[ Downloaded from nsft.sbmu.ac.ir on 2026-02-13 ]

Olnl 1dé @leo g ads pale alos
V-2 Olxdo AVAA ol ¥ o )lod (oo, Sl

AL 2lojT I ISl Oy S s as Ll g e b ()b JoSo FT oy g
Sl s Géobas'

Cemgd oS Lyl ol et )b 1ay aiye L < )l s

A O it et (SB3 pole olStils (I s 5 @3 psle 0aStils 325 I gl 5 (shardi linid gridl i Jloys ) 5 sl 435 09,5
Ol el olnl (S pole olSadls (JUSyolsS Dlisiod 35 0 Y

S5y poke olSails i o 5 45 psle eaSals 335 i il 5 Slands Sl sl s Sleyd ) 5 siell 405 09,8 JLtils s 5ts st ¥
a_hekmat2000@yah00.com : S.ig iSIl a3l pal o)) 15 sl St

YNV i edy b AVIANY sl s fo s

° .

4

MJ?JLA.Q ‘;51.? J.oau Ogmds (59 QT Clo u‘).)‘ C\SML*GA 4;‘3.\.& )‘ 03 G’.‘.u.c 6)570,& MT J.o...u‘ SSJ U,JBJM :JM,QM
somd 5 el 4z 0 5 65 slampl mha p i b )b JoSe 1 gy pol anlllae Gas el sad 0n0 (655 5 22
ilge (e Gz a8 4 e ollens 0 oS

JoSio 00iS 28l 50 09,5 g0 4y Bolal job a4y ISl 58 Oy oS 4 M Loy ol (U ‘_,’J"La)"l)LT adllas S 0 B gy g Ogo
3,5 SBras ole dw D a4 | Lsglo b g gy (05 (o O oS 300 ez aills) oo 0l e Ladg s 5 g i
39l 9 kil a0 (S Sl T Woges il ys adllae slaml (o 1y So Sl sladaios 5 olaé (5 asly 05,5 g0 ol eles
5 SPSS21 158l o5 L leools Judow g ayson ol (g8 05lail adllas LG g 9,8 ,0 (omwy sloaslis 5 Gy codld e S
S pll Jies (55 (5755 5 sloges]

0S| ooy rlaws addllae slol jo aii somlive 09,5 90 yw asdllae ol o (laiw) slapaie (o (5,l0 e igles A
P! oo o (P<o/00) il alS g ls xe ek 4y Ledg,lo b anglio 10 g i 00iiS B pae 09,5 10 (oS jeiliiul g ALT
9 AST oy b Lol zeiils 2ol VYA (UIL) salis 09,8 j0 a5 > o caiils rals 5,90 09,5 ;0 YIVP (U/L) e & ALT
(PZe - 0) olas lis 09,5 99 ()3 (5,10 Fre gl (gouS 9,8 liee (yizren 3 GGT

Sl Dolis az ST 058 jeilial az s 5 ALT (copw v (285 corge Wl oo (uls s a5 ol (Las adlllae (] 25 05 A0
oyt A St Slalllae 1L cBla guS bl ple 5 55 Oliee st T sy Grizpen i S8l 09 S 90 (o
ol 5l 8550 Sglite Gloy @i g 590 b o 5l e bliz 5 0S5, 2 ey SR

35 5l i suS lam 5l igls i (I e 0z 05t Qg

5 Ol gl 4 Cinglin Cel aSh ool o Joluw 4 guslonST]
NOM-) dmy lsys pace ©)9-0 50 9 93,5 (o s oLl
Py )5 s> 9 39, NASH (alcoholic steatohepatitis
Tob o9 YL L golem cnl (V1 (F) 0S5 oo 28,00y (605
20 59mmed 5 5l ol 05z 5 (605 Glag il ooy
ccl as e (D) 05-d s 00l LAl oS cwage
oo Ll JlS jsb 4y joie el g0 (g)lon Loy
=5y 9 51 Jolss pae cplial (02 @ea 4z ST o

dodio ©

Non-alcoholic fatty (NAFLD) IsJl,.¢ o, > o5
aS 0 il oo pges Cedw Jase oy 5 aoll liver disease
aS oad 1SN LY E Gt slacaass o ol gouis
L Yoare (g)bom () (V) sl (2al381 JL o 55, 44 59,
Sl olyom edgudl & Caglie 5 53 (27 Gl Sl
Jols 1) oS (Suslstnsd Sy ) g il
=S sladsw 30 (mr we) Loy oS 0sdee
ooyl LAl el g5 a5 a5 oa £9,-8 Goslaul)


https://nsft.sbmu.ac.ir/article-1-2753-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-13 ]

s JLo YA s cdalllas o &S i 4 (bles ils o5l o le
2 I e csbaglinul sszg 5l ganled shls VL
Srae pae ¥ ol g SYL joilial az )0 b (Suly b
A5 Cendy S slaglen ple 43l pae (S
«S3lyio s )lem 4 Ml poe (izen (5 C B Cusla)
Og—ig) 95 Cundy 1 e (Sl OS] (b
SIS gika sLmg)lo Byas pae g (g joilog S gon
039 LS il assg & jlee aalllas 5l 5,5 slo b
pos hgim Job 5o asslllae glol (s 7 Ve Sl Gl
TN 5l G B ae pae by oS0 aabsl ag bl
Oller b aslip (b jo (3L )0 sl oS

B 3y oS 5 S el el 4y a5
1Y) pos g sldas g (O = +/+0) Jgl g9 sltas
YV L ol ladiges oloss oA+ (OWEN) aslllae oy08 o (B =
FVe oS e g and 4 S I s 098 e 50 i
OA) 0l 00y ez , 25 Y0 09,5 0 40 (o),

3 ool Sl a5 ooy b il ol e
3955 6o leme s 3 28l olisabsl 5 T Claal 5 dallas
55 a1 o 31 s 5o jlons (1S pis 5 aslllas &
WS, 4 bl el 5l o ol Jee 4 iges adllas o
Ollor ©)largld ol a8 5 35 ael Culd) (Lo plos |
el 00l ooly lid ) S 0 cusS &S Ll

3leolawl L ouds ploul goy adls wlul 503 1o
oo 008 il 09,8 4o ool dola e s,
Srae sladenS . c8)5 155 Laig)ls ouiS b 0 Ly
Ohlom 093 00l (g5l > peraring &S )% 51 iegh oplyo
Sz als; ol dw o 4y JoSte oS <8l p0 095 0
o9 S e B+ (sl JyS S0e
Sae dn wall 09,5 s a4 as Jb o ass,S adl o
awlis golm Ladgyls Jo—unS dae [l asilyg, wolo aw
Jolss (S5 S Mol sloaogs 05,5 90 12 4y .0l oolo

5 la—ul ;o 0l ooly g cdld 5 sladss slhaoy
acl WYf STg 5 aslob 59, ¥ ol lew 51 anlas slps!
w0 S A Jdas g, S g Jdand 1od 55 99 el
Aol 5l ool wl L ailyg, Jouv codled o pumen
MET: metabolic ) SJsloe Jolas sloe jo 5 pino
oduziw (MET.H/day) ;5, ,o ceelw oa=ly 4o (Equivalent

O ) s

Cyion g oloml o go S sla, Sl g e 4 WLl
(F-A) 3l o ¢ lae NASH 4 ool g5l

O3 Ygare gl Uy 50 ko (nl &5
lagloys () 39800 odpal (90l (6 )lo il oo pBdle
JrS 69y s 0dss 4298 NAFLD (Lo (ol 95250
0j9 TS GRelS adex ol o)l s Jslee
sLag,ls 5 E cymoling asils LagacaST 51 5 osliz
oasad als slag,ls ¢ pdgudl 4 Cornlus caias o5l
ol B p o il (Sl SISl a5 w93 0
OIS eiares Sl 8,55 18 (o) 2 990 59am gl
= 9 095 (i Bowe bayloys (pl Ol il as ol oul
als g lo cpl 51 pan a5 aisS o slpainy Sldlas Sy
Syt (V0 V) 6,5 18 oolawl 3550 @3lo yebb
Sote )3 (S Sdlad 8l g9 el el (S
5 S slam il sk aile (g len Ly bai e elge
OF) ol 350 ot 0 ol J25

g loawl ool 4 S oul ous Olalllas 5
e plie 51 Gl 5l ot oo (o9 sloeSs
S92 )3 9 S jbwgen g gl 4o Conli o]
il 0l SO (g Bl e S gl
Glably oS 5 Sy oS Coul dllgais ol Flie (590
3 535,15 LS S 555 ol g 035y 0] IS o
9 59,5 (o i = ke SIS g i 050 00
ol oo x5l elis s gl 45 oo ST o]
04030 eizer bl co JanS g 00 ol5T sla JISGol, B3>
9 5! pod e 390 50 WlgS o g S 4S 00D
JE Gk 5l a8 65 RalS o (gdie o
ANV ol il i o pmmalianS 1y 5 sl 50,5
.(v

St = |y oy e Sl Sl Slallas
o=l 5 sl addllas Jl> 4 b Lol Wil ools Les NAFLD
1)yl axllae b maat o] 5 180 ol ot plovil diee;
Ol 5 oS slaml p ey Sl gy yaliie
Cobpglil an e ol jlom ;3 (oS s5liinl 5 555008
e ol (Bolai (ol alosT 5 50 4 IS e
gy g 3ige @

2 plil (Bolad (Sl (alejLlS by, 4 aalllas o
OlgS SeilS a 0aisS an e (Lo Sl addllas 890 o3
aalllas 4 0959 g (o2 0)90 Slo)lons ad Sl


https://nsft.sbmu.ac.ir/article-1-2753-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-13 ]

2 S b e S E o A8 4 Mo sle V-
Bad Gged aslllae

pas Jdd 4 Hlewy Y

\/

99959 solmo b ciisllao
PeSpsa hlipas

I3 09,5 93 53 (Bolad ol 4 jlew 0

HA5 AzBIIS LS canlllas

{

ouS” bl ;3 09,5 )0 Hlow YO
28,5 518 (g e

A Y Ze
(axz,0 pae ide)

A 4

233195 b
S oles LT oylg 445 VY

<8l 09,5 5 Hles YO
28,5 51,8 Lasgyls sanis”

XY ze
9 dxxlyo pas icds)
(< ,8lue

Y

L 2

23 3led aldn
s (oles 3T 5,05 ,a5 YY

Tk @ Ohler 99,5 335, Y S5

i OB 5 4 B, b 5l gty ol sl
o)l,\ - 4_. g5 ‘Ar’ " e S )_’ l° ° g’ & ".)
el a8 )8 1,8 00l 5,50 IR.SBMU.NNALri. 13950106

ojlo s ol (gdb (olas TS Ed 5550 50 (raizmen
L8 WWWLIRCT.F ol oyyb 5l 48 ais cod 148
RGIUW] PPV OWRY
FYv] )

slo)lae a5 1) 125 00 o0isS anxlpe Jloy VoY 1y )
Wil |y b o a8, 8 aled g adlae 4 o9
g0, V) L2 VY a5 aiod gl o)lg 5 oud ol
09,5 ;0 ()N 90,0 V\Y) ,a VY g alslae 09,5 ;0 (o3 V)
Ol A Hob 4 wisilbn, 0L an |y fegh J S
e LAN Gmgis ool yo (Participation Rate) oS,
S cal ool il & Lgs e B o oad afl,) glaazily oles
(O 58) wailey Gl a1y egh

)90 Lo yiie don oS 3l (LiS b yiie @398 (o) 2
Gl s gl aily Jlo i ma5e8 adlllae (ol 5o (o) 2
Ot o Sedlad 5 (50088 ) S iz o Sl se
5 e Silin () Jsiz) il g dalllas gzl ;o baog,5
5 BLyS 551 Gl 05 550 BMI (59 jlne Sl
Soldd el oad ools Jiolad ¥ Joao [0 Goo codled
Do g (Bl 655 S 598 BMI (39 53 (6l (sne
Sg2rg Loog ;5 o izran g aog S 1o jo Soy ool
(P=e [+ 0) el

i s asls asdllas gLl g ol jo pizen
BMI (Gum 0095 anled 5 (s a5 03ll oS 593 5 ()39 Jol
a8 jedoxe p pSelS 4 59 e 5l (Body Mass Index)
colale a4z S addlle gl g lanl o sl celu) -
SlaceS baugi (i K (o9 4 5 slompl (o
5 58l Gl 0d (6,28 o3l peejl )y oS0
S 59953k Lawgs oS (Saly b 5l oolitul b (g5 59 a3
t Sl Oygo 4 bosls (edls (s bl Judx g 49 35
&8 09 Jboy omyp Su Nlond (515 jlre Sl
L .o ooliw! Kolmogorov—Smirnov test :yge;l ;! aesls
dlie oy p sl b ools a9 Jle i 4 4z s
05,5 95 (e e 5 anlllae slel 5 Tl o o Sile
awlio gl (uien g Student’s  t-test ool ;|
D00,5 oolaw! Paired t-test o515l 0g,5 1o 50 oSl
O3=31 31 5l az o Sl (s St izpen
dalol gloasl i .o oolazl Fisher’s Exact Test
ey da 8l a gl ol Ly STye 5 azel o VF
g a3 8,8 18 Ll g 45 0,40 Nutritionist 1V 4l
45 SPSS (g el 5l a3 5l ooliisl Ly (g Lol o
o mme lelyks 5o/ 5l e p-value i plsel Y


http://www.irct.ir/
https://nsft.sbmu.ac.ir/article-1-2753-en.html

ijJ&onb)oojﬁﬁajw&&MMaMJﬁ C}JSJ‘;».C UPJJSQMQ‘)LQ“@W Lsng;)"j R JSv\P

P-value ol 05,5 Oseil 05,5 Lo e
S5 YY A Y

2, jyys (percent) >
oY) VY (CEDRN o0
(F¥) 4 [CXDRR O

NIV FO/FYE VY FLIVY £V V/0A yeary o
b vy YAIVO £ £/aY FO/FO £ V\Y/A Sy
#b vy OF/VA £ a/va fV/-a£y/va 3]

b,y YY/E0 £ 024 YEI00 £ 0/ Y (MET.h/d) g coled

a.yy uh\-*-ms )li.e-*“

v Y (ol J 509 3) b

)4 v G52 >

Al e (5155 o yd g Slaw O jga 350 pl g jlre Bl E (1 Silie g S Sodlad e g e 4 bogsye polie

(i

iz S 43 09,5 99 ek (1905
? Fisher’s Exact Test
PStudent’s t-test

S W yz oS S (il 50 (Bl 55 5 (S Sdled (lies (i 8 S At e Sl 5 Sk Y Jgaa
(5 YV 05, 52,

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-13 ]

b a

P-value P-value GiRed ol

axllas ‘_;LQ,"J alas (_gbl.gl
(K9 9
-IYAD S INTELEREV/ AAIAE £14/YY 93] 09,5
o[- QY ALY =22 AIYE ENONY Aol 05,5
(Kg/m?) O 0595 asled
< IAON -/Yay YAIAY £ £/8A YO £ YV/PE Oge5) 09,5
RRTAR YY/Z £ YVIYA YY/0 £ ANOY dali 05,5
(Cm)rJﬁo
<YM 2N VoVIEY £V IFA (RRV/NZE-RRVA Og05) 09,5
VAR yes L V/E VeFIVY £ VYA anls og,5
(MET.hd) Su colles
- (oY - IOYE YONY £ ONY YEO0 £ /Y o903] 09,5
- [FOY YEIYY £ O/AY YY/F0 £ 6/24 aali 0g,5
(keal/day) 3L, 35,
o[+ <IN YYA-N\Y £ £YV /A8 YEOV/E £ $EOIYA o905] 09,5
<[-YY VAAfIZ £ OY7IPE YYVYY/?Z £ OVYYY aals 0g,5

(2557 0523) 09,5 s J51s 10 anlllas £, b auslio o &glas 1 P-value
(ST o303D) aslllae o590 (sboog 5 o s ke gl 2 P-value


https://nsft.sbmu.ac.ir/article-1-2753-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-13 ]

S5 9yed Ol 0959 o s bl L 1 el ol L
ALl oS oy alS yaise job 4095 93 p2 )3
PZ1-0) 595 Hlo gxe (5L
oalS il ool ools las F Jga j0 a5 jeblen
ot fogine jsb 4 g3l 05,8 p0 g gl 4z
s 45 g0l 3l 2o paizman (P<-/+0) o5 aals 055 ;|
09)S 1 Gyl smre jobo an wil Al il ialS ax o g0
sais ools s wledbl) sg salis 09,5 51 5 s g0

(Cl

O 3o Sl oo 00l LS Y Jgam 0 a5 jsbylea

ALT oy e LS (o2 9 y90 9 sl 351
09,35 ;5 ,lo —xe b 4y (Alanine amino transferase)
35 adslae le,eS 51 bow 5l o cal 00g Hlo sme
5 (G Salled s 5 6551 Gliee o3l (2ol shaw)
ools las ledbl) ais cidl 09,5 90 oy o gre Sglas
,o (Aspartate amino transferase) AST glaw (ol 00is

Cdly S 05,5 Ay s (5 en SalS g i 09,8

S ISt iz 0 4 Ms Lo )0 G5 oy g 5l (liee (S ol gy Bl Jlne Sl g 1 Sils Y Jgur
axlao )‘ o9 J.J (.\.@Lw 05;) Lf‘d'c pJ)) XYLy g_,él.v)b OB; 9 (usA)T aa;) U,JB,M ‘J.o&;o XYLy g.»ﬁl.a)é 05; 9o ouS
(5 TY 05,5 o )

b a

P-value P-value S ole; i
anlllas sle! axlllas (glo!

dU/LY ALT
-[FY0 “[ %) YV £/ YAIYS £ 1+ AF o903l 05,5
Ara Y§-gE£2N YZIAY £VV/-F Aol 0g,5
(U/L) AST
- 16AD 1YY VY £ V/VY VEFO £ V520 o903] 09,5
< 17fY \O/+AEYNY \PINY £ 0/7F Aol 0g,5
(U/Ly GGT
Y f -ISYY YVIVO £ YV/VE YO/A0 £ 10/ A o903] 09,5
-/AFF YAIYY £ 1V /OF YA/ ) £ ALY sals 65,5
(kPa) oS 39,08
- [OAY “IFEA WISEAt OIS £ VIV o903l 05,5
DAY £INY £ VAN SIYY £ Y/ A aals 09,5

(53T 05251) 05,5 o J31s 30 anlllas £, b dulie ,o glas: * P-value
(JaasT (55051) aalllae 5,90 (sloag 5 (e Sl (aSloe glis” P-value

25,5 5 (0331 09,5) (rads e JoSo 0aiiS Bl 0 05,5 50 0aiiS S (S E oy 0S4 Mie il S jeiliinl az 0 F Jgu
22 VY 09,5 12 ,0) aallas 3l G g 8 (Dald 05,5) olde oo, causS il yo

2p-value

ol og,8 09031 09,5 sl 4z
4 ¥ PREESN axdllas glo!

\# YA EWFES

</ f¥ \ I JERREN
¥ I S A0 axdllae slpl

\ I PRECESN

\- \4 EWES

Skl ax 0 o s ol e olass
Fisher’s Exact Test £ P-value


https://nsft.sbmu.ac.ir/article-1-2753-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-13 ]

Carbohydrate-responsive element-binding ) ChREBP
Sterol ) SREBF1 , (Fatty acid synthesis) FAS. (protein
5% (regulatory element-binding transcription factor 1
3 dess slayy ole ilsl el ChREBP 4 SREBFL
Gk ) el @8ly 5o 09t i Slavel i
Csl oz sloasl Fiw s sl @3] 5 (6,135 5
S5 (27 Rl 4 Gyl a5l g 09h (o) e 2alS
ol Gl L ol e K08 b 5(Y O F) wS SaS
Peroxisome proliferator-activated receptor ) PPARa 5
o=l 05l HgalannST Ly iolidl el wilgs oo (alpha
b oS csl (22 o plio 008 oulaid 55 (o g 9, 5955
cclio,z ol amulacnsST o s slow 3T Sl
2 Oy Sl 055 o oz eSS lin 58
9B LS (e89m Gk 5l el (s SREBFL (s,
e olodil (Mammalian target of rapamycin) mTOR
UCPL (5 b (sial338 L il mo comizmod (ol s
4SS 048 (65,5 Brae w38l cels (uncoupling protein-1)
YY=YF) acil 5 sl Sp g 1 dUlgs e yal ol
Ol 1 slo e Sl pdg i aS ols L Lo asllas ases
lool a4 s Lyl 5 09,5 90,2 50 Lol el ailad 5g,008
S Cl ol el ol et Jds ool ansls als
7 Sk plej wnils s9008 Oliee )3 ol Dl s
Al eyl 4 cos
DSl o gy JoSe 45 8l Lz Lo asdllas gl
Sldlae U guvon 45 aas 2alS [ ALT oy mlaw
as wols olas o)) Ses 5 EI-Kirsh .ol oo a2sd8 Sl
039 5 kS il 4 g @8 (e Ve v allg; 28 )0
Lagtge ;0 Vb JormdS 5 (02 b ) Span biolyen (o
2 @S slopil s g s Sl 5l ailo
WS oo EBl o 1) p) eed S A5 (0295 L dslie
by aS 6,50 asllas o pioman (YO) 09— o
aS 0§ sdalin (8 5 O e oole sla jige » Sellmann
@ 5 &S (P95 )0 S job 4 p e AST
A Coumad 030 )5 e 8l o Western-style diet (WSD)
5 sS lil a5 VD oljon 4 w5 oo 45 (25,5
(VF) &l Graly 8l easio S (e S8l o (g i G (033
PALT ooy o Olie RalS 1 g &)
695 = Gelg e SISl (B0 Wl e Sl asdllas
sladso (252 Ol RalS 1 Bl oS gl
Oliee 4o 50 g 0ud b Joho 4 eS ol Sl 05

- e

Ol el (ol ead plonl gl o) 0 429 L
aS el b sals Solar b ole;l 5 5 adllas
oges Allae bolyen 1) g i 05 90 b )b oS
Sl (£5555 Gladross 5 It w0 ol ST (S
397 9 5Pl Gline 5 0605 slam T ooyl (59
03,5 sy p W= oz oS 4 M Glile jo 05
Lo Ol 075 99 Sp—ae Sl aallae o ol
6= jplinl (i 35t 9 oo ALT o LS
= oS A e Gl jo Leiglo 4y s
O ol por

1 s S 6 ke Sldllae 23T sla Lo o
S Slee slados o I 0z oS 6 len
lanss, 5l ool b 1, g ylows lalllan ol o sl 08,5
03,5 8l (ge 10 Vb ()2 9 JoymedS L g b 95595 L
03,5 (s S)bem 2 1y Oedgen b 60l JoSe D51
L ol oo a5 cansl o0l 3Lt lalllas oyl sl .iogs
Wl e oz S oS Wl las; ol e 4 (g
5 JymedS (oS Gl il (lie (il 5l il
S92 o8y Ll gl (e iz 9 0w pdlS
(F YD)

5 30 Ly oyl JaSe 45 ols i Lo aalllas il
Ol 59 )l me ol Esl wilgs o0 59, 59 i
095 L aaglie )5 als (pl wizpe 005 (g el
Olee 95 = Syl Sl g 095 Jlo e 7S
30 il Cewd 4 aon bl 09,5 90 2 40 (AuS jg,md
3 Ollllas b g 55liinl (595 2 gy 51050
arlllas sl o plowl _alEigloj] Sllge (53, 5 45 ol
So ailys, 6l JeSe aS oy lis o] Kes 4 Jegatheesan
w5 olred & (hge 0 09 S PSSl & gy £ 5
Sl on (22 750 5 59559,8 Y TI) Vb 593598 5 052
Ol eizran 5 (50S W a8 (5,5 (slgome 38
6520 asllae 13 .(F) &S 6 S ol e o Jo ol mhaw
o dg e 590 plea L )l JoSie a5 wd ool (L
& g Gl 5l wlg e 5959817 o)) ol e
Pl lie Geire ST 6 2S5 Lewdy 0y kS
VLo 55598 b ) ol e 4 g i &5 (0295 )3 (55
55598 L s S 45 (29,5 Ll o 350 00,5 2L o
Slalllas (YY) 09 50l (gylo mmn jobo 4y caiilo WL
S ys ole seals cel wilgh oo g o aS Al ools L


https://nsft.sbmu.ac.ir/article-1-2753-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-13 ]

S9=S Sored 9 il 4z yS et (6l Sy ot
S Glree bwgte (oxles pue j5b 4 oS ah oslinul
Ol aslllae (ol Creizmen (TV) 08 (oo (oo | 05
21y ol JoSe Bran il S sl o (b 2oL
Ol eggezme )3 WS (o8 oy (M 2 i ST Lo
L ok JoSe wsllas 55 ls wals Golas (b alesTls
S5 6 0 yd ald e (asu S Al g e
10 il lon L aiglie o (s odled ial3dl g 0y Lals)
oedsl ol 4 L ol jlols Gl | (oles 4 (S5 0ged
Lol oS 51 (o am a5 0 il oo Sl anlllas
50 Slallle gl axsls (S o2 Cpzr 05 0 dg
Se 5 el e G lBie slajge b g yiin dse o2 b
S (505 Az Jyma> S 15 GVl Gl

P9 50

o References

1.0uelaa W, Jegatheesan P, M'Bouyou-Boungou J, Vicente
C, Nakib S, Nubret E, et al. Citrulline decreases hepatic
endotoxin-induced injury in fructose-induced non-
alcoholic liver disease: an ex vivo study in the isolated
perfused rat liver. BIJN. 2017;117(11):1487-94.

2.Sass DA, Chang P, Chopra KB. Nonalcoholic fatty liver
disease: a clinical review. Digest Dis. Sci.
2005;50(1):171-80.

3. Amoughli Tabrizi,d.Mohajeri.Preventive Effects of Green
Tea Extractfrom Hepatic Steatosis in the Rats Fed with
High Fat Diet. JRUMS. 2014;13(2):125_140. [in Persian]

4.Henao-Mejia J, Elinav E, Jin C, Hao L, Mehal WZ,
Strowig T, et al. Inflammasome-mediated dysbiosis
regulates progression of NAFLD and obesity. Nature.
2012;482(7384):179-85.

5.L.ee BH, lJin HY, Kim GH, Choi JH, Yoo HW.
Nonalcoholic fatty liver disease in 2 siblings with adult-
onset type Il citrullinemia. J Pediatr Gastroenterol Nutr.
2010;50(6):682-

6.Jegatheesan P, Beutheu S, Freese K, Waligora-Dupriet AJ,
Nubret E, Butel MJ, et al. Preventive effects of citrulline
on Western diet-induced non-alcoholic fatty liver disease
in rats. BJN. 2016;116(2):191-203.

7.Volynets V, Kuper MA, Strahl S,.Maier IB, Spruss A,
Wagnerberger S, et al. Nutrition, intestinal permeability,
and blood ethanol levels are altered in patients with
nonalcoholic fatty liver disease (NAFLD). Digest Dis.
Sci. 2012;57(7):1932-41.

8.Ashraf NU, Sheikh TA. Endoplasmic reticulum stress and
Oxidative stress in the pathogenesis of Non-alcoholic
fatty liver disease. Free Radic Res. 2015;49(12):1405-18.

ol aallae jo Lal ool ielS 50 a5l cpl o ol

Sloixl Jdo weslas g ,ls e il (glutamyle transferase

Ohles 30 S slom il adsl o a5 ol 5yl
Ol (o9 HUaml s 55 g Cewl 0095 VU (5 aslllas 35
5zl ansls anllas slgml o (g Sadr alS a5 cudls
GAST (ol 5T oo pos pelans 5o slone Syl S0 G |
aslllas glol jo 768 09,5 4y Cad (3051 09,5 ;0 GGT
o ine i pas (gl S50 Izl Jds el 035 YL
3l oS Wil o o 35T sla
S e 0 et b okl a5 > T 5
1) aslllas ol slacusguze 5| (o il oo 05 5l (e
Oblom % 9 (APl )3 (a5l ooliitul pae Gl o0
S Andy poe g gy nl (09 (o2l 4 4z g L oS s
ol slam 95 i QLS (s ol ol lo g0

9.Al-Dayyat HM, Rayyan YM, Tayyem RF. Non-alcoholic
fatty liver disease and associated dietary and lifestyle risk
factors. Diabetes Metab Syndr. 2018;12(4):569-575.

10.Comar K, Sterling R. drug therapy for non-alcoholic fatty
liver disease. Pharmacol. Ther. 2006;23(2):207-15.

11. Lindor KD, Kowdley KV, Heathcote EJ, Harrison ME,
Jorgensen R, Angulo P, et al. Ursodeoxycholic acid for
treatment of nonalcoholic steatohepatitis: results of a
randomized trial. Hepatology. 2004;39(3):770-8.

12.Hickman 1J, Jonsson JR, Prins JB, Ash S, Purdie DM,
Clouston AD, et al. Modest weight loss and physical
activity in overweight patients with chronic liver disease
results in sustained improvements in alanine
aminotransferase, fasting insulin, and quality of life. Gut.
2004;53(3):413-9.

13. Kurauchi Y, Mokudai K, Mori A, Sakamoto K, Nakahara
T, Morita M, et al. I-Citrulline ameliorates cerebral blood
flow during cortical spreading depression in rats:
Involvement of nitric oxide- and prostanoids-mediated
pathway. Am. J. Pharmacol. Sci.2017;133(3):146-55.

14.0rozco-Gutiérrez JJ, Castillo-Martinez L, Orea-Tejeda A,
Véazquez-Diaz O, Valdespino-Trejo A, Narvaez-David R,
et al. Effect of L-arginine or L-citrulline oral
supplementation on blood pressure and right ventricular
function in heart failure patients with preserved ejection
fraction. Cardiol. J. Cardiology journal .2010;17(6):612-
8.

15.0sowska S, Duchemann T, Walrand S, Paillard A, Boirie
Y, Cynober L, et al. Citrulline modulates muscle protein
metabolism in old malnourished rats. Am J Physiol
Endocrinol Metab. 2006;291(3):E582-E6.

16.Jegatheesan P, Beutheu S, Ventura G, Sarfati G, Nubret E,
Kapel N, et al. Effect of specific amino acids on hepatic


https://nsft.sbmu.ac.ir/article-1-2753-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-13 ]

OWen 5 bl Loyl oy 8 sbadls » gy b s)bJeSe 1 (o) A

lipid metabolism in fructose-induced non-alcoholic fatty
liver disease. Clin. Nutr. 2016;35(1):175-82.

17. Moinard C, Le Plenier S, Noirez P, Morio B, Bonnefont-
Rousselot D, Kharchi C, et al. Citrulline Supplementation
Induces Changes in Body Composition and Limits Age-
Related Metabolic Changes in Healthy Male Rats-3.
Nutr. J. 2015;145(7):1429-37.

18.Eslamparast T, Poustchi H, Zamani F, Sharafkhah M,
Malekzadeh R, Hekmatdoost ~ A. Synbiotic
supplementation in nonalcoholic fatty liver disease: a
randomized, double-blind, placebo-controlled pilot study.
AJCN .2014;99(3):535-42.

19.Aadahl M, Jorgensen T. Validation of a new self-report
instrument for measuring physical activit. MSSE.
2003;35(7):1196-202.

20.Kelishadi R, Ardalan G, Gheiratmand R, Gouya MM,
Razaghi EM, Delavari A, et al. Association of physical
activity and dietary behaviours in relation to the body
mass index in a national sample of Iranian children and
adolescents: CASPIAN Study. Bull World Health Organ.
2007;85(1):19-26.

21.Jegatheesan P, Beutheu S, Ventura G, Nubret E, Sarfati G,
Bergheim 1, et al. Citrulline and Nonessential Amino
Acids Prevent Fructose-Induced Nonalcoholic Fatty
Liver Disease in Rats. Nutr. J. 2015;145(10):2273-9.

22.Cuthbertson D. Citrulline: a new major signaling molecule
or just another player in the pharmaconutrition game.
Clin Nutr.29:545551.

23.Guo F, Cavener DR. The GCN2 elF2a kinase regulates
fatty-acid homeostasis in the liver during deprivation of
an essential amino acid. CELL METAB. 2007;5(2):103-
14.

24 Joffin N, Jaubert A-M, Bamba J, Barouki R, Noirez P,
Forest C. Acute induction of uncoupling protein 1 by
citrulline in cultured explants of white adipose tissue
from lean and high-fat-diet-fed rats. ADIPOCYTE.
2015;4(2):129-34.

25.El-Kirsh AAA, El-Wahab A, Fathy HM, Sayed AE,
Fahmy H. The effect of L-arginine or L-citrulline
supplementation on biochemical parameters and the
vascular aortic wall in high-fat and high-cholesterol-fed
rats. Cell Biochem. Funct. 2011;29(5):414.

26.Sellmann C, Jin CJ, Engstler AJ, De Bandt J-P, Bergheim
I. Oral citrulline supplementation protects female mice
from the development of non-alcoholic fatty liver disease
(NAFLD). Eur. J. Nutr.2017;56(8):2519-27.

27.Malekzadeh R, Poustchi H. Fibroscan for assessing liver
fibrosis: An acceptable alternative for liver biopsy:
Fibroscan: an acceptable alternative for liver biopsy.
Hepat. Mon. 2011;11(3):157-8.


https://nsft.sbmu.ac.ir/article-1-2753-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-13 ]

Iranian Journal of Nutrition Sciences & Food Technology 9
Vol. 14, No. 3, Autumn 2019

Effects of Citrulline on Non-alcoholic Fatty Liver Disease: A Randomized-controlled
Clinical Trial

Darabi Zt, Darand M, Yari Zt, Agah Sh®, Hekmatdoost A**

1- Dept.of Clinical Nutrition and Dietetics, National Nutrition and Food Technology Research Institute, Faculty of Nutrition Sciences
and Food Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran

2-Colorectal Research Center, Iran University of Medical Sciences, Tehran, Iran

3-*Corresponding author: Associate prof, Dept. of Clinical Nutrition & Dietetics, National Nutrition and Food Technology Research
Institute, Faculty of Nutrition Sciences and Food Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran
E-mail: a_hekmat2000@yahoo.com

Received 8 Nov, 2018 Accepted 1 Feb, 2019

Background and Obijectives: Citrulline (cit.) is a non-essential amino acid derived from watermelon, which affects
improving glucose tolerance and lipid and energy metabolisms. The aim of this study was to investigate effects of
citrulline supplementation on non-alcoholic fatty liver.

Materials & Methods: In this randomized clinical trial, 50 patients with NAFLD were randomly assigned to receive
either cit. or placebo. Patients received four capsules of 500 mg (cit. or placebo) daily. Both groups were advised to
follow energy-balanced diets and physical activities. Liver enzymes and hepatic steatosis and fibrosis were assessed at
the baseline and end of the study. Paired t-test, t-test and chi-2 were used for data analysis.

Results: No significant differences were observed for the monitored variables between the two groups at the baseline.
After treatment, the experimental group consuming cit. supplementation showed a statistically significant decrease for
ALT and hepatic steatosis, compared to control group (P<0.05). Furthermore, serum levels of AST and GGT and also
hepatic fibrosis showed no significant differences between the two groups (P>0.05).

Conclusion: Results of this study showed that citrulline could decrease ALT and degrees of steatosis in cit. group with
no significant differences between the two groups. In cit. group, liver enzymes of alanine aminotransferase decreased
(7.26 1U/L), compared to control group (7.19 IU/L). Moreover, citrulline demonstrated no significant effects on hepatic
fibrosis and other liver enzymes. To investigated effects of citrulline on liver, further studies with various doses and
periods of time are necessary.
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