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Abstract

Aim: Sirtuinl (Sirl) levels is associated with insulin resistance and insulin resistance can provide conditions
for the development of non-alcoholic fatty liver disease (NAFLD). Thus the aim of this study was to
investigate the effect of eight weeks of high intensity interval training (HIIT) and PortulacaOleracea extract
on Sirl level and insulin resistance in rats with NAFLD.Methods: Twenty male Wistar rats aged six weeks
were selected and after induction of non-alcoholic fatty liver,were randomly divided into four groups:
control, HIIT, PortulacaOleracea extract, and HIIT+PortulacaOleracea extract. To induce NAFLD, the rats
were fed a high-fat diet for 12 weeks. PortulacaOleracea supplement at 400 mg/kg was given to the
experimental groups. HIIT was performed for 8 weeks, 5 sessions per week with 7 repetitions of 1 minute
at 90% maximum speed accompanied by active rest intervals including 2 minutes of running at 20%
maximum speed. Hepatic Sirl level and insulin resistance were measured after 8 weeks of HIIT and
consumption of purslane extract. To analyze the data, one-way analysis of variance and Tukey's post hoc
test were used at the significance level of p<0.05.Results: Insulin resistance was significantly higher in
control group than HIIT (P=0.012), PortulacaOleracea extract (P=0.037), and HIIT+PortulacaOleracea
extract (P=0.014) groups.Sirl levels in control group was significantly lower than HIT (p=0.035),
PortulacaOleracea extract (P=0.01), and HIIT+PortulacaOleracea extract (P=0.001) groups. The level of
liver Sirl in the PortulacaOleracea extract group was not different from the HIIT and HIIT+
PortulacaOleracea extract groups (p values 0.914 and 0.106, respectively), but the liver Sirtl level in the
HIIT group was significantly lower than the HIIT+extract group (p=0.031).Conclusion: It seems that HIIT
and PortulacaOleracea extract could improve insulin resistance in NAFLD by increasing Sirl levels and can
play an important role in controlling the progress of this disease.

Keywords: High-intensity interval training, PortulacaOleracea extract, Sirtuin 1, insulin resistance, non-
alcoholic fatty liver disease
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Extended abstract

Background

Non-alcoholic fatty liver disease (NAFLD) is defined as fat accumulation in the liver cells in patients without excessive
alcohol consumption. To confirm the diagnosis, more than 5% of hepatocytes must contain lipid droplets when analyzed
on light microscopy. NAFL can further progress to nonalcoholic steatohepatitis (NASH), which is defined by hepatocyte
ballooning, necrosis near steatotic hepatocytes, and mild inflammation, with or without different stages of fibrosis. Further
progression of NASH can lead to life-threatening conditions such as cirrhosis, hepatocellular carcinoma, and terminal
liver failure (1). Evidence shows that NAFLD is a hepatic manifestation of metabolic syndrome and is closely associated
with insulin resistance (2).

Sirtuin-1 (Sirtl) is a member of the Sirtuin family that has various physiological functions. The mammalian Sirtuins are
a family of NAD+-dependent deacetylases. This family consists of seven members (SIRT1- SIRT7), which share the
conserved Sirtuin domain conferring NAD+-dependent deacetylase activity but have variable amino and carboxy-terminal
extensions and display distinct subcellular localization and biological functions. SIRT1 overexpression is associated with
improving insulin sensitivity and as a result, reducing insulin resistance (3).

At present, there is no clear consensus on the treatment and drug treatment of NAFLD. Research shows that treatment
approaches should focus on lifestyle changes; In this regard, diet and physical activity are the first lines of treatment (4).
Jiménez-Maldonado et al. (2020) reported that HIIT led to improvements in peak oxygen consumption, insulin sensitivity,
and weight loss, and it was found that HIIT could have more beneficial effects on improving glycemic control (5). On the
other hand, Portulaca Oleracea is one of the well-known herbs in traditional medicine, which has been used for a long
time and has been used in the treatment of different diseases. Antioxidant compounds and omega-3 and omega-6 fatty
acids present in Portulaca Oleracea extract inhibit lipid peroxidation by increasing energy consumption and decreasing
the expression of enzymes that limit the rate of fatty acid synthesis in the liver such as acetyl coenzyme A carboxylase
(ACC) and fatty acid synthetase (FAS) (6). Thus this study aimed to investigate the effect of eight weeks of high-intensity
interval training (HIIT) and Portulaca Oleracea extract on Sirl level and insulin resistance in rats with NAFLD.

Methodology

The present study is experimental research conducted in four groups with post-test designs. Subjects were 20 male Wistar
rats aged six weeks that were selected and after induction of non-alcoholic fatty liver, were randomly divided into four
groups: control, HIIT, Portulaca Oleracea extract, and HIIT+Portulaca Oleracea extract.

To induce NAFLD, rats were fed a high-fat diet for 12 weeks. To confirm the diagnosis of NAFLD, the level of liver
enzymes was measured and the increase in the level of liver enzymes was considered as a criterion for entering the
research (7).

Portulaca Oleracea supplement at 400 mg/kg was given to the experimental groups (8).

HIT was performed for 8 weeks, 5 sessions per week with 7 repetitions of 1 minute at 90% maximum speed accompanied
by active rest intervals including 2 minutes of running at 20% maximum speed.

All rats, 48 hours after the last training session and after overnight fasting, were anesthetized by intraperitoneal injection
of a combination of ketamine (60 to 80 mg per kg) and xylazine (8 mg per kg), and the liver sample was taken.

Hepatic Sirl level and insulin resistance were measured after 8 weeks of HIIT and consumption of purslane extract.
ELISA was used for Sirtl levels measuring and the homeostatic model assessment insulin resistance (HOMA-IR) was
used to calculate insulin resistance.

Statistical methods:

In inferential statistics, the Shapiro-Wilk test was used to determine the normality of data distribution. One-way analysis
of variance and Tukey post hoc test was used to determine the significance of the differences between the research groups
at the significance level of p<0.05.

Results:

Insulin resistance was significantly higher in the control group than in the HIIT group (P=0.012), Portulaca Oleracea
extract (P=0.037), and HIIT+Portulaca Oleracea extract (P=0.014) groups.

Sirl level in the control group was significantly lower than in HIIT (p=0.035), Portulaca Oleracea extract (P=0.01), and
HIIT+Portulaca Oleracea extract (P=0.001) groups. The level of liver Sirl in the Portulaca Oleracea extract group was
not different from the HIIT and HIIT+ Portulaca Oleracea extract groups (p values 0.914 and 0.106, respectively), but the
liver Sirtl level in the HIT group was significantly lower than the HIIT+ Portulaca Oleracea extract group (p=0.031).

Discussion and conclusion:
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A long-term high-fat diet increases blood glucose, insulin resistance, and body weight (9). Increased fasting serum insulin
and impaired glucose tolerance are two important clinical signs of insulin resistance caused by a high-fat diet (10). Insulin
is a key regulator of sterol regulatory element-binding protein-1c (SREBP-1c), which is the key transcription factor of
genes effective in lipogenesis, such as fatty acid synthase (FAS) and acetyl-CoA carboxylase (ACC) (11). This cycle
increases the accumulation of fat in the adipose tissue and the liver, resulting in the exacerbation of NAFLD (12).

It has been shown that exercise training increases SREBP, which is essential in regulating fat metabolism and sterol
homeostasis, in the liver of rats treated with alcohol and suffering from alcoholic fatty liver (13). On the other hand
Activation of Sirtl by polyphenols found in plant sources (such as Portulaca Oleracea) acts as an upstream regulator in
the LKB1/AMPK signaling axis, which leads to suppression of ACC and FAS expression and reduction of fat
accumulation in liver cells (14).

Conclusion:

Overall, the results of this research show the positive effect of HIIT and Portulaca Oleracea extract on liver Sirtl level
and insulin resistance in rats with NAFLD. It seems that HIIT and Portulaca Oleracea extract could improve insulin
resistance in NAFLD by increasing Sirtl levels and can play an important role in controlling the progress of this disease.

Article message

Patients with NAFLD can use the combined treatment of HIIT and Portulaca Oleracea extract to control the disease.
Keywords

High-intensity interval training, PortulacaOleracea extract, Sirtuin 1, insulin resistance, non-alcoholic fatty liver disease

@ (3 & | Copyright ©The authors Publisher: Azarbaijan Shahid Madani University

BV WG




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

http://dx.doi.org/ 10.22049/JAHSSP.2022.28057.1506

O¥339 B399 9 39 30 (S (88 pilf ke
£P9% osled (e Jlw
Yoo VA Ooloio 14+ ) Obiue § b

e

Open Access 093 Yo
Ol gl 41 Ceoglio 9 V- g8 o el 2 48,5 0 lac B pan b ol o ol (29gld Ly pod 53U
St oy ws @ Wi sl o,

TNy Elya @3l M* aghn o lis ) dose

VE N[+ AITA i pd )b VEV /oA ) 1edl o g,

84S
Iy disej W15 oo gl 4 Canglio g il b3yl 53 (pd gl & cuaglio b (STMTL) V=595 o 1B
55 ) 1 oy 5 a1 (NAFLD) S 5 o 55 (6o by 5 L (o
& Coglin g oS SIML maw 48,5 0)lac Byan o (HIT) was ols @l yos 136 oy
Oty b ey b 3y Ve dlaws 1wl (g5 090 NAFLD & e slacs (gl
HIT. oy .,\SJ)J 09;‘: » uﬁb‘.@ U)Mw‘égl)&upﬁdw‘)‘uw9ubw‘w
pSokS a (lil ar p)S Lo ¥or 590 b ad )5 oylac aind 03y 1,5 48 5 o lactHIIT 4 48,5 o)lac
g aian ) duds O ¢ atin A o a5 HIT oy e 0 0il)5 dbogaye 09,5 95 & lacsy (59 4 4095 b

s b Col il el a8 wi plool didin Ce o )d A il (ol 4idy S LTV ands
21y pdlo dlio Sl 45 0 3P QR (Sl aian A 5l dm dgus] 4 Canglio 5 (08 ST o 39 diniin Ao yd Yo s b (a0 4idd ¥ Jols
S ol e WIRNSSDZAUNIVACITE ol 1 ) o S IUT 51 eols oot 5 43525 (sl ok (5565 o310l b o lams 3y o o HIIT

,x,i}k‘;:,)p,_, (}l&;g-b, S =_5J§ Al bs)f).) u«.lwl@wal.ﬁn ul).».o :lﬁd-:éli,\m b.)L:.zL»lp<‘/‘a d)l)w@mu))‘;ywmuu}oj
PRI QRC TR sobods (=1 VE) o)astHIIT g (p=+/+¥V) 4b 5 o)cas {p=+/+ 1Y) HIIT 05,8 &y i JyiiS
ol (p=+/+Y0) HIIT 09,5 & o (g5 gime jobods S8 09,5 ;3 (S SiMtl mlaw gy UL (g)ld gine

(s 0y 55)

o 2 S Sirl maw g gl gyl gxe yobds (p=+/+ V) o;)LactHIIT 4 (p=+/+1) 48,5 o,Lac
Yaghoubiali65@gmail.com )

iy 4P ﬂ)Lblo) S odaliiie  39la o;luac+HIIT g HHT (glaog S L dd,5 o)luac 3y a0 095
Gl aze yaboas oyl actHIIT 05,8 &y Cuus HIT 09,5 ;5 (a8 Sirtl oo Lol (+/V+5 ¢ +/AVF
Gl 43 o)las Byae g ()5 nped dyon S 4 (6 0 ARG (P=2/TY) 30 Sl
@ 2y ohles cpl y gl 4 canglia 3900 NAFLD @ Uis ke y3 SIMtl o jiolj3l

5l 223D oage  (olow ) bty S g3 1y oo i Ulosnl g a3l 4zl

JoSo il (019l5 3 5o o guas s Cemglin V= g5y ( IS it oy ST (6 5lon IS W01
a5

Oy qu‘GDW9\&A5 \—uﬁy)-ud 5]@.4).\ 4\5)> D)LA.C A_E)m.abd)o.m J)J.MJ J?l“" uL.l)o.v ).u\a (S &‘P dDLo ;GW&‘GL&)M :&l?)‘ b’?d
N NAMYY) AT L 55hs (Silanied 5D (o)l (63,05 Sladllae . IS Gy a8 4 Wi sl

Sulyd S aed oKl 2 pdl 9 skl caleo

FOV-YSVE 1 Suig Sl gLl

B3l z o poanrd £

DOI: 10.22049/JAHSSP.2022.28057.1506
DOR: 20.1001.1.26766507.1401.9.2.15.8

Publisher: Azarbaijan Shahid Madani University



https://dorl.net/dor/20.1001.1.26766507.1401.9.2.15.8

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/JAHSSP.2022.28057.1506

\a\o

9> Oloy g 4dlae g9y p (et de i 36 Sl o 5
ld,SGg, a5 il e op) SoLiS clidos 3,55 3959 NAFLD
ol 2 Bled 503 (S0j Ko Sl (59) 12 Gl Sl
(V) ten Gl b sl 3559 clacdld 5 lié w3, bl
elisl o o35 (il p asie SIS Nl oo (3555 (08
S b by (Splis sljils Jolos b 5 gl 4 canglio
a5 ) 3l g b g e ko Sl gl & A3l 4y
slaalng Jols (HHT) "wais ogls el yoi 0l aoplS gl
Ol @B b b coliwloljon 4 0bj jlen ca b b culld
3 Gayed Soged cnl ol 485 113 (pudlizee 4295 3590 oS A3l 0
Slia Slocs) 85l o 039 Lol )8l gy S Loy s
ohan 5 Taligillejias ()15 (1Y) a8 e S0 ) s3aie
eS| 25l 13 39100 41 ot HIIT & el o 5l Sl (¥-Y+)
odb paida g S35 (59 (LS 5 (gl 4 Coslus ((Byaa
w2l anlS U555 39m0 8l s ptsin 81 o HINT o8
sboyloys laisds (goyld LS 8 pas 0590l puizmen L(VF) il
& P 3 i Sl @l g oad @l eelsx Sl ol 3 il
548 el o o 3 003 LS alS 5 S 48,5 ] il
308 s slon Jl (ol 0oy 3 5 4855 oo 51,8 03litul 3590 Sl
oS cunl 03l lis 483 05lae  plewdgnd cla yiulojl .ol ails
sl 5 (eelgd ¢ 0lTg B A (lopsling o> olS
Y-l o slasl g Slas 5] SluS 5 .(10) 2l o SHE)
5 5P Bpman il Bl 1485 go)las )3 d9r0 Pl
5 e Sl i Sy S dgume slaa il Ol Sl
oo el (i o sl g bS58 T w5lsS )
b polie (g5l 43 500 (gow I 98 o0 M el
sl Ltal38) b 5 55 ST ) oSl S (sl ST
(VF) Sgde JoyudS 5w oo sl gledl e 2

SoSiiy 81y 0355 yobo &y elate (359 4l 4 425 L Egacme )
NAFLD 5 cobs (Bl s Sdglio slogs,lon cpie
OPLl) (59 Dl yed Sl ) 4295 b (imed  Cunl 0l 4o
Cdgae) WS (o Byp—aae |y (Jobw (99,3 6551 e & (Sl
252 SoSen il plal cage wi w4 S (6L
NAFLD ;465 olS Sleys (i 5 (V) 2980 6551 puuddiilic
5 Ly 2 Banly il 3o ] 4 Canglin b o] bl
15 oyl & Canglin s SIMtL e y 45,2 oylas Gsyma o HIIT
s oot NAFLD & e slocs,

EVXER)

s 5l)5iS 0fgds (loz puly 53 (Bl oy il Slilge 4
loanlzs jsbas (NAFLD) Ul 8 Gpp a8 ()lon caily
SIS IS G 1S gyl - (V) el 4l il
4 Ceoglio ¥ g5 Cobd o Bl alex jl Lo low g5l 0 Salis
o)L Bl ol 53 (V) adlioe b35S (8 (slacs)lons 9 (rlg—us
Sygo A8 caid glow 5l b Jols NAFLD &8 el o
bl o cpaudl 4 cooglae b oS canl (g0S slo Jslaopd (oy3 mezs
35 sk Sl ilegs 5l (29,5 )3 sl (Sao (0 13 g o
@ CudSy BB e g eje Sl & g3 Jsbe 055 L g 00l Sl
5 Ojg Lol i 5 050 Slllle bl 2 (1) 98 (i oy pb
gl Canglie g (02 JUBT (yg3 395 Gl el yeney (S50
0dd o Cpimen g () 395 NAFLD & Ul L aisej Sl 0
0% cslon Soml )3 (e LB (gl &) Cunglio oS
() 5yl NAFLD ohg 4 gV g5 culd

S a8 13L oo 55 pw 03l 5l (sguie (ST N =565 oo
1ol )3 lapdgi e Ab o (Eotie (Sfgle 38 (a3 Slee
ol (@b NS e SLwger qodglie JoloS (ogita (Jolw
2 s (F) 5y 118 5550] 5 55bgl coled iyl
llon F £ Culd (Bl Jio ol 4 aly logilon 5 oy
o s i by 9 (B9)e 9 (B slas Lo (Sglte
ol i Sdglae UL 5 Bls S s SIFtL (V) a5yl
T (5] s b )b Gal3l el (a3l ol & 5psbay
ST 5 s b a1 o sl el e Jolos b 00y
Jlid b s gl bl g o SIFL (A) 54 Lais oy
S oo @ly 3 o Ol & jliugen S8 5 (iylus]
ol 3 (magigy SloygSl g g (35 Al 3k
b oy phalasT ool s Jool; Wy J s alex I Sl Jlos
o gilio SITML a5 ol o o3y Glis pwizmen (F) )l i
ol nzg 31 (ol 2 365 (siltaols cllad o) 511 (2 9 596
Odtgedl gy Gt jsbody lSSL L sla S5l 53 9 lod o el
dae g 2y sl )3 Gl SIS 53 9 48 (o0 @elaiS
9 NS gie (s Fiw 93,5515 )3 [z o 9 31> (e BB
wabais G SIrL ply oglle () Cannl 1830 (Silod pundgilio doue
9 (V1) Sl 0 el pdplic 5 559555 oI5 (GlST (goaiS
4 Coglie (Al 4o )3 9 Gyl & Conlins D90 b o Sl
(VY) W5l g0 olyor gl

3High Intensity Interval Training
4Jiménez-Maldonado

'Non Alcoholic Fatty Liver Disease
2Sirtuinl

Publisher: Azarbaijan Shahid Madani University



JAHSSP

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

http://dx.doi.org/ 10.22049/JAHSSP.2022.28057.1506

\aYo Yoo VAGY) A NFe N L 059 (50 jud 5D iyt (60 y0)8 lalllae ¢yl Ka ¢ olis

Old 4 B S Cllge a8 ol b acndly (iol58l adds (o e
O Ul blij ams e (Lt 48,5 9o (slapinggy il
=+ 1) 3,5 3929 5 sy VO2MAX g ol3,5,lg dinin ey
Ol s Sy 1 4255 b ol syl D+ +0 4 I8F
o ol 5o, Y 3l am (YY) 3,8 3,000 1) 5 slacs, VO2max
5l (8555 4l il g oo ]

o Vo s LHIT ke JSSg0 HIT (p pod SS9 40
4iB> ) yie Ve sy g (gladBs N WY Joleo &S diniiy ey
Ao )d i ey Juopd VO Sl b ey Jled o Jlad Colyiul o
Al sy o yd A aagie Gial38l b b )5 48 A plosl gl s
Loyd e poaw ddn 1D g Ay Gy w LoD AD pod dldn y3 g
W pol e aiee (UL U g asbl pyles dtan ) g diiny Gy
Lo Ve ad b gued dadd ¥ ol Jld col gl slacgls
b el atin glinl )3 303 Yo g pou U Jol i jl iy coo
b aids ¥ e d (9,5 )5 b pe5 £9—8 390 (e 0)90 L
Sy by (30,8 dp g 5o VO B L aBBd Y g 4y 2 e Ve LA
Vo Cad b addo ¥ dddd )0 5o VO il L dddd ) e 4y S
92 L tdn )3 o) B ¢y ped 09,50 iy ey (bl 4 4dd ) e
P YY) 00,8 oyl dtan A Cdo &y dtin (B g lawg > col sl g,
ol oxs 8] ond odlizl HHT 005 IS lsje V Joio

HIT (e S5 Sl ) gz

b Cuw oy col iyl L5 gl EVeTY
W Cow e ey Cow e RS
(685 2 ) | (i8> ) | (o) | (4> )

\ 5 ¥ v Jsl
\ v Y- A pe>
W v Y A paws
\i A YA ! ke
3 A Y ! e
Yy A \id a fois
Y A b- q oin
vo A oF ! JERT

S5y ol B 3 ol Gag, ddlais | 5 olS Jlsm cla i
o33 gutitands Ol awgi  awliolS Wl )5 auli il L g 6 )yslaon
b 48,5 olS )3g) D95 y3g0 s bl oo Sl w9 0
Sty dunsl (gime e b g 2 gyl Aoy A il gl
(YY) s o lnilisl g odds 031 dawgs UB oS g, (el aoyliac
oo e oy ool (i S oS iilejl )3 sl 5l an
o) Sl ©pg—ots dbgye saog)S 4 pSolS a (il 4 p S e

(1) 1

OB R,

J5S 09,5 9 elyam & yse3l g ik b 278 €99 51yl Slmgy
Cnl 3 b plol (A tlejl 09 ) 45 390 alejl 09,5 4w
VAD BNF (g9 (saiald L jlimang 315 @l 5 ) o Vo ) Baios
pole olK.tsls blgeon olKutla3] 51 45 L 03liol i b (s g oS
Olnl ool (—iolad b o 355 gyl S yg0m (S—ip
Ll o g B LY (slbuid 5 alSislej] Sllges 51 Coles
a YWY glod o 6,6 — ol gy aielw VY 48 o) 5)lnl il
S5l g isd () 158 g Ol ol s b (31,5 (5l
o ain VY Gde 4 e, s boe b (655l 5 olos] ain
) 313 NAFLD & e g 085 )15 G 2Hd o)
oS JpS 095 ¥ 5 ()jg ell g (lal sk e
(s 8) 05,5 o 55yl 35 b oyt HIIT 5 o)as HIIT
o ol s NAFLD & U 5] plisabl s w50 s
40 o 3l e Gualil g C8)F JE s 500 g0
(V) 48 aB)S jlas )3 5o & 39)9 slre lis

SHE (95 poyid > & g iy (IS )
idold jlo cowd gl ey ik ) (BNgr pogatte w2
YA/ (o ool 38l ) Jloy li mas dyd YO
P Aoy Ve dyp MhwgS 43 5Eg)) Slo ) 2oy
Loy A g Slisang:S Aoy W Sy 20 VB) (59 (59
(S 5595 103 B ((Gare dlge 5 (yelig Moy 0 9 (22
351 (olall Sy) Joiads oy +/F g IS s do s S
o ey olod b w9 5 (g0 pred gm0ty (595 3lge
Dlie 10 5 poio d)l0biwl (sl ey ojlul o S5 & wd
Sl s ey oS Sy b gl 5 05 dimlgs (S 0l g oS
Voo sy () p)5 YA o lilil iy p )5V ol 2

Dy JoylS 25 ¥ g 59598 p)5 B w59 0Son 29 P
Oliu.\)lﬁ)] L)A.AQ_AW la_my ;.9)_Am )‘ L)w..) > Lglm ul)
(¥ ) 8,8 5 Lo g 4555 390 oS3y 0uSuiils 4335
‘C)b)f)‘? L Lg)L»Lw—l Ca 1M 9D S g )As‘» d){; b)‘A.;‘
By Gdody (dds 0) dtan S Cdo &y (505 09,5 sl la
A )d jho G b 4BBd e £V G o b sy )0 485 VO
og? sy B S)lg L b sy bSle sy 2 el
00905] el A 385 (s yslatods e L9 LT T ()
pLl maiene 8 B9y & (10,5195 1 ool b (9> a8l
9ol eoml ©Ab L )8 )8 4By Ve Sl am elnl (ol
Vol 4 )b adB ¥ e b5l ce g 9,8 ) g

Publisher: Azarbaijan Shahid Madani University



JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/JAHSSP.2022.28057.1506

ayYo

5 030l ool gailo 2358 ey St Sayld 93l
om Bite (9ol ey 0xSle gl (02 5 losine e ke
Sl 3,5 ool )b Sy (il g3l 9ol ) e sloeg S
1 03l (S5 s (g0l 3l og)S stin I sixe Ol eaiignslio
15 SPSS el 58 s L e pslams 5] ot S 30 Aol

88 18 oS g 4525 3,90 P[00 (gl ine s

il
o9 shl ) Gis 4 bsiye b0y Slelbl Y Join
g NAFLD e Uil 5 020 (i 3y aciim WYl e g
S a0y o lanl 3 el oad ()15 (gl 0)9> (slas]
G5 sy S sl (g (nSSlan g 039 (e Livog S (calos

Al LS
093l o 5 0sesl e 03 e agal (p5) (13 aualio ¥ Jgi
G5 sloog)S
>y b 0,8
o9l o ejlg> didn o)l Ui
Y-AUFARYVAD | YSOSYEVEIYA | YoVIDRSIYY | S
VEAISYEW/EY [ YOV/Yo£)o/o0 | Y-UYAZONS | cpped
YAFNSEVENY | YSS/E-2AODA | Y-/OAES/SE | ojlas
YWYEAR\Y/YE | YOUXSEV/RY | YoADFEENA | ojlact oyl

P<od g Gaios gl 0,5 I gime Sglas wilis

Jste o5 bl Ko oy 5 ] ol gl & 4o
2 G5 sloog)S ) b (g 45 Cdlyd (li e 0l SIS g8
o (= M) sl 0SS b ()0 pime gles gl (505 09,5
P NAFLD (ldll cps oy olie o5y cdly,d dan VY
Say (P=1 o A) Gl 033 )5 LmoT Ois ol cel glps s,
O ol gixe Colds 55 ad B ojlas 8l yd o HHT -y ped dtan A ]

(p=+/+¥) 1 oamlie oS (slaog)S )5 ) 0)jg
0903 Sl izmed g lare Lol g (ke duslia ¥ Jgi 5
s 3 HIT (05 51 poyas i 5y by 300 6
4§|)| &5?:}'6[2,09)?).} ‘5,&70 MI9 L;me C.'aw).g 4\3)> D)La.c

ol 0
@ Caglin g dgusl 35915 SIML o (¢ duslio ¥ Jois

S oibyly Jeoos 05l (slo aidly g 3aios gl 09,5 plgu]
b

3L 5l g 5 e sl 3T 5] g sl FA dac) (olos
wpSke A 5] el S5 (Bl (990 G5 b eald
St (p5hS 2 il 4 p S e A) cjLLI5 5 (p)S5hS 2 1)l
b ppafins 0 yguo dy e dandd (y8lS0 1 amy dlobBly w0
o plar Sl 65 03 VT Sopw o s (oo (o 2 SO
A adss Gialejl ) I3 Jlas p3 el 4 98 diged i plo]
slod 1 ialojl gl )3 Wigad s (s3lslir g o Bl 51 S
O 4z (gly 4d By Yo e 4 (315 5l 4y YO B YY) U]
53y il oS (slaSaly )3 (talel slo Ay g A5 (5 )leSS
Vo ke dy dadd 50 yd Yoo v Gy (69 olKiwd g ad 0dld )3
b p g Gonis yilo Sl A a5y (il Cue i
A5 Bl > Ve 5358 55 g Jie ¥ 0asg)See o o
b 18" 8l 4idy G 5l jieS )0 (6,5 9 plosl dm ad (IS5
$9) Bl 095 b b 03> gdgtund (e ol (el Joloxa L
ST oltily GUST areS )3yl imgly Jnlpe plat g S il
S N R W S UV VU S S W PO W W
35 a0l s, IRIAU.BOINOURD.REC.1401.003

R4
ool &8 b (2Elejl S Sl ealitul b il (s S5IS o
42 Lally gl s 0 (6565 0310l S 205 gy 4 9]
ojlos b 4 0l JISiaogiSs 55L 8 <8 5b S b5 1501 b,
99y 4 68 SIML waw 05 65 o5lul DEIAL1897 sglls
B 9 &) pegaste gl SleS Sliiod Sl osliiwl b 11Ul
S5 03l gy Copluss D (655 o3l osjls €805 Jooll g
J3o 5| gl 4y Canglio aloes (gl 391 2 e 5 p 555 AD
099y 4 (HOMA-IR) 2 oyl slsan gl 4 Cuoglio b))

115 ol 5

(29 01 5t syutX( 1 Jp )it 55

HOMA-IR =
22/5

13 (VA) 28l o FIsb gu] g FBSZ sl 5 438 o 5 a8

29995 (o) plp gl 4 aub Canlie L35 SO by, (ol

(¥F) 398 o 48,5

"Fasting Blood Sugar
YFasting Insulin

® Homeostatic Model Assessment of Insulin
Resistance

Publisher: Azarbaijan Shahid Madani University



JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/JAHSSP.2022.28057.1506

Va¥fo

A CBlato (ylgmil 4y Cuoglio dumlie ) Jlages (p™>+/+0) 15 sdmline
Am3 o )l 1) 85 oylas By o HIIT 50 diin

10
o 8 *
2 * N *
©
2 6 - ¥
(%]
(]
o
g 4
=
2
£ 2

0

JiS HIT olas HIT+ o lae

G (Srog)S )> gl 4 Cueglie line daliie =) 3905
S lsisne o 13 IS 03,5 4 Con 3 s g it 8
p<-/-0

ST 51 ol ol (gaiod g Wog ,S Sirtl g ghaw dw o
G5 (slmog S (g ASSINt] pdaws cy aS ol s byl S il g
S simo glds 85 0)lac By iao g HIT 1y ye5 atan A 5l e
O (S o 905] gl (p=+/++) g F=IVIVAY) 5,03 3¢55
& Caud (I Gixe jobdy ]S 09,5 10 (gASSirtl ma w4 db
oslactHIIT o (p=+/+1) 45 o)l (p=+/Y) HIIT 05,5
35 2 SASSIML a9 Sl s oins ssos (p=+1 )
oanlio _Jolis o)lactHIT o HIIT (claog)S b 4,5 ojlas (b puns
P S Sl ma o bl (+/V+F 5 + /N iy P polie) i
390 Fomb P sne sebar o lactHIIT 09,5 & cuss HIIT o5
aan A CBlaie (g8 Sirtl mdew dwolio ¥ lages jd (p=+/-¥Y)
ol 05 8 483 0ylas GByun g HIIT (505

Y"—\A/\‘(Y) ¥ .‘)35)5 6)9]9’)‘5 20 Sy d.))g)l; Olallas ‘O‘)K.o.m 9 UJL.C)

Mo | lde | 4 yel o)k S Jys oS
p F o)La.c 43)> 1S
<R
[ood | INYA | FEOIEY | [SENVFA | VAENAY | WO | S8
i \F A\ Y Y. vy | (mo/dly
[ooN | IS5 | YRV | IYAEAS | [AAE/YD | FEVAY Cdgud]
* A Al \ . YIA (ng/ml)
[++¥ FE-/20 | [PARVYY YEYY | 4 Caglio
O/AY v =
. o/ o vI¥ Ol
Sirtl
. YAY | EWAVY | ARV LY. /oy | EV¥/NE
[eoN | ] VAIVY / Iy£y-jov ¥/ ng/mg )
= VY WAV VYA VY \idle -
(tissue

G (g Sy (P<o/00) o ixe coglis 3939 ailiis %

@l 1T (§Laog,SUIU (g5 55915 Z ol dunlie
095 3595 o 45 3> (i b Sy oy 3015 Lo
o lkas Byao o HIT [y jed aitn A 5l w5800 (sloog,S (sl
s (p=+/+ o) g FEVEIYYA) 55 5425 (515 dimo gl iy a8 5
JrS 09,5 )3 Wil (53 35S s 450l L (S (S (1905]
485 o)l uac (p=+/ VHIT 05,5 & o (g3 sime yob 4y
Ll 2355 iUl ()l5 sine ysboas (D=+/++)) o basHIIT 4 (p=+/-Y)
HIT (51505 i oslas me (slaag,S 55 b 8 5535 o

(p= 1+ 0) s sdalin J9lds o jlact oy el g

A5 oo gl 1380 (5095 (ynd guud] T glanws dunny o
0,5 Louslly s al sy 48 s L @b o Sy il s
uglw :45)> b)l_«a.c d)_.a.a 9 HIT RS aam A )‘ U (38
b g0l guls (p=e/e0) g F=AF-5) 3)s 3gg 5yl sme
0355 4 o 555 095 3 Lol e i o5 s L5 S5
(p=+1++Y) o,lastHIIT  (0=+/+\\) &5 ,las [p=+/+ - &)HIIT
Gyas sog)S 10 lawlly ol g gy UL (6> sxo yobosy
Ao odnl i Jlas o)l act pyod g HIT oy 05 cdd )3 0)lac

(p>+/-0)

5 Jrols uls 15850 g0 ,5 (il g Ay Coglin dn e
($lo03,S (gl & gl 3y 45 31 (s &b Sy by 500
b g0l gl (p=e/ oV g F=O/AYS) )15 3¢ (5yld sime
4 Cod J 508 095 )3 (gl & Cuoglie (f3em &5 0> L (S
oylastHIIT o (p=+/+¥V) 4,5 o)as (p=+/-\W)HIIT o5,5
2 ode—wdl 4 Cuoglio im0 g SUL (o)l sme jobods (p=+7+V¥)
Sl o jlast s yed g HIT 1505 dd 5 0)liac (Byins (slrog,S

Publisher: Azarbaijan Shahid Madani University




JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/JAHSSP.2022.28057.1506

14460

DIl 18 FAO 13 sis & jslailen & 115 o b 5 dlstuls
as oy s (YO ol ¥ g bly cpl )0 (FY) s o
2 oS gie a5 i w coge PGC-1a ol lsee (ioljél
S 35,5 o o gl (TG) S (65 1008 5 395 o il
Sl i Gl (Y0) 3y oy el gl 4 Coulus deug
"B Y Sl (o eBgn ey w55 s G 5l SIMtL
GBan lgie 4 90 i lgusl 4 Caaglie ldll > o5 (PTP1B)
5 536 gl & Caaglia iy > C2C12 (lacgigue 5l 55 00
a8 i o dlpiidus Slalllas pl (YF) WS o clible Gy Al
5 Sl Ollac ) gl 4 Comlus 3900 53 e i SIFtL

(YY) 3yl ope o daudl & Ll sl
2,8 5929 NAFLD (slyy 5550 olops o y—sb Jlo 5 iz o
S 5 (—85pg Sl el e Se (S5 Sumw 3 Sl Iy
485 )18 485 3)90 5)low ol S5 Sl gy LR g Sl
5 SIML 55 o 2 ilp 0203 3815 (ppt L (VY90)
oS 0oy L ¥ g5 cabd 4 Lo (U5 55 (Bgye 9 (5 slopasld
Iy Sdglie (sla yas i 3gu0 SIML ke o 390 b (5ilgn oy
aan Ve aS W0l L 35 (WWAD) oy es 5 (owld (YA) 3yl o o
goba— il Cge jow gl oo olyen 4 0S5 (e
(V¥Y) losay g oo (F2) 25 59 4Ll gyl o 5o Sirtl
2 bwgie GAb b 0glis oy yed azan VY &S Woby LS dagls 4o
(FY) el asls o o 1, SIML 55 olo il obs e,
F o) (gilon cudyls [l azbl s (YY) ol Ken o LS, L
olyor SIML culd g pdaw ol8l b oliul il yoi plosil 3,
{FY) 355 00 oxin ialuT ol 5 Cledll nlS ¢, Toleg oS
I g e Gy &5 03,5 (IS (YY) olylSen 510
ORI 5yl gne sl 4 SIML Jlade Juod 5 59y (amgo 4ctin A
s Wby lis (YN0) ohan 5 ¥ awgils oyl yu oglle (FY) b oo
2 NS ste 350 9 SIML s 8559 (205 atin & 5l an
ol Jele olgiea SIML (FF) Wb o Liuliél WJlw clac,
Joe (AMPK) YAMP & vy jluS’ 59, Sl cows
del 55555 s AMPK 5559 cpe 3 llae (ol 4 o
NAD+ waw (il cogo (NAMPT) 510015 590 98t

- o ©olis G5 & g S 09,5 Ay o o gixe iglas ailis %
P10 gy gme g 3 o lactHTTT 095 @ cs (¢l

Gyao g HIT 505 0,95 o 16 (awypr yls adlllas jl G
sy 3 gl 4 Coglio g 08 SIML w485 0)lias
w2y b o 435 lacs, yols sudos )3 e NAFLD 4 Ui
NAFLD 4, Sl J1o G st o Glgb 02 i
Gl eel ©ae sk 2 2l3E @) 855 )5 ealiial 3590
RIB V) 29—Bie (3 (i 9 gl 4 Canglie (B SIS
e (Sl Sl 93 1S5l Joow 5 JUiT g Ll pys (gl
Slodd aBUd o2 (238 ) 5l (U (gl & Coglie (6l
odal pais @ fale (g n (53 0uiS orlal Sy (gl (VF)
s 1S Jole lgicas & 3L o (SREBP-1C) *CV-Jg 0l
5 (FAS) %l parl ale S50 o %0 slaj )by
52 ool (YY) 3530 a3 (ACC) a5 Tos— et ol
LA A 53 g 0ad S g 22 C8L D (o geaS I3l sl

(YA) 3l & » 1, NAFLD
s & HIT ooyes &S ob L ols gasd claaidl e
S9:0¢ 35 535 SIML o (ljal el 88 0)iae b S5 2
i Sirtl s NAFLD « Wi slacsy 55 ol & gl
5 Sds S pudglio wlas Gl JINAFLD avgs 3 oS
molas] Bls (Y ¥R) 0)b odge gl 4 Cuoglio 9 (y>
@ e o)y (0 SIML ialS Wb yioen 5 SIML a8
¥Y) 29300 45 53 (oamnllygl 4 il 9 el g sl
Oy e 125y Lo SIML o o8 ol o 03l L (TY
ol GBI & e S Casgime o8 Jo 3 lsie inlS
NAFLD « Wie oylow 3 o] (owlind cdl dgu 5 a8 Sirtl
Cuto wabas o,k 5l Lacsy 1 SIML ss 51 i o (¥F) s
HFD 5l 26 a8 jplal ol o 555 Sials s FAO
oy sy &S Cunl o o0l LS piored (YA) A5 oo cladlxe
U5 1y st g 4 Cawlus o 3595 Jooo SITL LW S5
A2 epn @l @) bead 4 o) ) ggemme ) 5 b
159555168 STFL (vF) wisly olis 1y UL cdadlone (oS jgilisl
L (PGC-10) “pgsuaslyn iS5 ons Jlub sbolS 015,85 <l )

3Protein Tyrosine Phosphatase 1B

4Sarga

3Q0liveira

16Casuso

7AMP-Dependent Protein Kinase
8Nicotine-AmidophosphoribosolTransferase

8Sterol Regulatory Element Binding Protein-1c
°Fatty Acid Synthase

19Acetyl-Coa Carboxylase

"Peroxisome Proliferator-Activated Receptor
Gamma Coactivator 1-Alpha

12Chen

Publisher: Azarbaijan Shahid Madani University



JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/JAHSSP.2022.28057.1506

\aro Yoo VAGY) A NFe N L 059 (50 jud 5D iyt (60 y0)8 lalllae ¢yl Ka ¢ olis

ojbas ;> Jlb s A35igllé £55 (i 3l o] Soodidsen
3lioe 059y 9 559 J9alS (ol (ot poS Juls &S w8 5
S 33,5 SIS 35 (VoVF) ohlSen 5 ple L(FY) Cosl 0s CaiS
kol s Basgigll «@d)s o)las )3 dgrge LS 5 K03 4 s
pdglio 1y 38 55 adgiglls (OY) Atk Atodgus ol oyl JUsb
Osmol ygind Gl L 3S6lS Gl 6 jo0 5 S )l 325k 5l 98
S gl e 3 @IS eS9n SV (gl 05 el g
oial38l o PISKIAKL (gla Juws 33500 qulais ) yomie sl (ySoe
Jlb & el 05 0L cyrimas (BF) 23S o Jlos] 393 35515 s
3 Candll 018 a5 S lgiea g b Lawgs SIML Lo
055 yw & yxio &S A4S o Joe LKBL/AMPK SiJis yoeo
d95 00 535 sk > 02 gz el s FAS s ACC L
b g et mfy oS il oy oy el 5 oglle (00)
st |y B mdlie {308 Sy 53 S5250 U (L) Ul
2 oglle (A0) am> o ials a8 1) bl g NAFLD 4 ospiso
on 2 Vel gldl s g ol lio (508 J (S 485
Mg Gl oad aslid Jle ol e 48,5 (aY) cusl a9y plals
(DHA) ™ S55550lj55 55 ol 5 (EPA) " S55lisljsSol 1o
Cannd pd ol pas |5 Cusl Caadl Pl sl (2l ol (V51 205)
=)0 2939 ()& slb w2y 5 48-N-3 & n-6ét,.zl),; oy sl
Oy el UL lde (V) amd Liliel |y NAFLD s sy o
5 3l el g9y 221y 285 (sl S14S 4,5 0 ¥ ISl gl it
5 o2 TG s ials S o Jloel FAS 5] oSh$
ol ¥ Bl Gy el & ol o ool ol K5 )b ) L(0A)
3,5 0 by 3 PGC-la il Jb g dzuls o SIFtl zolsal
5 TG Lzalsd PGC-1a (gils Jub 15 lgie a5 johailan .(53)
Spl cpmizmad D> olyemay |y lacdl o owd] 4 Cawlus d5u0
e 3 gl 4 Canglic S1lS (31395 15 T ol bl o
Gl 5 ShyamgrS <8l 6pSsle dlas  ilie (slopunlSn
gl @l sl L gl glasbe S «slodgy SIS
2 5 gl 0355 2,8 b 1S 31 5415 3 enlizal 5 L) o
ol 4 g 4 e Bl > S5 Bpne Sl st

) Bloye

8 35 oyl

PGC-10 ¢yl (65 1) 51 Sirtl bolys 8 el olpon
S92 9 S o il (2 i8] by gie Sign g0
AMPK' &5 1o o L anlgds (FY) 395 oo Cpdguus] 0 Comlus
Jaw g i —uls 1, FOXO3a 4 FOXO1 . PGC-1a culs
G 31 5 483 Gl 1y (5551 B e 5 45 g |y 5550 b 5
5593 Gyb 51(F0) aS ¢Sl NAFLD céyin ) TG Lials
= Myh.a rV.‘a.J P& SREBP R399 (oS ol 005 o)L
5 JLoad jla glacy 08 o 1) el (6)908 Jg il jlsgen 5
W Sl b5yl cpl )3 (F8) sms o Lialidl  ISI Gy 08 o Wieo
Iy o a8 Sl 5,8 Jub a5 15,8 0,1 (Y++4) o Ko g
aliuls 1, SREBP s jgb 4 wilgs o SIML opuiomen (FY)
9= Goyb 3l 1, SREBP o z5g,, a5 s
0F Ol Gl 4 e 48 w8 S SREBPY (5 olizsss
S9—bise sty 03D 9 dd 55 Yoo 9 SREBP G S
(3565 oo 51 Jiane 45" ol o 00l )l 505 )b 1L (FA)
G5 o 03,5 pyed slacy 45 (o)l e 49 4y SREBP-1C
S cplplo (YA) 3yl o o |y damdl & Cuoglie dgup0 5 395 0
b 3l e uS TG gess gals pd wly o HIT a5 s 0
il el g (F4) 20l 4ty (285 «Sfgud oo (il 5 o
o 4530 s (L8 liios glis ggeme 3 S (5 S5k 5)low
NF-)"KB (¢l atun ;556 )58l el AMPK g NAMPT

(YY) o)y o po 1y pdgmdl
g oog UL 5l (Sb ol s cbhasl pyiare S
SHE w3y bodd 4iis clacsy )3 cpdguil 4 Coglio gm0 ¢ SITEL
sy 48 cul sas b lis e NAFLD & W wynp
ol g ASgslls P (g e bl S LS adgS
sedls jl gle olS cpl Jgb @luS 5 (80) b e SuyeS]
olS &S Cal 0ad ()15 (8Y) 33,5 o M gy (Sl
o Seodiadssd 5 SaonlS st oS 5 o3 (sl 265
a5 dS 008 oylil (VoA) o, Sen o o Jlo slp (V)

Jste 350 o 2k go oS ol s ggiio JUb Sl 5 (sl

22Sjcari
ZEicosapentaenoic Acid
24Docosahexaenoic Acid

Y amazaki
20Ubiquitination
2!Nuclear Factor Kappa B

Publisher: Azarbaijan Shahid Madani University



JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/JAHSSP.2022.28057.1506

avo

6.Guarantee L, Lecture FHE. Sirtuins, aging, and
medicine. N Engl J Med. 2011;364:2235-44.
7.Morris BJ. Seven sirtuins for seven deadly diseases
ofaging. Free Radical Biology and Medicine.
2013;56:133-71.

8.Satoh A, Stein L, Imai S. The role of mammalian
sirtuins in the regulation of metabolism, aging, and
longevity. Histone Deacetylases: the Biology and
Clinical Implication. 2011:125-62.

9.Guarente L, editor Sirtuins in aging and disease.
Cold Spring Harbor symposia on quantitative biology;
2007: Cold Spring Harbor Laboratory Press.
10.Leibiger 1B, Berggren P-O. Sirtl: a metabolic
master switch that modulates lifespan. Nature
medicine. 2006;12(1):34-6.

11.Moynihan KA, Grimm AA, Plueger MM, Bernal-
Mizrachi E, Ford E, Cras-Méneur C, et al. Increased
dosage of mammalian Sir2 in pancreatic B cells
enhances glucose-stimulated insulin secretion in mice.
Cell metabolism. 2005;2(2):105-17.

12.Barikani A, Pashaeypoor S. Lifestyle in non-
alcoholic fatty liver: A review. Iranian Journal of
Nursing Research. 2019;13(6):39-47.

13.Trapp EG, Chisholm DJ, Freund J, Boutcher SH.
The effects of high-intensity intermittent exercise
training on fat loss and fasting insulin levels of young
women. International  journal  of  obesity.
2008;32(4):684-91.

14.Jiménez-Maldonado A, Garcia-Sudrez  PC,
Renteria I, Moncada-Jiménez J, Plaisance EP. Impact
of high-intensity interval training and sprint interval
training on peripheral markers of glycemic control in
metabolic syndrome and type 2 diabetes. Biochimica
et Biophysica Acta (BBA)-Molecular Basis of
Disease. 2020;1866(8):165820.

15.Zarei A, Changizi Ashtiyani S, Taheri S. The
effects of hydroalcoholic extract of Portulaca Oleracea
on the serum concentreation of Hepatic enzymes in
Rats. ISMJ. 2014;17(5):889-99.
16.Changizi-Ashtiyani S, Zarei A, Taheri S, Rasekh
F, Ramazani M. The effects of Portulaca oleracea
alcoholic extract on induced hypercholesteroleomia
in rats. Zahedan journal of research in medical
sciences. 2013;15(6).

17.Asghari S, Asghari-Jafarabadi M, Somi M-H,
Ghavami S-M, Rafraf M. Comparison of calorie-
restricted diet and resveratrol supplementation on
anthropometric indices, metabolic parameters, and
serum sirtuin-1 levels in patients with nonalcoholic
fatty liver disease: a randomized controlled clinical
trial. Journal of the American College of Nutrition.
2018;37(3):223-33.

@ () & | Copyright ©The authors

EY MG

osbac g HIT Wﬁb o il pols 5850 ol aesme 50
@ e slo @) 5D gl 4 Cuoglin g o0S SIML maw , 43,5

o Gal38l ol 5 (8559 o pe5 Ulasl sl o NAFLD
ol 53 sl 4 cuglio 390 NAFLD 4y Uie ) ylows o Sirtl

IS 0 1y ook L Llgi oo g a b a ab oy ) ollew
Sl adly sdee p glow ol Céyin

(13,48 9 Sl

s JLoS 83,8 )b Bais cul ol 3 1) Lo &S Sl je (olos
o 1y Sloya8 4

X3l slas

55 o1 Ll ) Llite g gt lio gl S g

References

1.Iranikhah A, Shapouri J, Heidari A, Aghaali M,
Hajian H. Effects of silymarin on nonalcoholic fatty
liver disease in children: A crossover clinical trial.
Journal of Mazandaran University of Medical
Sciences. 2017;26(144):119-26.

2.Carneros D, Lopez-Lluch G, Bustos M.
Physiopathology of Lifestyle Interventions in Non-
Alcoholic Fatty Liver Disease (NAFLD). Nutrients.
2020;12(11):3472.

3.Leoni S, Tovoli F, Napoli L, Serio I, Ferri S, Bolondi
L. Current guidelines for the management of non-
alcoholic fatty liver disease: A systematic review with
comparative  analysis. World  journal of
gastroenterology. 2018;24(30):3361.

4.Patel NS, Peterson MR, Lin GY, Feldstein A,
Schnabl B, Bettencourt R, et al. Insulin resistance
increases  MRI-estimated  pancreatic fat in
nonalcoholic fatty liver disease and normal controls.
Gastroenterology research and practice. 2013;2013.
5.Ter Horst KW, Vatner DF, Zhang D, Cline GW,
Ackermans MT, Nederveen AJ, et al. Hepatic insulin
resistance is not pathway selective in humans with
nonalcoholic fatty liver disease. Diabetes care.
2021;44(2):489-98.

18.Dehbashi M, Fathie M, Attarzadeh HSR, Mosaferi
ZM. The Effect Of Eight Weeks Of Endurance
Training And Injection Of Growth Hormone Lipolytic
Fragment (Aod9604) On Ck18 And Liver Enzymes Of
Nafld-Induced Mice Induced By High-Fat Diet.
2021;15(4):12-19.

19.Barjasteyazdy A, Zarei M. The effect of high
intensity interval training (HIIT) with portulaca
Oleracea supplementation on serum levels of liver

Publisher: Azarbaijan Shahid Madani University



JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/JAHSSP.2022.28057.1506

\AAD Yoo VAGY) A NFe N L 059 (50 jud 5D iyt (60 y0)8 lalllae ¢yl Ka ¢ olis

enzyme in rats with non-alcoholic fatty live disease.
Journal of Sport and Biomotor Sciences.
2021;26(26):56-65.

20.Silva R, Bueno P, Avé L, Nonaka K, Selistre-
Araljo H, Leal A. Effect of physical training on liver
expression of activin A and follistatin in a
nonalcoholic fatty liver disease model in rats.
Brazilian Journal of Medical and Biological Research.
2014;47:746-52.

21.Hgydal MA, Wislgff U, Kemi OJ, Ellingsen @.
Running speed and maximal oxygen uptake in rats and
mice: practical implications for exercise training.
European Journal of Preventive Cardiology.
2007;14(6):753-60.

22 Hafstad AD, Lund J, Hadler-Olsen E, Héper AC,
Larsen TS, Aasum E. High-and moderate-intensity
training normalizes ventricular  function and
mechanoenergetics in mice with diet-induced obesity.
Diabetes. 2013;62(7):2287-94.

23.Darvish Damavandi R, Shidfar F, Najafi M, Janani
L, Masoodi M, Akbari-Fakhrabadi M, et al. Effect of
Portulaca Oleracea (purslane) extract on liver
enzymes, lipid profile, and glycemic status in
nonalcoholic fatty liver disease: A randomized,
double-blind clinical trial. Phytotherapy Research.
2021.

24 Wallace TM, Levy JC, Matthews DR. Use and
abuse of HOMA modeling. Diabetes care.
2004;27(6):1487-95.

25.Do GM, Oh HY, Kwon EY, Cho Yy, Shin Sk, Park
HJ, et al. Long-term adaptation of global transcription
and metabolism in the liver of high-fat diet-fed
C57BL/6J mice. Molecular nutrition & food research.
2011;55(S2):S173-S85.

26.Brown MS, Goldstein JL. Selective versus total
insulin resistance: a pathogenic paradox. Cell
metabolism. 2008;7(2):95-6.

27.Chen G, Liang G, Ou J, Goldstein JL, Brown MS.
Central role for liver X receptor in insulin-mediated
activation of Srebp-1c transcription and stimulation of
fatty acid synthesis in liver. Proceedings of the
National Academy of Sciences. 2004;101(31):11245-
50.

28.Cho J, Lee I, Kim D, Koh Y, Kong J, Lee S, et al.
Effect of aerobic exercise training on non-alcoholic
fatty liver disease induced by a high fat diet in
C57BL/6 mice. Journal of exercise nutrition &
biochemistry. 2014;18(4):339.

29.Colak Y, Yesil A, Mutlu HH, Caklili OT, Ulasoglu
C, Senates E, et al. A potential treatment of non-
alcoholic fatty liver disease with SIRT1 activators. J
Gastrointestin Liver Dis. 2014;23(3):311-9.

30.Wu T, Liu Y-h, Fu Y-c, Liu X-m, Zhou X-h. Direct
evidence of sirtuin downregulation in the liver of non-

@ () & | Copyright ©The authors

EY MG

alcoholic fatty liver disease patients. Annals of
Clinical & Laboratory Science. 2014;44(4):410-8.
31.Purushotham A, Schug TT, Xu Q, Surapureddi S,
Guo X, Li X. Hepatocyte-specific deletion of SIRT1
alters fatty acid metabolism and results in hepatic
steatosis and inflammation. Cell metabolism.
2009;9(4):327-38.

32.Kim KE, Kim H, Shin HJ, Yi C-o0, Lee DH, Kim
HJ, et al. Myeloid-specific SIRT1 deletion aggravates
hepatic inflammation and steatosis in high-fat diet-fed
mice. The Korean journal of physiology &
pharmacology: official journal of the Korean
Physiological Society and the Korean Society of
Pharmacology. 2015;19(5):451.

33.Deng XQ, Chen LL, Li NX. The expression of
SIRT1 in nonalcoholic fatty liver disease induced by
high-fat diet in rats. Liver International.
2007;27(5):708-15.

34.LiY, XuS, Giles A, Nakamura K, Lee JW, Hou X,
et al. Hepatic overexpression of SIRT1 in mice
attenuates endoplasmic reticulum stress and insulin
resistance in the liver. The FASEB Journal.
2011;25(5):1664-79.

35.Chen S-D, Yang D-I, Lin T-K, Shaw F-Z, Liou C-
W, Chuang Y-C. Roles of oxidative stress, apoptosis,
PGC-1a and mitochondrial biogenesis in cerebral
ischemia. International journal of molecular sciences.
2011;12(10):7199-215.

36.Sun C, Zhang F, Ge X, Yan T, Chen X, Shi X, et
al. SIRT1 improves insulin sensitivity under insulin-
resistant conditions by repressing PTP1B. Cell
metabolism. 2007;6(4):307-19.

37.Zhou S, Tang X, Chen H-Z. Sirtuins and insulin
resistance. Frontiers in Endocrinology. 2018;9:748.
38.Lazo M, Solga SF, Horska A, Bonekamp S, Diehl
AM, Brancati FL, et al. Effect of a 12-month intensive
lifestyle intervention on hepatic steatosis in adults with
type 2 diabetes. Diabetes care. 2010;33(10):2156-63.
39.Saremi A, Sh S, Kavyani A. The Effect of aerobic
training on metabolic parameters and 1serumlevel of
Sirtuinl in women with type 2 diabetes. AMULJ.
2016;19(114):88-97.

40.Ghasemi E, Afzalpour ME, Zarban A. The effects
of 10 weeks of high-intensity interval training and
green tea supplementation on serum levels of sirtuin 1
and catalase in overweight women. 2017.
41.Mohammadi A, Roozbayani M. The long-term
effect of moderate-intensity exercise on the expression
of the genes irisin and sirtuin-1 in the skeletal muscle
of diabetic rats with streptozotocin. Journal of
Exercise & Organ Cross Talk. 2022;2(1):1-7.
42.Sarga L, Hart N, Koch L, Britton S, Hajas G,
Boldogh I, et al. Aerobic endurance capacity affects

Publisher: Azarbaijan Shahid Madani University



JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/JAHSSP.2022.28057.1506

V440

spatial memory and SIRT1 is a potent modulator of 8-
oxoguanine repair. Neuroscience. 2013;252:326-36.
43.0liveira NR, Marques SO, Luciano TF, Pauli JR,
Moura LP, Caperuto E, et al. Treadmill training
increases SIRT-1 and PGC-lo protein levels and
AMPK phosphorylation in quadriceps of middle-aged
rats in an intensity-dependent manner. Mediators of
inflammation. 2014;2014.

44.Casuso RA, Martinez-Amat A, Hita-Contreras F,
Camiletti-Moirén D, Aranda P, Martinez-L6pez E.
Quercetin  supplementation does not enhance
cerebellar mitochondrial biogenesis and oxidative
status in exercised rats. Nutrition research.
2015;35(7):585-91.

45.Cantd C, Gerhart-Hines Z, Feige JN, Lagouge M,
Noriega L, Milne JC, et al. AMPK regulates energy
expenditure by modulating NAD+ metabolism and
SIRT1 activity. Nature. 2009;458(7241):1056-60.
46.Ajmo JM, Liang X, Rogers CQ, Pennock B, You
M. Resveratrol alleviates alcoholic fatty liver in mice.
American Journal of Physiology-Gastrointestinal and
Liver Physiology. 2008;295(4):G833-G42.
47.Yamazaki Y, Usui I, Kanatani Y, Matsuya Y,
Tsuneyama K, Fujisaka S, et al. Treatment with
SRT1720, a SIRT1 activator, ameliorates fatty liver
with reduced expression of lipogenic enzymes in MSG
mice. American Journal of Physiology-Endocrinology
and Metabolism. 2009;297(5):E1179-E86.

48.Walker AK, Yang F, Jiang K, Ji J-Y, Watts JL,
Purushotham A, et al. Conserved role of SIRT1
orthologs in fasting-dependent inhibition of the
lipid/cholesterol regulator SREBP. Genes &
development. 2010;24(13):1403-17.

49.Utzschneider KM, Kahn SE. The role of insulin
resistance in nonalcoholic fatty liver disease. The
Journal of Clinical Endocrinology & Metabolism.
2006;91(12):4753-61.

50.Hayoz D, Ziegler T, Brunner HR, Ruiz J. Diabetes
mellitus and  vascular lesions.  Metabolism.
1998;47:16-9.

51.Yang Z, Liu C, Xiang L, Zheng Y. Phenolic
alkaloids as a new class of antioxidants in Portulaca
oleracea. Phytotherapy Research: An International
Journal  Devoted to  Pharmacological and
Toxicological Evaluation of Natural Product
Derivatives. 2009;23(7):1032-5.

52.Sicari V, Loizzo MR, Tundis R, Mincione A,
Pellicano TM. Portulaca oleracea L.(Purslane) extracts
display antioxidant and hypoglycaemic effects. J Appl
Bot Food Qual. 2018;91(1):39-46.

53.Alam M, Juraimi AS, Rafii M, Abdul Hamid A,
Aslani F, Hasan M, et al. Evaluation of antioxidant
compounds, antioxidant activities, and mineral

@ () & | Copyright ©The authors

EY MG

composition of 13 collected purslane (Portulaca
oleracea L.) accessions. BioMed research
international. 2014;2014.

54.Gheflati A, Adelnia E, Nadjarzadeh A. The clinical
effects of purslane (Portulaca oleracea) seeds on
metabolic profiles in patients with nonalcoholic fatty
liver disease: A randomized controlled clinical trial.
Phytotherapy Research. 2019;33(5):1501-9.
55.Andrade JMO, Paraiso AF, de Oliveira MVM,
Martins AME, Neto JF, Guimardes ALS, et al.
Resveratrol attenuates hepatic steatosis in high-fat fed
mice by decreasing lipogenesis and inflammation.
Nutrition. 2014;30(7-8):915-9.

56.Uddin M, Juraimi AS, Hossain MS, Nahar M, Un
A, Ali M, et al. Purslane weed (Portulaca oleracea): a
prospective plant source of nutrition, omega-3 fatty
acid, and antioxidant attributes. The Scientific World
Journal. 2014;2014.

57.Jeyapal S, Kona SR, Mullapudi SV, Putcha UK,
Gurumurthy P, Ibrahim A. Substitution of linoleic acid
with  a-linolenic acid or long chain n-3
polyunsaturated fatty acid prevents Western diet
induced nonalcoholic steatohepatitis.  Scientific
reports. 2018;8(1):1-14.

58.Skulas-Ray AC, Kris-Etherton PM, Harris WS,
Vanden Heuvel JP, Wagner PR, West SG. Dose-
response effects of omega-3 fatty acids on
triglycerides, inflammation, and endothelial function
in healthy persons with moderate
hypertriglyceridemia. The American journal of
clinical nutrition. 2011;93(2):243-52.

59.Son SH, Lee SM, Lee MH, Son YK, Kim SE, An
WS. Omega-3 Fatty Acids Upregulate SIRT1/3,
Activate PGC-1a via Deacetylation, and Induce Nrfl
Production in 5/6 Nephrectomy Rat Model. Marine
drugs. 2021;19(4):182.

60.Hussein MA. Purslane extract effects on obesity-
induced diabetic rats fed a high-fat diet. Malaysian
journal of nutrition. 2010;16(3).

Publisher: Azarbaijan Shahid Madani University



