YAY Y E Sl V80 lg cppw osled o3l dl ()l Bt

Now (5la gn 53 53l SUakeml o Glasply p alial Sl o3 51
SN o AS @

\ . - Y AN L) -
G Bl Bolo ¢ pm S e ¢ OLILS demmi g M (s e

Qlﬁ] 03y gy gday-w\ ;\)'T elf.i.'-\: 3y gy J:-‘j gd:s)')j dj}jﬁﬂﬁ Q}J‘f—\
Qlﬁ‘ 4(,_; ‘Vj L;’Ix...,a oli.i.'u\b ‘u:a)')_y d)}jﬁj:-e o};—\‘
rezaeian.n@gmail.com : oL J gas”

DOI: 10. 22034/ascij.2023.1977430.1455

VEVAY/ 0 0l VERV/N /Y0 el s 00

o S

b 3 (U e 5 S e a0 e Mo 5l (85 S 5 Ses Pl 0 5wl (NAFLD) ST 8 2 a8 (soles
Ol (1S BA) (sl i gladonl 5 olizal Sl ol azin S Sl ) ol andllas 51 Ol Lol (GAS o0 (la
3 (FGFR4) ol s Ay Jole £ 003, 8 (FGF15) V0 by b aiy Jole (FXR) 455,06 oSl el .8 ol
Pl Gisn e VG (s aalllas (nl 3 3 M1 o AS 0 e sla e 2 (KLB) iS5,
23l b o oy ol o) s i3 L INAFLD Ll Wl 51 e o SVVAY e o 85 055 b ks 15
S 3 B ppnd 05,8 it e (B) olined (03 5 (©) J S t(skes 8 Jold (3,5 2 03 e A) (sl 038 53
CS b ka5 e 555 0 S5 5 e O5enS) Sl 403 N0 Dd b es 5 555 Ok eal e IS5
Ul Gl s el 5 AS Sl (S sl s ek ariS s gngeil cop el adx S Sl e Cele SA s S
E cod S0 005 0Lt Laaly 4 plowil Lt t 0 a1 51 aslinal b Waosls Lot 5 a5 g3, plonil oo (sl oo
s Ol 3 Jlabiae (il iaman (D =0/ 00 )) LS BA S olie 5 ol sl w zmie (1S 05 S L anlis s
s bty e pgeme 53 (D= /0 0)) Al edalis KLB 55, slis 5 FGFR4 FGF15 FXR

Aok adls AS (gl i ol e Sl rL::)JJSJJ Sl e e Ol 1N o alin]

S o a8 el 5555 Sl (Sl oy (slie sladd (gdS LS

PRV
A oz 4S5 S e BB 0T 035 e Je 31 & (NAFLD) D1 o A4S oo
Colagled b o i syl 5l ib 55 S ezn Sla e Sl Ul s 5wl
SHS o 5 (NASH) Ll L el om0 Cle s Spllgla sy 4 by Sl
53 Jals ol nl s bl SIS 5l () - S IS O AS ol S G e
o3Il 1 ezt sl Al e 5o oS sl dl> ol S sl pokes S allal 31y 55 45 54
o Cuslas 5 ogdS cbdile s IS Ve B0l e A8 s o measd 4 silnal gls

Y4y



b‘)&.@.ﬁ})ﬁ&jd# YAV e Q‘m NEeY )Le Lf"w a)La.:a ‘v.h.ﬁj'ﬂi JL& ‘6)_53\? wuﬂ:ﬂﬂ\-_’.j

3 gy Silhe bS5l gslie
glckle 55 1, FXR Wilg e zaoje 8

) S Jlad 540 50 528
g Cel Wiy o FXR Oad Jbo ey, s
G S5 LFGF & Olge 4« 353 FGF19
FGF15 (O 3550 55 55 0wl Jga) 50
Lol byl & s alie b Shas gyl
Ok Ol cpiie (V) aiL s FGF19
sabe 3L esss el skl s FGF15/19
s 8l by ok e $5lhe slad
e oS 1S Jlad 1) FXR (glates o0, 8 26l e
acows 5l (Y8) 345 . FGF15/19 Mg
Jls 6 os s b easls glis 5l 1, FGF15/19
FGF15/19 ol JLs 4 .S o 3T ol S el
LS 53 1y (FGFR) cedlg s Ay 5 ¢SL o .S
Sl o Lol i Sl @ e (pl 5 LS oo Jlad
ool ol slizel s ps 0 Cyp7al [lge aauly 4
G eslssen 055 Js L FGF19/ FGF15
b s b edd SLuS FGF (FGFR) oS
bld 4 S o Jes slié 4 Juaze (KLB) 54ls
wlie edasdlml dwsls FGF15 (ol su
e o SBS S Ol Bl s 5lSk
=5 3 Rl Joged L FGFR (slae i ;8 40 Sl

AY) das o OLEs OB W g o 1) S gl Sli s

el

BRIV E) ua\ 3 ekl rbu\ Sllae 2979 L:
N J}Lﬂjrlﬁw SIS Y1 =RV e
S PPINT PGNP N I A PR R RPCo -
Aol Lahhs clac s dasr 5l il
ﬁ‘.‘" ‘S@’uu‘;‘b )‘ oslate! ldlas )l 6)[.:«..: BEl
s 3 S Ul elinad G5y glac b
W 1 ol 3 R s LIS e

Y4¢

Oy et il psd alm a3 5 (5l
S el sl 5 el LS ws Ji
s iy Hlesls 0L Sladllae (MY 0Y)) s
shaiel A3l NAFLD 5y 5 epe ol
s dsl s 5 2l G5 ke ol 5 (S
DA 5 pss Al p mle QNS w5, oSS
salS LS 5L Yo el SIS H gslew
3 S3A S s ooy a4 ekl abel O3
2 S Glmpl mae (b cls il
@ 3k Olpe a M1 e o AS 4 D Ol

(YY) 555 o s pmks s
b Gslio Gl (Ll esls Ol Lt Sllas
Obr v S Sdple dSw Olye
sty 53 Lol 28 5 Wl 4S5l
S 13 Olie a5 350 S gLl Aol
S ehy sbdple (sl he sladl ol
JopdS e B olg SV LT s
S TR O T
5 i) JandS Jols gdie slge ol s
Sladeul Bl e 2 3 sl lagslus
0 w3 1 do anS 5 5 el i AS 5 (gl e
Lol sdes SO oK e O g o
Sl e Sladenl o3 40 Lol (il oo = 5 03
Je AS a4 Ol s Gk 3l s el ol o)l
= Olge 4 gl o Gt (1Y) Wsd
el 4 Ll alls e oo SolS s
S Wlesls Ol Ll aas 5y Wl glaasl
Slossy s Olye a0 Golie sl
Sk 31 e Gl s S s
(FXR) w5, oSOl ok, S hd 51 slaes S
WS 5 s, S 3 FXR s o 13 5 cou
bl sl OF 53 oS s5d0 Ol S o
sladed adgl Ko FXR .ol YU b o5l i



b‘)&.@.ﬁ})ﬁ&jd# JAY Yl Olie NENY Ll e o ylet cv.h.:}'ﬂi Jl (Sl wucﬁqj

2 sk 4 s O S IS gy aads o
@iy s e \Wooas b 3> 3 Jsl glaawa
@ids 3 e N DU bopoler e s slaaia
@dds ;5 e V) QML}W‘)W‘SUW
5ok 5 e YW oud bl 5 ais slaais
o3l gy eSS AES (el a3 e o
Odisd Cspu s a5 b Llagly = b ol 5o el
Vo B 00 ol o3 gdme J:"‘v\if S o b
Sphe sl iy Seas 0SSl Ao
Cdd Larli e shu 4 (YD) () Jsas)
Lo olebial anda o 2T 51 G sl $A (o jas
s 0l o lise (ol 5 sas O
A= By bl 1 (S S b el
ool s3 [,)yﬂ 23,5 Ljasie ol Ol gs Y=o
o A i3> a5 T Ay 3 e es S b
gl B eE e eagpl a O Ce e 4 aids s
A izmen 5 (Saas 4 O Ol s
S0 Oisd Gl b pUls pde LS 2o
Gl 35S patie o elen oy 5
A3 (Bran O3St Sl gl el Olse
Sl i de pl bos (E0) 348 e a4 S
m o plml Joeds 5 505 1 s eS et (RS 65 S
oS dad o ATl el SA 51 e sl
Vo) eSSl S 5 Bl 003 Gy b e
2 eSSk 0BT Ml 5 (SShS S ke
o (1S 51 g aloBB ks 4228 (p S 4kS
5 A I b hse S il el o Sl
el Obes b5 demie caols 055,55 Js o
s A e sl s AT -l
IS laslia 2y, 51 as SIS s Kol
Ol Ga0) sl S sl e cogr skl
ke 4 ) s S el

b () ta S bl s e ZSL 03 SO sen

N

4o

e O A4S oley a1 00 S sl
o cda andlas cpl s (e ) Wl ekl Ol
Gladel 5 mlinal e s coia G
S 05 o Ol 5 515 el (SAS ol e

&5 sl iy AS s FGFR4 5 FGF15 FXR

Al e s S

Ly, g sls
S5 5 S e Vsl (2 andlles ol s
V=AY o8 O s ais i e bl
Sl \ V) 3jlilad Loyl s aiia 55 e 4 p S
axys YWY gl o U cele VY 5 Ly,
sk w5 (heps 0vE0 cusb, ol 5 sl
Sk S AT e L kil
sy 6l oS, el Glis Sl S UL sla eis
AT s s i S sl
NAFLD Lyl Ul e 4 35 eslicad
o YY) o e s S s sl
Loy 00 S dopn ) g pdS oY (o
sl dod) s S ATl Dhda s S
alsl 55 . (04) s § 5l 3 s 1 e 0 (GlS 5
A e A) Gl 058 3 4 ol b w
solil e s RS rslaes S bl (S
b il e oS Gl it
BESIBLIET LR I JNGINVIPYRPIPYICERST RO I | REGIN d
Lag ok ned i osase Joos 5 G
ok ol 4 auds S CRNCIR VRTINS kel
AWV cdl Dl 5 5, 50 Al B 10 4 )l
Gl Sl rped wdia Sl 3L Rl s )
s oS i Uy eds AL s
Jool bl 5 el IS5 o 5o elin
st Sas gy ke Al e S L
Ao W Sl b adds 0 andxr a s and> SO



b‘)&.@.ﬁ})ﬁ&jd# YAV e Q‘m NEeY )Le Lf"w a)La.:a ‘v.h.ﬁj'ﬂi JL& ‘6)_53\? wuﬂ:ﬂﬂ\-_’.j

Thermo Scientific, ) i3 50 oKaus I eslizal
! Real time PCR =15 s § L3l (USA
SYBR Green PCR .S 3l oslatad L lad god 4an
ABI o> 5 (Takara &S ,) Master Mix
o on ol 528 =L Applied Biosystems
5 oS1s 0L Sl e Al el LSS L A b
Gy 503 (C) Gl IS il Lot opoas
05 Ol gl 28T np) ) eslizad b5 ]
Ol Sals 03 Olge 4 GAPDH 05 0l 4 Cod
S olie Gladnl slie A 4l
(UPLC-MSIMS) s, Sl sslial b 55 48 il
3 e ke 4 (M) Co S S5 bl s
6,|;mc»“)>jjmtgy;1j\ Laesls Jlows
oslizal L g bl Sliwls alS .0 eslinad p <s/v0

A S el Y ass SPSS Gl 5

S35l 3 ealial b ekl mobs 5 3 5l s e
(Y eds 28055 8 +/00) Coula b i
s dd el 5130 0,806 bl A s ol
S S Yoo Jlaie Sl e 500 e o
(F a0 sy 636 ST ouS 3 sl
Blol o s pl (3l glags s, Lis gl
iy gy e 4y U sen leslial b (8 s 8
(0 ¢dd 05 gon 8L adds j5 H3 Aver Co oy b
Co e L 435 10 Sotle 4 ool s J s
Jsloe (V03 3 550 Sl aids 5o 50 Yooo
ot it s Sor s A e Lo g )
bl sk 4w Has e liledl s
oy GRS SESS ) ey sl e 5 Ok
Ssas Sl &S C 5 pds s S eslinad el
@il OS5 Jeadlsmes elal yoedd g
L sad zlsaal RNA CiS i (s5lalis RNA

b pasl s =) Jsr

Gene Forward primer (5'-3")

Reverse primer (5-3")

FXR 5'-AGTTGGAAAGTTGGAGTG-3’

FGF15 5'-GAGGACCAAAACGAACGAAATT-3’
FGFR4  5-GCAACTCCATCGGCCTTTCCTACCAG-3'
GAPDH 3-CTA GGA GCC AGG GCA GTA ATC-5'

5-GATTGTTGTATGGGGAGTA-3'
5-ACGTCCTTGATGGCAATCG-3’
5'-AGAACCAGTGAGCCTGATACATACAG-3'
5-GAT GGT GGGTAT GGG TCAGAA-3’

Pl (a5 JS5 5 =Y s

R ) Od g3 &8 O Ob) O aan
VO,max i, Vo s oo 4ids 53 e VWV 4i3s g0 Jdsl
VO,max aw,s Vo b oo aads 5> e \V ais> o pso
VO,max aw,s Vo b oo 4ids ;> e )4 4ids £0 P
VO,max Lo s Vo i oo 4ids ;> e )4 4ids £0 poler
VO,max aw,s Vo b oo 4ids ;5 e Y) 4ids £0 )
VO,max aw,s Vo b5 oo 4ids ;5 e YD 4ids £0 e
VO,max i, Vo oo 4ids 55 e YV 4i3s 80
VO,max i, Vo s oo 4ids 55 e YY 4i3s 80 R

als olas b é)‘)l.'du &.‘Jﬂ‘ JJ}J E) JJS.S e_}ﬁ
b 55051 O35 HeSle (28 05,8 3 &S o5k 4

33 A 0 (o ped Al andas la OLL 5 O



b‘)&.@.ﬁ})ﬁ&jd# JAY Yl Olie NENY Ll e o ylet ‘r.m;lg Jl (Sl wu%j

350 Ses S 3 S Golhe ladl 5 SIS

B PR v 43‘)‘ @L’U U’“’L""\ » ol 0 45\)‘ ax)lae

M‘L;»LS:WA u_lﬁjjJJ,:.S 6[.&5_5J§J:;cr J_}J.;—

4 Solslme gl (o el alstlle auis s JLos

=/vvv)) 5ls 5425 KLB 3 BA (gls pixue Ll

P

YT 4 el wis @5 YYAA R YWY

='/"'\)J~3~Q f)l-@-?:-_}%m)b 6;2'\//\
O35 oSSke 5 mlial cpsed e S s
ea3sler aia 3 o S YOVA AT Sl 53 el

dewy t‘ﬁ;‘ﬁ O m)) r;VO\/Vi YA/Y “

‘M.{.LE.A LY .}afﬁ @L‘b‘“ J),\;— BE) (p ='/"'\)

OSan sla e s S w5 A S o sla
axdlas 5550 (slaes S 53 ok (55 o3Il (sls pate 85 S w5 a5 S D5 aemlis Y i

(N=A) o2

(N=A) J =5

p 30 5 Gy attn o3 )lem ais p 325 Sy axtn )l ands
/e Yo \/YVEV/ Yo VAAEAY Jeee EoV/YEEN/Y ARAVARE VA% @ 0
- YV/0EY/A - - ACYAE AN - mmol/100 g )BA
BW
- £/ Y - - YA/ - (ng/mhHKLB
- YYEL/Y - - VAR /Y - FXR
- NIV - - AT EVA Y - FGF15
- NXE - - WALEIY - FGFR4
Al e lsbas sl [Slis P<eyeo
SAS 3l Ae Lol
60
% 39.25
> 40 315
g
0
J 5 el (5 3

Coed A 1 e el 5 J RS laes S 3 sl ho ladinl alie pSle aslis =) s ge

YAy



b‘)&.@.ﬁ})ﬁ&jd# JAY Yl Olie NENY Ll e o ylet ‘r.m;lg Jl (Sl wu%j

FXR o Ol

1

0.8

,3;' 0.6
1 04 0.32
7 s 0.18 j

0 N

IS (il o o3

e e 31 ey e 5 S Glaes S 53 FXR o Ol o0l dglio =Yl g

FGF15 s 0l

1
08
3 06
]3 [VALUE]O
o 04 0.25
0.2 | l
0
J RS el o o

s e 5l e 08 an glaes S 3 FGFLS s 0l K0ke aslis =Y Sl 5

FGFR4 s ol
1
0.8
3
5 06 [VALUE]0
lﬂ 0.4 0.29
0.2 j
0

ol o a3 sl (g 03

s At 5l e 68 4w laes S 3 FGFRA il 0l S0l aslis =8 13 50

YaA



b‘)&.@.ﬁ})ﬁ&jd# JAY Yl Olie NENY Ll e o ylet ‘r.m;lg Jl (Sl wu%j

KLB
6
4.9
5
3
Y, 4 3.29
b
3,
0
Jps el o o

RS d}\Jsjlﬂdlwa;Laa)JfﬁKLB slie Jgt.:‘.a auslie =0 s 505

N il (o3 5,8 03 esn cnl polis
anl Gl b bl an g J 25 68 5l 2l Ao
aia i sls 0L (TeT)) 0L as 5 Ll aalllas
0dyl s 4 gl gte s L elinal oy el
L ed Sk el 0 S 5o 1y SIS e Ol
(0) sls (il (golsbas gk (J xS Cobs oy S
3 o5 pimmen 5 (Ye0)) OLSen 5 S5s andllas
G 3l S s ol Ol (Y ) OLlSs
(Transforming growth factor beta; s , 3G
eS| ol ialS Esl Kly e TGF-B)
oo K g TOF-B o ol S5 0Ll 358
sbadsle clle Ll S cul o e
A0 23 8 e g plad 55 5 sl o)l sale
DHKan 5 S0 asdl aalllas Lly s 3
R e $3lsa Dby el sl 0L 53 (YY)
SIS Ban () 350 S Ssn plie
5 ke Bl der 51 godaie sl iE (g1l
S sl S baolsI ST L e 3 b
omb Ok ol 555 Dle 5 G A2 (2l
wobs aber 5L SSSSL Bls s S

53 (%) ;_\,deo sl L;Jé L;iL'UU 3 VS‘:‘ J;L"

Y44

Eou
Sloje ks cia oh Ol e ol b
Sladl Lall 4 e bage Cud L el
Loaglin 5o malinal (g ped 05 S 55 6 (53l ke
polie o Sle &S gob 4 3 S JS oS
(il opsed 03 S 53 AS (slie sladel
il b bl jon 3 J 28 05 8 51 1S Ays VANV
LalS (YY) 0 5 SOlal (i ol (Lo
D s g Sl A ) S ol slad
e i S gl D) s g DAL L 5le
(1) L5 SlS wliag o8 Ciboa oy
DSan 5 55l sls Bl b mls ol Blie s
OLen 5 58l asdllas 55 35100 Jlgsean (Y01 0)
s edd Sl s atia Sler (nped esss sk
55 sgmse sl LY 5 S Yiers! &S (A
OLE e sl b 3L o ol ol & gy e il
L Soos bl solio denl d plis &5 s s
Sl ol ey o B4 (VO YE) s,ls NAFLD
Sslto doul e plie S o b el 3555

LS SaS A8 5o g mds L s ade w
sy palie (Rl Gaios opl s 5l s (S
S Sosh w am gelid i oS s KLB



b‘)&.@.ﬁ})ﬁ&jd# YAV e Q‘m NEeY )Le Lf"w a)La.:a ‘v.h.ﬁj'ﬂi JL& ‘6)_53\? wuﬂ:ﬂﬂ\-_’.j

Ll s grde cnl & 553 FOFLS o cor s
OF Jis & 5 CYPTAL 0L 5l (s, S & o
OV 338 Gulio sladd e JUd 5o
by odd Wy Lol ooy b Jole FGFI5
Sl Lol Ol 4 b 5 LBl e s
Sl ply e p5e ST ekl s sl he
5 @35 (KLB) s, k& ; FGFR « FGF15
dalpd S o JS 1) sl he ladd Ol
350 45 ams e OLE 3 ol s ALK
o i3l 4 e g4IS Ly 5 FGFR (FGF15
sl ply FGF15 (F) 55 5 o 53l jio o
G50, oS sk 4 5 S 4 e,
e 2 O s &S a8 e Jle,l CYPTAL
039y 5 FGF1S Ol el (sl e slanl
R
SIAS 53 1, CYPTAL 5 548 0 o0 (gl n
oS 5 FGFR4 o, S Jols o o3l 5 b

Al o oS il e (SHP) 0U,1 (glazeea

Gl i bl FXR

5 MRNA CYPTAL Ol 5s « i ge 45> FGF15 5,508
Jgfme 5 a3 o Gl AS 53 15 0T (55 Tk
Sl he gladl 5 CYPTAL o5l Jles i3l
FGFL5 o das o 0L §sdge ol A3l o pnds
—o355 Slsply e 3l a2l Ol 4 FGFR4
Glded smw SHP L Ll 53 & daes AS
B a psame 3 (V) S e S 1 (ol ke
CoadS Ll ol g ol bl A
L Ol5 e gl dax 3l &S Ll bty SIS
b ool s gl LS (ST sle ol e
-l (W) 35 0Ll Sl 5 st 2l
mr el Dl el eh s 4 il D55 gla
5 Bl axdls Jelee cpl o (s Sl Sl

o e Rl s Sake oWl s L

Cdd b el el atia Sia Lol adlas
2l Rl e BB ke SIS g
soliial Ol 3 ey g0l 4 (SIS S sl
Olys & Ol & Llg e buse odd L
il 2,8 lE A g s ey opl 02 sl
FXR sl 05 s Ols il candllae ol oo
G sl s 503 63,5 43 FGFR4 5 FGF15
adles opl s b lalen gy IS 0 S 4
o L5 S 518 (YWA) oles B
CordS a4 de Ll gla ige AS 5 FXR
ooy Sl aie cla Jls o KIS
53 Sl S5 a3 Ll Gl (sl 5 sl
R dsibsss e en a5 Sl Gl aallas oyl
g edkd ey FXR 5 LXR siftl sl 03 ol
G AS &S Ll esls 0L gadaze Slallas (V1)
38e s FXR 0L ol & e (M2
So dle sb a4 (V0 V) 355 e o ollast
05 ol LS gl (YD) oK 5 0SS
Sla b 1S 55 FXR IS e 3 1S53 gla
V) LS s M2 o AS 4 s
Sl 4t e Ol Sldlas S oo
ULl lad e 5 L3y Sbe (gusS glad sl
LFXR & wizen b 516,505 ¢lsl s
Ltos o s 4 a3l Sbe S o Oy LS 3
ol o L Oledl FXR S el esls 0L 15
ol Sl £ () S S s
ealS Lles S 5518 dons Ve B 1, alS Ol
VLDL 4J5 [ials 5 555 ol L FXR oL
3 s o sn Ll e malinal Sy a3 oo ol o
dsbe FXR S 53 (1) 535 s o
“WI Y Jy S Ol s Gob 5L s
3 le s CYPTAD) LSy
L5 sk b FXR sy, Jibl sladsl



b‘)&.@.ﬁ})x ;;ULSJG" YAV e Q\m NEeY )Le Lf"n\l a)Lm.:a ‘v.ﬁ.ﬁj'ﬂi JL& ‘6;}3\? wu&:m-_{j

Klotho and Expression of the Fibroblast-23
Growth Factor Gene (FGF23) in the Hearts
of Diabetic Rats: An Experimental Study.
Journal of Rafsanjan University of Medical
Sciences; 20(4):371-386

6. Carbajo-Pescador S., Porras D., Garcia-
Mediavilla M.V. 2019. “Beneficial effects
of exercise on gut microbiota functionality
and barrier integrity, and gut-liver axis
crosstalk in anin vivomodel of early obesity

and NAFLD. Disease Models and
Mechanisms, 12(5):dmm039206.
7. Chavez-Talavera O., Tailleux A,

Lefebvre P., Staels B. 2017. Bile Acid
Control of Metabolism and Inflammation in
Obesity, Type 2 Diabetes, Dyslipidemia,
and Nonalcoholic Fatty Liver Disease.
Gastroenterology, 152(7):1679-1694.

8. Chen J., Vitetta L. 2020. “Gut microbiota
metabolites in NAFLD pathogenesis and
therapeutic  implications,” International
Journal of Molecular Sciences,
21(15):5214.

9. Coté 1., Sock E.T.N., Lévy E., Lavoie
J.M. 2013. An atherogenic diet decreases
liver FXR gene expression and causes
severe hepatic steatosis and hepatic
cholesterol  accumulation:  effect  of
endurance training. European Journal of
Nutrition, 52(5):1523-1532.

10. Doi S., Zou Y., Togao O., Pastor J.V.,
John G.B., Wang L. 2011. Klotho Inhibits
Transforming Growth Factor-B1 (TGF-B1)
Signaling and Suppresses Renal Fibrosis
and Cancer Metastasis in Mice. Journal of
Biological Chemistry, 286(10):8655-8665.

11. Duan Y., Zhang F., Yuan W. 2019.
Hepatic cholesterol accumulation ascribed
to the activation of ileum Fxr-Fgfl5
pathway inhibiting hepatic Cyp7al in high-
fat diet-induced obesity rats. Life Sciences,
232:116638.

12. Fabbrini E., Sullivan S., Klein S. 2010.

Obesity and nonalcoholic fatty liver
disease: biochemical, metabolic, and
clinical implications. Hepatology,

51(2):679-89.

S Olpe @ 0L o eSSt ozl bl s s s
AL ke S5 ool Oleys S,

S S o

o A Lase Ol Sl psame
FXR L3 5l ol 05 ol Lals L IS e
ol pon 55IS 1555 ialS 55 5 FGFR4 , FGF15
& 5 JopdS Cansy s Il Of w45 o
Al ol AS 3 ek glacand OF Jus
Shoply e Ll bt 555 S
s k25 3 01 18 5 FXR-FGFR4-KLB
el Ll e b cos | olhe sladd
SeS 0 L3 Jy S Sl 5 S e Cand s s
Ll

@L:.a
1. Afkhamy Ardakani M. 2020. The effect
of Aerobic training on Klotho-FGF23 axis
and arterial calcification in type 2 diabetic
Postmenopausal women. Journal of Sport
and Exercercise Psychology, 13(1):27-38.
(In Persion).

2. Agrawal A., Parlee S., Perez-Tilve D., Li
P., Pan J., Mroz, P.A., Kruse Hansen A.M.,
Andersen B., Finan B., Kharitonenkov A.,
DiMarchi R.D. 2018. Molecular elements
in FGF19 and FGF21 defining KLB/FGFR
activity and  specificity.  Molecular
Metabolism, 13:45-55.

3. Barikani A., Pashaeypoor S. 20109.
Lifestyle in Non-alcoholic Fatty Liver: A
Review. Iranian Journal of Nursing
Research, 13(6) :39-47.

4. Berezin A.E., Berezin A.A. 2019.
Impaired function of fibroblast growth
factor 23/Klotho protein axis in prediabetes
and diabetes mellitus: Promising predictor
of cardiovascular risk. Diabetes and
Metabolic Syndrome; 13(4):2549-2556.

5. Bolboli L., Khajehlandi M. 2021. The
Effect of Six Weeks of Moderate-Intensity
Endurance Training on Serum Levels of



b‘)&.@.ﬁ})x ;;ULSJG" YAV e Q\m NEeY )Le Lf"n\l a)Lm.:a ‘v.ﬁ.ﬁj'ﬂi JL& ‘6;}3\? wu&:m-_{j

21. Inagaki T., Choi M., Moschetta A.,
Peng L., Cummins C.L., McDonald J.G.,
Luo, G., Jones S.A., Goodwin B,
Richardson J.A., Gerard R.D., Repa J.J.,
Mangelsdorf D.J. Kliewer SA. 2005.
Fibroblast growth factor 15 functions as an
enterohepatic signal to regulate bile acid
homeostasis. Cell Metabolism, 2:217-225.

22. Jafari M., Rashidlamir A., Dastani M.,
Fathi M., Alavinya, S.E. 2018. The effect of
cardiac rehabilitation on ApoAl and ApoB
in men with coronary heart disease (CHD)
after coronary artery bypass graft (CABG).
Medical Sciences, 28(2):117-123.

23. Jamali R., Jamali A. 2010. Non-
alcoholic fatty liver disease. Journal of
Kashan University of Medical Sciences;
14(2):169-181

24.Jiao Y., Lu Y., Li X.Y. 2015. Farnesoid
X receptor: a master regulator of hepatic
triglyceride and glucose homeostasis. Acta
Pharmacol Sin; 36:44-50.

25. Kaser S., Ebenbichler C., Tilg H. 2010.
Pharmacological and non-pharmacological
treatment of nonalcoholic fatty liver
disease. International Journal of Clinical
Practice; 64(7):968-983

26. Kazeminasab F., Marandi S.M., Ghaedi
K., Esfarjani F., Nasr-Esfahani M.H. 2019.
The effect of endurance training and high-
fat diet on PGC-1a/FNDC5/Irisin pathway
in male C57BL/6 mice. Sport Physiology,
11(41):63-80. (In Persian)

27. Kliewer S. A., Mangelsdorf D.J. 2015.
Bile acids as hormones: the FXR-FGF15/19
Pathway. Dig. Dis. 33:327-331.

28. Kontogianni M.D., Tileli N., Margariti
A., Georgoulis M., Deutsch M., Tiniakos
D., Fragopoulou E., Zafiropoulou R.,
Manios Y., Papatheodoridis G. 2013.
Adherence to the Mediterranean diet is
associated with the severity of non-
alcoholic fatty liver disease. Clinical
Nutrition, 33(4):678-683.

29. Leung C., Rivera L., Furness J.B.,
Angus P.W. 2016. The role of the gut

13. Fan M., Wang X., Xu G.,, Yan Q.,
Huang W. 2015. Bile acid signaling and
liver regeneration. Biochimca et Biophysica
Acta., 1849(2):196-200.

14. Farahnak Z., Tomaz L.M., Bergeron R.,
Chapados N., Lavoie J.M. 2017. The effect
of exercise training on upregulation of
molecular markers of bile acid metabolism
in the liver of ovariectomized rats fed a
cholesterol-rich diet. ARYA
Atherosclerosis, 13(4):184.

15. Fiorucci S., Cipriani S., Mencarelli A.,
Baldelli F., Bifulco G., Zampella A. 2011.
Farnesoid X receptor agonist for the
treatment of liver and metabolic disorders:
focus on 6-ethyl-CDCA. Mini Reviews in
Medicinal Chemistry, 11:753-762.

16. Fleenor B.S., Marshall K.D., Durrant
J.R., Lesniewski L.A., Seals D.R. 2010.
Arterial ~ Stiffening  with  Ageing is
Associated with Transforming Growth
Factor B1 Related Changes in Adventitial
Collagen: Reversal by Aerobic Exercise.
Journal of Physiology, 588(20): 3971-82.

17. Fuchs M. 2012. Non-alcoholic Fatty
liver disease: the bile Acid-activated
farnesoid x receptor as an emerging
treatment target. Journal of Lipids,
2012:934396.

18. Hagio M., Matsumoto M., Yajima T.,
Hara H., Ishizuka S. 2010. Voluntary wheel
running exercise and dietary lactose
concomitantly  reduce  proportion  of
secondary bile acids in rat feces. Journal of
Applied Physiology, 109(3):663-668.

19. Hajighasem A., Farzanegi P., Mazaheri
Z., Naghizadeh, M., Salehi G. 2018. Effects
of resveratrol, exercises and their
combination on Farnesoid X receptor, Liver
X receptor and Sirtuin 1 gene expression
and apoptosis in the liver of elderly rats
with  nonalcoholic  fatty liver. Peer],
6:e5522.

20. Hormati A., Shakeri M., Iranikhah A.
2019. Non-alcoholic fatty liver disease.
Govaresh; 23:203-212.



b‘)&.@.ﬁ})x ;;ULSJG" YAV e Q\m NEeY )Le Lf"n\l a)Lm.:a ‘v.ﬁ.ﬁj'ﬂi JL& ‘6;}3\? wu&:m-_{j

G., Gu Y. 2020. The glucose-lowering
effects of a-glucosidase inhibitor require a
bile acid signal in mice. Diabetologia,
63(5):1002-1016.

36. Tenhagen M., van Diest P.J., Ivanova
ILA., vander Wall, E., vander Groep, P.
2012. Fibroblast growth factor receptors in
breast cancer: Expression downstream
effects, and possible drug targets. Endocr
Relat Cancer, 19(4): R115-129.

37. Teixeira-Lemos E., Nunes S., Teixeira
F., Reis F. 2011. Regular physical exercise
training assists in preventing type 2
diabetes development: focus on its
antioxidant and anti-inflammatory
properties. Cardiovascular Diabetology,
10(1):12-15.

38. Thisse B., Thisse C. 2005. Functions
and regulations of fibroblast growth factor
signaling during embryonic development.
Developmental Biology, 287:390-402

39. Thomas C., Bishop D., Moore-Morris
T., Mercier J. 2007. Effects of high-
intensity training on MCT1, MCT4, and
NBC expressions in rat skeletal muscles:
influence of chronic metabolic alkalosis.
American  Journal  of  Physiology-
Endocrinology and Metabolism, 293(4):
E916-22.

40. Yaghoobpour Yekani O., Azarbayjani
M.A., Peeri M., Farzanegi P. 2018. Effect
of type of training on markers of hepatocyte
apoptosis in rats fed with high fat diet.
Yafte, 19(5):106-116

41. Yao J., Zhou C.S., Ma X., Fu B.Q., Tao
L.S., Chen M., Xu Y.P. 2014. FXR agonist
GW4064 alleviates endotoxin-induced
hepatic  inflammation by  repressing
macrophage activation. World Journal of
Gastroenterology, 20:14430-14441.

reviews
and

microbiota in NAFLD. Nature
Gastroenterology
Hepatology, 13(7):412-425.

30. Luo M., Yan J., Wu L., Wu J., Chen Z.,
Jiang J., Chen Z., He B. 2021. Probiotics
Alleviated Nonalcoholic  Fatty  Liver
Disease in High-Fat Diet-Fed Rats via Gut
Microbiota/FXR/FGF15 Signaling
Pathway. Journal of Immunology Research,
2021, 2264737.

31. McGettigan B.M., McMahan R.H., Luo
Y., Wang X.X., Orlicky D.J., Porsche C.,
Levi M., Rosen H.R. 2016. Sevelamer
improves Steatohepatitis, inhibits liver and
intestinal farnesoid X receptor (Fxr), and
reverses innate immune dysregulation in a
mouse model of non-alcoholic fatty liver
disease. Journal of Biological Chemistry;
291:23058-23067.

32. Mirghani S.J., Peeri M., Yaghoobpour
Yekani O., Zamani M., Feizolahi F., Nikbin
S., Derakhshideh A., Mousavi N.,
Khojasteh Z., Nasrollahi Z., Khorasani E.,
Ghodousi Johari E., Afshar T., Azarbayjani
M.A. 2019. Role or Synergistic Interaction
of Adenosine and Vitamin D3 Alongside
High-Intensity  Interval  Training and
Isocaloric Moderate Intensity Training on
Metabolic Parameters: Protocol for an
Experimental Study. JMIR Research
Protocols, 8(1):e10753.

33. Obika M., Noguchi H. 2012. Diagnosis
and evaluation of nonalcoholic fatty liver
disease. Experimental Diabetes Research,
2012:145754.

34. Piguet A.C., Guarino M., Potaczek D.
P., Garn H., Dufour J.F. 2019. Hepatic gene
expression in mouse models of non-
alcoholic fatty liver disease after acute
exercise. Hepatology Research, 49(6):637-
652.

35.Qiu Y., Shen L., FuL., YangJ., Cui C,,
Li T., Li X,, FuC., Gao X., Wang W., Ning



b‘)&.@.ﬁ})x ;;ULSJG" YAV e Q\m NEeY )Le Lf"nﬂ a)L«.:J ‘v.ﬁ.ﬁj'ﬂi JL& ‘6;}3\? wu&:m-lj

Effect of endurance training on bile acid synthesis signaling pathway in rats
with non-alcoholic fatty liver disease

Mehri Gholipour?, Najmeh Rezaeian™, Morllammad Karimi?, Sadegh Cheragh-
Birjandi

1- Department of Exercise Physiology, Bojnourd Branch, Islamic Azad University, Bojnourd, Iran
2- Department of Exercise Physiology, Qom University of Technology, Qom, Iran

Abstract

Non-alcoholic fatty liver disease (NAFLD) is the most common liver dysfunction and
one of the most important causes of death from chronic liver diseases. The purpose of
this study is to investigate the effect of eight weeks of endurance training compared to
resistance training on liver bile acids (BA), relative expression of farnesoid X receptor
(FXR), fibroblast growth factor 15 (FGF15), fibroblast growth factor receptor 4
(FGFR4) and beta protein Klotho (KLB) in rats with non-alcoholic fatty liver disease. In
this experimental study, 16 Wistar rats with an approximate weight of 120-160 grams,
after induction of NAFLD conditions, with six weeks of high-fat diet were randomly
divided into two equal groups (8 rats in each group), including; Control (C), endurance
training (E). group E participated in an incremental treadmill exercise protocol with an
intensity of 65% of maximal oxygen consumption and a frequency of 5 sessions per
week. 48 hours after the last training session, the subjects were sacrificed and liver
tissue and blood samples were taken to evaluate the research variables. Data were
analyzed by using independent t-test. The findings showed that E training protocols led
to a significant decrease in liver BA values (p = 0.0001). Also, in the E training group, a
significant increase in the relative expression of FXR, FGF15, FGFR4 and KLB protein
levels was observed (p = 0.0001). In conclusion, it seems that endurance exercise can
have positive effects on the variables involved in the signaling of bile acid synthesis.
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