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Abstract:

Myocardial tissue fibrosis and cardiac function impairment represent one of the complications of obesity. Evidence
suggests that both regular physical activity and medicinal plants, individually, can prevent cardiac fibrosis by modulating
cardiac fibrotic pathways.

Accordingly, the present study aimed to investigate the effect of aerobic exercise and bitter orange peel extract on the
expression of JAK2/STAT3 genes in the myocardial tissue of obese rats.Thirty adult female Wistar rats from the animal
facility of Islamic Azad University, Central Tehran Branch, were selected as subjects and randomly divided into five
groups (six rats per group): (1) normal diet control, (2) high-fat diet control, (3) high-fat diet + aerobic exercise, (4) high-
fat diet + ethanolic extract of bitter orange peel, and (5) high-fat diet + aerobic exercise + ethanolic extract of bitter orange
peel. To induce obesity, 20% palm oil, 1.5% cholesterol, and 0.25% cholic acid were added to the standard diet. Subjects
received this regimen for four weeks prior to and during the four-week intervention. The aerobic exercise program
consisted of four weeks of treadmill running at a moderate intensity, five sessions per week. The ethanolic extract of bitter
orange peel was administered orally at 100 mg/kg body weight for four weeks. Following euthanasia, myocardial tissue
from the left ventricle was collected to assess JAK2 and STAT3 gene expression via RT-PCR.

Results showed that expression of Jak2 (P=0.001) and STAT3 (P=0.001) was significantly higher in the high-fat diet control
group than the normal diet control group. Gene expression was significantly decreased in the aerobic exercise + high-fat
diet group compared to the high-fat diet control group. Similarly, a significant reduction in gene expression was observed
in the bitter orange peel extract + high-fat diet group. The greatest reduction was recorded in the combined aerobic
exercise + bitter orange extract + high-fat diet group.

The findings of the present study suggest that the combination of aerobic exercise and ethanolic extract of bitter orange
peel may exert protective effects on cardiac tissue in obesity induced by a high-fat diet. This is done through
downregulation of the fibrotic genes JaAk2 and STATS.

Keywords: Aerobic Exercise, Bitter Orange Peel, JAK2/STAT3 Genes.

How to Cite: Haji Ali Akbar, S., Azarbayjani, M.A., Riahi Malayeri, S., Fatolahi, H. (2025). The effect of aerobic exercise and bitter
orange peel extract on the expression of JAK2/State3 genes in the myocardial tissue of obese rats. Journal of Physiology of Training

and Sports Injuries, 3(1):35-41. [Persian].
©Hol

O AFF L t(oh5 5 slacanl 5 (el (559152508 dalilad


mailto:PTSIJournal@gmail.com
mailto:zanjan.ptsijournal@iau.ir
mailto:m_azarbayjani@iauctb.ac.ir

.

& 2

N

" ufjudf — Tau/gﬂi/f i
w ) i

Y oyloss — ¥ 6,50 VRN YD bl s gy,
FI-YD : a0 — VFF L VFFIYING i pdy U
:_Mb“ 9% Jlo

Bl o, o, g0 il JAK2/State3 gy le p 9,0 Cawgy o lac g (55192 o yoi i

YGQH T8y féﬁ)l.o by ol ‘Y@qulg)éi P TRVE N s‘).;lGL: =l ol e

(J}i.w.n EMy) U‘f‘ ‘Q‘)er“ “50)[-“‘ ébi oKl ‘6;).0 U‘J‘e(" A}‘j “5..:))5 6)9Jy)d 03; At
m_azarbayjani@iauctb.ac.ir :Ssq =S o o]

Ol e el Sl3T ol8iils ¢ 5 oyl 5 9l (939 S5995d 09,5 Y
L)‘)J‘ e ‘GA)/LM" Ob] oKasls OOy .\.>‘5 su_.f))’)j (5)9"5‘)"3 os)f ¥

LIS

i S slacadled a5 amo o ylas wlgd .l Bl o le 5l (S cdB o Shae o LS T Lo 4 99,5 g0 8L 59,8
iled (6 S ol Al SS9 b (sl s pelats alansly 4y (B 59 Argi 5l aSil oo (Gl Spa )l GlalS

o Yoal Lzl Gl s, 0,5 g0 il JAK2/State3 slays olo p z,b Cavss o)las g (g5ls o yed Sl Baa b Lol aslllas
T 4 Bolas & jgoas g Ol Soge;l Hlgie 4 (635 1o oylyes aly oMl oljT oSl &l g 5 jliang ol MU esle o,
5 @b S Il ojlas 5 0z p e (ilse (npei s 0z G oz n i S (Jlop slde S solaw 095
ol O9) weyd Voo, Jlop lie ar Bl Ul gz ol ol @)l Sy Jilil o )lae 5 (5l9a (n oS w0z p sliS
Cl,s pa alin Hlpm g dldloe Jleel 51 LS atin o> o Soge)] 5 ool adlol SsS apwl 9o y00 /YD 5 Jg S ao s V0
bogo Gas b oo )8 g g9, (g ands i Jold slasan [l (g3lsn (1 ped deliy s S solaiul olde o5, ol 5l oMo
o b onilyo3 o) 4 atdn ez Do 8L g (ol ojlas (s 09 £ S kS il 4 p S (dee o g atin pa 50
ab axils p RT-PCR g, 4 JAK2/STAT3 slays olo Srovw Gl o olas | LQ@Q}&}T 3,5 gu0 8L “_ngLﬂ

35t Jloy (8132 b 40355 JSS 05,8 ) sy (s foline ysboty oy (8132 b 4,355 JS 05, 10 STATS 5 JAK2 (slacys ol
S GRS Ll S8 )5 4 Cund (5 l0line jsbay w0z I8 L 4l 5 g3l yed )5 ) Loy (L (P=0.001)
L oagdss S 09,5 b annlin o (g ol jobas coyz pn slae b a4dss g 0 ,b gy (Joill o las 09,5 10 boy5 ols a8l alS
A odlie <R ‘5‘..\9 l) AJAJU 9 C.')Ls Cngy £5]9)L“ o)La.C ‘(5)‘9.@ uJ]QJ 05;)\) u....a:lf w)w uﬁlJ u.._mlf <SR ‘_g\..\.c
93 sblons 1 aslgs oo JAK2ISTATS g b slagys Ol 020l Gk 5l @,b Comgy Joilil o)las 5 (g5l yad oS 5
aoles Jlasl 0y iy slie b aydss 5l ool Bl Ll i o, Cdd cél

JAK2/STATS slacys )b Cangs «55lep o pod 1 giadS” o E5lg

Ol y b Sy ojlas g (glen ped ST s (ol ol (g Mo (AL, ¢ desese ‘g@u)si ol el Sl e ol poslcuwl ogui
FVXD O Ve F Ly g ] 5 oo pes (el ped doliliad 3o (slacs) o, e il JAK2/SHALES (cla s

O AFF L t(oh5 5 slacanl 5 (el (559152508 dalilad


mailto:m_azarbayjani@iauctb.ac.ir

v

WS (550 ey oM @ ey LT ged VY] ail o
V-l Seles ;) «Selbsly (S (SS9 (S50
@ Sg s Soles -k 5 Sl il Sl (o Sg 5000
SLaS 5 5l (F o 0o 9 e )l ey 1028l 28 ol ol e
IA] sial o 0,6 gy 45 59250

Sdxie (S0 pmnlSo dlauly 4y 0iiles o oliondignd DLoS 5 o
B 59 0, g s5ml 5 glanaST Gl (Ol el wile
crgad e glp LIS KaS b 5l cladlrne 4y g ool zals |,
godd 85 Cl o )5S aas (alS 1) (B 5g,d Wl e
Gl Sl xS sle 4 gua b oS el Sl s (plss )l
SaS g yd SRl alaz 5l cdd (g0 Slas 5 (5,3 ( J5SUse
R L PR S  ERCHVESRIRYSORICH I g S IV | A1) INVCJ908
K9, JAKISTAT SedliSons o 2 6 551 Byl 5l Wilgi oo 523
w2 5 S3ls2 e oo oS @il S1LA] aas als 1) I8 55,
Sedbl e 2 I35 5 G5k 5l il e @) gy
olis Sl o s wins Lol 1) 5 9,08 03, JAK/STAT
slag ol p adBlas 99 (ol Glajen (95 4 s
oz €l b i b Bl o 5, se il JAK/STAT
51 iyt B0 byl aalllas di) .ol 423,55 15 axllas o 50
S 05 Oler 2 @)L g ojl—as 5 Silsr (nped Olo e
s Lol 5l glacs, o5 see il JAK2/State3

oR93 9y T

L Soge;l 1Y

i 25 005 &l oale &)y Yo Lol anlllne ol (gla oge5]
0 551 55 yo g5 9l oMo | 5T olEetils Wl g 31 o 4
IS Jley slie JiuS pb s 098 @ 4 (Bolai jpe 4
olmas s oz n Gl (ilsr (oS 9 2z SIS oz i
bl o)lmac 5 S5lon (e w0z I 9 )6 Sy (Sl
el id (o o laibin] byl i Co o, Sud gl g, Zaw gy
CYFIDEY0) olasd a5 IS5 ol b Bl iy S Ly i ]
5T (oo yasd g (2,0 BO) Cusghy ol 5 il a0 (Y4 =YY) sloo
ool - B (5SS iy, [ Se b el VY a5 2 bl
b Cole, anlllae ol o alKiyle)] Slilge 3g NS ol

Gy elad bads vy

oy —ol—aizl glie sl by glie JuS 09,8 o o,
4 Sl Wl cpa disged colain g, o508 cole B

S

doddo .

slae b adss 5l ol B> a5 awo s o lis saxie valei
Splie SN olomy) (gl 00 4zl Jas Jole o 0o yz
slaglon iz ed 5 (ool pwd (b (Gl gudl 4 Zeaglie wile
o9 ] ol oSl (o 59 Sl 5T il (B9 ye 18
D80T asle s5alas pedly b 5 (55 65l 0S50
@ oy hE b Bl Gl aS ol oLt g oldlas gl
95 o0 (ot 5908 dxw 5 g« Jobe )5 (PN gea alanly
(S ol 0 Jbe gl Sasle po N 9l i os
9 5 ) o8 Sgalhs 5 Shoe g osls (l Bl o) ge (s
DY 08 o i 1 ooy Laa> a5t S b (8 oloo )b £93g
ahuly a4 (Sl oS cwl a2t (5155« J9Sge a5 alas
0 B @0 Be (ol e b dr g Crge duaile SlapanlSs
laaiss zob wdsi alfl B sk Sl oszn lae b s a5
SIS sl o Wl o0 e S 50N g ST S
S b 1 (RAS) (il -0y pimsw 9 JAKL/2-STATL/3
e Soleg )o a5 WS pe dbml 95l e (Fte 9555k Al o
o L] 058 o TGF-1B/SMad3 Siigyud youn s o Jlad 4

gy 00 Jlad g S Joo LS ugilr Sl

0,8es ;3 635 0 bl soS 5l S lee 4 (JAKISTAT)
aile 0y HeS g (S gt B0 5l s 05 oo ai8 S Sk 5o Joles
SIS o [V Wloa Lo L JAK/STAT KUK
556 el 6 lem 5 ceodu ) 231 S s liee JAK/STAT
s Lo soum b 0 1) e (pl Coenl (Y Ll A BI0E

DYA ] wlos 5 3155 0 )5 9o bl WS 5 eyl gs

S plgie 4 65lsp el S Sl ol (an i (095 4
($9¢ B sl lon ploys 5 6 xKiam Sl 29102 SF ]
sl 00l Joas (Bgye ol slagslom sl ae SLl Sy
8 59 Ol wiilsiige (slsm Dl a3 4 am0 g0 (LS sy
559) 5 951 il (ol 59,008 (2als [V ] s zals |,
) e oS Ll & Do Slaige 55 b 5 Shas S9te 9 (ol
Dol el oas (555 s5lsa oo 5
B8 597 dng 5l g oo 55 @9l LS S )b
FCSRCUI BSPR ERNPYUE 51 I VRPN ERCUIVIN | INCHDERPIUC N PS
dasie g1l Ol 31 glls g 00g (olowdigind oS 5 51 L

1, Janus kinase/signal transducer and activator of transcription
(JAK/STAT)

OO VEF e s ol 5 00 003 (S5sl5 58 aslilad



™ LIESBST

6‘)’. (f“”)"u;’)ﬁ R \’)o)_..u UMJSL’ U.Jl_..u Ie L(MJB.@J
Wk Res asdlas 050 slocys lo (550l

O3 ol praw 7Y

30,8 g0 8L STAT3 3 JAK2 sloyh oyl Srowi—w S
3o ol 2l b el dal s eolai W RT-PCR Suss
W Jiaws CDNA @ g 7l s wl 0,5 e 8L 51 S RNA (]
@lllas 3,90 slags Gl g oad SSPCR () 42 CDNA ¢ s
Slgi o oolaiul a0 )5 Glgre 4 GAPDH 1o oopoei
Sl 0als &1V Jgaz 50 oolawl 0,50 o yeul

oolaiwl 8590 b youl . o5 N g

Gene Forward Reverse
JAK2 AACCAACGTCCCTCTTTCAG TTGCTCTGGTTCTGGAAGTC
STAT3 TTTGACATGGATCTGACCTCG ATGATCTGGGAGTTTGGCTG

GAPDH AAGTTCAACGGCACAGTCAAGG  CATACTCAGCACCAGCATCACC

Slel Joa V.Y

s 5l el

4 JAK2/STATS slayys Lo 0 4 slassls

35 1 s gz A 55 3 Ml Bl il 5 eSilee 0
e b @ das JuS 09 (hagh sl pite popzp slie L
Uogesl sl ookl bioyzpy 18 b adas S8 09,5 5 Jbo
GRS o (e Sl a5 18 el g 5 9 90 Jhi e
oSbly Jelos gl 51 b gy Joill olas 5 55lse 0y
ool sl ookl b 55 29,5 rm sloglas .ol colaiul anljge
plod sl s lolime s 28 5 518 (5asl 050 (S0 6 S
Sloslawl b Olawlbrs colod ol azd )3 Jlas o (0 <+/+0) Slowle
s Ll YV 450 SPSS 1581 o 5
loazdl ¥

S o959 Jloy sIae b adis 8 09,5 anylie ) IS0 5o
JyaS 09,5 0 JAK2 5 lo aS oy i oy glde b aydss
b dss JyuS 098 5l jiian s)lobias job 4 0y 518 L s
L 45 55 05,8 45 STAT3 55 o (P=0.002) o5 Jlo i (sl
Gl b adss J S e, 5l it g blae sk ar iz lie
(P=0.001) o5 Jlo

(P=0.026) (gjlsn oy e (sloog,S 1 JAK2 15 ol ¥ S5 5o
obac b s5len (nyed oS5 5 (P=0.018) )b cewgy (Joilil o jlac
JrS 09,5 5l jeS s lobire j5b 4 (P=0.013) )b cmgy Josli]
PIAKZ 05 ler (yeS aS ol ogzs b gy 0z a8 L apdis
Ored Jolas Lol s oamline 66 Cowgy 0 )bae L (55198 (0 pod 09,5
gs ylolixe g lal L5 515 cnl ole 2 @b Sy olas 5 (sjl90

S v
U/u)u/f./“ %//d/:){/’

T
el

Qo 0 V0 g Jg S o VD Wl Eg; do 0 Ve Jloy glde
Moo 5T 51 L3 atis [l o o, [N A] ws aslsl Sl
oolaiwl ol w5, ol 5l oMo Bl 1o L ol jor azan Jloz 10
ledle 3 slias Sy 095 o &) anlllase 0)99 Jsbo ;o 33505

WAidges adss o luiliwl glae

S3led (r o3 Joallygiws ¥Y
$9) oS ol aslllas ;5 eoliiul 3550 (53lsm ( ped sl
38 atan g0 o 4 s, g B aiex oy 10 6750 0,5l
was Lol ol )3l 55y (ags e b e slol (g yod iy g5,
So o 280 0 e Ve, b aan 10 59,0 iz Bo V)
g OTls8 59, eaiin oz S 4y baogeil i (a2
Jol axie jo az 0 jho ol baids ;0 26 VP 1l Sl e s
YI0) pyloz atan 04z, b o oL aids jo e YV 4 g 5le]
g e, e 5e p0 o) (e e 0 )8l aiBs )0 sk
el 0 (L 5l g 03900 )5 ABB0 50 e Al p b alo

[yl Didgad O v 4B 40 o0 1 o b dBB0 O Do

b gy Joilil o ylas g5lw ookl F.Y

e aslie 51 Citrus aurantium oode oG b z0,b ogpe Sy
o m dle o 50085 )13 00l 0 50 bl olS Law i 5 as
r:l?u‘ L;‘)" 9 00— )09.) gul.\_m—l Ja_wﬁ.: ad.aLM.v )° ué}oq S
0l 0,5 Olowl g 0,5 i 5l s cu0,5 oolel (65 Luac
d..l.u.)}) Lg);o)l..a..c W) M))yygf PG ) L)" )| r:; Yoo
oo las ol Tzl )b aw ud Lo Veoo lie 4 0oy B gl
0,5 (6l gamy ol e ploil (gl Jlrsn 0 g 00 mresds
G.a?’u’l’...o )b.fbo ‘éﬂL" o)La..c O 09>g0 Sz oole )b.li..o O S
30 992 g0 St o0le yl e ¢l (] age § Sis QST 4o Qi 3
4,0 Caw gy ojlac 16,5 Lo v 05 2o 0 VA Bl ojlac oyl
9] s ol Lo, 05405 90 & 0 i3 0555 0 1

Solop el g o) yogei (JLy5A.Y
L:ng_;) ‘@LA—MLJ Cel_w VY )‘ =9 CJ)L: &__M}) LJ}JLI‘ o)L.AC
Rompun® 2%, Bayer, ) ¢y 315 yd Jae YIV 31 (doglses 5l oola il
Imalgéne® 1000, Merial, )  yxoliS i Jleo Y+ g (Puteaux, France
A e N 09 o5 ML/L00g Y-+ 595 4o (Lyon, France
S e ay 2555l poe a3l 5 JolS (Sisen 5 Qliebl 5
@RS 0r o ol g S o) s 4w BB la

S o ol 5l ca play g e als p B il o] 5l e el o

OO VEF e s ol 5 00 003 (S5sl5 58 aslilad



o
& A

/ e
S e B
P |I dﬂ)‘!]‘-/b)d/!f}’,c'!l o
® =
NG

A

0.008
0.007
0.006 -
0.005 -

0.003 -
0.002 -

N

= 0.001 -

Normalized gene expresion of JAK2
g
S I
-_/ *
‘ *

Sl s GO @l g las sl - RS
GJJU Y] s juac o

B CBLIAK2 o5 ol Y JSb
oy e boad 4ds5 S 09,5 4y s jloline gl aslis
ol 00l 155 o il Gl izl g 5. Kiles bl ledll

[

Q
(=B =]
—-

E 3

= * *

= 0.006

2

=

Zo.005 -

[=19

50,004 E

o

£0.003

slae - (s

e

Normalized gei
[=] o

[=]

—sls Laoed (S Rty

10 g e jlaae

[ B LIy O

B CBL STATS 5 ole Y JSo

oz S L 4l S 09,8 4 Cond loline wglas ailias

el o G555 S il Bl il g Sils lul y ledllol
gl g E9pb 0 JAKZ She Jele (nimee STAT3 o5
4 g 5ISTATS (0ygadly j9ind 5l - unl (B (395 p0n
o 5l SS9 mn Jole piz (cmasy) 9 e i wn
w3 se Gial38 1) B ggi Sidye b s 9 A g5 S0 U iy
a5 by ige ,o a5 wsls las (Y+19) ol Kan o Geng (0]
4 0,8 gee il JAK2/STATS et 5 olo ez (5138 L oo
coled! sloalauly 23530 L aal5dl cnl il aalsdl s ol ok
ST g lolrnson )5 (B9 5 read 3, 900 59 ,md o2aluST Lid
JUUPSPUSRCR RN R RT--PONNCESITS | o IRYVRN JURSIN E R (P
Gl it pelas b Wl o JAK2/STAT3 SJlSow
o oo slid aS wles fowi 1) g ped <8l (g3losl ccandlyg yud
SSae StnS 5 d 45 JAK2ISTATS SlliSew g5l e
DT ssly by (BB 55,08 o8 e sl 09l 0,805, S and

JIPFIES T

.

S b

Sinstar T fsihy? ﬁ

el

(P=0.009) (5 3l52 152 yoi (slog,S 1o STATS 55 oo ¥ IS 1o
ol b (53198 (205 o 5 (PR0.036) g, ey Joibl oL
JrS 093 5l S syloline job 4 (P=0.01) i)l cawsy (Joilil
P IAKZ 55 Gl cnyeS ST ogzs b o oz sl b s
Orred Jolas Lol ol oamlinve o)l Cagy o)lae b (55l98 (2 po3 09,5
g loline (glel i 5l 5 ol o » @b Cengy o lae 5 g5lsm
G5 Al g ey F

JS 05,5 15 STATS 5 JAK2 (slas ol ,ols axlas o
wg Jloy le b adss J3uS 098 5l i 0z p lie b wds
5 JAK2ISTATS s cophts Codyls 4y cloots)d amly
7] o jls oyl ol 895 a5 eI L das o (slas Lo

0.01 1
0.009 -
0.008 -
0.007 -
0.006 -
0.005 -
0.004 -
0.003 -
0.002 -
0.001 -

*

Normalized gene expresion of
STAT3

b glae -J S

Sl -J S

0.008 ~

0.007 -

0.006 -

0.005 +

0.004 -

0.003 +

0.002 -

Normalized gene expresion of
JAK2

0.001 -

b gl - K ozl J
b adxs oS gleog 5 JAK2/STATS slayi osby duns Lo ) JSC&
Oy Gl LAl J S 09,8 9 Jboy glad

sl J S 09,5 a4y Ca lolins glis il
sl 0 558 5 il Bl g uSiles bl el

OO VEF e s ol 5 00 003 (S5sl5 58 aslilad



LTS

Lylys 4 45 |, JAK2/STATS aisle SiliSes (6ld youne 45 Jl>
1Y T i o 58 s S o S8 el (sl 42 el
7,6 Cavsy (Joill ojlac a5 ols lis jols asllas Ko asdl
a5 am oo L 09250 waled .0l JAKZ/STATS Ly juals o ge
cil o 1, JAK2ISTATS lacys obe b Coy Joilil o las
Sl Gk 5l Baes oy @l w2, luld cov o, se
Sob ,l gy s o alS et oledlas 5 SlaST sl
oo 45 Zewl 20ilS g o U aiile (go0ie lendigind Slge
oo gilaanST o yinsl ¢ loll Lo b1, JAK2ISTATS (K2 JUS s
doy 0 s Ol GVl (g0dS slmoaisS Jlab a5 WS o
B Comgy Jabin; ©laS 5 [F] sn Sgje I8 slagslon
A 51T o Slis 5 Mty oo g 55y 2
15 STAT3 5 JAK2 oy by 5 ojloJld L2alS 4 5 03,38 o
LT slrolac 45 wisls (Lt Sldllae a8 o SaF 5 S see il
ool 1R B b wiilys e o)l Sy slaojlas alea 5l ol
Ol a4y Jas 1) (Bge (b slags Lo JAKZISTATS s
S Joe Sl g (B9 5 et «Su3algily 598 slaoasS e
slagy ol Rl Glie b el adlae o
Covssy Jlil o,las b (55lsp a8 S )3 05,5 ,5 JAK2/STAT3
Il ojlas w5 (s3lse (ayed o oS ] 5l al svalie @b
wile Spie (JoSse lapuaille @ik 5l wilg oo @6 S
slboded s ol gsmaly els] led bl els
a3l R0 b o ol e oo 45 wzas LialS |, JAK2/STAT3
JAK2ISTATS slacys ohs o azsi LB 2ol zge 5 0350i sl
Cge oy slae b aydss aS sl lis pols adlas bl aied
Jsims oy ol a5 o] 51 JAK2ISTATS slacys by a3l
ORI Olg o0 a5 s 0 HS 4 aitin (B 5908 Axgs g ol
b S 5l (AU o8 59
Gl czrge il (ol 4 o @)l gy (Jeiblojlas
Ol Gttt Wigd oz gl b i bl 5o (5 90 onl Ole

9 S3l9R (ryed Sged 4z g8 bl (0l 2

Az 2 oS 5 ed b alslae g cpl a5 0l sdalin Gy ialS
g lobine g kel S 5 5 98 ol oo allae g0 ol S ea
idgad Jlesl 5 90 (pl lo LS 5 (sleas);s il calslae g0 ol Lol
s S 5l lei oo a5 00,8 e Slpriey deasdl ol WLl
el 8 )lse el sl @l ceny Jeilojlas 5 (s3lse
Ogad solauwl S ‘_g\;&.{: L adss

&8Lw olay

S99 g ;0 (sx8lie olas 4eT s a5 W jls co el iy g

S,las

S
U/u)u/f./“ %j/uﬁﬁ){/’ ﬁ

Frn
ub’um

50 1, JAK2/STATS Lo YU o2 b adss oS aas oo lis anled
e SIS 5l e (g3l s 32,b 5 Bas 5 S e Ly
) S w3 oe Gl ] pacdlie 10 ki 5 SCig s
beo)d ooy wile Pl Slaayz 5 (6 oy @ oz e
ol 5o Gl JAK2/STATS SllSis o (0,8 Jlib
oM Jbd asle gwoyml Ol 4 o gileJled cpl e 0
oS 355 0 TGF-BL/SMad3 4 11 (ANG 11) pnibg 3] Slns
G0 b 3l LF] w8 o Cagl 05 gre il o 1, Sl g 59,8
oz @l w il el orr lasaal 5 sud slacdalie
w2z n @I w5l AU ] By Dk ases ol
S95 dgi A a5 aad o Gl adl o 1) Gy ol maw
o Lol st s e Jlail 3,k 5 Yl |, STAT colles
S, (Sle ladoe jo [VF] S o pulass STATS o Shee
5 il o 1, STATS 5 JAK2 onialy i JISol w iy lié
Ol 85 ansga IS 1y Gy s ol o ol La o (IS
o olB S3edgil silasl b JAK2ISTATS olo (ialibl as o
olid ol anlllas Koo axsl [VY] codl s o oym p i Loy,
@1y 0,5 gm0 il JAK2ISTATS slass ol 5jlsd cnyped a5 ol
|, JAK2/STATS slacys b (53l i yod ol 2alS (s loline j5b
SalS w0 Sdalie oS pdan 5SSt ST oled! oo
ol ,o 1) 59001 g led] (guilonnsT oyl (S55m (2 yoi B3 o0
(N[ 720 SRVCHT N TUNC SO ISP RN IV A Y
wg 4 aS sad o Linl38l 1) ¢ lounST 5T gl (oS soisS aulais

el ol ol el 5 o5 ole s Ll | JAK2ISTATS s o555

Coyn Gilsr i SN0 Bib 5l aes o alS oS
O 4 &S WS e Jd | AMPK/SIRTL asle Sglie
b ablie 4y (55l Jled ol oxien by e JAK2/STATS KUK s
Cn @ slee, Sl U Sple 3 Shee PS5 Sl
Oz e o0 JAK2ISTATS Lo jals 4y jorie g 0iS oo S5
a0 g Sl slapSein Gels LoaS s, e Sl @
slJsbs jo 1, Q—l ole g il led g 08 o )l 1, JAK2/STAT3
2o g sl Giiien Jolsd p (h))s aege SialS o) g
39 Wiy e S |y 0,5 g0 sla ol sl 5 0,105 o 235G jeme]

OO VEF e s ol 5 00 003 (S5sl5 58 aslilad



¥

SOCIEF),
» Yo

S

TGF-B1-Smad2/3-MMP2/9 Signaling in Mice with Myocardial
Infarction. Int J Mol Sci., 15;22(22):12341.

[16] Mendoza, M.F., Kachur, S.M., Lavie, C.J. (2020).
Hypertension in Obesity. Curr. Opin. Cardiol., 35: 389-396.

[17] Nikbin, S., Tajik, A., Allahyari, P., Matin, G., Hoseini
Roote, S.S., Barati, E., Ayazi, M., Karimi, L., Dayani Yazdi F.,
Javadinejad, N., Azarbayjani, M.A. (2020). Aerobic exercise and
eugenol supplementation ameliorated liver injury induced by
chlorpyrifos via modulation acetylcholinesterase activation and
antioxidant defense. Environmental toxicology, 35(7):783-93.

[18] O’Shea, J.J., and et al. (2015). The JAK-STAT pathway:
impact on human disease and therapeutic intervention. Annu.
Rev. Med., 66:311-328.

[19] Od, E.k.P., Deenin, W., Malakul, W., Phoungpetchara,
I., Tunsophon, S. (2020). Anti obesity effect of Carica papaya in
high fat diet fed rats. Biomedical reports, 1;13(4):1-9.

[20] Sun, X.J., Mao, J.R. (2018). Role of Janus kinase
2/signal transducer and activator of transcription 3 signaling
pathway in cardioprotection of exercise preconditioning. Eur Rev
Med Pharmacol Sci., 22(15):4975-4986.

[21] Teixeira-Fonseca, J.L., Orts, D.J.B.Y., Silva, P.L.D.,
Conceicdo, M.R.L., Hermes, H., Prudencio, C.R., Roman-
Campos, D. (2024). In Vivo Anti-Inflammatory Activity of D-
Limonene in a Rat Model of Monocrotaline-Induced Pulmonary
Hypertension: Implications to the Heart Function. Arq Bras
Cardiol., 121(12): e20240195.

[22] Wang, T., Sun, X., Cui, H., Liu, K., Zhao, J. (2020). The
peptide compound urantide regulates collagen metabolism in
atherosclerotic rat hearts and inhibits the JAK2/STAT3 pathway.
Mol Med Rep., 21(3):1097-1106.

[23] You, X, Jiang, X., Zhang, C., and et al. (2022).
Dihydroartemisinin attenuates pulmonary inflammation and
fibrosis in rats by suppressing JAK2/STAT3 signaling. Aging
(Albany NY), 14:1110-1127.

[24] Yu, X. (2023). Promising Therapeutic Treatments for
Cardiac Fibrosis: Herbal Plants and Their Extracts. Cardiol Ther.,
12(3):415-443.

Q Sinshar Tsorfsiis?
\ 4 T

Y

~
L]
*»

[1] Beckles, D.L., Mascareno, E., Siddiqui, M.A. (2006).
Inhibition of Jak2 phosphorylation attenuates pressure overload
cardiac hypertrophy. Vascul Pharmacol, Dec;45(6):350-7.

[2] Eid, R.A., Alkhateeb, M.A., El-Kott, A.F., Eleawa, S.M.,
Zaki, M.S.A., Alaboodi, S.A., Salem Al-Shudiefat, A.A., Aldera,
H., Alnamar, N.M., Alassiri, M., Khalil, M.A. (2019). A high-fat
diet rich in corn oil induces cardiac fibrosis in rats by activating
JAK2/STAT3 and subsequent activation of ANG II/TGF-
1B/Smad3 pathway: The role of ROS and IL-6 trans-signaling. J
Food Biochem, 43(8): e12952.

[3] Geng, Z., Fan, W.Y ., Zhou, B., and et al. (2019). FNDC5
attenuates obesity-induced cardiac hypertrophy by inactivating
JAK2/STAT3-associated inflammation and oxidative stress. J
Transl Med, 17: 107.

[4] Guo, B., Yu, Y., Wang, M., Li, R., He, X., Tang, S., Liu,
Q., Mao, Y. (2024). Targeting the JAK2/STAT3 signaling
pathway with natural plants and phytochemical ingredients: A
novel therapeutic method for combatting cardiovascular diseases.
Biomed Pharmacother, 172:116313.

[5] Gurzov, E.N., Stanley, W.J., Pappas, E.G., Thomas, H.E.,
Gough, D.J. (2016). The JAK/STAT pathway in obesity and
diabetes. FEBS J., 283(16):3002-15.

[6] Han, H.Y., Lee, S.K., Choi, B.K., Lee, D.R., Lee, H.J,,
Kim, T.W. (2019). Preventive Effect of Citrus aurantium Peel
Extract on High-Fat Diet-Induced Non-alcoholic Fatty Liver in
Mice. Biol Pharm Bull, 42(2):255-260.

[7] Hu, X., Li, J., Fu, M., Zhao, X., Wang, W. (2021). The
JAK/STAT signaling pathway: from bench to clinic. Signal
Transduct Target Ther., 26;6(1):402.

[8] Jabri Karoui, 1., Marzouk, B. (2013). Characterization of
bioactive compounds in Tunisian bitter orange (Citrus aurantium
L.) peel and juice and determination of their antioxidant
activities. Biomed Res Int., 345415.

[9] Jang, Y.J., Kim, H.Y., Na, SW., Hong, M.H., Yoon, J.J.,
Lee, H.S., Kang, D.G. (2024). The Cardioprotective Potential of
Herbal Formulas in Myocardial Infarction-Induced Heart Failure
through Inhibition of JAK/STAT3 Signaling and Improvement
of Cardiac Function. Pharmaceuticals (Basel), 27;17(9):1132.

[10] Kachur, S., Lavie, C.J., de Schutter, A., Milani, R.V.,
Ventura, H.O. (2017). Obesity and Cardiovascular
Diseases. Minerva Med., 108: 212-228.

[11] Kang W., Yawen, D., Han, X. (2023). Exercise and
cardiac fibrosis. Current Opinion in Physiology, 31:100630

[12] Kerekes, D., Horvath, A., Kuasz, N., Borcsa, B.L.,
Szemerédi, N., Spengler, G., Csupor, D. (2022). Coumarins,
furocoumarins and limonoids of Citrus trifoliata and their effects
on human colon adenocarcinoma cell lines. Heliyon, 29;8(9):
€10453.

[13] Kruszewska, J., Cudnoch-Jedrzejewska, A., Czarzasta,
K. (2022). Remodeling and Fibrosis of the Cardiac Muscle in the
Course of Obesity-Pathogenesis and Involvement of the
Extracellular Matrix. Int J Mol Sci., 11;23(8):4195.

[14] Kwan, H.Y., Liu, B., Huang, C., Fatima, S., Su, T.,
Zhao, X., Ho, A.H.M., Han, Q., Hu, X., Gong, R.H., Chen, M.,
Wong, H.L.X., Bian, Z. (2019). Signal transducer and activator
of transcription-3 drives the high-fat diet-associated prostate
cancer growth. Cell Death Dis., 2;10(9):637.

[15] Ma, Y., Kuang, Y., Bo, W., Liang, Q., Zhu, W, Cai, M.,
Tian, Z. (2021). Exercise Training Alleviates Cardiac Fibrosis
through Increasing Fibroblast Growth Factor 21 and Regulating

OO VEF e s ol 5 00 003 (S5sl5 58 aslilad


https://www.sciencedirect.com/author/54381212300/han-xiao

