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Abstract

Background & Objectives: Obesity results from complex interactions of environment, genetic factors, and human behavior. Studies of families,
adopted children, and twins have shown that 45%—75% of changes in body mass index (BMI) between individuals are due to genetic factors.
The melanocortin 4 receptor (MC4R) gene is a single exon and expresses a protein receptor containing 323 amino acids. Mutations in this gene
cause partial or complete loss of function of this receptor, and by disrupting the energy homeostasis system, it is the most common cause of
monogenic obesity and an important component of polygenic obesity. Studies on the effect of exercise and dietary supplements on the expression
of hypothalamic genes involved in appetite and obesity are limited. Therefore, this study investigated the effect of 8 weeks of endurance training
with stevia supplementation on the expression of genes (POMC and MC4R) involved in hypothalamic axis metabolism in obese male Wistar
rats.

Methods: In the present experimental study, 25 adult Wistar rats were divided into 5 groups. Four groups underwent a high—calorie diet to gain
weight; one group followed a normal diet. The groups were as follows: exercise—obese, stevia supplement—obese, exercise and stevia
supplement—obese, obese, and control. The supplement groups received stevia at a dose of 250 mg/kg body weight of rats 5 days a week for 8
weeks. The training program consisted of walking on a treadmill with an intensity of 50% to 70% oxygen consumption, which started at 15
m/min in the first week and reached a speed of 22 m/min in the eighth week. Also, in the first and last 5 minutes, walking at a speed of 10 m/min
was performed to warm up and cool down, respectively. Finally, the mice were anesthetized using a combination of 70 to 30 ketamine and
xylazine (the injection rate was one large syringe/100 g body weight). Tissue sampling was performed in under 90 s. Tissue was cast into
microtube shield RNA after selection. Immediately after the mRNAs were fixed, they were transferred into liquid nitrogen at —180°C and sent
to the laboratory. It was placed in the laboratory at —-80°C, and the genes were extracted. Data were analyzed using 1-way analysis of variance
(ANOVA) and LSD post hoc test by SPSS software version 19 at a significance level of 0.05.

Results: The ANOVA showed no significant difference between the studied groups in the MC4R gene (p=0.684). But a significant difference
was observed in the POMC gene (p=0.031). Based on the results of the LSD post hoc test, there was a significant difference in POMC gene
expression between the obese group and the control group (p=0.003) and between the obese group and the stevia plus exercise group (p=0.015).
Conclusion: Based on the findings of this study, endurance training and stevia supplementation increased the expression of genes (POMC and
MCA4R) involved in hypothalamic axis metabolism and subsequently decreased appetite.
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Copyright © 2023, MEJDS. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited.


mailto:ayounesian@shahroodut.ac.ir
http://creativecommons.org/licenses/by-nc/4.0/\)
https://jdisabilstud.org/article-1-2753-en.html

[ Downloaded from jdisabilstud.org on 2026-02-11 ]

AOF) VY 5150 Sl s

Jy&\&.&j}.’v‘\.‘w \\‘~Yu:'.>»y.l:;-j)\..:.:;\

JDéJ&LﬁQ}QLﬁJJ Qp\J&o\N@ym\@ﬂmwﬁiﬁwJﬁ

ol el slmdn Tl o e Ogdasws 4l

Oy § Sl 5

S0l 03588 0,8 s o5 3 538 DS s e 5 it 5 BASEIS (| i (sl )
0Ll Al Al s s8I (25 S5 S s sl 5 o 5 S GLils Y

Ol 238l Ol 23T 5, aLE oty (2555 55 seied 038 Slpsked ¥

ayounesian@shahroodut.ac.ir :J gaws sl $ 4GL1,*

VFer e )V :U:Jg.lg@,lst\\‘-wga \O:c.jl:,,:‘c_uls

oS>

oo B b Gl el by el S Bl 5 gt 5 1805 e sa VB gom (SLa03 Ol (ME Sla JoSo 5 (o555 Sy o3 3l ey 53 Sladllas 15a 5 4
A ol Bl S 5 b, (MCAR 5 POMOC) gV st o o i 53 555 805 0Ly 53 bl Joo ol yonay ol (o3 andn oo 36
08 S L Bly B s S w3l 5 s I (ME 5 Lol 51 es S sl k8 S 515 00 8 iy 05 Wl Sy s e YO (oS SRR 55 ol 53t gy pba
0S5 YO Sl gl JoSo ol S 3l (3l — Ll JoSa 5 (05 13l — bl JoSa (3l m o3 3l 30 ke Loy 85 S LS |y Jpeme (olde Wl
03 35 Ban DSt Ao 3V b0 Cdd b e 5 () rhely e hel i esls ada i b s g s 55 )y, T e &) O O3 rjf}l;,adljlp
53 Y4 @ SPSS 133le 5 Al s LSD (oS O3 5 (51) @,bSG Suilsly Jaloss o gail 5l eslid b baesls Jloss a5 Tl L5 5 sa e batse 0L
ROUK SO ~/~0‘5)Lst.uch..«

sdalis (6 lsluns M3 POMC 03 55 Js 4(p=+/FAT) Cudlb 3925 (5lokns SVl s MCAR 03 3 okbanlllas s S o ool ol 15T g,ﬁj@u Hlacil
<3l POMC 05 0l 53 (p=1/+10) 2555+l 05 8L Bl 03,5 o 5 (=17 ) 018 65 SL Bl 09,8 1w (LSD (il 03051 ket bl . (p=1/0 7)) A3
Wbl 3 g Hlaliae

353 el 2alS (T C3le 5 (MCAR 5 POMC) o VG ot o 58 o ilis 53 2505 518005 0y 2ol 31 sl L gl oS 5 ol (105 25 S
ezl o a5 (b gl (POMC <MCAR :lasjl g ds”

(https://creativecommons.org/licenses/by-nc/4.0/deed.fa) Jollps ¥/¢ (551 1 —Lesl 5 smme o o ol 53T s 2 b s S0 ol - 515506 oladlae aloms NV F+ Y © sl b5 g L2 G

..\:.'5@)')3}‘5)1:1»'._”3‘5)1;,&):&),1:9.wlwywtﬁt})lhﬁp!;d&a;ﬂi)aa.u,i:;nﬂffﬂaja)‘lq-lwqAS;««U.LS,::;.A

\



mailto:ayounesian@shahroodut.ac.ir
https://creativecommons.org/licenses/by-nc/4.0/deed.fa
https://jdisabilstud.org/article-1-2753-en.html

[ Downloaded from jdisabilstud.org on 2026-02-11 ]

(V) S Ul Ll o 5 (6 5 (S S LS
Sl ol ol il 65b) S5 sl oS 05y SalS sl s
Sl e b 35 oS e oS5 01 Kty el el Jls
05 o8 5o 1y ()5 &slp 5 (e 05 S Lol e 2357 5
V) Ledls Sge odla s 058l Shls Ols e oz RS
bl 53 b sl s Blras slag,ls 03 piiie Jlas
S wda)ls Sledbl 1 ol glaesls Lol ool odd i
o2 b olas adyl oldlas Lol odis el CB Jsba
O3l iyls 56 05 SRelS s g Jlast b ot (slagls
AOYANY) cls dal g ol anas (55305 Sl
5 SIsnbe lagley OWe Olays gl S SLLS 5 S
59 S ol 53 4 o) V1Ll oL 5 55 p 3l 035 28l
V) Lyl oS olellis ol XS o L35 i 5 8100 5
5 bl Gan Jolos G b3l O Vo r R S
OLer 5 Sl .(10) canl odawsy SLila TPPARS (5)lelaé
3o YA obs Lawl lae (ST O aae (Azilys LAk 5
L3605 5SS (s lslms 5sbas (O 035 2 pSUdkes ¥ ot Oliey
s e mals by sl QS/‘J;M‘ Gl 53 ) L medSs S s
S O s i yasein 01 SKea 5 o30S s 53 .(V8)
(o Doty O 033 2 p Sdee 000 5 YO e 4 gl §5lae
5 S8 Olin Slalns 2l o il shane 25 sl S
AOV) 3530 ks Sy )3 by edSs 5
o3y bl (Slacaner 55 Bl £e) 55 sddplosl Slallas
Jle sl ol a8l u;,’t@uj 03 3 Sl ceilosy s dilate 53
O daed 5 L3 Andlas slaesls (695 oy 2 b OLSKan 5 (5 50!
DQI-) T b by ok S slaales S plaSzen o L35 )1
Pl Ldis jasld 5 (MDS) M Sadlad shs ook 5 (1
(2l o5 L(VA) s Jas s BMI L a8 55 L (HEI-2005)
om > O L Baspe Gaylse 5 Bl Ol oM 55 20
gl (V8) el sl Cilisee S5 slaslle b plasls
sz ool 5 o538 0 5, 5 S bl o 45 Sl 3
gasia |y ME 05y 5 MCAR 05 o sbaiSen  aallas
Ol o o el 50 &n) 55 (95 9does Slalllas 3 b3l .S e
Lol ¢! ajfct,,.n bl sads 505 55 MCAR 5 POMC slap)s
S Joys (YY) Klodkd gy p s> Bged 535 Gkl Lag)
ol Ys 31 eV n b 5 0 ol ol ol
o Slr S35 G (2o Gt G 2 G ol
Gda ol by 0358 andllas 5 olesl useVBn wgd (ai)) ol
JoSo ol paney ol (3 ks citin 30 ) 2l G
o3 Vlsen B edplie 53 ;8 Gl Ol 3 Ll
9. Agouti related peptid
10, Bertoni rebaudiana stevia
!, Hypolipidemic
. Peroxisome proliferator-activated receptors
. Dietary quality index international

. Myelodysplastic syndromes
. Healthy eating index

12
13
14
15

PVRY- \
don o:;gMR\ s g3 5 Yojsalal 5 Sl ¢
G F ol (V) el 0 S arlgn JSia U1y s slaes S
Ay 4 Soop Yo g dle ps el sl ol
Lol 51 deoys ) ¥ a5 5 0)36Lal s oler JLSp Coner
Ole 53 L8 sk Y/A 51 s VL (Y) Lo Bl o M
) s e s s Ol Bl 5 Osalsl pdls clew
e Ol JLSp Comer > 0iselal 5 Sl gt

(F) Sl ol 55158 o 3308/F 5 o p3 YTV

o i 5 3T 55 e Hleda Jeledir TS plie JBes (Bl
WS S5 Jelse Obe Bhr oSl SILL o
250 5 o dlab o g (S5 850k 5 e lezrlisslal (Sl
5 bl Sy Jol Sl Ssobw () el e
S35 adlas .l QL by 5 T K5 Jalge 5 Jaoes ddaey
31 o3 VOLYD wsls olis Lasliss 5 Laodil sy b 5 Laesl gl
Jolse & by bl o (BMD o 655 esld ol o
OIS bl Sty asi &) 3 Lt siy . (0) ol (K03
(0cF) 3yl 2 Bl 55 05 YO Jilus oS !

S s uSOly 5 43515 ((MCAR) °¥ (15, S oMk sy OF
¥ oS5 5 gy sl dalind YYY (G5l 555 5 g
03 e M ) S m i) e Sl D) (S Ol
(F) A8 e Wl (55 Slhgan 5 03 ME glasls, ks
o) 3 8ee oSG 5 lals o 05 cpl Gla e Sssbe
(SIA Sbwgen e 5 DS sl by 55 s
Sledey SG5 L Bl e s 5 SSS5 e Bl s sl
Sladtn )3 SBus sbaiys 5 g 53 MCAR 626 ,5.(V) Ll
Jyls lodas i Ll v._Jé.':.); S sVl Y SG hL
Soddpd 5 e L 5 55 — e s (V) 3550 Ol
v o JLal b S Gl Sl (V) spdie d o il
Vo SeNeslsn Ol bosyp e 53 35 e S
ST bas 53 05055852 ) - (A) Rl G135 (POMO)
Jl Ay iy 5 (@MSH) YW e i3 Sms 050558 &
Groki S 4 a-MSH Jlasl b apd oo anslls o S50
s lgs e slacilys 5 Wb el ledl (MC4R
Mgl glaokiSiles 0ly Gl osdhe (baodi S e Jluas!
Q) 3,15 o 1y Ll aioas a3l sla 255 o olo Hlge 5 ialS
L oS b 1y CAGRP Ol 5 e Ll oS lge Loy s, 5 Aol
Ll 5 53,5 8l a3l 4 2ie MCAR > Shes 03 5655 Sl
0 sor M Oy pn 53 2l SeSTL MCAR (plply S5

. Obesity and overweight

. Metabolic Disorder

. Genetic factors

. Body mass index

. Mutations in the melanocortin 4 receptor gene
. Pro-opiomelanocortin

. Alpha-melanocyte stimulating hormone

. Anorexigenic

(e Y I S R R


https://jdisabilstud.org/article-1-2753-en.html

[ Downloaded from jdisabilstud.org on 2026-02-11 ]

53 e VY Gy a5 A g0 ) &l 3 akBs 5o e el b
Sl 5 oMl AR3s g 3 iamer Lo il Bs 5 i3S
o Ve e b bl sl S o285 03505 sl
oS Y 4 Ve S leslimad L oL s .a;ru,;\ Wids >
K b S Gy M 5 LS Eea o L bee 3O
S LBl ()l s e 35 e 0o 35 p 8 e Sl S
A RNA s 513 bl 51 dm dl .o S ploul 406 55 5|
s ol LmRNA o) 51 das bbb ol el O 555 S
saleil 5 sl Ul VA les b mle 03555 5 &
Los 5 3,5 513 amys —Ar 3 o&aule)l J3 il Jlayl
LS ]l

el 53 V4 &5 SPSS 153l 5 A s ‘L;)j@?;\ o esls
Wosls 03 sdle J:gL S S S /00 (golblae
O3 gl T La ilsly (Son 5 s sl g0l SaSy
(51 @, bl Joows 0 ga3T clag S o IOl Alin 51
by 484 LSD i o503

bail ¥

35 POMC slaos slns Gl sl 5 Kl Lo 55 slayasli
el 0l 45‘)‘ \ J}J@- L MC4R

B Ol ey 5 slace, (MC4R y POMC)

sorrss Y

sgely el S AL sy @) S YO GOl oS gl 53
oKzl o2l T b s (6,10 Bl 4 La i3 50T s 4 3
05 5 o y0r Cogby camys VY s slos Losg ald sxo
553 5 oA e (LS00 ol deluos)lss & 2) i S
Ll w20 Jares Jalpo B L3 S B | leincs g pdy 5L
€3I o slasl Sl s gedl pcushs 5555 oo s b ol
e S um § 3 aj,f@ﬁ La o5 5051 5,85l 51 s 3L
S pd GBly B s S elys |y g S (2l w23, Lol 3l ey S
I e a3l ,S IWs |y J gems ol 46l 5505 S
Sl Ol 5 kS Yo Ve S5 S eslimad assy ol
By g 035 B sa e Gl p A0 NS

5 o 13l mbsl JoSa tGle— e 5l 25 ke Laey S
YO sl |y bl JuSls e ol 4B Bl — L sl JuSas
5 ain 53 sy gy et Oy Ok 033 ¢SS 2 bl p S ks
by elaly 35 s (YY) dsS col,s aia cuia
@L.sz 4l lgoee (YY) L Ol OLKan 5 ) osleiy
Jols o s Bl oy Al 5555 S50 Al Sl 5
S 25 b O5enS| Aoy V B0 SUS b s 5 (S5) (el

sdanlas slaos 55 MCAR 5 POMC (slaps slms Ol il 5 o Sls oo 55 glayaLis ) Ui

Shne U1 ol ool sl 55 0s S
VY Y¥/AY 0 POMC \;
Y/VY \Va'%4 0 MC4R ’

VA A\AVAR 0 POMC "

Slr
\/VA YV o MC4R
VAR’ Y/ 0 POMC

b
Y/0A \VZR) (o) MC4R
\/VY YY/\A 0 POMC ..
/0¥ VA 0 MC4R i
AWV 4 Y¥/14 0 POMC sl
\/YA V/AY o MC4R TR
\/VY \AVAK Yo POMC
\/AQ WY \S MC4R <

¥ s 53 Of gl &8 dd oslimal 1T 0 g3 31 Loy 8 35|

RGO P WA 43‘)‘

23 emta 93 a glaesls @j)S als plas &lﬁj_}mu Qyﬂ @L".;
0551 S iad (P> 41 0) 0 b 0l 2 S5 ko
dolis gl (P20 0) 55 Ken Lailyls oS jasie o)

sddanlllas glaes S 55 MCAR 5 POMC slais5 dlio (51 15T 05031 s . Y sl

Jlaz lkie F Sl e Sl df Sl o ¢ paes 05 Sl ae
T ¥/Y4 v/ 8 YAYY POMC _
JEAY + OV /Y NAF MC4R P
Y ¥ Y. FY/AQ POMC ..
Y/A Y. VW0 MC4R a8
YY \AVAYd POMC
Y¥ AOAY MC4R Lo



https://jdisabilstud.org/article-1-2753-en.html

[ Downloaded from jdisabilstud.org on 2026-02-11 ]

3 03l LSD (oo 0 g3 51 S ol 03 padetn 55 okdbiaalllan glaes 8y s o 0L ¥ i gl 45 sbolen
Wl 03 DI Y s 53 O s & 5 (=2 /PAY) Codlls 525 (515kae M3 s MCAR 0

Sl (p=1/2YY) A edalin (g lblas DMl POMC 05 o

POMC &3 3 baos S o b3l ool 9 jaseds (6l LSD oot oyj@u ¥ Jsde

JLAb‘)L,\;LA U’:i"L?A d‘}’\}‘ ojjf ejjf
ey —Y\N ol el
/N0 -Y/fv St el Sl

POMC
26
=
2 25
¢
S 24
1
g 3
<<
z
= 2
(&)
s 2
g
20 =
st R Lo wis | O
EPOMC| 24.83 21.71 23.11 23.18 24.19

odiantlas slaos S 53 POMC 05 Obs - ) ,ls gel

S pa) g sblas Vo dsdr @ axgl ol ol S el
'(p=./~\ojp=~/n Y

)o‘ﬁo}ﬁ\gék—o};w ¢g“_,\.~a|g}¢$;.iw \)‘J)A.':)J«f)}lé()m

3575 35 POMC 05 0k 53 (aios+bsl 03 54 Bl 05,8 e

2
5
2
3
g
5
x
)
& 1
<
=z
o
E I
g
o
=
: m “
oL£ S Ll s e
15
uMC4R 1.76 0.27 1 0.75 1.82

odiantlas slaes S 53 MCAR 05 0Ly - ¥ ,ls 5el

el 0 POMC 055 0o ol 53

05,5 335, jasie MCAR 05 b bLoyl s s ool glaasily
dan 53 5 il [2alS MCAR 05 0l ol 505,5b awolin;s Gla
05,5 3 oo tedl bl sl sasSilys Bl sy S
Bl 51l i ol Js 35 08 09,8 51 mdey Ll b (355
033208 & Ol 085 Iskae Jlozl B3 51555 lsbias wolel
38 )LEl oo b pae sla) s b)ﬁr{j 10 gleyode

— ey il Ol g a g ol (SLaaBL b sl g3 il
> MC4R 5 POMC mhu czilys oles 5 5
35 5 Wb Ll sl 3555 5 e Aol peVB son
& OLer 5 5558 (YY) Llage Vb 55 0yl 5y sl
8055 SG 0151 5 9llbgls (2555 Skaol S 8555 SO o) 2
sole glac; 5o Ll 5o s sVl sn o055 (SSs

ﬁbbél};b}ﬁw%ﬁ cW‘MYJ‘)ﬁ)J&)}LOL«A
Y J}Ja-‘u‘\;-}:sb ol s sl MC4R o5 ol s Lheij
(p=1/FAY) 555 slsbs Wl S 31 sl ol

:.=. f

Gl s in it U e Da Lol G
B el 53 2S5 S03 Ok > Lswd JoSe ol ene
el Glr gy 5 slac, (MCAR 5 POMOC) o 5eYG s
POMC 05 0l 53 Gly 058 LolS 05,8 o el OLas ol 3
gl slaos SLel S0y 8 o s Seils 3525 (5)lolis slis
Soslea A odalie (5)lslme sl Ll b (3505 5 S5
JoSo s sl 0l POMC 05 0l 3 2alS easb oalil 3ls
o g 021> FalSl) Bl (25008 Ll b (2055 5 (5505 bl


https://jdisabilstud.org/article-1-2753-en.html

[ Downloaded from jdisabilstud.org on 2026-02-11 ]

L byl 5s S e Hles | Ledl 5 das o 28Ty O slalie
sk 08k POMC 05 0by 2 gl JaSo (551850
S aglin 0T L 1) bl St s5 ool B ssls Goos ool wlie
05 0l e sla oS 5B 5Ly ol 3508 Jsa
eyt S O JIIEH Jalee 385 a8 55l (POMC
Sls OlE Jol- fass laasl ol sosdle ol odld el
b Bl o35l 53 bl JoSa s ol enas cppe

22l POMC 05 0l 2 (8 s (2151

Sz 0

Ll JoSo olyoney (palial o3 wdn cia aods ) bay
o3 VBsed B s 53 2855 La0s Oly SRl s
ol s s Bl Llns 5 slae, (MC4R 5 POMC)
D) sy Ll JuSa 5 ool o pad (Gl cnl Lol
5 POMC) posaVbsen usd dmlio 55 1S5 ladd 0L
Sy Ledl pals ol Calas 5 (MCAR

Sl S f
(RS rl;;;\).s S oy als ST o&sls ali:ﬁu)"\gtg&@w B]
:}AJL;« @‘:)J:O cJQJQL») 6)\3 b Ol

bkails Vv

OBuSES 3 5l asbicols, 5 S Ll

503 S5 LBl b8 LLOLL Sl e Sy e
Ty Ny L 39, SR olKisls
.l IRIAU.SHAHROOD.REC.1399.006

sl gl ol

el Ll B el ol

g’t.a szl

Al bl 3L @ Spen LS s oSl G

S gbe

a5 ny pasd glayia ) g ool Jle b s
el ol sl sloslu Lol

Oy 5 2S5l

VNI rl}u‘ Ly ol el 5 (laslbuls wladllas J ol ek 5

é”)""‘”:’}"w‘;°%pf‘)&hj}&‘f€w6‘f‘|fQ)Lk-'rJQ
.ol H;,d\ Ly ol s 5 Laesls o 5 54525 p g

References

Obs IS Laalil OUT hass beesls dzsls n Lapl olus)
Y 0lsle MB35 )3 s 4 b 53 |y, POMC 5 mRNA
05 ols s o Wzl s s sWSha (YY) ol ol
ColSsan 5 sl 25 alaxl i ge he Cilides bl 53 POMC
Lt 5 e Jood 53l Dby e @ Gl Ol sV s
25 Sl el 5 ol 223 s Sy sba tonl ol
(Y0) ol @il 2ul33l w eV gom

Olgpean OLSen 5 5555 Galodd ol b ol sl slaaily
ICEWAY u:i‘.w oo i 033193 31 day (disls glLAS Lol s
Gl 03 32wl POMC 05 0o )3 (5)lsbms s aids 53 2w YO
SRS OLer 5 et sk wld b rges (YF)
oae Jaw e (5555 b L 51 A POMC 05 0l 3 1y slsbias
YY) 3,10 Slsdean (L Sedalin jluws 5 sbae; 53 b
oSy e 5 A 4 Ol e Slseenl cpl Jlenl Y )
23S oLl

2 sl s MC4R 5 POMC/o-MSH ol 3l il Jl> s
A3z gl 15t jadeials Ll oS5yl sladkey
NPY/AERP ol &odess S 55 okl Oladllas ol ool
3 s oA sbag Sl coles lp b el bug
POMC/a- sl &S Jl 53 hibgo Sl 33l e 51 clablons
Lis 5 NPY/ARP (s b )50 ) shiees MCAR 5 MSH
YY) s n ol 3 1 M O e 5 558 00 oS (S5 51 glaay
gl 5 B o L SLi (s e g ey llanil s ol s
MC4R 5 POMC/a-MSH ols &odejlys S5 85,50 O s
s o bt b ol bl oo 30 e S b el
San Jyens S S Ilad das e 0L 45 53 s a5 Sl
b Bl s 0slal a4 b e Lol 5 5 dS 0 oS O 035 5 108
A(YAYA) Lidw 2 g

slrady o yed S patie pOle sy Gl plpesdle
2 S 2 G Bl (sl i po3T 3 bl JaSo U paas
Lt 136 IS L el oL 53 3 92 50 slai3 3)1s POMC 05 ols
ST Lo 13 3 b et 4 oo <00 0393 Ok WS 0
Sl o slde 03,5 4 e ol ol 51 sl oM w
S e $AS, o Hlga 1 0T 55,05 50 Ll J =8 5 5 das e
(MCAR 5 POMC) 3Y5 st o3 oo s 53 1S5 (5La0)3
Ll JoSo by SR by 3580 Ll RalS 4 e
03,5 4 Joo (MCAR 5 POMC ool 0by iyl Gobsl

1. Blither M. Obesity: global epidemiology and pathogenesis. Nat Rev Endocrinol. 2019;15(5):288-98.

https://doi.org/10.1038/s41574-019-0176-8

2. World Health Organization. Obesity and overweight [Internet]; 2021. https://www.who.int/news-room/fact-

sheets/detail/obesity-and-overweight

3. Hruby A, Hu FB. The epidemiology of obesity:

https://doi.org/10.1007/s40273-014-0243-x

a big picture. Pharmacoeconomics. 2015;33(7):673-89.

4.  Dijalalinia S, Saeedi Moghaddam S, Sheidaei A, Rezaei N, Naghibi Iravani SS, Modirian M, et al. Patterns of obesity and
overweight in the Iranian population: findings of STEPs 2016. Front Endocrinol (Lausanne). 2020;11:42.

https://doi.org/10.3389/fendo.2020.00042



https://doi.org/10.1038/s41574-019-0176-8
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1007/s40273-014-0243-x
https://doi.org/10.3389/fendo.2020.00042
https://jdisabilstud.org/article-1-2753-en.html

[ Downloaded from jdisabilstud.org on 2026-02-11 ]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Cheung WW, Mao P. Recent advances in obesity: genetics and beyond. ISRN Endocrinol. 2012;2012:536905.
https://doi.org/10.5402/2012/536905

Pérusse L, Chagnon YC, Weisnagel SJ, Rankinen T, Snyder E, Sands J, et al. The human obesity gene map: the 2000
update. Obes Res. 2001;9(2):135-69. https://doi.org/10.1038/0by.2001.17

Tao YX. The melanocortin—4 receptor: Physiology, pharmacology, and pathophysiology. Endocr Rev. 2010;31(4):506—43.
https://doi.org/10.1210/er.2009-0037

Beckers S, Zegers D, Van Gaal LF, Van Hul W. The role of the leptin—melanocortin signalling pathway in the control of
food intake. Crit Rev Eukaryot Gene Expr. 2009;19(4):267—-87. https://doi.org/10.1615/critreveukargeneexpr.v19.i4.20
Govaerts C, Srinivasan S, Shapiro A, Zhang S, Picard F, Clement K, et al. Obesity—associated mutations in the melanocortin
4 receptor provide novel insights into its function. Peptides. 2005;26(10):1909-19.
https://doi.org/10.1016/j.peptides.2004.11.042

Valette M, Bellisle F, Carette C, Poitou C, Dubern B, Paradis G, et al. Eating behaviour in obese patients with
melanocortin—4 receptor mutations: a literature review. Int J Obes (Lond). 2013;37(8):1027-35.
https://doi.org/10.1038/ijo.2012.169

Monazamnezhad A, Habibi A, Shakeriyan S, Majdinasab N, Ghalvand A. The effects of aerobic exercise on lipid profile
and body composition in women with multiple sclerosis. Jundishapur J Chronic Dis Care. 2015;4(1); e26619.
https://dx.doi.org/10.5812/jjcdc.26619

Gadde KM, Allison DB, Ryan DH, Peterson CA, Troupin B, Schwiers ML, et al. Effects of low—dose, controlled-release,
phentermine plus topiramate combination on weight and associated comorbidities in overweight and obese adults
(CONQUER): a randomised, placebo-controlled, phase 3 trial. Lancet. 2011;377(9774):1341-52.
https://doi.org/10.1016/s0140-6736(11)60205-5

Smith SR, Weissman NJ, Anderson CM, Sanchez M, Chuang E, Stubbe S, et al. Multicenter, placebo—controlled trial of
lorcaserin for weight management. N Engl J Med. 2010;363(3):245-56. https://doi.org/10.1056/nejmoa0909809

Jeong IY, Lee HJ, Jin CH, Park YD, Choi DS, Kang MA. Anti—inflammatory activity of stevia rebaudiana in LPS—induced
RAW 264.7 cells. Journal of Food Science & Nutrition. 2010;15(1):14-8. https://doi.org/10.3746/jfn.2010.15.1.014

Silva GEC da, Assef AH, Albino CC, Ferri L de AF, Tasin G, Takahashi MH, et al. Investigation of the tolerability of oral
stevioside in Brazilian hyperlipidemic patients. Brazilian Archives of Biology and Technology. 2006;49:583-7.
https://doi.org/10.1590/S1516-89132006000500007

Assaei R, Mokarram P, Dastghaib S, Darbandi S, Darbandi M, Zal F, et al. Hypoglycemic effect of aquatic extract of stevia
in pancreas of diabetic rats: PPARy-dependent regulation or antioxidant potential. Avicenna J Med Biotechnol.
2016;8(2):65-74.

Akbarzadeh S, Eskandari F, Tangestani H, Bagherinejad ST, Bargahi A, Bazzi P, et al. The effect of Stevia rebaudiana on
serum omentin and visfatin level in STZ-induced diabetic rats. J Diet Suppl. 2015;12(1):11-22.
https://doi.org/10.3109/19390211.2014.901999

Asghari G, Mirmiran P, Rashidkhani B, Asghari-Jafarabadi M, Mehran M, Azizi F. The association between diet quality
indices and obesity: Tehran lipid and glucose study. Arch Iran Med. 2012;15(10):599-605.

Casazza K, Dulin—Keita A, Gower BA, Fernandez JR. Differential influence of diet and physical activity on components
of metabolic syndrome in a multiethnic sample of children. J Am Diet Assoc. 2009;109(2):236-44.
https://doi.org/10.1016/j.jada.2008.10.054

Hemati Nafar M, Kordi MR, Chubineh S, Chubineh S. The effect of six-weeks high intensity interval training (HIIT) on
fibrinolytic factors (t-PA, PAI-1& t-PA/PAI-1) in sedentary young men. Journal of Sport Biosciences. 2013;5(3):77-89.
[Persian] https://doi.org/10.22059/jsb.2013.32188

Shi X, Zhou X, Chu X, Wang J, Xie B, Ge J, et al. Allicin improves metabolism in high—fat diet-induced obese mice by
modulating the gut microbiota. Nutrients. 2019;11(12):2909. https://doi.org/10.3390/nu11122909

Lee MH, Kim H, Kim SS, Lee TH, Lim BV, Chang HK, et al. Treadmill exercise suppresses ischemia-induced increment
in apoptosis and cell proliferation in hippocampal dentate gyrus of gerbils. Life Sci. 2003;73(19):2455-65.
https://doi.org/10.1016/s0024-3205(03)00655-6

Benite-Ribeiro SA, Putt DA, Santos JM. The effect of physical exercise on orexigenic and anorexigenic peptides and its
role on long—term feeding control. Med Hypotheses. 2016;93:30-3. https://doi.org/10.1016/j.mehy.2016.05.005

Caruso V, Bahari H, Morris MJ. The beneficial effects of early short—term exercise in the offspring of obese mothers are
accompanied by alterations in the hypothalamic gene expression of appetite regulators and FTO (fat mass and obesity
associated) gene. J Neuroendocrinol. 2013;25(8):742-52. https://doi.org/10.1111/jne.12053

Jiaxu C, Weiyi Y. Influence of acute and chronic treadmill exercise on rat brain POMC gene expression. Med Sci Sports
Exerc. 2000;32(5):954-7. https://doi.org/10.1097/00005768-200005000-00012

Lorenzeti FM, Fojo D, Chaves S. Does resistance training modulate food intake and hypothalamic neuropepetides mRNA
expression in rats. Clinical and Experimental Medical Sciences. 2013;1(7):299-308.

Khazali H, Khajehnasiri N, Sheikhzadeh Hesari F. Alterations of hypothalamic pro—opiomelanocortin gene expression and
appetite in response, to one—month regular moderate exercise. Experimental animal Biology. 2018;7(2):125-34. [Persian]
https://doi.org/10.30473/eab.2018.5188

Cintra DE, Ropelle ER, Pauli JR. Brain regulation of food intake and expenditure energy: molecular action of insulin, leptin
and physical exercise. Rev Neurol. 2007;45(11):672—82. [Spanish]

Benite-Ribeiro SA, Santos JMD, Duarte JAR. Moderate physical exercise attenuates the alterations of feeding behaviour
induced by social stress in female rats. Cell Biochem Funct. 2014;32(2):142-9. https://doi.org/10.1002/cbf.2984



https://doi.org/10.5402/2012/536905
https://doi.org/10.1038/oby.2001.17
https://doi.org/10.1210/er.2009-0037
https://doi.org/10.1615/critreveukargeneexpr.v19.i4.20
https://doi.org/10.1016/j.peptides.2004.11.042
https://doi.org/10.1038/ijo.2012.169
https://dx.doi.org/10.5812/jjcdc.26619
https://doi.org/10.1016/s0140-6736\(11\)60205-5
https://doi.org/10.1056/nejmoa0909809
https://doi.org/10.3746/jfn.2010.15.1.014
https://doi.org/10.1590/S1516-89132006000500007
https://doi.org/10.3109/19390211.2014.901999
https://doi.org/10.1016/j.jada.2008.10.054
https://doi.org/10.22059/jsb.2013.32188
https://doi.org/10.3390/nu11122909
https://doi.org/10.1016/s0024-3205\(03\)00655-6
https://doi.org/10.1016/j.mehy.2016.05.005
https://doi.org/10.1111/jne.12053
https://doi.org/10.1097/00005768-200005000-00012
https://doi.org/10.30473/eab.2018.5188
https://doi.org/10.1002/cbf.2984
https://jdisabilstud.org/article-1-2753-en.html
http://www.tcpdf.org

