences among groups. Statistical significance was set at p
<0.05.

Results:

The expression level of the AMPK gene was significantly lower in the disease
control group than in the healthy control group (p = 0.001). In contrast, AMPK
gene expression was significantly increased in all intervention groups compared
with the disease control group (p = 0.001).

Similarly, the expression levels of the SREBP-1c and ACC genes were
significantly higher in the disease control group than in the healthy control group
(p =0.001). However, the expression of both genes was significantly reduced in
all intervention groups compared with the disease control group (p = 0.001).
Comparisons among the three intervention groups revealed no statistically
significant differences in the expression changes of any of the genes examined (p
>0.05).

Conclusion:

Based on the findings of this study, high-intensity interval training and ginger
supplementation may help reduce hepatic lipid accumulation in rats with
nonalcoholic fatty liver disease by regulating the AMPK/SREBP-1¢/ACC
signaling pathway. These findings suggest that HIIT and ginger supplementation
may represent potential nonpharmacological strategies for improving lipid
metabolism and managing NAFLD.
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Extended Abstract

Introduction:

Nonalcoholic fatty liver disease (NAFLD), recently redefined as metabolic dysfunction—associated
steatotic liver disease (MASLD), is one of the most common liver diseases worldwide. It is
characterized by fat accumulation in the liver, inflammation, fibrosis, and, in advanced cases,
cirrhosis and potential progression to liver cancer (Liu & Park, 2024).

AMPK is a key regulator of cellular energy homeostasis. One of its major mechanisms involves the
inhibition of SREBP processing, including SREBP-1c, which plays a central role in regulating lipid
synthesis (Zhai et al., 2023). Several studies have suggested that activation of AMPK, along with
inhibition of the transcription factor SREBP-1 and the enzyme acetyl-CoA carboxylase (ACC), may
effectively improve hyperlipidemia. AMPK inactivates ACC through phosphorylation (J. Bai et al.,
2022). Studies also indicate that activated AMPK inhibits ACC activity and reduces SREBP-Ic
expression. This process decreases the synthesis of fatty acids and cholesterol and ultimately
ameliorates hepatic steatosis by suppressing hepatic lipogenesis (Yan, Li, Li, Yao, & Zhao, 2024).
High-intensity interval training (HIIT), characterized by short, repeated bouts of intense exercise
interspersed with recovery periods, is an efficient and attractive alternative to continuous moderate-
intensity exercise. It can produce benefits comparable to those of aerobic exercise in less time and
has been shown to effectively reduce hepatic steatosis (Fu et al., 2025).

Ginger is a medicinal plant widely recognized for its use in traditional medicine. It has been used to
manage digestive disorders and excess body weight and has demonstrated antidiabetic and
hepatoprotective properties (P. S. Ghoreishi et al., 2024).

Given the increasing prevalence of NAFLD and the limitations of current therapeutic approaches,
there is an urgent need to identify effective and low-cost management strategies. Therefore, this study
aimed to investigate the combined effects of high-intensity interval training and ginger
supplementation on the AMPK/SREBP-1¢/ACC pathway and to explore their potential as a novel,
evidence-based therapeutic approach.

Methodology:
This experimental study was conducted using an animal model. Twenty-five six-week-old male
Wistar rats, weighing 156.98 + 7.82 g, were obtained from the Razi Vaccine and Serum Research
Institute in Mashhad. The animals were housed under standard laboratory conditions (22 + 3 °C with
a 12-hour light/dark cycle) and were provided with ad libitum access to food and water in accordance
with ethical guidelines for the care of laboratory animals.
Following a one-week acclimatization period, five rats were randomly assigned to the healthy control
group and maintained on a standard diet throughout the study. NAFLD was induced in the remaining
rats by administering a high-fat diet consisting of 60% fat, 20% carbohydrate, and 20% protein for
12 weeks. Successful disease induction was confirmed by measuring liver enzyme levels, with a
significant increase serving as an inclusion criterion.
Furthermore, because the study aimed to investigate the independent and combined effects of exercise
training and ginger supplementation, the intervention groups continued to receive the high-fat diet
until the end of the experimental period (Fatemi, Cheragh, & Kheyrandish, 2025). Following
successful induction of NAFLD, the rats were randomly assigned to one of four experimental groups
(n=15): (1) HFD-Control, which remained on a high-fat diet without intervention; (2) HFD-Exercise,
which underwent an eight-week high-intensity interval training (HIIT) program; (3) HFD-Ginger,
which received ginger supplementation; and (4) HFD-Combination, which received both HIIT and
ginger supplementation.
The HIIT protocol was performed five days per week for eight weeks, while the HFD-Control and
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HFD-Ginger groups remained sedentary. All experimental procedures were approved and conducted
in accordance with the ethical guidelines established by the Vice Chancellor for Research of Islamic
Azad University, Bojnourd Branch (Ethics Code: IR.IAU.BOJNOURD.REC.1404.013).

Results:

The results demonstrated a significant upregulation of AMPK gene expression in all intervention
groups compared with the disease control group (p = 0.001). The disease control group, in turn,
exhibited significantly lower AMPK expression than the healthy control group (p = 0.001).
Consistent with this pattern, the expression levels of the SREBP-1c and ACC genes were significantly
downregulated in all treatment groups compared with the disease control group (p = 0.001). In
contrast, the disease control group showed significantly higher expression of these genes than the
healthy control group (p =0.001).

Notably, comparisons among the three intervention groups revealed no statistically significant
differences in the expression changes of any of the genes examined (p > 0.05).

Discussion:

Disruptions in lipid metabolism play a fundamental role in the pathogenesis and progression of liver
diseases, including nonalcoholic fatty liver disease (NAFLD) and alcoholic fatty liver disease
(AFLD). The AMPK signaling pathway, as a central regulator of lipid metabolism, represents a
promising therapeutic target for these conditions.

Activation of AMPK inhibits the expression of key lipogenic factors, such as SREBP-1c and ACC,
thereby reducing the synthesis of fatty acids and cholesterol. Experimental studies have shown that
enhanced AMPK activity can alleviate the severity of fatty liver disease in animal models of obesity,
type 2 diabetes, and insulin resistance. Furthermore, natural AMPK agonists have demonstrated
potential benefits in ameliorating fatty liver disease by regulating lipid metabolism, reducing
inflammation, and mitigating oxidative stress in hepatocytes.

Consequently, targeting the AMPK signaling pathway may represent a promising therapeutic strategy
for the prevention and treatment of fatty liver and other related liver disorders (Fang et al., 2022).
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Table 2. Characteristics of gene primers
05 el 9008 poulp 9Sae yoily
Gene Names Forward primer Reverse primer
B-actin TGCACCACCAACTGCTTAGC GGATGCAGGGATGATGTTCT
AMPK GACCATTGGCTGCGCTAACCC GGGAAGGGTAGTCATGCTAAGTGCC
SREBP-1c¢ AGTCAGCTTGCGAAGGCAGATCCCG GTGACCAGCACAGCCCAGAAGAGG
ACC CGCGAGTACAACCTTCTTGC ATACCCACCATCACACCCTG

o g g Jloy Slogyie yp pslaie & 5 15 ()5S oyt 3)uiliul Gldl g Sile ¢ g Ll
il g 455 5 g sl 3 blitol ol 53 b oslital ) 9 Slgm gl slogygojl jl s 5 4 il g
o b s b ygejl b odital (S5 it (g0jl 5 anly S Guilly Jlod el 5l s sl b
Y aes SPSS bl Jljola 5 4 cleMbl 5459 5 odld (gyglans | o 8,5 plowl P < +/+0 (o)l o

i8S )8 o g 3o 3)90 p (slodld

(adly
Sl 9 sl & Cunglio SIS gl plie o ¥ Jgin )3 e sloeg)S 3 sl e slabse 03

NAFLD
Table 3. Mean weight of rats (grams) in different groups at three stages: before and after NAFLD induction, and at the end of the protocol
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SS9y sl NAFLD NAFLD
End of Protocol After NAFLD Induction Before NAFLD Induction Groups
275.50 £ 13.43 222.63 £15.711 158.88 £19.49
Healthy Control

31487 +£12.24

254.50 + 15.09

153.63 +15.87

Disease Control

283.50 + 18.37

260.38 + 18.02

157.00 £ 18.12

Exercise

298.00 £ 16.86

267.50 £ 18.71

154.75 +17.00

Ginger Supplement

26538 +12.27

251.13+£17.32

160.63 + 17.94

(Jes;

Combination

(Exercise + Ginger

Supplement)

35 sl g lgudl 4y Cunglis SIS gl i & Jgu
Table 4. Values of Insulin, Glucose, Insulin Resistance and Liver Enzymes

(o5
Combination Ginger Exercise Disease Healthy
(Exercise + Ginger Supplement Control Control
Supplement)
145.28 £20.12 132.124+17.06 142.23+£19.15 341.10+3521 113.45+12.41 AST (U/ml)
92.81+8.75 93.55+13.41 95.16+14.18 220.82+27.80 87.51+£9.45 ALT (U/ml)
(mg/dl) j55i5
115.04+£5.41 133.06+11.48 130.79+8.84 167.01+18.05 117.37+£9.93
Glucose (mg/dl)
(ng/ml) cyd gms!
0.72+0.37 1.28+0.96 0.98+0.25 3.68+1.81 1.76 £0.25
Insulin (ng/ml)
(IR) oo gmusl &2 Croglie
5.00+£0.95 5.10£1.23 5.00+0.70 7.00+4.31 4.00+0.70

Insulin Resistance
(IR)
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Figure 1. Gene expression of AMPK (Fold Change) in the studied groups .
#Significant difference compared to the healthy control group ;

#Significant difference compared to the diseased control group ;
Significance level p <0.05
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Figure 2. Gene expression of SREBP-1c¢ (Fold Change) in the studied groups .

#Significant difference compared to the healthy control group ;

#Significant difference compared to the diseased control group ;
Significance level p <0.05
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Figure 3. Gene expression of ACC (Fold Change) in the studied groups .
#Significant difference compared to the healthy control group ;

#Significant difference compared to the diseased control group ;
Significance level p <0.05



0B ooy S D559 (S59gr 5 i

Coy

AMPK/SREBP- s sl a3y Juos (sjlooSio 5 b (g5 (yyed 586 gy 2 epslo g3y 31 coan
@ o Hlow J5S 09,5 50 3l i (gylel gl aS gy JSU e Gy S @ Mine 5 ol yo slay yoge » 1C/ACC
Y ENEW u.aLo.S sl (gylaliae uubﬁ‘ ACC 9 SREBP-1c LSL“QS uL_, 9 uublf AMPK O O[ﬁ o a8
(AFLD)" IS 2 18 3 NAFLD dles §| 615 cslocs lon: iy 5 5o ool Jelge 31 dee) pdoplio YS!
S o i)t dgplie oalsts 13 45 S L5 b AMPK. (Sl poas 45 a3 o Lt b yingy Akt
Fiowdl gadlS lopi ol Yo Gk AMPK el (mliEl 0gd e glen ol dgme 4 Sy
AMPK b clacussST puomen a3 o SialS 1) JgymlS g oy sl 3w ACC 3 SREBP-1cuile
(FLD) oy 55 sslon 39t o S sl 9 sl oyl i 3 ol 2015wt oyl ol |
y Gy &S 6olow i Wl o AMPK by il 45 wled,S 0l 55 oyo0 @ladllas il Sloes (sla Jse 5
3 ool goad sl (Gloys Jouily a2 g b oans (lS (pdgunil 4 Cungliie b 93 95 uld o Sl o Mie (sl g 5
IS EYM] (gl iy sloys B Ky e 4 Sl ysms o) (6o Jb 05950 AMPK glmosii Jlud
AT a5 3 S s AMPK-SREBP-1¢ Sl yyom sclisiong ol 2 (1) 3905 oo 43,5 lai 5>
Ot G153 e corgn AMPK (5 Jlé ol 035 olyie 45 bty 35 o Ul S i 1 5 b oyl
Omon (il Jld ol doldl )3 9 395 0 JSUI 51 5L oo g 3 (ouS jeiliinl cdls 93 ya ;> SREBP-1c¢ 559,
5k (V4) 33,5 Tl 0 15 o) ol g cllad tals «uled 3 g ACC (ol jsind 3k 4 i
NAFLD 35t g 55 ot (VE) E usbi e o 3 (E) sl g o o 33l ol (Y1) o on
olyod by jplS (5 o (Bl 5 aluwgiln p)g7 (RIS (S (22 2eoS R L o9 (nl &5 45 Lo shge 5
Sl s Coge aldlie 93 12 ¢ oo muuslSo Hlas 1l sdnlie ouS i yloyd saiS' el )0 09,3 jd Sloyd S oy i g
Ole omomen 3,8 e Gy ladinl jiw ials 4 o Bus ACC ygeodl jsind 4 > g AMPK s
2 lis Wl S 09,5 b dwslie 3 1) (sl dme ol Hlew S 09,5 10 AMPK 5 oo adaws dvaisly jolul 4
s ir 5 M bt S5 5 5 o oS 005 ol alSlse 8 slaog S 3 05 o) ol o e
28 Sl S 03,5 &

25518 & 0259 Juao (3859 Capmd 1S L (439 457 200 L (Y- Y0) (Ko 5 Ty il i3y (glaaidly | gunor
dour 4 AMPK e 03,8 b 9 (IGF-1) 7Y Jguslas ai, 10856 4 (IGFBPS) %0 plgus! aus 43,

! Alcoholic fatty liver disease

2 Adipogenesis

3 Bai

*Yu

5 Insulin-like growth factor-binding protein 5
¢ Insulin-like Growth Factor 1



uol> 6&09/5 U“:}})ﬁ L5)9J$’)f:5 4;)4.&; — b)lmfa 0,90 V€ g —

1S 550 2915 olS) L pgillod s postluw o jlas a8 Loy L (V+YY) o), e ¢ 15 (YY) 15 0 S8 NAFLD
YN ¢ g3lbo) 25 9 AMPK. po (g5l Jleb b a9 (YY) llSan 5 J (sloadly polal 2 (YY) 595
aS ol lis 55 (YoVY) oy Ken g "o (VF) iso o 390 NAFLD 5 1) oy b zess b b e SJglie
(Y0) wiso o dgu0 |y NAFLD b s po (S jgslizal

S e olo 53 8 oS e dalllas )3 ] guuanls ol imgly (slaasily b (Y40 ] San 5 o il aallles gl
ole olpmo lagise b c8l AMPK o (a2 ) j5) & 9 39y 0 4855 £+ e @) heody 5y oesd
gl pl (V5) 03,50 odmlio bawgio ©ad b (52 y05 0)93 5l g 0a3LS (nl (liee 53 ()Pline yS Gt 9 A oy
25 Cllae zls  alg o CBbjl 0,93 5 Lol E g ko «ord b j 205 (sl yiolyl a5 canl o oaimd Lt
VY) 215 )15 535 o (g boling ysbo 4 1) (s i g (5551 zsba 5,6 banygiS1o pl oles 5,38

s S8 09,5 b duglio 5 jloy 1558 09)5 > SREBP-1¢ 1 oo daw o 3 (i ol gl mls S0
09,5 5 Ju20) oSk 09,5 2 ye3 09,5 Joli) dlilie cod (glaog ) plos )3 cnl 2 oMo cansl aily (g I3 gime Lol
Bl Ui jla JyiS 09)5 L dalie ) (s JB LRl 0 cnl ple sl (oS 5

ojbas (23 JaSe g (5ilsn (e Atim it b otmgly )3 (VVF) olSat 5 ilon ol imgly (saaidly | guon
oW gl gl g a8 oy (55955958 w25y b oabuds slabge A8 il ;> SREBP-1C 5 ol 1) oyl
2 Sobgne (BB (]S 09)5 b dsoliie ) (o)las b (pyed <S5 g (1215 0)las ¢ yel) dldlie 09)S dw pu a8l
23 JeSe 5 (slgm cp2ped b glaalllan 5 j (VAYF) ) en g (o B (YA) 828 gy ol e
390 ol 3l Sl Gl slaaidly 5 008 0 Bla 2l slagbse 15 8l 1 Sford slag ol 2 |y el
auglio > dslis (slaog)S )3 SREBP-1C (5 s jhline (alS &y jomie ppsliS Bz b (glom (12005 oS5 &S
SREBP- jie jlae b7 (s395l> S 0)lae & 48 o 10 (V+¥0) a2 5 2 aalllan (Y8) 22,5 3l 58 09,5 L
sl 015 el Bum s 1) j5She e daaidly ligen oul 4 e b S JialS cage 16/ACCal
oaba > (6y99e is SREBP-1¢/ACC pouno (¥+) 48 o By MASLD 13 i Sloys slad yunly dnugs
5 opdousl 3l cow o5 - SREBPIC sl il MASLD s 5 g gty 55 o ol o8’ (DNL) g5 355,
Caod iyl S a3l 5l S lgie 4 ACCT plo il & yoxie 09 0 Jled (LXRA) "0l 08 X 05,5
3boJld nl by 9 oo yoie joslial jor g (548 (12 @ & Calkd 3 (Jege sl cnl g 93,5 o0 eane
(¥+) 98 00 wgmxe MASLD 55550 5 (655 0 lapuslSe ) SREBP-1¢/ ACCal puno 3> I i

' Xu

2 Silphium perfoliatum L

3Yin

4 Tetrahydropalmatine

5 Capsaicin

¢ Chrysanthemum morifolium extract
7 De novo lipogenesis

8 Liver X receptor a



0B ooy S D559 (S59gr 5 i

4 e il Slyyel o o9 ol 5 SB (VYY) ien g ooljlocsl adllas (slaadly ol Gingh @l SN
3 gl duwy ol 4 (PY) Canl s o3le sl (sla ysge )]y ywyles alae ;> SREBP-1c 5 ol jblixe yiol53)
(VA) 82k gl 5o Slgeanls cul s o3lital 3,0 g S0 £ Wy Sifond Sloasls 5] Jova

ol Wl S8 09,8 b duglio )3 Jlo J558 098 )3 ACC 15 ol o o8 sl 51 (S ol imgly ol
(55 09,5 9 o) JoSo 095 ¢ 05 095 Jold) aldlan cod (glnog)S plos 53 el 2 ogMe sl il ()1 sie
S ol sla JpuS 09 )5 b dualie 1 (g BB L2l (5 ol ol gslaw

5o (8l 315 3590 (Sl stamges Jgisiams 1> ACCL S oo Jae 198 Jigllo 4165 Sl o5 50615 L ACC p 3951 6
S ptaogll g0 4 d8 Jiglle Mg L el yaiS gt sl o @Blg ACC2 &8 Jbo )3 S oo 0 1) 0 sl
OsplienS ol 5 ()08 50 4 C 2 sladisl 29,5 43 )3 g 03903 Yoo |y (CPT-1)Y 518l Ussnally ) a5
o g 3t w2) 0y ladel pudplio wdats )3 1) ACC (gygme (185 clate slapuslSe ool a3 o il |, L]
D15 L logen ysboas ACCT/2 wlSg (slmodiiS slge 48 aimd o bt il s lalllas (¥Y) aid s ol (455
V) 8,15 a2 g b Sloyd @l il NAFLD (sl Jus 15 08 5 Slos 390 5 59,08 2ig) (13,5 (wgSne 25 g
il sl o il 31, ACC 55 ol sholins Lialsél on (Y+Y+) iSen 5 s dolllas cpisls (eloazsly |y guen
ACC el JolS Jlgo (- YD) Sad 5 "5 dalllnn (glo susy s ellao (FT) sl 03,5 e wllas 31,31y dalio )5 3l
o amd g0 Ui Gimgdy cpl @l (Jb cnl b sl 0ad 03> sl (6)902 Sopd 9 02 4S8 ilew oy Sl S
5] e sy oo a5 & ol cppa 13 038 o e Salorlio alsib Y 300 Lol ol lgies ACC g
35S woSae b lojen szl Sloyd 3,505, o laie 4 0ai] (3 wilg 0 ACCL s Yoo b olyor ACC2
(VoVF) ylSan 5 (Slo aalllao sloazily caslsl 5 (¥F) oy Sl & 55 |, oo SYMST sy 18 (5 lows sy
> g Al Ojgob 4> (g g JoSe 9 SSlgp (B9) Ao 93 p dad oo (LS sl Dglitte pSlb> s b &S
(¥0) Wloddd oy w2y o8 slagbge 15 0 ACC 5 ol Gl Bl 4 i (oS 5

@9t Slayed JUS 3 |y Jeos Bpae ShpusT 4l Sl (VYY) awld g 3l ol gl sladidl b g
o) JoSo B pan a5 200> (L3 (VVY) (amowsl 9 )lhio (cosbs cmizmon (VV) Wlo3,S" (5155 Jlusibes (31350 55 2005
olex 05 O sulsss > HIIT by jos 51 (36 (Hae (SibsS 5 ol (20157 50 Wlgi oy (2gls iy po o
JoSeo Bpan jl pel WHlio jl Sogun o5 05,8 (51 (V-IV) le 5 55 ol slaadly S (YF) 03 530
Jbo 3 (St 0 08 Candg g s)bline 13U (53 o] S5 i o) Silom oy i Cutin b kB4 o
Bpan Gaglej (s xS JoSe 0)9> Jsb )3 Coldi 4 Gl e (2 gmenl pl ol LY dlex 511V 1) ol ails Slge
oz dagngail (S (Solel o kil 3)90 S5 Sl 5 CadsS g e g9 Dy 93 cullad 4 s JoSa
(YY) 3905 o)Ll (lapdas Cundy 38> S8 pas 5 g ] 4058

PSS 4ol
Jeswi b Sl oo oo gilodeSo o (HIIT) a9l Sy jod S 5 sy 0 s 4y 0> adlllas (glaodls olusl

! Carnitine palmitoyltransferase 1
2 Beretta



uol> LSU&OBIS uﬁ))’)g d)?b’):‘:e do).u’b — b)lo...s 0,90 V€ g —

NAFLD by g 415K slay Sl dawgs (6l (amlio ol (Lo L1550 radly ) 0S8 ¢ Ky (NAFLD)
Sled wpalyd adlis o3 ol 5l eslawl b

K8ln slas

‘_;;‘.3)-\3 9 M’.’“

o) Fowlp dilavens siloy (b |y Lo (gl cnl plxl )3 & Slinje 5 o) Sen (olod



10.

11.

12.

13.

0B ooy S D559 (S59gr 5 i

&b

Liu M, Park S. The role of PNPLA3 rs738409 gene variant, lifestyle factors, and bioactive
compounds in nonalcoholic fatty liver disease: a population-based and molecular approach
towards healthy nutrition. Nutrients. 2024;16(8):1239.

Zhai M, Zhang C, Cui J, LiuJ, Li Y, Xie K, et al. Electromagnetic fields ameliorate hepatic lipid
accumulation and oxidative stress: potential role of CaMKKB/AMPK/SREBP-1¢c and Nrf2
pathways. BioMedical Engineering OnLine. 2023;22(1):51.

Bai J, Yang T, Zhou Y, Xu W, Han S, Guo T, et al. Octacosanol modifies obesity, expression
profile and inflammation response of hepatic tissues in high-fat diet mice. Foods.
2022;11(11):1606.

Yan Q, Li C, LiJ, Yao Y, Zhao J. Protective Effects of Isostrictiniin Against High-Fat, High-
Sugar Diet-Induced Steatosis in MASLD Mice via Regulation of the AMPK/SREBP-1¢/ACC
Pathway. Nutrients. 2024;16(22):3876.

FuJ, Liu C, Yang L, Zhang B, Zhou R, Deng C, et al. Effect of high-intensity interval training
on clinical parameters in patients with metabolic dysfunction—associated steatotic liver disease:
a systematic review and meta-analysis of randomized controlled trials. European Journal of
Gastroenterology & Hepatology. 2025;37(7):789-98.

Poon ET-C, Wongpipit W, Li H-Y, Wong SH-S, Siu PM, Kong AP-S, et al. High-intensity
interval training for cardiometabolic health in adults with metabolic syndrome: a systematic
review and meta-analysis of randomised controlled trials. British Journal of Sports Medicine.
2024;58(21):1267-84.

Petersen MH, de Almeida ME, Wentorf EK, Jensen K, Ortenblad N, Hejlund K. High-intensity
interval training combining rowing and cycling efficiently improves insulin sensitivity, body
composition and VO2max in men with obesity and type 2 diabetes. Frontiers in endocrinology.
2022;13:1032235.

Ghoreishi PS, Shams M, Nimrouzi M, Zarshenas MM, Lankarani KB, Fallahzadeh Abarghooei
E, et al. The effects of ginger (Zingiber officinale Roscoe) on non-alcoholic fatty liver disease in
patients with type 2 diabetes mellitus: A randomized double-blinded placebo-controlled clinical
trial. Journal of Dietary Supplements. 2024;21(3):294-312.

Keshavarz F, Anoushirvani S, Arazi H, Afroundeh R, Golpasandi H. The effect of HIFT with
ginger extract supplementation on the levels of some antioxidant enzymes in men with non-
alcoholic fatty liver. Research in Exercise Nutrition. 2025;3(3):12-1.

Zandi B, Abedi B. Effects of Aerobic Training with Ginger Consumption on Plasma Levels of
Adipokine Glipican-4 and Hepatokine Fetuin- A in Rats with Non-alcoholic Fatty Livers. Iranian
Journal of Nutrition Sciences and Food Technology. 2022;16(4):9-18.

Nayebi far s, Ghasemi E. The Assessment of Changes in Liver Aminotransferases and Insulin
Resistance Following 4 Weeks of High Intensity Interval Training and Ginger Supplementation
in Active Middle Aged Men. Journal of Sabzevar University of Medical Sciences.
2021;28(1):106-14.

Fatemi MS, Cheragh BS, Kheyrandish A. The effect of High-intensity interval training with
Portulaca Oleracea Extract Supplementation on sirtuin 6 and insulin resistance in rats with non-
alcoholic fatty liver disease. 2025.

Abassi W, Ouerghi N, Hammami MB, Jebabli N, Feki M, Bouassida A, et al. High-intensity
interval training reduces liver enzyme levels and improves MASLD-Related biomarkers in
overweight/obese girls. Nutrients. 2025;17(1):164.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

uol> 6&09/5 U.J})')s L5)9J9’)f:5 4))4“) — b)lmfa 0,90 V€ g —

Farahnia M, Hosseinabadi MR, Zarei M, Soltani M. The effect of high intensity interval training
with Portulaca Oleracea supplementation on FXR and SREBP-1c¢ in the liver tissue of rats with
non-alcoholic fatty liver disease. Journal of Applied Health Studies in Sport Physiology.
2024;11(1):124-38.

Tavakoli P, Jafary H, Yaghmaei P. The effect of ginger extract and vitamin K on serum levels of
liver enzymes in NMRI mice with non-alcoholic fatty liver. Feyz Medical Sciences Journal.
2019;23(1):20-6.

Ramezani Vavdare F, Nazarali P, Shakibace A, Kazemi F. Effects of a period of moderate-
intensity interval training (MIIT) with ginger supplementation on PGC-1a and ATPIF1 gene
expression in gastrocnemius muscle of aged male rats. Iranian Journal of Physiology and
Pharmacology. 2023;7:240-9.

Kazemi M, Abdi A, Barari A, Mehrabani J. The effect of interval training and omega-3 on
endoplasmic reticulum stress in the liver tissue of nonalcoholic fatty liver disease (NAFLD) rats.
Medical Science Journal of Islamic Azad Univesity-Tehran Medical Branch. 2025;34(1):25-36.
Khalesi M. Effect of a period of swimming exercise on Sirt]l and FoxO3a genes expression in
lung tissue of wistar rats. Journal of Sabzevar University of Medical Sciences. 2018;25(2):251-
8.

Fang C, Pan J, Qu N, Lei Y, Han J, Zhang J, et al. The AMPK pathway in fatty liver disease.
Frontiers in Physiology. 2022;13:970292.

Li X, Zhang Y, Jin Q, Xia KL, Jiang M, Cui BW, et al. Liver kinase B1/AMP-activated protein
kinase-mediated regulation by gentiopicroside ameliorates P2X7 receptor-dependent alcoholic
hepatosteatosis. British Journal of Pharmacology. 2018;175(9):1451-70.

Bai Y, Li T, Liu J, Wang Y, Wang C, Ju S, et al. Aerobic exercise and vitamin E improve high-
fat diet-induced NAFLD in rats by regulating the AMPK pathway and oxidative stress. European
Journal of Nutrition. 2023;62(6):2621-32.

Yu Y, Zhu G, Zhang Z, Wang H, Zeng L, Xia J, et al. Exercise ameliorates nonalcoholic fatty
liver disease by reducing the IGFBP5 to IGFI ratio to activate AMPK pathway. Scientific
Reports. 2025;15(1):23083.

XuJ, Jia W, Zhang G, Liu L, Wang L, Wu D, et al. Extract of Silphium perfoliatum L. improve
lipid accumulation in NAFLD mice by regulating AMPK/FXR signaling pathway. Journal of
Ethnopharmacology. 2024;327:118054.

Li H, Dun Y, Zhang W, You B, Liu Y, Fu S, et al. Exercise improves lipid droplet metabolism
disorder through activation of AMPK-mediated lipophagy in NAFLD. Life sciences.
2021;273:119314.

Yin X, Liu Z, Wang J. Tetrahydropalmatine ameliorates hepatic steatosis in nonalcoholic fatty
liver disease by switching lipid metabolism via AMPK-SREBP-1c-Sirtl signaling axis.
Phytomedicine. 2023;119:155005.

Sturgeon K, Muthukumaran G, Ding D, Bajulaiye A, Ferrari V, Libonati JR. Moderate-intensity
treadmill exercise training decreases murine cardiomyocyte cross-sectional area. Physiological
reports. 2015;3(5):e12406.

Aghaei Bahmanbeglou N, Sherafati Moghadam M, Amirahmadi M. The Effect of Ampk and P53
Proteins On Tor Pathway Following Endurance Training In The Left Ventricle Of The Heart Of
Diabetic Rats By Streptozotocin And Nicotinamide. Iranian Journal of Diabetes and Metabolism.
2021;21(1):13-23.

Mamashli F, Farajtabar Behrestaq S, Askari B, taghipour A, Askari A. Effects of Eight Weeks
of Intense Aerobic Training and Cinnamon Extract on Gene Expression of SREBP-1c¢ and LXRa



29.

30.

31.

32.

33.

34.

35.

36.

37.

0B ooy S D559 (S59gr 5 i

in the Liver Tissue of Rats Fed with Fructose Diets. Iranian Journal of Nutrition Sciences and
Food Technology. 2024;19(3):11-20.

Ghoreishi F, Farajtabar Behrestaq S, Taghipoor asrami A, Habibian M. Effect of aerobic training
and capsaicin on the expression of lipogenic genes SREBP-1c and FASN in liver tissue of obese
rats. Journal of Ilam University of Medical Sciences. 2024;32(2):44-54.

Yu W, Qiu J, Chen Y, Che X, Li X. Chrysanthemum morifolium extract improves metabolic
dysfunction-associated fatty liver disease by regulating lipid metabolism. Scientific Reports.
2025;15(1):40069.

Eftekharzadeh M, Atashak S, Azarbayjani MA, Moradi L, Rahmati-Ahmadabad S. The Effect of
Aerobic Exercise on SREBP-1¢ Gene Expression in Skeletal Muscle in Obese Female Rats.
Thrita. 2023;12(1):e138382.

Hasanatuludhhiyah N, Mustika A, Kalanjati VP, Miftahussurur M, Uemura N. Acetyl-CoA
Carboxylase Inhibitors for Nonalcoholic Fatty Liver Disease: A Systematic Review and Meta-
Analysis of Randomized Controlled Trials. Pharmaceuticals. 2025;18(9):1276.

khalili E, Janat Alipour N, Meshkani R, Tolabi K, Emamgholipour S. FAS and ACC dysfunction
in visceral Adipose Tissue. Payavard Salamat. 2020;14(2):96-107.

Beretta M, Vancuylenburg CS, Shrestha R, Olzomer EM, Osborne B, Zhou M, et al. Isotype-
selective roles of hepatic acetyl-CoA carboxylases in a mouse model of fatty liver disease.
Molecular Metabolism. 2025:102264.

Maleki S, Azarbayjani MA, Riyahi MS, Peeri M, Rahmati AS. The Effect of Aerobic Exercise
and Ethanolic Extract of Rice Bran on The Expression of Acetyl-CoA Carboxylase and HMGCR
Genes in the Liver Tissue of Rats Fed with a High-Fat Diet. Health. 2024;2(3):89-100.

Salimi safar Z, Esmaeili M. The effect of 8 weeks HIIT training with ginger supplementation on
IL-6 and PGE serum in young female tackwondo athletes. Research in Sport Sciences Education
(RISSE). 2024;2(2):43-50.

abbaspour f, Mousavi sadati Sk, Behdari R. Effect of Endurance Training with Ginger
Supplementation on CRP and TNF-a in Young Girls Aged 20 to 30. Journal of Sabzevar
University of Medical Sciences. 2020;27(2):219-26.



