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Abstract

Aim: Nonalcoholic steatohepatitis (NASH) is the result of excessive accumulation of
triglycerides in liver cells, which is associated with a decrease in PGC-1a and an increase in
inflammatory cytokines. The present study was conducted with the aim of investigating the
effect of eight weeks of high-intensity interval swimming training on the expression of PGC-1a
and IL-6 proteins and memory function in the brain hippocampus in rats with non-alcoholic
steatohepatitis induced by a high-fat diet. Methods: The present research was experimental. 40
male Sprague-Dawley rats were divided into two groups: healthy (n=20) and high-fat diet (HFD)
(n=20). The HFD group received a high-fat diet for eight weeks with the aim of inducing the
disease. After proving the disease, the rats were divided into four groups: control-healthy (n=9),
training-healthy (n=9), control-disease (n=9), and training-disease (n=9). The training groups
performed eight weeks of high-intensity interval swimming exercises (three sessions per week,
each session lasting 30 minutes). In the end, PGC-1a and IL-6 proteins in the hippocampus of
the brain were measured by the ELISA method, and memory performance was evaluated by the
Morris water Maze behavioral test. One-way analysis of variance with the Bonferroni post hoc
test was used for data analysis (p<0.05) and all statistical methods were performed using spss
version 26 software. Results: The highest and lowest amount of PGC-1a. protein was observed
in training-healthy and control-disease groups, respectively. Also, in the IL-6 variable, the
highest and lowest levels were observed in the control-disease and training-healthy groups,
respectively. There was also a significant difference between the groups in the variable of
memory performance (P<0.05). Conclusion: high-intensity interval swimming training in
NASH can lead Increase in PGC-1a and decrease IL-6 in the brain hippocampus and improve
memory function.
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Extended abstract
Background

Non-alcoholic fatty liver disease (NAFLD) is the most common chronic liver disease, the cause of which includes genetic
and environmental factors, including unhealthy lifestyle. NAFLD includes the accumulation of excess fats in the liver,
which causes fat toxicity and it may turn into non-alcoholic steatohepatitis (NASH), which is the result of excessive
accumulation of triglycerides in liver cells and disruption of beta-oxidation of fatty acids. In this stage there is also
inflammation and these patients are at higher risk for advanced liver fibrosis, cirrhosis and liver cancer, which is associated
with a decrease in PGC-1a and an increase in inflammatory cytokines and can disrupt hippocampus-dependent memory.
The present research was conducted with the aim of investigating the effect of eight weeks of high-intensity interval
swimming training on the expression of PGC-10 and IL-6 proteins and memory function in the brain hippocampus in rats
with non-alcoholic steatohepatitis induced by a high-fat diet.

Materials and Methods

The present research was experimental. In this research, 40 male Sprague- Dawley rats with an age of 6 to 8 weeks and
an average weight of 230 + 20 were selected and investigated. The selected rats were divided into two groups: the first
group was a healthy group and the second group was subjected to a high-fat diet for eight weeks to develop non-alcoholic
steatohepatitis. The high-fat diet used in the present study was used as an emulsion (liquid with high viscosity). The
content of high-fat emulsion consisted of 77% fat, 14% protein, and 9% carbohydrate. After proving the induction of
disease in rats, the patient group (high-fat diet) was randomly divided into two groups: control-disease (n=9), training-
disease (n=9), and the healthy group divided into two groups: Control-healthy (n=9) and training-healthy (n=9). After
dividing the groups, all the rats in the training groups spent two weeks familiarizing themselves with the animal pool
before starting the main training. After 48 hours after the last familiarization session, the rats in the training group, first
warmed up for 5 minutes and then the main exercise of HIIT (High Intensity Interval Training) swimming, including 20
times of 30 seconds of swimming with 30 seconds of rest in between. This exercise program was conducted for eight
weeks (three days a week). In the periodical training, the weight applied in the first week was 7% of the body weight of
each rat, and one percent was added to it every week. So that in the last (eighth) week, the rats swam with a weight of
14% of their body weight, which was tied to the root of their tail. The ELISA method measured PGC-1a and IL-6 proteins
in the brain's hippocampus, and memory function was evaluated by the Water Morris Maze behavioral test.

Findings

In the present research One-way analysis of variance (ANOVA) was used to compare the average of variables in groups.
The results obtained from the ANOVA test showed that there is a difference between the four research groups in PGC-
la and IL-6 proteins. Comparison between groups was done with Bonferroni's test and the results showed that the highest
and lowest amount of PGC-1a protein was observed in training-healthy and control-disease groups, respectively. Also,
in the IL-6 variable, the highest and lowest levels were observed in the control-disease and training-healthy groups,
respectively. There was also a significant difference between the groups in the variable of memory performance (P<0.05)

Conclusion

Based on the results of the present research and comparing it with the findings of previous researches, it can be concluded
that high-intensity interval swimming training in patients with non-alcoholic steatohepatitis who have liver dysfunction
can be effective and improve lipid metabolism. and the biogenesis of mitochondrial and activate the influencing factors
in the hippocampus of the brain and improve memory function by reducing inflammation.

Avrticle message

The results of this research support the protective effects of high-intensity interval swimming training on the expression
of PGC-1a and IL-6 proteins in patients with non-alcoholic steatohepatitis disease. Trainers and sports science
specialists can use them to increase the effectiveness of exercise programs that improve beta-oxidation of fatty acids in
people with non-alcoholic steatohepatitis disease.

Keywords: Nonalcoholic steatohepatitis, high-intensity interval swimming, hippocampus, IL-6, PGC-1la, memory
function

Copyright ©The authors Publisher: Azarbaijan Shahid Madani University



https://dx.doi.org/10.22049/jahssp.2023.28611.1552

JAHSSP http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/JAHSSP.2023.28611.1552

£ U9l 03l (3 s Jlo
1-14 Slowio 1405 Sl 8 5l
O¥339 S59992 38 10 (G (83 il DWlae

Open Access 9y do

9 IL-63PGC-1a slo (piigp oo » YU ol b (29l gLud wly pod atin coln 250

Sz ey Lo Wl A pue cailngilouw! 4 Mo b &y 320 oS gaud jo alidls> o ) Slos

S gl 28 o3, Lo paecme ! el o150
1402/04/21 s 2,6 1402/02/10 1l )5 g 6

oS>

ol 15 6lb Jshas 13 3y yeurlS 55 3 51 i oz by (NASH) S cilimgilizl 2cbn
oy B |y il aios anl oo gl sloySgnle Lialsil s PGC-la Ltals | &8

Py b dlis s 4 3 QR oSl A5 pbsl oz wey b ol Wl (e cosliagilinal 4 Mie (slac) ) jie GuoSgum )5 aladls
ol WWW jahssp.azaruniv.ac.ir/. colw o 09,5 93 & (JologSTpsl 3155 5 )y 40 gy 055 £ |yl Guios u‘“lﬂ*’ u"t'ﬁ)
L e Sdads (low Wl Gua LHFD o5 b0 s (1=20) (HFD) w2 23, 9 (1=20)

(n=9) Il U558 05,8 Jlaz 4 ) (gjlon DS g 2008 €L gy (i, atin

035 (s S3Ss il Labis L1 “a Codis (55 (509 S 50 s (1=9) o (3205 5 (1=9) Lo 558 (=9 )l 3005
5 ot el 8IS (25 ke — gy bl yd Lol ploul (4885 30 dds p catin )3 Ay d) Yo s b (gl (sl @l yo3
Ol a0l Ol oKl DESEN] U?‘)] l) aladls .))S.Lo& 9 W) d)jb)l.)d‘ I)}Yl L)“’9) LY )’.o A.A.QSM 0902 IL-6 9 PGC-1a Lg].b
. i (9031 b 4,y il ly T gl 51 eals SUT g ol (sl Geyge o Sle 58,

pe 058 (Bhus Sdmnd skl 2

s s e HSEL s plsl spss version 26 )jle 5 3l oslazul b (o,lel (sla bg, den ¢ (P<O/05) s o3l o ,i5g

D018 <0l oSl 3 —JRS g Wl ped sloog S 53 i 4 PGC-To sy e cn osmly 5 YL HABL 0
(s o) Nowm 8 (slaog)S 53 i @ (e Foml 9 o P YL IL-6 e )3 (i 05 i Lo
mrkordi@ut.ac.ir sy oline Cglis Wog)S o o dlabls 3l yite > 435 saalis Wl cpyed

psle o8 (s Sidmsd skl 3
5SS esle FCG-H P S0
O3l et ol KN ¢ kil Wiy dguo |y dladls 5 Slas g 294 jr0 cwaSgun 0 IL-6 ials'  PGC-1a

Ol 4 e 3l o NASH 13 YU oa b oglis (i iy o 2§ S dxti (P<O/05 )l

PGC-10l dL-6 oS gt Vb s b 9l (sl ¢ IS e coilimgilizl 1 gulS (so3lg

aasls 5,Slos
3,8bee 5 IL-6 3 PGC-10 glo gy ol 2 YU i by (gl (gl iy pod i i (35 "l j5 ¢ (55305 L yhammo 43S o yo < guolis 1€l )l 09200
d4-1(1) 13 :1405 . 5559 595258 5> (siwydis (3,8 lalllan " Gy ooy b ot Wl S e cslmgilisnl a4y Mise (cloc) jio oo g 3 abidls

ol St aed oKl 1 pidl 9 skl caleo

2676-6507 : Sug ySII gL
STz ot yoantd £
DOI: 10.22049/JAHSSP.2023.28611.1552

Copyright ©The authors Publisher: Azarbaijan Shahid Madani University



https://dx.doi.org/10.22049/jahssp.2023.28611.1552
https://dx.doi.org/10.22049/jahssp.2023.28611.1552

JAHSSP

http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/ 10.22049/JAHSSP.2023.28611.1552

40 J4-141) 13 :1405 . 3550 cs5laniud 53 sty (63,8 Slalllas (Ko 5 oulis

=0 CNS & Skl sl pgnls ol jo a0 )18 1356 cod |,
WS (oo Jo | ha 3 )Sloe 5 48 (o0 j9ue (R0 (S5 Al g A,
g b Jsho cllsd ly (555 ol gt o i g (4)
ol 5Sles 5 it glnsS] Ggdlyypind )b 5| ATP
OgeelienS] Gizen WS o @bl 1) Jshogygyy (23S
P95 STy S Load Jld ok yS )l oge p |y 2 (sl
oS ila5 gt 4 5 ol iy oS Jlab S, T(PGC-1a) WS
9 951081 (gl jgid alox 5l o(5)AS g1 3 Slae 5 Sl (Lol
Pk b ozsos a4 s 3sde Ol GieeS] Sl sodisS objee
52 &5 cabd (B dox I o Lol ()l g Sabie pgpai
3 ol Lials 5 PGC-Ta pikass 5 Sk .l Lagpo (608 jgilil
alS 4 oo o8 390 00 WIAMPK (ials )b jl (5)lew Ll
oz b (SHenSI Bl slaml 5 opanl ol
el oS oo Gl 1) sl oyl 5 ()3nS] b glodisS
~ie el slacnlgnle Cols 3 K- slans 5856 Gl Sl
Sy whee Sl Gl gile (iS5 S Glgie lply D9l
(3) cwl O-gSdml (ol slplSsle gl 1 S
=l 53 e KUK Js50 S IL-6 Siggey (9 9SS
IL- ) St Sl g aigte & guoly 13 bl i (g5l
9 WS (o0 Cusi ) B (ool plad S 0 JWb L, T (sla ol 6
Cunglie e pudplio 2 (i en S (oo walal A8 3 ) 2> 16 el
030> L5 eyl ogMe 3,5 o w8l (6,08 e clleb ¢ Cpdgudl 4
|y sloss by el 5 A5 o Lais 1) cyoge el IL-6 oS 43
35 48 Cunl (gylon ) (slals o NASH oSl 4y dagi b S oo o
o Gleyd sl yigy I Cunl odiis Mive B iy 5o b 4 joib
Sy 4B piy joyed 4 0D Mise Sl xS el sl solow Sl dl>ye
Slonr tl sl 590 (9ol Jile L jis oS LTl (6) canl (590
Oisials b 5l S e alS p ol Siagh g cul oads <L
OWle Bl I (S5 S ol b gplply )l sl
900 ) NASH (15 oo (8555 Collad g (2l 025 dlo ] 29y 8
—colsd NASH loyd 13 3390 (slacs il il cpl 5l (S (8,7) ol
S35 Al o gl Qla (5,50 dleb oS | el b9 5 S
i 9 S el 390 L Sucdled (133l (9) e e talS ],
5 SUL D) NAFLD 4 (gaube &lgl cyigials jl Jauwe S
Ol el (stoglie 012307 9 (5lg (3205 Al | (2013) ) San
ly el (2ol 2 g5 cubs & Mise lylows 53 b pulS 65 s

@3S oge oo (nF@ls {NAFLD) (IS s’ (s)lewy
S5 S dlar ) o 5 (S5 Jelge Jold ol e oS
D Gpno 03 41 wllols 435 wligios gl sl sl WLl
—S S (S5 S b olyenoud gldl FFA 5 5985, o |l
Jols NAFLD (1) cnl 015 NAFLD 3ls les Lialiil 4 oo
939000 (12 Cuow el & Canl S SIS o e
U o el & (NASH) I8 colingilinnl & cool (See
OsslnSTly )3 JHS) 5 a8 ladsls 3 %S5 2>
5l 399 30 Sl dls yo ol j3 aS 59 b il oy slad]
Soyee &byl (605 9y (lp syt Yt o yme )3 olew (il g
2 056 < NASH 30 )5 ligiod ploi Ly )5 s A8 by 5
Gl &8 b 53 ccunl 03)8 3505 ilow ol (ae ST )
ol 428,300yl (6L do U aladls g (638 0 3, Sl (55, » NASH
g o D g Lais Ml ] o 45 Canl (o] bl
bl 4 48 Cl lsh sl ] glal 51 LS S 5l ilisea glsi 4
gt e 3 o)lil GLbl laxe )3 baylKe 350k 4
Skt (g0l yey sl lare 3 sl (glalad el gl (a2l
) oS guads & diunly dladls NASH oo o olis calisios gols (2)
Sl ©ygo cnl & 9290l g jlo w0 a5 @ S oo Jie
B9 (50 pauie dud peddplio > JHSTL &5 (gilew (ul > &S
dplS 5 WS (oo I Gl (TGS) (193 (123,5 > S5
2951 g ot bl abadle 5 Slas p (JgSIg0 Fge Jalge yge 1YL
o WS xSl e Gaw I (IGF-1) 1 plauilans w3,
398 (BDNF) 330 jl 5ie Sidgig)si y95 ials cacly g 990
ook 15 el BDNF 48 Ly ool ago b dilyp o) &8
5 My (gl dGF-1 o ob )y i dladls )d 5 dgud oo caoS g
Ol sl en sl Al g 653k g oS g0 (S ()9)90 e
il e 53l BDNF 5 IGF-1 g LialS ciS olyie
i S el g b )Se> Bl 51(3) 3,15 oS e 4y iy
5i0 dlos 51 dmplil o W55 e 45 Lo b lel NASH

3peroxisome proliferator-activated receptor-gamma coactivators
“High intensity interval training

Copyright ©The authors

!Non-alcoholic fatty liver disease
2Non-alcoholic steatohepatitis

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2023.28611.1552
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_1
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_2
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_3
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_4
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_5
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_6
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_7
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_8
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_9

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/JAHSSP.2023.28611.1552

5o

B g g3 ooy ool W8S I8 (w)p g 348 3j90 9 LD
92045 gy o5 ke 455 24 522 clad by oKl
5l b sy (gl 50 (,13a&5 12-12 lidsg = So b 4>
D dd e (S psle oKD Sl (Bl Sllge ogasce
ol JE s )lisl o bl o ygmds llgs 5L 3550 O e
D05 i 26 20 09,5 93 4y 0 bl Llys cla jhge
Py CoU din Culn Sdo )3 pgd 09)5 g b 09)S Jol 09,5
233 59 Vose (IS8 el s o b 28,5 )5 0y
Lol ) Ogddsel ©igpots pbs Gimgh > 48y S opp
@20 w5y Sligy 198 gy il ool b eolial (VL 4 joSuns
i 203 TT 3l @y ossdyel slgime o 03l b age &
ol Igimo o5 033,5° JSts Slyaumgs S 0003 9 g iy oy 14
Y8 (895> ks oS ualS «Sdd b gy )L w0)d (489,
ot ol g ans Slge g (uelig bsloe (JoSud kg < 80 o358
lal)dengs S (S b 390 g lapyisgn Ggmeslgal cal 53 092
9 58 el JopdS s 9 )3 9y bawsi (2 9 58w bawgs
Ogewlgal (nl 035 JroSS (Sne Slge g (elig | (oglsea Sl sy m
w42 o @ Ol plos )3 0,33 3,5 5l 43 )> Jlas (sl
w233 0555 (15) 13 (nSe SIS ool 51 43 5 p)5 0I5 il
w5 (e 10) G smgdsel b oylulil (glis yrogde Cy2
SB35 3198 cod gy 0 3k S (o s S SRS 2 Sl
4 .0 Mo NASH & o ige U cdly dobl aian cudn (yogy oyl
5 0303 (el ) S Jbore (solece slaie aljs, wll 09,5 (slac,
sbol bl cqe (Ml culagliuwl gjlows Wloyed LL 4o
Sy 99 Sl (ol 5 jlows 09,5 5l islat jsbay NASH (6 lowy
maie by dbgye clopdll &l 5l e 5 ad ks
S5y el s &y 5 gl pll gl a8l 1 gl
9 y94bgé (isopentane) lisg sl ;> AS b bl :Oil red O (¢ 50l
Tissue-Plus® (OCT) (Fisher  as Gip b
Sliwlg] S S5 69y 0 S sladiged b 0dld b HealthCareTM
(oWl 598 sl Nussloch dLeica Microsystems CM30508S)
L AS ablie a0l oy yiegyShue gy Culius 4 ol by &
& -5, (Oil Red O (105230, Merck, Darmstadt, Germany
9595 Olympus CX22) (5,5 wousgySeo o ) pglias 0
b oo 5o 08 51 X40 solas lawe 5 5l g 05 otmlie (0pl5
Zhejiang Toup View (ToupTek Photonics ,l;als, ;I eslasl
OB 0 ()5 (5Swg)See (i S (16) wS 4B S (0

we g Y oud b (ool gl Ol pod datan il p3b

ot Jo 4 olgen Gliixe (10) 5,8 515 095 53 o 5
Slacn yod Slodgy (33 S g A g5 Bl Sl (ool SS9
i b colpl g, Jolgd Sygo 4 (HIT) YU s b ogls
90 5l Liw b (HR) o5 by p8lus 003 95 5 85 Ly 0 ye8
wlroygd ol 51w g (VO2Max) imS) Cipae Sl to)p
st (11) 3950 plonl bagio @0 b b 69l b ol il
Slpyed b duslio )d NAFLD o cobid dame ;0 HIIT &S 59, 0
—e QL 2lgd (B Grzes ik i ige U(CET) (gelitul (caghy
PGC-10/MRNA ol Lislsal el la HIT sl (glal simd
05 ol o3l HHT @l yes a8 ol lis slasddllas 0gMe 45 544
Lasio &35 b olg5 (slayes §1 Ssiss AMPK/ PGC-1a. youus
dodr (glyp ol (Son ooy i HIT (12) el #(MICT)
G5 5 sl lagl S Glidos bls el s
e Loy g Wlodls H1,3 oy 3y90 o baee G 3 1y HIIT o030
Ll ol g e cpes 4ol S Sgilio (8 ozl (sladlllas
Oldllas .l 03,5 duslio  Sis p iwe HIT o p08 doliyy SO
duslio ;> ol (Sao 5559 9 1 )3 oy ygabogs 45 wlosly LS w3
Olpiedy LS cow |y 3ld sl ol (Jolee uoj sl yi5ye b
5 o g g ol Sl 4 lodS aalie sl o e
ks clalas (ol [ 5559 cullsd plin alabls (,90ob (clacas
Jdsa (13) wsly (Sas p3 bjy9 slacddled b duslio j3 (6 piaS
o el o il G b sdae Sl ol JB 5 45y
otal38l sl Jlosal baome S 9 39 ity oyl )3 Cooglio 205
Seelndgyied sla Shg iz ed A8 (oo 2l (55l o g 035k
il Wy e 393 0 plwl T b ,d a8 HIT 84 pasie
Ll a3l 4 nj (9l (el slaaely sln SS9 ol lse
aglie ¢ g5 by o ciglisio il 1 I img s odes (14) o> o0
Alaige; 5> (Sl sboinghy g o3 ) oy (Suid )3 1y (95
Sllllas ol p3Y gy 0l 312,05 3929 (ilor ol gt 32 2 )3 (208
ploxl ol 3o jl Bun (plpls 205 Oyg0 dinej ol 3 s tde
sodsn oo p Vb Gud b ols sl loyes atn cuin

g Mt coilmgilinnl &

OB P9
A5 51 5y w0 40 Limggy ol 3 sl (055 g5 5yl Gaios
S5l 230 £ 20 (55 uSiko 5 4tin 8 56 o b (JslogST e

®Moderate intensity continuous training

Copyright ©The authors

Continuous endurance training ®

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2023.28611.1552
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_10
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_11
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_12
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_13
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_14
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_15
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_16

JAHSSP

http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/ 10.22049/JAHSSP.2023.28611.1552

60 J4-141) 13 :1405 . 3550 cs5laniud 53 sty (63,8 Slalllas (Ko 5 oulis

Odody (Biyg doby cpl il Jaie liole wed 4 5 odds Sl
295 eped 3 b plonil (g5 slje) cain ) jo) dw) i Cuin
e 2 ok 0ig we T i 4 las Jgl i )3 00 Jlas
ain )3 oS g ygbody b a8li) )] 4 do)d G ahn ya g g ol e
ot g 2o 14 (e 4 dlais b ol o sla e (wiin) 51
@il yed (2Jgan) 15,8 Ui dd dtaw b)) p> adyy 4 a5 3¢5
Sbgbee b b w2y Gloj i) P pas
S5 S 09,5 (J3 0y e 3 (18) s plonl ((alro
loyite g cnpe3 b BT 05 o 3l el BN (2 pe5 Aol
3 dny e gyed asliyy glpl Glos )3 o ageil il JyuS” Lyt
Coley b alpmo logtse el dnle 0231 )l ol 48
505 30) el 5l (5 (Blao 53 GoF by S g
PO 2 p S oo g U aw) (3l 9 (0 g P59k 2 )5 (e
gl Sllse (5l Jhe cuaSgmn CEL nd (honca (0% 09
slaie (slod 3 Aol (o g 8 0313 gt S0 5gd52 38 Py 3
8l (Bl g Seilul Caa b 8 05 Bl 423 80
196 (clo (slod y3 il OB 3 alold ¢ gjlolis 5l uy aoS g
51 edlatwl L PGC-1a (s S0l (sl s (6)lSS 31,5 5l 4
a develop eS8y | asuis cuS by 1Y) 2Kkl i,
0] gl ez ot -1 o3lizl DL-PPARGC1a-Ra S oblS o Lot
add oS baug Y1 alRiolojl (g, 1 eoliil L IL-6 (5,5
&y i oolatwl DY506-05 S¢bl o louis 4 biotechne .8’y
oz sl Sl 638y g3l 3l 09,8 ez o s aladls (g,
0939l 5oy e Jolis oS b odlital (32505 59y (31 3l g sl 24
ez 5 Gige 0205 ) 3l sl el Gijsel g2 sl Sy S
B ab o 03 yloj 4l 60 (3,8 Loy Jb ya )3 g g cilisee ca
1 gl 9 a0 co Gpgd by Sge €8 o S g ) 95
3505 5 8w adlaie 3 a5 Sloj e 2 oS 4 ey loj e
b ap Sy bl iS5 S gpSelul ead b cdlus
3 oS (o e )y sl 9 Shigmgymlds g0l 51 losls 13,
plos - olatsl g sy (s (yg05] b 48, uilylg LT (g0
6 olino s 55 26 a5 SPSS 5815 5 51 o3lizal b (g lel (sl

A plodl (P<0/05)

S8 Slaadle
3)90 il (Sbjy pole ol GW w8 bawgs 3255 (ol Jlimg
Gl 43,8 18 S0l

(IR.SUMS.REHAB.REC.1400.008)

Copyright ©The authors

oobol 2 emd s Sl S jelinel ol gl g ad esalie
Qs oo 42yd 1S jliul sl S )05 5 sbajlee
Just ) g il 003 33 5l 28 sl S 423 22
5 L e 433 (oS muishl 51 003 66 134 g5 ax 3 S e
o 42 )3 1 Jolo el gl i) (gl g4 w51 405 66
4-3 2 a,» fociffield 2-1 « 4 fociffield g
b o0 jgymd (sh als po fociffield 4 5| i 3 45,5 fociffield
i (St o 10D (g ) g% 4 Ol Ted O (g5l )
i 3 aille dhwgie 3 tMgigem s 20N€) 3) adaie
285 B olad o pd ol (V) sn J6yg e g9t
Cuid g 29 1 Hlow (sladiges ;> cunl os ol ol 1 g
oo plie Sl jgilinl oy Copp ) b A5 wis
Orze® 5 (AST) Sl gl b sl o (ALT) 3l il sgizel (Y1
I8 eigrd pod Alsye 53 by 48 aS ol plis S 8L U]
oz g oo " ladiged j) aS pglas b JSS p Gizen )
2 5y Ny 4 oy Olylad 1 S 1A Caond )3 sl 05 03,41
3 g9 o ol Liales (Site (slacuede b digad lgie 45 ¢ Sloel
o1 03l (Lt gy Ko 25 3 ol A8 diged I JS5 1B o
ol 9 a8 canl Lo ol & g 395 o oanliie jo,8 aS) a8 ol
095 cistl o (sl ybge 15 (6 plass W LS | L -l ALBIY ez
N =9) Slogm U5 095 93 4 (ol yoboay (02 w5)) slowt
—J5S 09,5 93 4y (Bl ysboay s pllus 09,5 5 (1=9) Jlor (08
ool S5 4 p3Y s i (1 =9) w05 09,5 (1 =9) s
edly sl @l ped 0)93 L B lew srog)S Cpn (alidw)
Ooed slaog)S (ol imo (slagbge den daog)S (Aupand |
5 Sl 160 Jhs) cllgs Sowl b olil do e atin 9> Gsody
5 17) 580,38 Lol 0205 g355 31 I3 1 (n s 80 i)
o o b bl sl 3 0bj e85 b alpmo slaige Jgl atin
2585 1,5 55 5o a3 30 + 0/5 (gles :Solio 5 stk 50
ain )3 .653,8 b glite jgbo @y 488 20 e @y olgsds ey b g
sl wads Ll bl il b pedas olypuo sla jige &5 pgd
gy Wb 488> Sl iny 450 (i 290 oyl 59 b 2]
5w 5 030 1,8 O 45 0,lgd g 03,91 g m wf 5 el il axiio
095 2o sl sbye (ot aud cp ST loj jl el 48 cusis
008) HINT (ol 508 s 5 0055 )5 4&85 S L) o pod
4 30 L b (gl 30 cug 20 ol i (Y s L gl
S 58 e asbiy o bl )3 b el ) Cugi e e ol il
Mol (ol o slage plos s g 15 Ll ()5 2 Jos 4B

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2023.28611.1552
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_17
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_18

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/JAHSSP.2023.28611.1552

70

60 ()30 4 ol (P=0/544) coslss (gloline cglés Wllum S 09,5
Slowrmcnyed 095 3 e g Fomb pllem (el 098 Ao
o 9 (P=0/129) 55 Jolino e igli5 Jlogym J 515 095 41 S
blee Sl Jlonmcnyod 055 53 ogMeas g2 Joml 20> 30
3 Ol ool &5 i sanlie (P=0/001) Jlom 105 05,5 & o

D92 5Vl 505 09,5 4 Cannd Jlowr 3205 09,5

O SPline Ogli5 S o0 )b (i)l ilos @l bl
2 eomge o jlo ggeil 3 (T) s & ey loj yuite 53 laysSilo
@ 495 b [F (3420) =5/48 ( P=0/002 ] 1 ssnlio psls s
Sowm S 09,5 3 joline Gl st cpl )3 gyl (el o
09,5 3 olis oyl g (P=0/025) wi samlie Wllo— JyuS 4 cons
o= S 09,5 4 Cod Wl a5 095 13 39 SV Hlaw= S
Wl 505 09,5 Sgli5 liee izen (P=0199) 392 jlolina ot glis
Joline @9l Hlowr 558" 09,5 b dusliie )3 Loy o5 09,5 392 ol
3 (P=0/048) 59 Jlow— 58 09,5 5| 5ol oliwe ol &8 ol azils
odnliie loline yod Coglis Wl 305 09,5 41 Conmd i slowr= (3205 09,5
oy 4 Sl Yo yed 09,5 )3 i ol 9 (P=1/00) 45
2 (Q2) oS adlaio )d 0l 0dgem Cdlue puaio 3 (A JSU5) 39 YL
4, iy Sl gl 51 ol ol sl 2 oo mnge 01903
(P=0/002] sl 393 nag,S 31 Ko Sl Sile ey sholine coglis
bs)f 2 )‘.)Luw u9l.m u.:a)su}: er:u U?A)l LB,AJQ [F (3‘19): 5/35
09,5 > 45 ab oanlite (P=0/002) Wl S8 4 Capms Yoy I8
09)5 3 Jlineys Sold iz D Fowb ol cnl slea S
e 4 Jocpl b s osalie jlag—J S 09)5 4 Connd Hlow—p o5
o205 095 3 et 90 YL o (3503 09,5 53 20,3 9178
JS5) (P=1100) 39 5l 5 o 515 llam 530 b i
5o g 9ol > (TQ2) 8w adlaie 13 0 gy o e ) (B
e gli5 S 0 oSy uilyly Jelos 0] b 4 a2 g L
L IF (3. 19) =4/50  P=0/18] 355 3925 baog,5 c555kr 3 65
~JHS 0955 4 G Sl S 09,5 (9 (ol Cun 4 2
duglie ppells (32503 09,5 ol LBl (6 Gl g jloline pf gl Il
oy 09,5 53 <l 4ils 6 VL g folino i oglis Wl S L
Al opl & P(=0/44) s samline jioline coglss Lo S & cons
09)5 & Canmd Jlowr (03 09)5 53 (e 392 FVL Jlowr (32505 095 1
S lor (3205 09)5 )3 &5 05 odaliie jlolias o glas Wl oS

(CS3) 3 5l llmep 005

Copyright ©The authors

we g Y oud b (ool gl Ol pod datan il p3b

sl

w255 5 (1=20) Wl (sloeg )3 (59 lno Sloul £, Silo 1 Jlogai 5
ohled Oy ) Wl ain cun e > (n=20) (HFD) © 2
olislojl Lo b sy (6,55ko lgie 4 atam opJgl .oowl o0s o3l
ool oy oy Wl (gltan i 093 o 51 g 9 A5 48,5 ki 5
cély

Colglingd glay Sl 5l e G slaogS (jg 2 oses
(1=9) Wl 5 09,5 Jlag 4 o] (ol gy 5 ISV 8
oL {n=9) Jlew 305 5 (1=9) o= J 58 (1=9) Wl 205
&3l 5 2ldl can pod 5 gl sloatin logas ol ) amd 00
b aB)S a3 (el g9 g Pl bz b alie e
935 03 ) SS9 illae ol oy 0jl ciin b S5 slaaiin
235 Ghlojl sl 095 o (slaige gyl Athn o) atin
(i i JI Jol asin) i Cudn )3 09,5 1 ()9 56le (ol
5 (P=0/003) Wl 505 g Wl 555" gloog)S (st oo
Jobiae gl (P=0/002) gy o 5 o= J )8 (sloog 5 e
RN PENN

S blize gl S g 48)bSy by Jebs @l elul
= 16/17P =0/001] o caaS ypn PGC-L0L it (55ike 3
ose)l @l 4 d2gi b cudl o2y Gilod slaog)S 3 [F (3¢19)
Nosm 55 09,5 13 PGC-La oy > 3 logel ¢ g ydigy (snii
Oljee ol & cuily dgpg yholine glds Wl S 09,5 b dunlie jo
295 5 oaee (P=0/0001) 55 ol sles S 05 )
09)5 3 5 39 oline ol Wl J S 09,5 & Cond Wl ye5
14 ol a2 Jb 0l 1 (P=0/002) 55 353 o5 ol @l pz08
~J5S 09) 4 Cand o peT 09,5 )3 Jhlineud ialjEl o>
OeF 09)5 4 G jlam=(pad 09)5 ) iz D odalie e
oS s PGC-10L (559 iz 3 513903 53 392 ol (3205 095 5]
Olye @ pllom J 1S 09,5 wCunl 003 02l (Lt (oS Djg0 4 e
09)5 41 Capms Wrog)S lo g Cuwl 0 4B )iy G dse line
sl 00 odzis ol By (S e =S

2l ol wmy o L 1) jre oS gun IL-6 yate 4 jloges
OSbe G ()bliee Ggli5 S g a8 by (bl Jloo
=0/0017] cusls 3439 i (slvog,S D jro oS gun L6 yuiio
gl Sl LS 09,5 55 e oyl 5 [F (3¢18)21/05. P
oS 15 oanlie (P =0/0001) Jlum )5S 05,5 & a5 folins
4 Comd pllom (505 09)5 g2 SV Lo J 555 09,5 ) (liee ]

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2023.28611.1552

JAH SS P http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/ 10.22049/JAHSSP.2023.28611.1552
80 TA-1(1) 13 1405 55 csolonied 9 (siooyis (6,8 llllao (S 5 e

Solew Ol Ca (G 5 (Bb Ginlejl @l i1 Joe Y o b (9l b cppes SS9y 2 g0

AST | aLT | 7| o 208 | oles e Saa | sl
o 39md | QL | o jo5 ! | IR « “l)_’wl U‘“’W g M
| s | 2 0 o)
60/9 | 64/54 2| o3 2/33 (s o33 (460) | (asil)
low) || AOM 059
) 7 30 30 20 J) ssio
67/84 | 6917 2| 09 25 | " 30 30 20 s in
) 9 30 30 20 pow diin
4121 | 4613 of o0 0l o 0l 30 20| oo cin
2 11 30 30 20 oy Alhn
38/41 | 40139 o o 0l 0 20 ” 20| e
13 30 30 20 oshn dian
A e g 14 30 30 20 | e aie
. o S~d .
“ St
o, o Y-
5 YN e 3
w ':' . o = 4 » \/T\:,}.
® o = e
Yoo
0il red O Luug 18 cdly gjuel 5,11 JS ,,,9” ICANCANCANE I AU AN AN 4
\’6
; 9
25> S99 pae e (ol 18 1 B silosel ) jo,8 5y 4 b oy 08t A — s — e 5
2945 g0 odaliie (g30,8 K
. Cudn 3 Oy w9 el Glde)S (s Sl jlre Blioul 2Ske i1 lages

g olStnlojl Lame b by (6)5lo lgis 4 axin o Ll )3 w48 W) ol asan

28 w\l\fii I T f A5 4b)S s 5y plie )
o N 1 S e PGCIA pg/ml #

’VTE
AT ]
R t Voo
SIS ITITIT T f .
Y@f {,\ | "
- o ‘ ¥ N4 S o
L L S o Fyspad ol apad e 4 e e
- A A

- o yblixe Ciglds s ¢3a 4930 PGC-1A 4uSsp e 13 Joges
pod win et )3 Lialofl 09,5 Jlez s Sl jlne Gl £5Sle 2 g0 Ot Pline ol 28 ja Sy 09,3 ORI O D g
by @Bl oleie 4 ain g ll ) ¢ S coilglin log @il Holon oy g Jlenm S qllom J S Gl 09,8 b Wl 05 09,8
las Lol oy e i b Sy (slndin | g g b 48,8 125 3 105 Lo b Wl o3 09)5 L Jlowr(p e 095 (y oline Coglis

By ol A (o diith b plol (i i JSTgy

Copyright ©The authors Publisher: Azarbaijan Shahid Madani U niversity



https://dx.doi.org/10.22049/jahssp.2023.28611.1552

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/JAHSSP.2023.28611.1552

90

5 05 o oine sl 035 ez e (Q2)
2 0 Sy oloj 1€ S5 ~(p<O/05) = o= S jlowr= 2 po5
s 5 53 ksl 23,5 e ol (Q2) 5 sl

(p<0/05) jlo

- -

L6 gslaw el 423 b Clegll g Sulio pgydins 2 i il >
ohor pae Splie Jlasl b g wlee (Rl el (g3 (55,55
Mol jlad 2ol cad 4 1L-6 (oo poo gl 381 iz e ol
b a5 )b b)) (Sl 5 08 sla sl poi )5 4
L6 jlolins LilS ol YU i b gl (gl cypped atin i
45 i LS 05,5 & i llom e 095 53 o coaSpmt
—JHS 09,5 & s (6)lnn et yobodr Jlowrminye 0955 iz
5 ldE Ghagh ol B b dwlie 3 g Sowb slen
IL6 5y stolitl 9 ol i o35ls3 46 (2020) o)lSan
Oieoy sbasl ol L8 2Ll 3yee Gl 5 sl clewdh
OiblS 58 pols Guisd 50 b edalin ILE joliae il jeShe
30 ie 4 jlowr J S 05,5 4 Cand Jlow 05 05,5 3 IL6
2 P9 ylime pe LY alax 5l g 040 jboline p Lol e odmlivo Mo
el 4 (i (2020)p)lSon 5 (plid > Guiow b pob 30
<l JHIL6 pols inghy 53 35 o)lsl IL-6 el (2l )90
0 (535031l Lowsdy 1 )5S (85 )3 5 Canl 005 25l oS g0
b Wlgs oo gl 09 Hloline e LY dlor 1 o el Gl sl
duly 5o g tin 3 39, 5 45 (gilgn (pyed JSSgy S ie oS )
093 Jwed 5 g9y gd 4idd 3 5o 30 525 ey b 4i3> 60
2590 4w Vb Gad b (agls gl (ped pole 3485 )3 9 39 cd
S 48 3 (6145l 30 o5 20 & g0 4885 30 anls o g atin
Ol yo3 Al 4y 4255 bl 55 3o 340 b dualio )3 (6 VL Hl
9t 9 grdlyshud (caghts Ol jel a4y Cod Vb ©ad L (9l
Oigtals Yleinlcplply amd oo il 3l yidio cye3 jl o 1, HSL
(19) cuisls sl ol omas |y g2 252

S 555 Ja5 3 At S s S ol 41 15) L6
SIsilio pg it 4 Miso 31,31 )3 Lowsdly )3 o] (YL clale s 4y
m( S SYMBT pl )3 39290 (b 42> Cledll 4 (IS pobo
Elita s g3 ol 2 IL6 g (slyy ooV (sloc ome 25

Copyright ©The authors

we g Y oud b (ool gl Ol pod datan il p3b

IL-6 pg/ml #

*
Lh i

e / \’?/
¢

&

17
-,

_‘)))A; 05; O )lJll.ua usL&U Z# ‘}in uo.{y.dz' 09).) IL-6 )IA.S.A 24)‘.)99.3
09,5y Joliae gl s Hlawpped 5 eSS sl 098 b plle
Wl o3 g o= J 587 sl 095 b jlows=

s.
- #
¥.
Y.
3y
2. - .
;.
7 .. ,
4 VA? R L
< 3 Y N R

- < 4t % >
onon
S

x>+ B
- 'o

1Y

)
o

&4

H =055 e ol 3 (T) 55 @ sy Oloj A S8 35 g3
lam 08 el JymS bl J S 095 G Jbline cglis
$Seo atbais 5 0 03gag; Cbluns B S5 —(0<0/05) — gl 3 e

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2023.28611.1552
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_19

JAHSSP

http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/ 10.22049/JAHSSP.2023.28611.1552

100 J4-141) 13 :1405 . 3550 cs5laniud 53 sty (63,8 Slalllas (Ko 5 oulis

28530 (340 )3 g diam Culs ke dy T 5D o) du ol bos 5
oo dy i )3 o) yloe ¢Sl laree 3 WAd glS (1559 Sl yed
9 B B39 @t Gplie BY> den I pizmen g dtin 4w
&9 4 ol o POC-la pste 3 pils 3uid @l b lSen
Jols olie sy Wb yols uivs sla 53903l 0,8 o,Lsl b S3ge3]
9 339 NASH (¢los & Mo g 153)5 (o Bpan oy Moy 77
5 Brd 35 ) bl oy JgeSlyl g I ey S5 einen
w3y 3o B9 plle ) den g by g9 5l o) Bl o) Sen
52855 b gunod ¢(£,500 3855 )0 ogMedy .03 oo odlaiinl 5l
@ Mo glac 3 PGC-La )5 ol 32 (w09 cnyed £59 51 pol>
Ol 31> LS y5She imghs puls 5ol )13 awyy 3590 |y NAFLD
by uad gyl o abeS seliul @ly sl w PGC-1a
< gl 4 PGC-1a (25) cdly (il polye slagige b
PGC-10 aulais 3 S il (6,188 gino 55502l o] oL os's
5 ]y (el Esly 9 w30 e nsho )3 1) S 93) Slisloge
el Jgb 55 e olyat Slgplio SYME]  Yyoms 45 15 o
—e Rl ) ()M e ST BT 5l PGC-1at oyl g glaus
St 51 1 JUeb el g 1S o i) glipT oyl 1>
L el 5 ang L b 4 PGC-la ol 5980 B LS
PGC-1a &8 losls it ldllan o )33l YU (65,0 slals
oS HBals & (i il clagusl o2,S k6 sl
Lo iy dudl cdlo )3 Casl (900 cusl oyt
ol e il ol g 458 o dlizd 1, PGC-1at (SIRT1)
) geslieas B glos le SIRTLguS (slaJsho Bls ol
3 8 gl g a3 oo il A8 )3 |y s geo e S
b awglio )3 ol poogMe (27 20)0S o v ) oI5 way
opyed ain cudn U &S (2019) o Ken g cod odie guivo
PGC-1a FNDC55 sl 5 5l sy o8 sdly 6yl
ot 390 1) Ly S5 5 gl Sl Sige S s SBDNF
bline Sl 55530 3o )3 (L)l 3)50 peite dw p2 y3 3l )8
Baios > (17)s samlie JyiS 4 Cuns ()lnl 0,05 09,5
~J S 09,5 41 i o ped 095 )3 Joline et (I8N i Sl
5 b 4y g o Ylais! |y (gybline pas pl cle &S il oy
Oloyed hHlKed g cod oglie Baiog > b bls)l el ©ud
2 dld Culd Gl & dlad ) jo) g )5 e (g9 sl el
Gk jl PGC-la (65503l jol 3uid )3 (ied g (Suid
Jiy S5l HsS e Bais 3 bl 28,5 )8 ()l 9)5e 1Y) S5

Jbb LT(TNF-0) Wl j5055 59,55 5951 ¢ o) (sloJolw 5> Canol
D oo ILG sy ek (glaiwn ;oS (20 UKo yuase o
Mty 55T (gl b Lo L g5 ilSnl s 5 S
asiae il 5] o Ylazs] Ll o5 ses 8 TNF-ot abausly L kP

Oigiee b ond JUb (nygi S b SIS (589 0 JUb gCa2+
ool 550 cypizron IL6 b ol b sl Sl alize Jsbo ,5P38
5 Six b N B3 ooy S clabb el
ddox | (5355 soeld (LS cloosed 136 (2017) oy lSen
-l (20) 3,8 p ) Bl 5 alpme slagige ILE olawly
2 Ao iyl 3 clbdBl b gued jSie Baiod sla
sl Shals’ JyuS 09,5 &) s ILB 30 HINT () )9cullad 09,8
S olgieas IL6 sad o olis Glidss j1 Jwobs sleasl .ol
S st S b 3 (el By e o o935 i
ol inaS1 g o) 1L65kay g ol (AMP) AMPK L o5 Jleb
a3 GlEl g sbddle ) e g bogiae ) e )
oo 4 dtuy &S Caol 38 &) pastie (plSgnle SO ILE (plpls
=i sl i Wl ool 0 W )] cos a5 sl b g oyt
AMP L 015 Jlsé 5L (g (21) a5 ) ledlas 5 ol
el g 39500 J IL6 Lo 45 cal (51 sSun Sy (AMPK)
S5 Jin) Ll 4 pxie 45 390 PGCLA ok alyjgiud
bl 2gdie (Mg Fiml 5 Cpisbaiml (gmelins)
ot e 3l sl 4 Wl oo AMPK ol tnls clllias
(22) 330 Sl 1y Gy bl ypmligns]

Sl b PGC-la als cliiss § Jobs ccloasl ool
ain cuda ol adlae 1 (23) cunl ol jen Sl slaplgle
~JAS 09)5 & Cud @l yed 09)5 3 jre aSamn (9010
B pol 3uiod zols b dwslie 3 el Jlaw—cpped g plle
gk 2 A5 (gl By eyl I (2019) (lSen 5 8y
3y 5 S &) quSena 3 PGC-La o Tham )j olo g (o pe
ORIl jeSde 3u )3 (Dbl 3)5e seite 93y Al L8 (g
09)5 3 Jhlimeps il pols gz > (24) wlawily Holae
U s 45 Sl sy loam )55 0,5 4 o om0y
SSgn bame 9 e ) (g0 (B 30 4 Capnd (5)0lins pie
Vb a5 b glts (sl bty o il 4 )3 45 53,8 0,0 iy

Copyright ©The authors

7 Human tumor necrosis factor-a

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2023.28611.1552
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_20
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_21
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_22
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_23
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_24
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_25
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_26
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_27
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_17

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/JAHSSP.2023.28611.1552

110

ORI A e & e (a2 C8L 2 R 2 sl Jole A0
FNDCS/irisin CNS )3 355 o (551 Gpane Sialj3l 5 alilosS
9000 b 1y (el sagusl &5 WS (oo wdalS |y (635 50 slapunlSs
SlacuSyn 9 indspg)g ol Il g (mas (NS se (silulix
i ol 5 oyl ol 3 csladllne L(29) S o wela spuas Liblocs
2 5135 5 ey aaSgset slngys > FNDC5 4 PGC-1la il
FNDCS 5L glo 8l (ill o odjpg slag sz ) (g aiin
s Ealled Lag 48 3l ls3l 1) BDNF (elo o5 ol cpsiomad
(30) 540 I

G ) Vb b b (gl G (o3 p05 JSSg 0 ey o0 a5 &
&9 e g (SHae 035 Gl g (o2 Ol Al L g e pSle
Gy UCPT Ltul3l coly (clostd Loy 4 Sedwoisnys < 5| oo
olyad PGC-1ot Ligl33l b Wl oo ol o] 45 23 a5l Iy (s,
—omels g (Bl I 6Kt sl Fge ol) S ralitl Sl pes Bl
Sl oMae 31y g ol gl gl 125 ool g
Ol 1y el el cped ad 4 Gl cnl oo 38!
Ol bawgio 4y o8 s 3l (4883 13 p)5) L melipns] slas
2 B1) s Sl caped b paad b ol 5l g Sl
S 3 (1400) lylSon 5 ol B (iagly o 008,55 Clllao (sl
S S 5 g ol (sla a3l HIIT Sy o5 liy o5 0,90
GBS gl o3 )18 (2l 3y50 |y AU s 2S4S (5
O Aoy gl Cglie (aSLE > Jblise R HeS e
oS 09)5 3 % ()9 9 0N A oS )93 Cennd (G 0398 RS
Oy > ol g epde L(32) o) esmlie J)uS 09 4y s
PPARY (55 ol » 2 25185 (32505 556 (1399) oy 5 (5 3L
3290 1) 22 a8 Golen 4 M slosy 1> (S TG e g
T5) 1y ey iSTas 3l sduoyd bl (slosisl 3 oy yo5 &8 S0l 1,3
Ol 9 yhlie y5al38] amecs ol plosl dtin cuin Sde 4 (Lo Y0 b
Jo ol b (33) ol ol |y sypeslSicy LinlS s PPARY 5
So el gasedial HIT 51 0 5 (2 ptald 355 puslSee
ORI izen sl (5509 J) e medplie (I8 Jleis] L
il aawly & HIT 51w YEPOC) Bl o oyiuusS]
(19) 545 oponls! Ll cel Wy o eSSl
iz bt Yol HINT 36 ol (Sojgdansd slacs Sib
5 oloj e wddiploul Juolgd dlass (loj Gde «osd dlos 1 jialyb
2 d9bise O 09l w23 9 Uiy b yglSey Jobo > b
Gl 655 S e Sy (4 2) e g8 HIITe 03,55 505 31,30

we g Y oud b (ool gl Ol pod datan il p3b

G55 9D 51 10 dgag (pl bl odliiwl PGC-1a 5 e g PCR b
sblnn Syze JyS 09,5 & Connd (e 05,5 > il 3,
Canssd oS gt 3L 1D olandbon Ol pusi a5 s g0 LS ol il
2 oogde dgb (o pbl AU L (dae 5 )8 lag, Bl
B OhlSen 5 2lo) lawgs (6)503 305 )3 045 ploxl soanglie
2 x50k SYMB] s BDNF g PGC-Lay50ky o (stoldiwl oy pes
§ Jobe s 303 5 s 290 |y Kokl (slac, aS
b Ui BDNF 9 PGC-lo jyusie p> jbolie iuli8l jSie suios
@ S oppeimdialle Gl (6p50L 5 dadls a3 eomen
Rl 5 Ny S @ Japw @bl pb 4 tale glac,
ool o 2l (Bisel 59,4 b )3 6 4y sy Cluws 5 (5 boliae
L (28) wwoie i 1y aladls g (650k W) (05 Cute 55 @D
5 95w adlaio )3 Gloj )3 jblime et (Rl Sl 3855 53 929
Olgse g hlie s b b3l po a8 us ools lis o (b cdlue
ey L o ingofl yolo 3w )3 45 5,5 o)l3l 3)90 cl &
Solos & 5 93,5 oo Bran 9 35 BB )3 (e TT Jolis
5he 3o 3 Ul tivy o> ISt claglial (saS JOES]
53,5 oo Gopian 3)5lies] (SlIE yui e 5 B3gs el g s Incy
3fdas B 5 C o w2y o> Bpas )bl Clilad s ol
o555 5 PGC-10 iy 1y ISV Ciliaglina (s o 2 25
Uil b 397 oy bl 3, Shoc 1 48 4m3 o ot Lo S
3L )lie & Consly Wb bd L (095 b Glowr i yed 09)5
&S 2905 (glojlul 4 Lol camd ials 1) dadls 5 Sles 9 PGC-lacdl
o33l carge diall (clacsy )3 o) 5 (ols) Batod dislen Wilgw
25y s e gl o esias ol dlaagyl 5 33 o] Join
Fo oS g p G 4 Al oo g Cunl 4S5 Shos BT 5 02y
&1y POCL Loy g1 5] g6 ot sty .,)iS, e 1
el Gy9p6 @S gie 2l b b pe JshoSye 5l S el
5l Gl gl 53 gl ) cdadlrs L PGC-1an e pilas
S oSin PGCLo am3 o 85,1 1, sbo (clis sy, 520ROS
welalS Cuto ol & 65 (o )18 glinnS] il (B yme 5 by Sk
Slol L SIRTL il 295 (s ySols grilinus] ol 1 b 39
e 0o PGClor s Jled s g (i alitol &y yoxio (gdao 2o 5
B s e il 5 PPARY ol 2l | PGCLt el ials
LDS )3t geoS il 8l 4 poxie oS camd o (1T gl

5 PPARy PGC-la «)lsliw ;3 e (0 (gaS joliwl g
Slogtd st el g0 w3y JBiys Jsb > &5 “(FNDCS)

°Excess Post-Exercise Oxygen Consumption (EPOC)

Copyright ©The authors

8Fibronectin type 111 domain-containing protein 5

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2023.28611.1552
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_28
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_29
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_30
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_31
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_32
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_33
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_19

JAHSSP

http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/ 10.22049/JAHSSP.2023.28611.1552

120 J4-141) 13 :1405 . 3550 cs5laniud 53 sty (63,8 Slalllas (Ko 5 oulis

&S kb 1 520 CoSgud 40 Hl8 150 Jolgs 9 20 (5)iS gie 3501
Wisy dgupn |y dladls 5 Slee Gl iS4

p2lo aols Gl sl 3 2,8 plas | 5 img elows ool &
Dl o S10)08 il Al (g, en

Kdlo slas

5,05 OT Ll ;) skl 285z lio C)?.l Olf.umﬁy’

and possible biological roles. The FASEB
journal. 2002;16(11):1335-47.

7. Chalasani N, Younossi Z, Lavine JE,
Charlton M, Cusi K, Rinella M, et al. The
diagnosis and management of nonalcoholic fatty
liver disease: practice guidance from the
American Association for the Study of Liver
Diseases. Hepatology. 2018;67(1):328-57.

8. Sullivan S, Kirk EP, Mittendorfer B,
Patterson BW, Klein S. Randomized trial of
exercise effect on intrahepatic triglyceride
content and lipid kinetics in nonalcoholic fatty
liver disease. Hepatology. 2012;55(6):1738-45.
9. Brunner KT, Henneberg CJ,
Wilechansky RM, Long MT. Nonalcoholic fatty
liver disease and obesity treatment. Current
obesity reports. 2019;8:220-8.

10. Bacchi E, Negri C, Targher G, Faccioli
N, Lanza M, Zoppini G, et al. Both resistance
training and aerobic training reduce hepatic fat
content in type 2 diabetic subjects with
nonalcoholic fatty liver disease (the RAED2
Randomized Trial). Hepatology.
2013;58(4):1287-95.

11. Lunt H, Draper N, Marshall HC, Logan
FJ, Hamlin MJ, Shearman JP, et al. High intensity
interval training in a real world setting: a
randomized controlled feasibility study in
overweight inactive adults, measuring change in

Copyright ©The authors

sl (toliinl iy yo oo (Sofolge o 5 (S A Oy (W
b Sl sl a8 pped Gloj e g (el S5 oo Sl b yele
354 5o 63 st 352l 5 PGCLL Sy 06 ceely HINT ( Slse
ly O3St Span Sl 5 (0 S slaens] b )b Wlgi o iz en
5 tlo HIT & canl o ool (L5 ol 2 opde s il
9 0595l 3l oalil (fe St go dgue 1y (Jame (59ye 3,Sles
a3 o il Bl 1) s gmelinnST g amd o ialS 1) SLSY a)ys

(34)

S35 4ol

—igh il b o] dwlio g pols aios | Jols gols el
3,Sles M Jloy &5 IS cuwslaglizel & Mie ylews 53
Reference

1. Rives C, Fougerat A, Ellero-Simatos S,
Loiseau N, Guillou H, Gamet-Payrastre L, et al.
Oxidative stress in NAFLD: Role of nutrients and

food contaminants. Biomolecules.
2020;10(12):1702.
2. Mirzarazi Dehaghi R, Safavi Homami S,

Alaei H. The Comparison of Immobilization
Stress on Learning and Spatial Memory in Young
and Old Male Rats. Motor Behavior.
2018;10(32):165-78. [In Persian]

3. Ross A, Bruggeman E, Kasumu A,
Mielke J, Parent M. Non-alcoholic fatty liver
disease impairs hippocampal-dependent memory
in male rats. Physiology & behavior.
2012;106(2):133-41.

4, Kjergaard K, Mikkelsen  ACD,
Wernberg CW, Grankjer LL, Eriksen PL,
Damholdt MF, et al. Cognitive dysfunction in
non-alcoholic  fatty liver disease—current
knowledge, mechanisms and perspectives.
Journal of Clinical Medicine. 2021;10(4):673.

5. Tobey T, Mondon C, Zavaroni |, Reaven
G. Mechanism of insulin resistance in fructose-
fed rats. Metabolism. 1982;31(6):608-12.

6. Febbraio MA, Pedersen BK. Muscle-
derived interleukin-6: mechanisms for activation

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2023.28611.1552
file:///D:/مجله/مقالات%20آماده%20انتشار/کردی%20و%20همکاران.docx%23_ENREF_34

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/JAHSSP.2023.28611.1552

130

20. Barzegar H, Vosadi E, Borjian Fard M.
The Effect of Different Modes of Training on
Plasma Levels of IL-6 and IL-10 in Male Mature
Wistar Rats. Journal of Sport Biosciences.
2017;9(2):171-81. [In Persian]

21. Kern L, Mittenbihler MJ, Vesting AJ,
Ostermann AL, Wunderlich CM, Wunderlich FT.
Obesity-induced TNFa and IL-6 signaling: the
missing link  between  obesity and
inflammation—driven liver and colorectal
cancers. Cancers. 2018;11(1):24.

22. Pietrelli A, Matkovi¢ L, Vacotto M,
Lopez-Costa J, Basso N, Brusco A. Aerobic
exercise upregulates the BDNF-Serotonin
systems and improves the cognitive function in
rats. Neurobiology of learning and memory.
2018;155:528-42.

23. Nassir  F. NAFLD: Mechanisms,
treatments, and biomarkers. Biomolecules.
2022;12(6):824.

24. Sharafi Dehrhm F, Soori R, Abbasian S,
Rastegar MM M. The effect of high-intensity
exercise training on serum levels and gene
expression of Tfam and PGCla in hippocampus
of male rats. Sport Physiology & Management
Investigations. 2019;11(2):75-85. [In Persian]
25. Bagherian M, Banaeifar A, Arshadi S,
Azarbayjani M. THE EFFECT OF EXERCISE
TYPE ON THE EXPRESSION OF PGC-1A
AND HEART TISSUE TRIGLYCERIDE
CONTENT IN RATS WITH FATTY LIVER
(NAFLD). Studies in Medical Sciences.
2020;31(4):282-94. [In Persian]

26. Nunes-Souza V, Alenina N, Qadri F,
Penninger JM, Santos RAS, Bader M, et al.
CD36/sirtuin 1 axis impairment contributes to
hepatic steatosis in ACE2-deficient mice.
Oxidative Medicine and Cellular Longevity.
2016;2016.

27. Rius-Pérez S, Torres-Cuevas |, Millan I,
Ortega AL, Pérez S. PGC-1q, inflammation, and
oxidative stress: an integrative view in
metabolism. Oxidative medicine and cellular
longevity. 2020;2020.

28. Rezaee Z, Marandi SM, Alaei H,
Esfarjani F. The effect of endurance training on
gene expression of PGC-10, BDNF and learning

Copyright ©The authors

we g Y oud b (ool gl Ol pod datan il p3b

maximal  oxygen uptake. PloS  one.
2014;9(1):e83256.

12. Khalafi M, Mohebbi H, Karimi P. High-
intensity interval training increases mitochondria
biogenesis in adipose tissue and improves insulin
resistance in high fat diet-induced obese rat.
International Journal of Applied Exercise
Physiology. 2019;8(1):43-50. [In Persian]

13. Bressel E, Louder TJ, Raikes AC,
Alphonsa S, Kyvelidou A. Water immersion
affects episodic memory and postural control in
healthy older adults. Journal of Geriatric Physical
Therapy. 2019;42(4):E1-ES6.

14, Nagle EF, Sanders ME, Franklin BA.
Aquatic high intensity interval training for
cardiometabolic health: benefits and training
design. American journal of lifestyle medicine.
2017;11(1):64-76.

15. Zou Y, LiJ, Lu C, Wang J, Ge J, Huang
Y, et al. High-fat emulsion-induced rat model of
nonalcoholic  steatohepatitis. Life sciences.
2006;79(11):1100-7.

16. Chen B, Ma Y, Xue X, Wei J, Hu G, Lin
Y. Tetramethylpyrazine reduces inflammation in
the livers of mice fed a high fat diet. Molecular
Medicine Reports. 2019;19(4):2561-8.

17. Azimi Dokht SMA, Gharakhanlou R,
Naghdi N, Khodadadi D, Zare Zade Mehrizi AA.
The effect of the treadmill running on genes
expression ofthePGC-1a, FNDC5 and BDNF in
hippocampus of male rats. Journal of Practical
Studies of Biosciences in Sport. 2019;7(14):91-
101. [In Persian]

18. Ramos-Filho D, Chicaybam G, de-
Souza-Ferreira E, Guerra Martinez C,
Kurtenbach E, Casimiro-Lopes G, et al. High
intensity interval training (HIIT) induces specific
changes in respiration and electron leakage in the
mitochondria of different rat skeletal muscles.
PloS one. 2015;10(6):0131766.

19. Liu Y, Dong G, Zhao X, Huang Z, Li P,
Zhang H. Post-exercise effects and long-term
training adaptations of hormone sensitive lipase
lipolysis induced by high-intensity interval
training in adipose tissue of mice. Frontiers in
Physiology. 2020;11:535722.

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2023.28611.1552

JAH SS P http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/ 10.22049/JAHSSP.2023.28611.1552

140 J4-141) 13 :1405 . 3550 cs5laniud 53 sty (63,8 Slalllas (Ko 5 oulis

disorders in the hippocampus of aging rats. Sport
physiology. 2019;11(43):91-104. [In Persian]

29. Hofmann T, Elbelt U, Stengel A. Irisin as
a  muscle-derived  hormone  stimulating
thermogenesis—a critical update. Peptides.
2014;54:89-100.

30. Zhang Q, Wu Y, Sha H, Zhang P, Jia J,
Hu Y, et al. Early exercise affects mitochondrial
transcription factors expression after cerebral
ischemia in rats. International Journal of
Molecular Sciences. 2012;13(2):1670-9.

31. Alahmadi M. High-intensity interval
training and obesity. J Nov Physiother.
2014;4(3):211.

32. Ghorbanian B, Egtesadi S. The effect of
high intensity interval training (HIIT) on serum
levels of selenoprotein P and glycemic and body
composition indices in women with nonalcoholic
fatty liver disease. Journal of Applied Health
Studies in Sport Physiology. 2022;9(1):12-21. [In
Persian]

33. Bagheri MH, Azamian Jazi A, Bani
Talebi E, Nasr-Esfahani MH. The effects of eight
weeks of high intensity interval training on
expression of PPARy and liver TG in rats with
fatty liver disease. Sport  Physiology.
2020;12(47):113-32. [In Persian]

34. Forbes SC, Candow DG, Smith-Ryan
AE, Hirsch KR, Roberts MD, VanDusseldorp
TA, et al. Supplements and nutritional
interventions to augment high-intensity interval
training  physiological and  performance
adaptations—a narrative review. Nutrients.
2020;12(2):390.

Copyright ©The authors Publisher: Azarbaijan Shahid Madani U niversity



https://dx.doi.org/10.22049/jahssp.2023.28611.1552

