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ABSTRACT

Introduction: This study aimed to analyze the effects of endurance training (Aerobic) on the levels of
inflammatory markers (IL-6/TNF-a) and some metabolic parameters in male rats with non-alcoholic fatty
liver disease to investigate the feasibility of using exercise training to reduce inflammation.

Material and Methods: A total of 44 Wistar rats were randomly assigned into two groups: (1) standard diet
group of 22 rats and (Il) high-fat diet group with 22 rats supplemented with free access to fructose water.
After 17 weeks, two rats from each group were sacrificed, and liver tissue was collected for hematoxylin-
eosin staining. Subsequently, the remaining 20 rats in the (I) group were divided into a training group
(T) and a control group (C). The 20 rats in the (Il) group supplemented with fructose water were divided
into a fatty liver group (FL) and a fatty liver + training group (FL+T), each comprising ten rats. In the next
phase, the T-groups underwent an eight-week endurance training intervention. Then, IL-6, TNF-a, glucose,
insulin, insulin resistance and sensitivity levels were measured.

Results: The results of the present study showed that as a result of a high-fat diet with liquid fructose
in HFD+HF group rats, non-alcoholic fatty liver disease (NAFLD) with complications such as a significant
increase in the levels of IL-6 and TNF-a, Hepatic dysfunction, and metabolic parameters were disturbed
(p<0.001). However, endurance training improved most of these complications by reversing the disease
process (p<0.001).

Conclusion: According to the results of the present study, it can be concluded that the improvement of
inflammatory markers, liver dysfunction, and metabolic parameters through endurance training is one
of the key mechanisms of exercise in the treatment of NAFLD, the consequences of which may show the
importance of endurance training in treatment of NAFLD highlights.

Keywords: Nonalcoholic fatty liver disease, Metabolic syndrome, Aerobic exercise, Inflammatory markers,
IL-6, TNF-a, Insulin resistance and sensitivity
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1. INTRODUCTION

Non-Alcoholic Fatty Liver Disease (NAFLD)
is the most prevalent chronic liver disease and has
gained momentum across society due to increased
instances of obesity. The global prevalence of
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NAFLD among adults is reported at 32 percent and
more common among men (40%) than women
(26%). The global prevalence of the disease has
increased over time, with 26% reported in the
studies conducted in 2005 increasing to 38% in the
studies conducted in 2016 and later. Studies report
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the prevalence of NAFLD in Iran at 40.08%, which
is above the global average. As fatty liver disease
implies the involvement of the liver in insulin
resistance disorder (i.e., the metabolic syndrome),
its consequence is represented by an increase in
death rates due to cardiovascular complications. In
other words, it appears that the majority of patients
with fatty liver disease die due to the cardiovascular
symptoms of the metabolic disease, long before the
emergence of cirrhosis.

The systemic inflammatory response syndrome
plays a remarkable role in fatty liver disease, and
cytokines secreted by the liver, adipose, and
muscular tissues are key to insulin resistance.
Moreover, there is a correlation between
obesity, insulin resistance, and adipokines and
cytokines involved in the metabolism of fats and
carbohydrates. Studies conducted so far have shown
that inflammatory cytokines like the tumor necrosis
factor alpha (TNF-a) and interleukin-6 (IL-6) are
more highlighted among obese populations and
relevant diseases compared to people with normal
weights. The significant production of inflammatory
cytokines like TNF-a and IL-6 is a key factor in
the development of insulin resistance, fatty liver
disease, diabetes, and metabolic syndrome. On the
other hand, TNF-a disrupts the signaling path of
insulin, including the phosphorylation of insulin
receptor substrate (IRS) in pathological conditions
like chronic inflammation and the emergence of
acute-phase reactions with the increased survival
of inflammatory signals and the stimulation of cell
death.

The primary line of therapy for NAFLD is weight
loss by calorie restriction or physical exercise, which
are utilized to control the condition. Although various
clinical studies have been undertaken to assess the
efficacy of exercise training in treating NAFLD, there
is no consistent result due to the variety of exercise
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protocols, diagnostic indicators, and sample sizes, as
some exercise types may lead to exercise injuries, and
choosing the appropriate exercise for the patient is
essential. This is while more research is still needed
to optimize the intensity and exercise load. On the
other hand, treating NAFLD with medicines is
typically expensive, intrusive, and associated with side
effects; therefore, preventing and treating NAFLD
necessitates a collaborative intervention to provide
a more significant therapeutic result than a single
intervention. The study examined how eight weeks
of endurance training on the levels of inflammatory
markers, insulin resistance, and sensitivity in male
rats with non-alcoholic fatty liver disease. Endurance
training is expected to help decrease NAFLD by
addressing its underlying causes.

2. MATERIAL AND METHODS
2.1. Experimental Animals and Endurance training
Protocol

A total of 44 early-weaned male Wistar rats
were purchased from the Kermanshah University
of Medical Sciences and transferred to the animal
laboratory. In the following phase, 22 rats were
randomly assigned to the regular diet group and
22 to the high-fat diet group, including 60% fat
and 25% fructose water with free access. After 17
weeks, two rats from each group were sacrificed,
and liver tissue was collected for Hematoxylin-
Eosin analysis to establish the absence of alcoholic
fatty liver disease. The remaining 20 rats in the
standard diet group were divided into two groups:
control (C), endurance training (T), and 20 rats in
the high-fat diet group, along with 25% fructose
water, were divided into two groups: fatty liver (FL)
and fatty liver + endurance training (FL+T) (each
group containing ten rats). According to Rodrigues
et al. , the T-groups completed an 8-week exercise
intervention (Figure 1). It should be mentioned
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Sedentary (C)
Standard diet group Sample analysis
N=10 After TL-6, TNF-a,
Endurance training (T) 8 Glucose, Insulin,
High-fat diet group week HOMA-IR, and
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High-fat diet group
N=10

Endurance training (FL+T)

Fig. 1: The experimental design of the study.
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Table 1: Animal Feeds Characteristics

Variable (%)
Protein
Carbohydrate
Fat
Fat (c)
Calories (c/g)

Regular HED 60%
23 24
50/3 26
5/1 35
- 60
3/1 5/2

Fig. 2: Carrying out endurance training of the studied rats on a treadmill.

that the regular and high-fat diet groups received
25% fructose water until the completion of the trial
(Table 1).

2.2. Method of Blood Analysis

Following the application of the independent
variable, allsamples were collected under completely
similar conditions and baseline conditions (48
hours after the last exercise session and 12 hours
of fasting to eliminate the acute exercise effects)
via intraperitoneal injection of a combination of
xylazine (5 mg/kg) and ketamine (60 mg/kg). A
blood sample for measuring IL-6, TNF-a levels,
liver enzymes, lipid profile, insulin, and glucose
were centrifuged at three thousand revolutions per
minute to analyze blood variables. After separating,
the serum was stored at -80 degrees Celsius. Then,
based on the results obtained from the blood insulin
and glucose values, the samples’ insulin resistance
(HOMA-IR) and insulin sensitivity (QUICKI)
were quantified using the standard formula.

Journal of Health and Safety at Work 2024; 14(4)

2.3. Statistical Analysis

The Shapiro-Wilk test was utilized to examine
the datas normal distribution. The one-way
analysis of variance statistical method and Tukey’s
post hoc test were considered at a significance level
of p<0.05 to reject or accept hypotheses, while the
paired t-test was utilized to evaluate differences
between two groups.

3. RESULTS AND DISCUSSION

The inflammatory markers analysis results
showed that the IL-6 and TNF-a in the serum of
the FL group were notably higher than those of
the other groups (p<0.001). Also, the difference
was significant between the exercise and sedentary
groups (p<0.001). These findings demonstrate that
increased inflammation in mice with NAFLD is
evident, and endurance exercise can improve the
imbalance of serum inflammatory markers (Table
3). In addition to other findings of the present study,
it was evident that FL group rats exhibited reduced
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Fig. 4: Investigation of inflammatory markers and metabolic parameters in male rats with nonalcoholic fatty liver disease in the study

groups: control group (C), endurance training group (T), nonalcoholic fatty liver group (FL), and nonalcoholic fatty liver group with

endurance training (FL+T). Data are presented as means+standard deviations. A: Comparison chart of TNF-a index, B: Comparison

chart of IL-6 index, C: Comparison chart of glucose index, D: Comparison chart of insulin index, E: Comparison chart of insulin

sensitivity index, F: Comparison chart of insulin resistance index, G: Comparison chart of body weight index. Control group (C), En-

durance training group (T), Non-alcoholic fatty liver group (FL), and non-alcoholic fatty liver group with endurance training (FL+T).
*; Significant difference at P<0.001 level.

glucose tolerance and insulin sensitivity compared
to rats in the C, T, and FL+T groups. In contrast,
the T and FL+T groups demonstrated improved
glucose tolerance and insulin sensitivity compared
to FL mice, with this difference being statistically
significant (p<0.001); furthermore, the results from
the analysis of serum insulin levels and the insulin
resistance index (HOMA-IR) indicated that insulin
levels and HOMA-IR were significantly elevated
in FL group rats, At the same time, these values
were notably lower in the C, T, and FL+T groups

844

(p<0.001). These data underline that endurance
exercise can promote glucose tolerance, insulin
levels, resistance, and sensitivity (Figure 4).

The analysis of histopathologic changes in the
liver showed that feeding a high-fat diet increased
lipid (macrovesicular steatosis) in the liver. In the
trained groups (T and FL+T groups), training led
to the improvement of lipid indices as well as the
reduction of hepatic steatosis seen in the FL+T
group. In addition, the size of liver fat droplets, as
well as their shape (change from macrovesicular
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Fig. 5: Investigation of histopathological changes in liver tissue in the study groups: control group (C), endurance training group (T),
non-alcoholic fatty liver group (FL), and non-alcoholic fatty liver group with endurance training (FL+T).

to microvesicular shape), in the FL+T group
compared to the FL group improved significantly. In
addition, HE staining of rat liver tissue showed that
rats fed a HFD with fructose for 17 weeks showed
a typical appearance of fatty acid infiltration in the
liver, indicating that fat metabolism was disrupted,
and endurance training effectively alleviated these
pathological characteristics. The lipid droplets in
the FL+T group were smaller and lower in content,
indicating that lipid deposition in the liver was
alleviated (Figure 5).

4. CONCLUSIONS

This research examined the impact of
endurance exercises on the clinical indicators of
liver tissue in male rats in the NAFLD model. The
results of the present study showed that endurance
exercises can improve the onset of NAFLD by
reversing its causative factors; however, only an
exercise intervention coupled with a lifestyle
change can reverse NAFLD. The study presented
here examines the underlying mechanism of how
endurance exercises affect NAFLD by investigating
the impact of the IL-6/TNF-a /IRS axis on NAFLD
pathogenesis in the liver.

Metabolic,  endocrine  pathways,  and
cardiorespiratory targeted by chronic endurance
exercises have been extensively identified in
the literature. Exercise positively modifies the
genetic characteristics of the mouse liver by
reducing pathways related to insulin resistance,
steatosis, fibrosis, and inflammation, suggesting a
therapeutic approach for liver diseases. It has also
been demonstrated that exercise interventions in
humans and animals combat various stages of non-
alcoholic steatohepatitis (NASH) development.
This research used a non-stress endurance exercise
protocol that improves the spectrum of liver injuries
in NAFLD. The present study exercise protocol
allowed rats to exercise for long periods with a

Journal of Health and Safety at Work 2024; 14(4)

controlled approach. The gradual increase in speed
and intensity of exercise allows the animal to adapt
without any undesirable stimuli, such as electric
shock. This research identified the reduction in
the IL-6/TNF-a /IRS and structural improvement
resulting from endurance exercises in the NAFLD
model and its potential protective role.

This study determined that endurance exercises
significantly improve inflammation, liver dysfunction,
and metabolic disorders resulting from a high-fat diet
(HFD) along with liquid fructose. These findings
indicate that reducing the inflammatory markers
through endurance exercises is one of the critical
mechanisms of exercise in treating NAFLD. These
findings highlight the importance of endurance
exercises in treating NAFLD.

5. FUNDING

This work is based upon research funded by
Iran National Science Foundation (INSF) under
project No.4027128.

6. ETHICAL APPROVAL STATEMENT

The animals were housed at a controlled room
temperature (2312 degrees Celsius), relative
humidity (55%%10), and alight/dark cycle of 12/12 h.
Food and water were provided ad libitum during the
experimental period. All procedures were performed
under the guidelines established by the Animal Care
and Research Ethics Committee of Kermanshah
Razi University (IR.RAZI.REC.1402.073).

7. DATA AVAILABILITY

The data supporting this study’s findings are
avajlable from the corresponding author upon
reasonable request.

8. CONFLICTS OF INTEREST
The authors declare that they have no conflicts
of interest.

845



https://jhsw.tums.ac.ir/article-1-7088-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-04-21 ]

AOY-AK] Olaiwn 11661 Bus) /1€ aylads /1€ sla )5 oyl § Cablsgy aslibing

9 (TL-6/ TNF-a) 3lgd! sl ;Silid 7 shaw g3 (sioliiunt ©la yoi & A g3 w3
8 S [V JURT RV 7D | PR I PRRYCI Y] g T Co I TR )

Tl (2 9503l T Luo o3l 58 ) coliie wlas ol Jo3l) o BlS aum g

Ol oLtileS i oSl 1 i pole oSS (555 53l 035"
ol eoliile S wolitile,S Sy pole olStils o Sy oaSitils o alKiyles] pole 05,5
L:.”).a.m‘ sQ)ﬁf.Lo ‘l‘.'.)5:‘5'15 oKiils ‘&)::’).)3 9 ol d..m.m}‘o‘ﬂ

VEe /) - i omds g b D F PR sl o g b

onds =

IL-6/) ezl (o, Silis gl s (cs3152) ooliinsd iy ya3 alilito 31 sy ol gl 5 B oo
sebiie ds o,z (188 o) 5l (AU (Sl yae oy oS A 5 sled ) 5o (S plie sl el b (S5 9 (TNF-0
9 Sl (RalS sl (259 0 o3 3 e3lital (n Sl () 2

o bl olae 5, @) 09,5 90 ;o (Bolal &jgods jling ol &) s FF slaws Leul) ol o 5 og,
@lejeS s olren & 0z p e @] 09,5 )3 D) o VY slass (D) izmen 9 &) o VY olass &
Sy auS 2l 5 aias SUby8 09,5 oy &y g0 catan VY 5l e 08,5 18 ol5T o tws L (HFD+HF)
09,5 4 () 09,5 ;0 0dileudl &)y Yo 0l s .0 a8 5 55k S gilen (el S5 ovmlie
(FLAT) (o pod + 02 05 09,5 5 (FL) 052 0 05,5 4 (D) 09,5 &) p Vo 9 (T) (2 yo3 09,5 (C) J 525
slade cun cwlail ) ed ddsloe T sleog,5 am alo o )0 . a5ald i (D) y Vo Juld 09,5 12)
A (6 58 o3Il el a4 Coilis g Caoglan il gl 3598 L6 TNF-0 zglass ¢ s 358,57 JooSS |
05,5 Wiy o &lbe 55559,8 oled 4 oz (8 025, o M o A ol (lis ol aghy bl e asdly
TNF-0 5 TL-6 zglans 1o (6,15 e ialsil ioiile o5 )lse b (NAFLD) JISU,é y2 oS (5 bows (HFD+HF
L il Ui 5 aiizead (P <1+ 1) 55 gn el e Sl (sl sy s 5 6.5 8 Shae 51
AP <ele V) ddduse S9e ) (o)l (nl ST (6 )lows X9, 9,5 (ugSne

3 Shae LS el sl SIS 9040 4535 (625 a2 (s 2l gy ol 4y 4z g b 16 o5 ds
Sl 3 55529 S9alS SloromlSn o5 sEeliid Sl o5 ol i 5 Sl sl ly i 5 555
S oz 0S8 glem loyo o 1) seliin] Ol i Conenl Wlgis ol pl el ASU e G 0S5 Lo

A ol

e sl Tlii o 55l o pad o« Sodplio pybivs o L)l oy dS (gylao wals olls =

monazzami.amirabbas@gmail.com :4.3Ke Jgius odinms g Sy Sl oy


https://jhsw.tums.ac.ir/article-1-7088-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-04-21 ]

- (W) $() T3l agloan 1 (TolEIw] Cilispad alae A ) )y

oy S Sdewdl Cwglis asws ;o TNF-a
oz 5l (dgudl 20 LK e TNF-a 50
Oyl xS (litmgn (9 n eedh jehed
Phosphorylation of insulin receptor substrate:)
£375 5 o3 el wile St Ll o, (RS
el slo JuSw gl (B3I L sl 51 (sla ST
NAFLD 355650 ;0 TNF-at g IL-6 o yun a5 a4y a> S
odis asie JolS jsba ol Gds Lid el JuBo
L el NAFLD l\lew sl sboyo Lol Glaal
G5 ol HPlitul D9 5 jlo S i (50,5 B
9 59rd Oleyd (OBl jge 53 g et Sl
Loy 8Ly 6B 03,5 dgame Gayb 5l i RelS
NAFLD g pos jehaio a5 a5 il oo glows coJled
Slolgaiion ol Jlo 30 (V) Wgd oo aid S 54
I,>! NAFLD ) ,low calis glgil gl saseds o359
bl slp goasine b Sldllas ax ST .ol ot
0uls sl NAFLD (Lo s jo (25,9 Ol yod  otidu )]
sl arli (oo yed gy goi Jdo a Ll ol
o iogh cpl 0 bdged ul olass g caseis
PSR QIR R S IR KUY CPRPPE S DY S E Sk
5309 Sl 4 e Cusl (Sas b 35 €5l
pe Do 98 8 sl ceslie (59 Dbl 5 09l
b5 Sl 5Ly (6 Az sl i e Glegly
VY V) cawl oo %SL A (el
ol 00l 35 ede NAFLD 5 (g0l 4z g5 4z 31
Gl 03ile (3L pae (0L 0> b ylizmes o 555450 Lol
GP09 556 290 50 la gy L) ul o (VA
Fboy lopiio 5, 2 e oS 2l Golen 5o
3 9 S S8l Soiglgiliginne Olpss (V) (G
plesl (V) V) Y g9 cubis (5 les a4 Mis sl digad

Ay

doddo =
Non-alcoholic fatty) S ;& o> oS (5 Lo
GaS 30 (6 lews oy sl (liver disease: NAFLD
2 sl o (Sl lie (all cle 4 12l a5 col
ot 9o NAFLD Sl g0 (1) sl ialsil i
O (223 F0) plo o s 58 g 2,0 YY (VLS 5
] s (@, Y8) L5 b avglin jo oS Cawl 0nds
ol 33l Lil38l loj Jsb 5 NAFLD ilez goud
doys V8 51 a8 cal ooy oLt baylel i lsie 4
Jle Sldllas o so )0 YA & e 20 o Sldlas o
oty gy olly (V) ol aidly Layl3l Yo7
aoys FoloA Sz el 51 VG oyl o NAFLD
7S o & (5 sle (il Sl (1) Sl ond (4158
090095 QA pas &jg0 50 a5 Cul (oS sledshe
g 48 pdey lom 4 eie Wlghe canlio Gl
4425 b A(F) 998 gy oL &y (oS 228 B
Goloz 0 05 625,05l @b wlis oy aS S
09 S o el (Sl pgyoin) Cradgudl a2 Zenglie
Pl e e 5 Spe Gl O e o 5 20
A a s (Sile 09 oo ool plis By e (B
S9e Sl 5l g8 2 S 4 (LM ST s s
D98 Slgplis pg ot 5l (AU (Bgpe g (5 2)lee ]

(0) WS
D R R o
SNas g oz WS Sl laxd e ola oS g
(F) dls @lp G (gl Caaglie 59 o
5 1 5o ool oelsmdl 4 Cuoglio o Bz (e eizeen
Slpdeag S 5 (7 pedplio b bas e lo oS g
olid ouls plowl Slallas (A LY) 815 0929 (Siwar
39555 55518 s el (slo (oS e o5 il ol
9 (Tumor necrosis factor alpha: TNF-a) W1 jge5
sl Core> o (Interleukin-6: IL-6) #- 1.5 o) o
s o3l 4y o o] @ daly gl 5yl 5 3l
O3 w1893 0 YL zslaw by 0
L6 asle bl o S s ol yolie g

11Ce 0 Bus) /1€ a)ladds /11E sl )5 (el § Cublagy aslilonsd


https://jhsw.tums.ac.ir/article-1-7088-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-04-21 ]

ohBas g 031)1ab(5 sang

il I0g g
B NECR e g
N=r.

\ 1) a5 e ’\\ ;
olileiTse gafilo | |\ (Sl Joe \ PRI \ s alojT
" (C) 3 15t gl L2 Sy e A e % TNF-a JL-6
e N o i Nt 1E ]
e N=r¢ T -_. o
2 , &) I P i /? i K
- | s / | Bemnudiéons s i N TS s ) / ,HOMA-R
l// NN | / N=10 / QUICKI
/ (FL) o i /

Ty ‘;_u'.b e 3 'J;

N=1

(FLATY jmabizd o i

T N

s, w3 8 18 (2O0) (coms Cusb, o (o, Kle
ol g aBislejl o luiliwl g13é @ ol5T oo yiws ol
5 i ) sl |y oKl b oS5l 5 Syl
Slaws s e o il ooyl SS9 Eors 3l
Shasi g Jgene (2l3E m25) 095 (D )3 &) o VY
oy Py @l w095 D) o &y e VY
o, YO mle 56559,8 of an 4 (High-fat diet: HFD)
olas & gag el)"I =y b (High fructose: HF)
Loog,S 2 ;0 &y g0 i VY 5l o ad S 13
bl lp S Cdl g ouls S B sl cule,
~ oS glon el S5, 5 eolitnl b (5o giann
(Histological stain hematoxylin—eosin: H&E) s ;45!
s I 48,5 STl a8 oy a8 03 5l Lol
S lailiwl S1a8 15, 08,5 40 cailendl Oy s Vo olows
Oy Vo9 (1) (nyed 09,5 «(C) JyuS 095 90 @
35 09,5 9 (FL) @,z &S 05,5 95 &y HFD+HF o5 5
Vo Jolls 09,8 ) winls el (FLAT) (3 505+ y>
plxl ) lamaa A (L5 allae T sleng S (&) o
O JS8) wisls
@l w5y sleey,S wds ol S5 4 e
el s oz @l @, slres,S 5 ol
Slaiza caiils dalol ragh Ll b as,0 YO 54154,

1o W s /1€ a)ladd /11€ s)a (5 (ianl § Cublagy aslilind

256 Baa b oS sl gegy (Jlo onl b oo ond
@bolis b ol sla Silis ol (Saliiwl (o3
Jow 4o IL-6/ TNF-a/IRS sme SidliSis oo
g 3l el Sgaze Hlws bl 0als ploxil NAFLD
@10 yiin o lag,lo sleslaw! L NAFLD lo,s S50
ool (il (2)lse 0929 Lolren 5 (coxles aiiay
Iy S yiie allae NAFLD (Lo )0 g (6 ,uSiy (puizrod
azls ool aldlae 4y o (5 Siloyo I adlas
76 gy pole Ghagh Saa L) cal je sl
(o 3y 2 o499) (sl (05 450 Sat
@ Combe> 5 Swglie (Ll GlaSlas zshaw 5
&S o9 Ml ©pz S 4 M 5 sledy 5o s
Rl 4 Cel See (all (el Adi o0 (S
S8 ol caSolm!l Jelse  zals & ,b ;| NAFLD

a8

B rey =
ciirloj] sloog 5 5 il

oals a8 F L slosl g ol 5y s FF olass
oBialejl s 5 (5l 5 slizile S Sty pole oSl
SoopT 5 ises] 890 Sl st Jitie g
Sl 2 Syl sl o 55 sl 0
am s T EY) s g atelo VY So,b 55 45 2 o

AKA


https://jhsw.tums.ac.ir/article-1-7088-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-04-21 ]

- (e $5)TiLRS Aol )y (TalETwl O6yyel alda A ¥ )

s 6lo S1y93 Slasie ) Jgus

Sz 2 w3 S lsiliw] (188 023,
vE Y (1) oSy
2 o 1¥ (1) &l youdgs S
¥o B/ AR
r Al (M) 22
oIy ¥\ (051 55 1) 55

RSP BUIRERRVEIRY S APRC PRI NSO
2 gy & gl 4ds 93 Sl e 09 (VO,, ) (PBras
Col i g il ol cudled Sow g ol aan Y
5o adde Feooa cldld floy  SLL atan g0y ke
Qoo A Bogaste ;0 Al p e YO 4 Sy g g,
San s 5 08 sy Gl B pms (3ens] 25T
W35 0 g 03,5 p)5 lp 4B O nped and> o
PR NREEERE SRR SYPH
Sy b Jood 5 olCtws ;5 (FL) 09,5 5 (C) 09,5 sk,
395 0 BB D Gde 4y 4z )0 ho Codi g ARBY b e A
G Syl 8 oyl B asd 8 1,8 aian A e 4 alan o
ICELSR W Er ) JUppe iy LS PYTY FRSSE SO PR ST YL CORK I
¥V Jgaz po aslllas cpl yo (el o pes SS90 25k
Olye g & (nyed 0)90 Job pled ;5 el ou &)
& Sllgu 6)L"’g;‘9)'“’ &ly Q;ii}.Sﬂ S g olSws
adlois oolaiwl l> 4y ate oyl Jlasl s
oMb Slp Sre S e jliin e ol atia o
Sl IS 0L o (o yed Slads plad ol oslazul
o> slo jasls LT %
L baged plod (Jlimne e Jlel 510 0
o el FA) b bols o g alie DL Lyl,s
ssbie 4 LAl celu VY g oyl 4l 3
Slae J21s 3,5 b (s sl SIS 03 G
(© mg/kg) 3Mhly 5 (¢ mg/kg) (moliS 5l (oS 5
(S s ey oS g 4 lp el Ghgn

A9

SloyS o 2lS g Slem slts, bl w28 (kS
Jols oy g e gla gdie )0 ljue 0y e
YO oz oy V8 Slhaeg,S woye Y iy,
38l )5 ws o Fe a4 wilowe slge ple g 0oy
S lwbiwl S1y55 lyime (rizmen (V J9o2) 09 (22
9 oeelng (Sees p «Oland pendS (60 (punndS Lo S
o luslinl sl slosdne iy i 05 (Sose Slge
Sz oy 00 Oluee S oo YV gy s Jolls
SAE aope Ve a5 Wil o olge ple 5 doye O
O Jg92) 39 (2% 5l (Hbye
ol s poi [y
2 S oz aS @l Gl 1 ey
wrlye b (olital o o3 SS9y S0 9590 S5,
Culd O 4 (YY) o) Ken ¢ Rodrigues g 4
Uinleyl Lyl s a6 w95 jelate 4 ol ol | >l asan
@Wiar So e v o) (6, g o Tl el
wﬁb@o@.gbmg)b,mgm)ou?@
Pyate Jeod 5 baz o jho ol g aids n e A
ool o ped codlad doliy ais S el B>
S9) oM Jold L Ll e latie cis
iy 5l (o ped Aolipy 09y a5 5 gy Jees§
b olled i35 10 Jols gl stin 5 5 Jooo 5 53,
Aol Sl 0g 10 cud g 4aBy 0 e Vo Sl

S b plp g (Bpan (5enS] lado 4 axg b (o ped

11Ce 0 Bus) /1€ a)ladds /11E sl )5 (el § Cublagy aslilonsd


https://jhsw.tums.ac.ir/article-1-7088-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-04-21 ]

ohBas g 031)1ab(5 sang

alizee slogian [0 Seldinl o ped el JSSg, 1 ¥ Jgus

(48D 33 yio) Sk yans (4i85) (yloj
0 Ve V0 Js!
b \- VO T
O o Y Pgw
) Vo \ ok
0 v Y. oy
5 v. v. o
0 Yo . PEFTS
o Yo £ JETNS
7 PR 1 . . T
sybo) Jolei % Sogleex Logt slos; canly pdas Sl g3 diges

Shapiro- (yse;l deools canlo 20565 o)y S
bl gy 5 Wosls ko (gl s 00,5 IS & Wilk
gl )3 (S5 (ke 03a3l 5 48,0 S (il ly Jelow
5,5 5 5 Sldp JoBly s, sl p=+/+0 s folins
SPSS I3l 5 5 ooliiasl by (o lol Slilone 4lS s
Version 26, IBM Corporation, Armonk,) Y# aswus
0,8 solatuwl b ools Judo g 4y 320 (gl (NY
sl =

anlllas 550 sloog,S (slo (ruSiloo 5IUT 4 4255 L
230 NAFLD sl a5 ols oylis yol> yiogh guls
ledge 3 TNF-o g IL-6 ol )3 (518 (sne 38l
Sl 00l 558 09,5 b awslio ;0 NAFLD a4 M
L6 rshw a5 b Lakie Geimed (p<+/++))
ysbas FL 05,5 4 Coud FL4T 04,5 ;5 TNF-a 4
She mbs cpl (p<e/e o)) el 5 omb gyl g
G 4 e (Falial (e oS Cel Suadly ()
T 095 5 FLAT 095 ;5 okl sloSlis golan
Sliyyes lailns S LS alis ool 355 o0
Gk 5 NAFLD & Sia (sles, o5 2l 51 snolin
a5loe NAFLD 555954 oS sl &g (0,5 (ogSne

5 Pl Jood &5 b atie ol agh o
anglie ;5 FL 095 slo o) ;o oplondl 4 Sl
by g ails alS FL4T g T «C 05,5 oo, b

1o W s /1€ a)ladd /11€ s)a (5 (ianl § Cublagy aslilind

5 S el o St b i sl
Wigds 3 9o Voo ey b S (sla Wiged (g
lod 53 e 03,5 Iz 5l g Wad ey yule
SR Sz pol g 1008 (5 )INSS-A °C
oS0 sbees Sl okl sl Slas zolaw ol
3 555 Sl sl s ol S5l 03 Lilets
Sl €5 play W5 S5 1 S | o oy
Enzyme-Linked Immunosorbent) ELISA s, «
oudjlw lawgs ol &l slo Joal 5w 5l (Assay
polie 5l sanlccmsd bl ululy e 0l bl
Sl & Caaglin 53516 53 55 S5 5 el
L (QUICKID) seil 4 Cal> 5 (HOMA-IR)

ATY) ad dwleo 8 laslewl doles 5 eolaiul

) aoles
HOMA—IR = Glocuse x Insulin
405
2 e e e Gl 5 SHS olis
Y aoles
QUICKI =

1
(Zog (fasting insulin pU / mL) +log (fasting glucose mg / dL))

AQo


https://jhsw.tums.ac.ir/article-1-7088-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-04-21 ]

- (e $5)TiLRS Aol )y (TalETwl O6yyel alda A ¥ )

Jee3 5 59y 3 adlllae 3,90 slo & (goliiil o poF ol Y JS

anlllas 550 slo oy WS 28l g 95 5l (5 S Wiges 1Y IS

Sl gt Dy Sl g 4528 (nizmen

L adas as ol lis adllas 050 sla ) 0uS 8L o
olPl el mbe 1955538 L olon iz 21 w3,
COgd oo S 8l 50 (YsSa599,S ke sl
Tsloog S 5o (ualiiial Ol o plosl 03 (55m l
c09h (o0 S slagalh d9pp 4 i FLAT,
odslice FLAT 04,5 ,0 (guuS eliinl jials umes
IS pizman g S oz ka8 ojlail ccpl ogdle ol
2 Y58 509 800 4 Y5509 ,S e IS Sl i) il
Sguge k=9 JB ,eb 4 FL 09,8 4 e FLAT 04,5
S céb HE (6500l copmizman (O JSB) b

AO)

Ol FL 05,5 (slac) b awslie (o 1) (55540 (rdged]
Pl o)) 09 yloline (o kel s 5l oglas cpl aS” wiols
5 Gelseadl g2 0lie TS| ol s cnlogdle
ol polie 4 ols Lt gl 4 Cenglia el
FL 09,5 o) )5 9 JB job 4 HOMA-IR 4
09,5 sles) 1o polin cpl Al o caml axil, ol
< /++V) o9 u.,.)L 6@?9}&&)5.‘04.?FL+T5T C
el (3559 a5 Cewl Cually (nl Sl il
3 Seaglie ol guasl sl SIS Jood Condg Wl o0

(F Jgo2) widn sgne 1) el gl 0 Sl

11Ce 0 Bus) /1€ a)ladds /11E sl )5 (el § Cublagy aslilonsd


https://jhsw.tums.ac.ir/article-1-7088-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-04-21 ]

0hBss g 231}1ebl5 sasg

- -
L : E = !;1

E r—1 — . o e iy

i um l.iis 500

as e 15 e
= o4 [RTIN] o '.-:a
[ s =
i 03 g ! 3 ] »w
boad = 3 200

o Z s oy g

. i l

0 1]

Lo FLeT ¢ Lo FLAT

aalllas 3550 Sloms )5 )0 (ASUee @z 0 il @ Mo S alimo lagise o (Splie loall 5 Ll sla Sl Esban (o) iF S
S ygate B osls (FLAT) (solinal (5o ol jom oy (IS e 02 005 05,8 5 (FL) (U1 oz oS 05,5 o(T) (galitnesl (2 505 05,5 «(C) S5 05,8
390 D SIS sl aglie fogas ©C L6 asls alio Joges B TNF-a asls aglie Joges A el oniglll o lailind Bl £ 1 Sile
€ 0% 039 AP Alin 1090l G (el gl 4y Cunglio (az Ly auglie Jloged oyl guail ) Sl (a3 L anlin Jlogad B pdgud aslis anylio
(Pl 1) s o (6 Mins g5 s bl cypyos + S oz 08 FLAT SIS FL o tolitl oy T 8

(FL) ISyt wyzr oS 09,8 () alitisl (505 09,8 (C) J5 05,5 ianlllas )50 sleg S 0 S S8l S5l g Sl (gooy 10 S5
(FLAT) eliial 5 oy & IS8 oy S 09,5

S sog)S 3 dgedl 4 Sl o LIL 5SS
Sololre Sypod JyuS sloog S S Salii
Cohs lejen by Sl 53 0 iy ialS
bl el 005 o il gl 4 Caglie
oliinl Sl o5 3l pols ragh 4o oo &l ol
IL-6/ TNF-a / IRS jsme jil olules L NAFLD
ojg 0l .ol 00l cwyp oS 0 NAFLD 35450 o
5,850 ele olate i3y9 45 Gl ool aseie
Ol 5 b o3l )0 S sl g las 51 6y
ol coles 0 (7)) col Sl slg Lo
assly sl (YO) ol )Ken g jgid0me pol> asllae
Sledge WS 50 (07 gexs (Rl tel h))9 &S
OHes 5 Ruan uls (ul b guod © 058 ol
Sad L) gweliiol o ed a5 aisle 5158 58 (V)
ol 5 055 207 S el (fawgle Dl g o5
Jb ol b ogd oo NAFLD slaledige jo sauS

11€e 10 yGus) /1€ a)laids /11€ sla )15 (ias) g Cublagy aslilod

LHFD L aén VWV Sow 4 a5 glac, a5 ol ylis
3 2 Sl 3585 Jgene pall aiad 4355 59555,8
Sz pedglo doo o lid aS wisly lis ], aS
ol See seba (liul (nyed g Cenl oud i
sz bk s palS 1) Soselely sla Sy
oS gy lyioms Yl g S eS FLAT 095 50

o ; =
2ol Oloyes U ol egh o
S Jas 53 5 sles, &S 2l Ll sle Sl
as 4....0)3 U"‘ 9 sl 00l ey NAFLD LY )/L»-uo
oo95ae LIy NAFLD gg,.5 &lgi oo (solizwl ol yod
S8 a0l 000 calisy Sgugs o] oaiS ol Jelge 40,5
Cs.la.w aS ol cuslice ‘J.bl:- dxlllas 5 | u)f

Aoy


https://jhsw.tums.ac.ir/article-1-7088-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-04-21 ]

- (W) $() T3l agloan 1 (TolEIw] Cilispad alae A ) )y

©95 o & e e Sl o IR (S i
9 5edsed Ol o azd 0 45000 o Sl adl
lasgi a5 09 o (FFAS) ol5l > slaaul g5Lwsls]
Gl 5a0 IR 3gugy ¢yl plis (YY) 00 5 oo 0> 0S
o IR (cplpogdle aos oS |, oS & FFA !
85 opd e a5 & S5 Jlisl el IS alas
ooy9 (V) cwl FFA de novo jiw lp cogw
oeals wle Sitnl b el cl (e
7 e 5l & o 035 W 551, DNA (ppedliio e
Sldas ol pegdle (Y0) o liKw 5lde novo j554.d
& wddee Olis SzeS el ;5 Letghy 9 Sl
Wlgtee 9.3,l0800 30 WS (6,08 e 3 Shos 2 (3355
slo TS 5 ST T (olo ] iS5 b
(V7)) 0 38 5l Clead! 5 oledl ws
PPy 3 g (el (B (Splie slo e
B Ken 5 Ban pae Sielial Sligye st oS
@bold et laiagh )3 008 ek
aS oy oad ool las pian Oldlas jo asloads
Alidee Jolie b gBWsz 5 oludl )0 (o559 Sl pod
Non-alcoholic) ISl ,& coslaglocn] asugs
sebd 53,9 9 WS alilie (steatohepatitis: NASH
ol Gk Sl Ghge WS (Ses Clakine Cote
398 ¢595lsl el gundl 4y Cunglio 4y bgy o (5 yrans
Slosd Flil S el nl &5 S hraw el
3 (V) adloe guS slo (5 )lows b ablio g1y mie
Og gelial Sloyed JSSgp SG 1 pol> asllla
G5 Gl el el a5 cnl ouls solatwl Lyl
JSgp ol aisn o 990 |, NAFLD )5 ool ounlive
SYob slroyss Gl b ans sojlallb oy 4y oo s
RS PR SN St SN S A
Og S os ol plg 4 (nyed DD g e
oS S g aile cogllacl S e 4igS yo 5l ool
oeals ol iegh jo (TA) wS Sales | 09
b oS cdb g tizle sgue sTNF-a dL-6 zshaws
odadlre 185 g NAFLD Jaw jo  ooliiw! Sl i

AOW

Ul Gl 5 gy 5ol lawgte Sab b (3559
ol 1) suS Sledobe jeual les 5 SloesT
oo,y 38 (V) o, g Ghamarchehreh ..ol ools
30 eeglie Olo ped 4 Cod (55lar (e a5 als
NAFLD & Mo glaialls ;0 (55 (0007 E o S92
abls i (g ke (] o pae )0 Bilgiie g 00g 5 ge
aS wisle (5155 e (VV) o )en 5 SB35 0l
SISl agle e ooy SO plgie 4 el o ped
2 S oo Jlesl 3l GWIL 1) 095 002 oS
5 2l GleS st 2 (8559 Dl yes HIL bl
ol (YA ol)Ken § Khaleghzadeh « olodl oo
JESOR | PRGIR W PR Pl FERON I L2 T SR IP L SR K
5 Lol zokaw ;0 TNF-a g IL-6 a>g5 LB als 4
‘6"3) (J"‘ L’ M N QWLSA VOZmax 4’9” J)b ‘_}»)‘)5‘
e (G5le 9 a8 wisle flid i o), Ken g Wang
uybl 9 ;yf C?“a‘“’ INF-a 9 IL-6 C?“a‘“’ Ogufo
(V9) 595 o NAFLD sl yige 10 dund gl
Gowo Ol B S gl b glelil (s o3

OHlas oS s 5 Gl 4 Conlis
s g o9 els 5l Lol wlgse oS ol SUSCul
Sl e 3 35IF ssino I (s s e
ol ol50m 35550e) NAFLD () ,Lagy ;o (Y +) asl
oIR8l g S sldsle jo s pesd 4 e &
Jos ol e 0gd oo 93 (50,5 50 S pendS (655 Ol
30 a5 00,5 obul Cgure 4z > SO (g ke Wi b
2 Odedl Jos gauS Sl o YL cdale QT
p gl SYL Glime 4 pmie g WS Hle |y S
comolin] Ol yed 00,5 0SSl oy lidl
Gk 3l o GgmelannST i 7S s Ay a
ol 5 ol (S Al s 3505 e il
0,33 Syl Glo s S jo sl 565dS o]
S peelS 65 e GliEl WS g abae o (598
s oddabe calil pals ( Dlac b Joko o
Ceaglie b hass po (Lol Sl 095 5 5 02 slaoen

ST YY) S e el |y 4l ol gl @

11Ce 0 Bus) /1€ a)ladds /11E sl )5 (el § Cublagy aslilonsd


https://jhsw.tums.ac.ir/article-1-7088-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-04-21 ]

HED 5| o IS b oz a8 & e (o
5 el slo S ol ialS S ains e i
Sl s plxl @b 5l (Sale o yell seme
Slo el odS Glhpusille 5l S celial
addllas pl ol .l NAFLD lojs o cwelinul
Sleye Ho 1y sliiwl Olo el coenl wilgie

2o sl NAFLD

Sb ol =
ol ole o sl sobe culas cow 51 )
plol «F« YYAYA» o Lol 7,k 5l oalazd )5 ) (INSF)

Sl 00

Sl aily =
4z YYEY) oud ]S bl gles ,o Sllge>
g a5, 5 (LOOEY) cond Cusb, (o, Sle
b Ol 5 e s S 15 celu VYNY S
Jole ads as @l golesl oyg0 Job yo oljl
M S langs onds s slo asdlygins o
olisle )57 (g5l, oBisls wlilgs 5l ipgh 5 Cudlye

&5 plos! (IR RAZLREC.1402.073)

L odld yog (wywd jo =
30 addllas opl gloadl 5l caScules slaosls

oy yd abog pe odinan g5 I Johne Cunlgs 0 D00

R
&lo o) =

woilie Byl @b a5, oo el oy

IRURY

1o W s /1€ a)ladd /11€ s)a (5 (ianl § Cublagy aslilind

ohBas g 031)1ab(5 sang

ools ylis ¢l pogdle .l oo oals yLas )] egall
3 b elal conl aniiles 83,9 alslae 4wl
b Bl o oy 3 1) 59352 ol jen s HFD
aS col o] sasms plis lnasl cpl wules ugSae
Sloyed 5l 6pS o 5 S) Sow )3 JlS et
il NASH 0leys (612 9,805, (n e (sl
2 s DlAlo)y9e 0 ualed ol tag o
15 IL-6/TNF-a/IRS 50 s _olodl slo St ghans
J> ol b el 0 @51, NAFLD & Yo sla o,
Ol )2 by 392y p2l gk sl (ale Cosgacme
aaled az Sl.cwol ool cwyp 5 sl o, Ladd casllas
A 2 53 Gl pe sl o a5 ey (oo i gL
o 05 o Ll (¥9) wizes NAFLD (g 5V oo
(F1) soare &) @YU liee 4 NAFLD 55 (S5t 5
3 ($5050 Slaesd o 4 Ghaghy onl o Jl cnl b
odle o s,y aS STl puioen g oole sla ) Jowe
Sg | Ak Sl oy axly o willy oo
0395 (wgSas alail) 5 VO, )3 e (el 03g95w0)
Pl bawlic )59 (VO,,, b (Sl (Sdlae
5 (F) 0 oSS e ) (colisl Sl pod JSG9
WS 50 (£5)59 Sgml (s S Sl &) eizen
ookl 5 sl o, 5l ladd 1A canms las wiles o 1
ot wb e ook o oy (Jb pl bl s
Sleriiy nlple WS 1B (i n 3)90 Ll pS e
2 emelainl Slo yes Ol eany] Sldllas jo 0gd oo

Dgh 485 a3 )0 i 90 ;8 (59,

Sl ped a5 oad ools flad (ieeh ol o

SNl gohe g JB b lind
e By 55 Selplie syl Geizen 5 e

Ao


https://jhsw.tums.ac.ir/article-1-7088-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-04-21 ]

- (W) $() T3l agloan 1 (TolEIw] Cilispad alae A ) )y

10.

11.

12.

13.

REFERENCES
Farzanegi P, et al. Mechanisms of beneficial effects of
exercise training on non-alcoholic fatty liver disease
(NAFLD): Roles of oxidative stress and inflammation.
Eur J Sport Sci. 2019;19(7):994-1003.
Teng ML, et al. Global incidence and prevalence of
nonalcoholic fatty liver disease. Clin Mol Hepatol.
2023;29(Suppl):S32-s42.
Riazi K, et al. The prevalence and incidence of NAFLD
worldwide: a systematic review and meta-analysis.
Lancet Gastroenterol Hepatol. 2022;7(9):851-861.
Gillessen A, Schmidt HH-J. Silymarin as supportive
treatment in liver diseases: A narrative review. Adv Ther.
2020;37(4):1279-1301.
Salehisahlabadi A, Jadid H. The prevalence of non-
alcoholic fatty liver disease in Iranian children and
adolescents: A systematic review and meta-analysis. |
Sabzevar Univ Med Sci. 2018;25(4):487-494.
Rohnejad B, Monazzami A. Effects of high-intensity
intermittent training on some inflammatory and muscle
damage indices in overweight middle-aged men. Apunts
Sports Med. 2023;58(217):100404.
Francischetti E, Genelhu V. Obesity-hypertension: an
ongoing pandemic. Int J Clin Pract. 2007;61(2):269-280.
Kazemizadeh V, Behpour N. The Effect of Sleep
Deprivation on Objective and Subjective Physiological
Responses of Student-Athletes. ] Health Saf Work.
2022;12(1):222-236.
Osborn O, et al. Treatment with an Interleukin 1 beta
antibody improves glycemic control in diet-induced
obesity. Cytokine. 2008;44(1):141-148.
Vinagre I, et al. Inflammatory biomarkers in type 2
diabetic patients: effect of glycemic control and impact
of LDL subfraction phenotype. Cardiovasc Diabetol.
2014;13(1):1-7.
Leick L, et al. Adipose tissue interleukin-18 mRNA and
plasma interleukin-18: effect of obesity and exercise.
Obesity (Silver Spring). 2007;15(2):356-363.
An]N, et al. Circulating tumour necrosis factor receptors
1 and 2 predict contrast-induced nephropathy and
progressive renal dysfunction: a prospective cohort
study. Nephrology (Carlton). 2015;20(8):552-559.
Dietrich P, Hellerbrand C. Non-alcoholic fatty liver
disease, obesity and the metabolic syndrome. Best Pract

Res Clin Gastroenterol. 2014;28(4):637-653.

AOO

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Abdelbasset WK, et al. Effects of high-intensity interval
and moderate-intensity continuous aerobic exercise
on diabetic obese patients with nonalcoholic fatty liver
disease: A comparative randomized controlled trial.
Medicine (Baltimore). 2020;99(10):€19471.

Jia GY, et al. [Effect of aerobic exercise and resistance
exercise in improving non-alcoholic fatty liver disease: a
randomized controlled trial]. Zhonghua Gan Zang Bing
Za Zhi. 2018;26(1):34-41.

Stomko ], et al. Evidence-Based Aerobic Exercise Training
in Metabolic-Associated Fatty Liver Disease: Systematic
Review with Meta-Analysis. ] Clin Med. 2021;10(8).
Machado MV. Aerobic Exercise in the Management of
Metabolic Dysfunction Associated Fatty Liver Disease.
Diabetes Metab Syndr Obes. 2021;14:3627-3645.
Lebeaupin C, et al. Endoplasmic reticulum stress
signalling and the pathogenesis of non-alcoholic fatty
liver disease. ] Hepatol. 2018;69(4):927-947.
Ghamarchehreh ME, Shamsoddini A, Alavian SM.
Investigating the impact of eight weeks of aerobic and
resistance training on blood lipid profile in elderly with
non-alcoholic fatty liver disease: a randomized clinical
trial. Gastroenterol Hepatol Bed Bench. 2019;12(3):190-
196.

Ness H, et al. Acute high-intensity aerobic exercise
increases gene expression of calcium-related proteins
and activates endoplasmic reticulum stress responses in
diabetic hearts. Comp Exerc Physiol. 2021;17(2):123-135.
Bahmani M, et al. The effect of the aerobic continues
versus high-intensity interval training on IRE1 expression
and its correlation with insulin resistance index of liver
tissue in rats with type 2 diabetes mellitus. Razi ] Med Sci.
2020;26(12):67-77.

Rodrigues B, et al. Maximal exercise test is a useful
method for physical capacity and oxygen consumption
determination in streptozotocin-diabetic rats. Cardiovasc
Diabetol. 2007;6:38.

Mohammadi S, Monazzami A, Alavimilani S. Effects
of eight-week high-intensity interval training on some
metabolic, hormonal and cardiovascular indices in
women with PCOS: a randomized controlled trail. BMC
Sports Sci Med Rehabil. 2023;15(1):47.

Hajighasem A, et al. Effects of resveratrol, exercises and
their combination on Farnesoid X receptor, Liver X

receptor and Sirtuin 1 gene expression and apoptosis in

11Ce 0 Bus) /1€ a)ladds /11E sl )5 (el § Cublagy aslilonsd


https://jhsw.tums.ac.ir/article-1-7088-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-04-21 ]

25.

26.

27.

28.

29.

30.

31.

32.

the liver of elderly rats with nonalcoholic fatty liver. Peer].
2018;6:€5522.

Mohammadpour-Asl S, et al. Endoplasmic reticulum
stress PERK-ATF4-CHOP pathway is involved in
non-alcoholic fatty liver disease in type 1 diabetic rats:
The rescue effect of treatment exercise and insulin-like
growth factor I. Heliyon. 2024;10(5):e27225.

Ruan L, et al. Effect of Different Exercise Intensities
on Hepatocyte Apoptosis in HFD-Induced NAFLD
in Rats: The Possible Role of Endoplasmic Reticulum
Stress through the Regulation of the IREI/JNK and
elF2a/CHOP Signal Pathways. Oxid Med Cell Longev.
2021;2021:6378568.

Ghareghani P, et al. Aerobic endurance training improves
nonalcoholic fatty liver disease (NAFLD) features via
miR-33 dependent autophagy induction in high fat diet
fed mice. Obes Res Clin Pract. 2018;12(Suppl 2):80-89.
Khaleghzadeh H, et al. Effect of high intensity interval
training along with Oligopin supplementation on some
inflammatory indices and liver enzymes in obese male
Wistar rats with non-alcoholic fatty liver disease. Obes
Med. 2020;17:100177.

Wang GH, et al. Effects of aerobic exercise and resveratrol
on adipocytokines in rats with nonalcoholic fatty liver
disease. Sci Sports. 2023;38(1):57-67.

Mohammad Zamani T, Kazemizadeh V, Babaei N.
The Effect of Aerobic Activity along with Green Tea
and Coffee Consumption on Fat Oxidation and Blood
Pressure in Overweight Girls. J Isfahan Med Sch.
2023;41(714):234-242.

Moosavi-Sohroforouzani A, Ganbarzadeh M. Reviewing
the physiological effects of aerobic and resistance
training on insulin resistance and some biomarkers
in non-alcoholic fatty liver disease. Feyz Med Sci J.
2016;20(3):282-296.

Nasiri M, et al. The Effect of High Intensity Intermittent

and Combined (Resistant and Endurance) Trainings on

1o W s /1€ a)ladd /11€ s)a (5 (ianl § Cublagy aslilind

33.

34.

35.

36.

37.

38.

39.

40.

41.

ohBas g 031)1ab(5 sang

Some Anthropometric Indices and Aerobic Performance
in Women with Polycystic Ovary Syndrome: A
Randomized Controlled Clinical Trial Study. Int J Fertil
Steril. 2022;16(4):268-274.

Lavoie JM, Gauthier MS. Regulation of fat metabolism
in the liver: link to non-alcoholic hepatic steatosis
and impact of physical exercise. Cell Mol Life Sci.
2006;63(12):1393-409.

Rabol R, et al. Reversal of muscle insulin resistance with
exercise reduces postprandial hepatic de novo lipogenesis
in insulin resistant individuals. Proc Natl Acad Sci U S A.
2011;108(33):13705-9.

Zhou D, et al. High fat diet and exercise lead to a
disrupted and pathogenic DNA methylome in mouse
liver. Epigenetics. 2017;12(1):55-69.

Taran S, Ghorbanian B, Tutunchi H. The effect of eight
weeks of Pilates exercise on serum levels of fibroblast
growth factor 21 (FGF21), insulin resistance index and
lipid profile in women with non-alcoholic fatty liver
disease. ] Appl Health Stud Sport Physiol. 2024.

Melo L, et al. Effect of endurance exercise training on
liver gene expression in male and female mice. Appl
Physiol Nutr Metab. 2021;46(4):356-367.

Melo L, Hagar A. How to train a mouse-methodological
issues in pre-clinical exercise oncology. Am ] Cancer Res.
2019;9(6):1246-1253.

Ballestri S, et al. NAFLD as a Sexual Dimorphic
Disease: Role of Gender and Reproductive Status in the
Development and Progression of Nonalcoholic Fatty
Liver Disease and Inherent Cardiovascular Risk. Adv
Ther. 2017;34(6):1291-1326.

Lonardo A, et al. Sex Differences in Nonalcoholic Fatty
Liver Disease: State of the Art and Identification of
Research Gaps. Hepatology. 2019;70(4):1457-1469.

LiX, WangZ,KlaunigJE. The effects of perfluorooctanoate
on high fat diet induced non-alcoholic fatty liver disease
in mice. Toxicology. 2019;416:1-14.

AOY


https://jhsw.tums.ac.ir/article-1-7088-en.html
http://www.tcpdf.org

