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ABSTRACT

Background and Aim: The purpose of this study was to investigate the effects of high
intensity interval training (HIIT) on visceral and subcutaneous levels of leptin, plasma glucose
and insulin levels in male Wistar rats.

Material and Method: 20 male rats (mean age: 8 week and mean weight: 190+10 gr)
randomly divided into resistance training (n=7), HIIT (n=7) training and control (n=6) groups.
Training program continued for 5 weeks (5 sessions/week). Training program consisted of
running on treadmill with incremental increase in intensity of 37-52 meters per minute, 6-12
two minute bouts with 1 minute rest between the bouts. 72 hours after last training session
and in fasting condition, rats were sacrificed and subcutaneous and visceral adipose tissue
were removed. The samples were freezed and maintained at -80 C° for subsequent tests. We
used independent T-test for data analysis.

Results: The results showed significant variations in visceral and subcutaneous levels of
leptin and plasma levels of insulin between the training and control groups (p<0.05). But, the
variation in glucose levels between the training and control groups was not significant
(p>0.05).

Conclusion: The results of this study showed that HIIT decreased visceral and subcutaneous
levels of leptin, and reduced the risk factors associated with obesity. HIIT also reduced
plasma insulin and glucose levels which can lead to decreased insulin resistance.

Keywords: Leptin, High intensity interval training, Subcutaneous and visceral fat

Received: May 06,2018 Accepted: Dec 22, 2018

How to cite the article:
Pourranjbar M, Kazemi A, Arab MJ. Effect of high intensity interval training (HIIT) on visceral

and subcutaneous levels of leptin and plasma insulin and glucose in male Wistar rats. SIKU
2018; 23 (6): 89-100.

Copyright © 2018 the Author (s). Published by Kurdistan University of Medical Sciences. This is an open access
article distributed under the terms of the Creative Commons Attribution-Non Commercial License 4.0 (CCBY-
NC), where it is permissible to download, share, remix, transform, and buildup the work provided it is properly
cited. The work cannot be used commercially without permission from the journal.


mailto:a.kazemi@vru.ac.ir
http://dx.doi.org/10.52547/sjku.23.6.89
http://sjku.muk.ac.ir/article-1-2517-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-26 ]

[ DOI: 10.52547/5ku.23.6.89 ]

AQ-100/199V siduwl § (ogd / @0w § Cuuy 2)93 / olwy)S (Sib)y eole slEils (alc alas

godgwil g LD g Gwgd ) (2 Sl 4O Cpd Tobaw 9 W (gl Sl pod
P S0 s 4 (lowdls 5

T Sl oo (BT Lo s ! iy 54 ez

DIl 0b S (S o sle oBails Slasl p e Sk S a5 (K oS80 ¢y a5 03 S skl )

SFAWATNY B il Ol Ol ST Oty uae Jg o&Kils ¢ Ll pole 5 Slusl odSiils ¢ 535 pole 038 (B8 S5 SLiils Y
Email:a.kazemi@vru.ac.ir.vf

Ol €0l S ¢ oDl 13T o8l ¢ Gl sk 5 sl oSl ¢ (5555 S50 50 58 A1 ol S

S
3 Gt s 3 0o o ok (HIIT) W sl S e DI S1 sy 0l Gl 1 e 1B 9 dine
D3 gl e G s ledly SIS 5 o gl ¢ o Liod

. . g . . é. . . é. 5 .. . 5
%@JL@ )_}b‘b(r;\‘\'i\' u-’-h,"-’j-' w&\.‘.‘.«jm/\ww&%ﬂ) u‘l‘f’“” w_}.ﬁj.w"' J}Jﬂ.ﬁ U‘l'\" .‘sw)): uds)
‘}Auw‘ﬂ:ubjM‘J,:-‘A:MOQMA;}MJ:WDH“TMLJ;&MMJ}Sa}f)H“TJ‘ﬁJaJ;):
\Al J};L&A.Lb_gwsl}‘f.w\ @J&Lé‘@)‘ AJ.A)?—\YJMT:.;JJ{}AW—OY ou\...f“f@fﬂbdb;)‘}; S QJ{J)
Ky a4 S8 5N Gy 4 gl 5 i e 5 (OIS A (sles 3 s sl S La3T plnil g 5 deme
Jns 05037 51 Wosls Jubows (g1 &S g5 pLs 05057 Jows 5 Waosls 0350 oy 5ol 51 e ok (6,8 31l o 5T i
..\..feo:Lé:...ﬁ:lY'MSPSSJ‘}\DSQ#'O‘SJ\J\;MCE.A{
U’-‘ Laf (P<'/'G)MOMW wa}k_:‘ LJ’A)"‘“‘W-’;S:‘"}-’-XJ}&U“’\ u_:ﬂw‘.:jc}k..ﬂjz 6)‘3\.# C)‘m&? :l.b«:élg
(P>0/00) 545 lskas Lwdly 508 55 Sl ks
Ul o 3L s ol b a8 Eel Wil o HIT Sl o5 o7 505 0l G o) 51 ool 5 18 T 4ol
3 gl et Ay As g5 Dl a5 35 Bl 51 AU sl Jalge 28T G b ol 51 s el 28 (G S s
s gl & Caaslie 2 o 45 03l 2SI lewtly S8
sl s g 25 o s sl et cond (ST (SWdo g
AV /N1 dy AV/A/YE: ol 4Dl AV/Y N 7:ddlas Jsem

109V aiauwl § (oagd / @ow § Gy 0)93 / olw)S (Sib)y eole alEils (alc alas


mailto:a.kazemi@vru.ac.ir
http://dx.doi.org/10.52547/sjku.23.6.89
http://sjku.muk.ac.ir/article-1-2517-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-26 ]

[ DOI: 10.52547/5ku.23.6.89 ]

Ql (abl5 oylsac

S ) 6,8 s Gi b 3 0 055 JES s &S
e slide & md )by 2B (G55 e 4B 18
ol 53 Sl polie 5 Ak g2 3L 5 (60L5
IS o @l 03 9) sk Ob Glsd o
S Vet e 55 5 Ll Lol SlaoS (Lo
b el BOL 5 OB L o )3 (55 o Sls e 2 b
SeG2503T 53 a5 BB oo 4 o DL
IR s Sl i gnle 055 b 93l B L i 55 Gl
S (blihbl o 2R 5y Al Sl dm ) sl
ol odalive O (oo Oljes 5 Ot U,Z:Jf):ﬁ:\.in o
S a5l 5 gide Olgie a4 Llg o pd uomen (ol
23 s ey ML aaly s re 63, 55k Sl ely
sy i S ST e S1 ) N A4S Jae 0
dde i 53l sl S 4 ol sy byl
3L Oy JU ) o 3L 5 odae e 5 HISCl
Bl 3131 53 ptd adsl sk 487 LT 510V ) Gl s
35 0T ook ;S 55 Il b o & Zaaslie s 4
S5 0l blsl 03 ehs 4 0T YU £k (ol
S35 55 Bs e~ Solew 55 oS iy
Ml 51 S8 Ol a4 omd Dl sl 5 o
Gl 4 (s -l Glagiles S ks
Ol 08 K 55, » Slidw I S (V) wT
3 943k 55 e O S lyls Wl 5 o fd &S Wlesls
3L 53 G gl Sl 21531 G b 1 o sl e
S AL il B e AS i s
sl i 5 5l o a5 il es ST Ol e Ray,
05,5 Joo Go b 31y o el 05 0L 5 S 0 6 S S
3 i " SGISSY lr lad s (S5 ks
(IS & Sl (s e 03 032 GRIP G b
sl 5 Al a3 &S A s SRS

® placenta
’ Pancreatic lislet Cells

doie
J:@ﬂqfw\aw@ﬁw&&g%
slrans s QTC”ZJ;“M»\ J"sj*wfdb-): Olg ol s
poki 5 (Bl ol 2kl s R O ORI R
Gl S slaasle GRIIL OT b L e oS s
2 b oo b Sk Sati Do 4 58
s 5 uS g L Jo 5l Sl (Sl glacil
Cligm 3Ll e o 3L LT ol ol an IS
“ st ) Oy 53 1) (soge (N353 58 2 o7
i 5 OSSOkl 0k 53 | e a3 ales S
5 o 5 35 4 Oldl gz 3L et LSS
T3 SOk T S g e g s sle g
O 53 g ol i bl el ot glubis oa KK
2 bk oz AR R SIS
bRl 5 2l )13 (e 25 g 3L ey
Olbl ripan S o a3 LS 5 L Sl
WY gy & (Gl oS3l S ol 5
3L S Ad b gl 1l 53 (V) S V.Mjs bl
S o Jor o 0 L K Ol 4 B o x
Jib o ST 5ubl oIl & Ol g 4 (o 3L o)l L
S 5T & T 4S5y S e oS ol os s
Shesen b3 o S AS o mh Lk e ol
b ool Slidss .(10) LS e S lhe oS pike
S G mle 50T e Dl pde S diles S
2L e B o Sl Gl S
S 1) 48 o Wl Gl il (3018 8
Slajma 53 5 w5 g 3L SIS Gl sl
o YA el ot 3 5 n S 3 el 550 5 slisil

@}ﬂ‘b }1:5 \& qu;lj e u‘_<.1 .ob ) ab;)\}

! Deposits

’ Beige

¥ Subcutaneous Adipose Tissue
*_ bioactive molecules

% thrombotic

109V aiauwl § (gl / @ow § Cuuy 2)9d / olw)S (Sibjy eole slEilils (alc alas


http://dx.doi.org/10.52547/sjku.23.6.89
http://sjku.muk.ac.ir/article-1-2517-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-26 ]

[ DOI: 10.52547/5ku.23.6.89 ]

<3330 (3063 Oligyad y31 9P

s Bl 06 53 (oS g ) g S8L o
el el aaa \Y &S sl Ol s opl &b
m o Sl st e g a I AL ) sl Sl
Sl Al lslan ) e 4 ) (plewdly sl s
g o b Sl ey 4 (TOVF) Ol 5 Ly ()
itls o 5 G sl ghe sk DLk S
Lo (g D3k 3 L 2 55T 53 ol Dl e
a5 o B S e s Bl sla o) s
T sloban (Rl3l 5 nd (g pm sk lalias Sl
RPN GE I-oU e R R FRRR-CPWEY Ry
y Gololine b il 3l b o 3L 53 K 5T
o el s ol ey C)Ja,ﬂ«fdlu,; ol Olas
36&.(\'\/) :;i«:éliﬂ\f)b@mﬁécoygw
sl Sl o 1y el oy a3 win A 101 Ses
ool @L:S L3Sy Bl OS5 s p\S 5T
WL (G gd W (Go505T 05 45 ols OLES tasy
Hwb);mzc»pajju:g\f(wa\,w\
Oy 0358 bt LLI)| 55 2a g5y nl s 457 6551 ol o
s Ol 4 e s LYY e e 0L ) (ad e
sl dle 61, Koy OMSIAe (O 9oy 38 ) et
Sl 5l O30 50 0l sbae a8 )3 (8555 )l
ST qw;l,;&ggcpu:ﬁlf@l.x)b
Eo Sl 5Sen 35 g S3L SR Oy g 4
Ao OT YU ok 03 Lol @ a5 b &7 o
i Sl oy sl bl 5y opl Sl
&)s&::gcjh_ﬂ a5l (6ol 5 el d Ol e
23 35 3 5P Il Dl b (GBS, Sl el
Ob ladd Sl scst gu 53 OlLud 5 5 sl Canles
Olge 4 pad Canal ool 5 ame 53 (W) Gl ol o
20T B s o b Sl Grie pS smlusesT oK

OF el 03 adedaal pimpas 5 Calitbes DY 5

! Electroacupuncture

sl 55T 4 o sl Jlail 51 opad 05Dl @ 58 o0
o 0313 Ol 035,00 (V) A" o (5,8 sl ol g 3!
S)ls 3 sl 5 il G ey BB LU IS
T 15 A3k Fhe Bl 55 50 L5 e Dol pl &S
Losisa 5 0L O5s b (e LLILI O 53 05058 53
W 39)9 3 e BOsay s ol (YO V) Wsls o2 ey
s by s 4 dlasl g e Vlsn g claata
G s Slgs 5 (ST Gla e OE Jlb s
ply st (sla e 3 IBsl (M) L S o SIUT
Jolw Lads adS (6l jeun 53 Ll 5 0 Ogaysm 53 opl
4 Canglio 4 peie 5 €318 3 I8 Sl pen 5 (6551
335 ndplie SV 5 g iley bl 5 o sud
Sl el J1 iy b Yo A) 0L 5 Sk (¥)
b AL b e YA sl 5 o sk (elinad
3 05,5 e A Sl) 0 S Y Usles G
win 53 s el i 4 Sde 4y S (U805 8w Y
O oL wlal Jol b5y 5o a0 5 azds Fr Oode o Ul
Q.\ﬁqﬁgaﬂ/\);,m\“ou;}s— Ok 09 deoyd
S Loyt ol s ctin 53 55,50 gy 3 Cele &
3 Aoy 00 5V LS 5w Ok (g A 5 O O)
bl el oo 2ol 53 0L 5o o 5 G sl 7 shaw
A5 els 053 OLL 43 5 05 Ol ys Golsgre i
S dls olas (¥AY) oL 5 S5 b ()
Ol 4 pslie 5 Sl fsn 53 aslie o ped arde ks
Al & Laslin 5 o gl S I8 I gme 28T sl
sy e O 0L 5 S5k ((VF) 258
bl she A (Glpr Sl wis s S
Sl 53 bosessn 51 K (s ol 5 o)
3 0 g o8 Wsls 0L Jls STl 515 51 5 Bl
52001 8L falS gols s sk 4 laedly (5]
win VY Do bl Sl el S e 4 s,

b 0T Ok 5 b 8 sT (F o by sk 655 2

109V aiauwl § (oagd / @ow § Gy 0)93 / olw)S (Sib)y eole alEils (alc alas


http://dx.doi.org/10.52547/sjku.23.6.89
http://sjku.muk.ac.ir/article-1-2517-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-26 ]

[ DOI: 10.52547/5ku.23.6.89 ]

QR abl5 Loylae

6‘)’." Cele LUl C)J.:u L&»uf:}/a L§°L"‘; J‘i‘;}j,
ST TP IUN Rt S S R
3 B b 5 andler aiban (alBSS s gy,
jwjﬂ>JfOb;a&ﬁ‘JdW‘ﬂ.§ijU\}:>

238k

(R by
CW\m):w&pjm@Qm@@ﬂuUJ{
Cs g S tnlous (gl (ST, gl 5 S s
Sy & Odewry o3 03nST gl s Slaise
jbﬁjﬁ&)ﬁ@)ﬁfﬂaé@ﬂ\{gaf(w‘
03531 OT & aids » e ¥ L dolee 2o 5SS s
FYL¥ ;..UL«U 33 e Tlwddy Sk wi}l:ﬁ Al e
whn S a3l e JSSsp g a5 s
aoaday A oy s Ul rlq;&‘é\ad.};;; day # 45 aids
~ bl 4 gl Gl ise aids oK D
?'A{Mﬂ)%ﬁ)vghdkj:‘dﬁtjsm..\xﬁ-‘bﬁ
S S pae a3 S Iy Rl 4RSS e
5o 8 el alasd s g aids e PV Ly e b
&‘P‘MJ\'baébjﬂ?ﬂbgpﬂr)l{.?w)é
i) Ldd ool o ed sl SLL wis j5 53 S Iy
A L - T P P gy
e JSsn gl S g8 e BSOS
Q-LAA.:o}ijJJaJJ &\N 6‘-&};# IR &ju
N5 o & tdinls pla] Gl oys ain &K
b o 4SS e ¥ a g g s dids p 2 V0 OB S
Jsdr) 55 oo oy anlsl azds 10— Yo (5Ll aud> 2
BE) J;So);Jb &-‘N LSL“J'}‘ ‘U‘if“: °})fL5‘jf

.(M)wuu;f,.:@f:uuﬁ@g

op Pl sk 5l Ode il ouls Db e

@\)M}jdh&)d'w‘}g“wﬁﬂ)

990 § Slge

B Joge3l
J@,k@\}?—&u«s}g.wl&ﬁacsj\yb-ww
wals b gl ain A Gl s ol o ige Vo Sl
O S S3ps S S Loy p S V0N Sy
S Dbl oRileT 5 b e ks gl s
S sk 4 5 eds J 28 Lyl s 55 0L ST G5 I 58
St 168 S L (B s gl S
OB L by 5 &S5 58 Lunds o 5 555 sk
5 elisy Colu 1Y) 5y Hls @uﬂ@u?;\ pde 5
Eorh s pe Vo glisy pasd (b el VY
b Cogby 5 (LS Sl YY) Ls Guas V b el
35 Gl s e B Y slaw Lus )l
sl 45 555 233 b I Sy i 1 gl B
S Bl IS IS 4 e Sl B 5 YV s YO
53 (M) iy g s s plbikal glde 5 OT 4 «ilsl3T
5l 8 S L g b fge 5 G 053 el e
e 5 OT Jols Sllse e Lus 6,8 Cs
OLL b olestt 3 5 33T Soyse 0 &S 3y ige Jgans
e la ige olad g b Bse s 3 (S,
O35 o0 5 &l Olgm 53 S5 Lal,a b wia oS
LalaT dl 3 sl plowil) ks kaT 0ls 8 Ll s,
&S Szt SIS bl 4 IS 05 8 53 015 S s L
S ol e Sl gy 3y9n Jalse 5 lelnT win
JUST g aalsl 5o 5b e Jees 5 55 O g3 planst
SET s yse iy UK e (FV) L 4l
055 53 3 ool Ko a4 b g ke pd b
Okl o 5 L s (HIT) o505 5 287 SUes

109V aiauwl § (gl / @ow § Cuuy 2)9d / olw)S (Sibjy eole slEilils (alc alas


http://dx.doi.org/10.52547/sjku.23.6.89
http://sjku.muk.ac.ir/article-1-2517-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-26 ]

[ DOI: 10.52547/5ku.23.6.89 ]

w3380 (39U3 C3lgyad 31 qiC

b e
(ain 55 55,) LSS N n 055
Gl aass Y sls alag sluws (a2d> 5 )
P08
Js
- - - L.?ub‘_;)buT
BBl
J=S _ -
5 i3 10— \O-¥ 013 &5 b gl LAT
B
[ dag v S A;_JJ:&}U&U»EJ}‘M
[ Al.hjv ¥ RS -\i&g}u’wﬁcj:w
o a4 v S Jﬁm&ngﬂjgpﬁm
5 s 4 N s ol o e ke ania
L L5 p el e 4l
5 sy \Y oY e S G e 2

5 o4 i (SUpErnatant) s, sl 1 8 sl 4o
Sl s opd chle s eslital B, e @l
USCN S 5 S Ly guy s olisl o
Sy w e osaS sl SEADB4ARA ¢S ol L
Ll S B s 3 6 Saial 1Y)
ATy ol 5T e S, By Sl eslizal
Chle 5 0T ol S8 S8 LSS S8
P sase SIpW Sl eslinad b 55 o gl g lewdly
Cale Vo= Y0 - oS 6 s Mercodia oS5 s
S o316 SO.15 /L conle 0o b L6 g 428

R

Skl 595
—ss 05031 5l odls 039 b w55 e p Sl
(even) o8 &pesT 51 s il sls il (g2 5 &Sy

U.:JCJ}LL}' BE lejﬂ‘}&wﬁtu},eﬂ)\ A enlaal

@55 kslﬁd’;il&)“i
N Sl VY o5 ase D31 (o s 5B 4
S s (il ol VY 1 a5 o jed duder o 5T
MOIKGA ) opalsS lio 515 55 daws 4 ol o
bbse o 3 Bkd ne (MOIKGY ) 53015
5l Lt S s 4 SO AL S
Sl o e (oS0 53 (IS o i3 S el a5
Gl s § e g s olisl o C8L 5 s
5 0L @Y Tads 0y SES 4ol 51 sy 15 s g
Aol oleT Sz & g GBD 305 s cloT o
by Slas S o3Il 5 gbate 4 5 ks damte 055 25 3
Bds (5, o E sl a3 Ve glas b Jlond s
£ e O 23 il i s Sl i 1
4 S g 3L slad gl o (FF) Ul axils p L
b 5aet 5l 51 ey 5 (V) 518) 5505 508 do5LS™ 5o

Fles yo aids Vv e 4 4d8s j> H93 Arvr o

109V aiauwl § (oagd / @ow § Gy 0)93 / olw)S (Sib)y eole alEils (alc alas


http://dx.doi.org/10.52547/sjku.23.6.89
http://sjku.muk.ac.ir/article-1-2517-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-26 ]

[ DOI: 10.52547/5ku.23.6.89 ]

Q0 (oblS Laplsc

S sls Olas Jates T 04037 s asb (P = +/VYA) O
wiAS 058 gl a2 o8 ke Sl
(P=27:0Y) 315 0l sl 2alS J 28" 05 8 4 S
A P O gk Dk rmes (Y Jedx)
SR 55 U RS 0n 8 4 Lo g 058 53 s

(Y Jsda) (P=2/008) sls olas (g ylsbine

Bl (); Lo esls J.;.BJ 9 4 A eslana ojjf 93
23 5 plnil Y 405 SPSS

> aidb
28 Ggesde ¥ J’lla-&:éa_?):u@:ijJfale
S s N=N0) J 28 5 M=) g 05 5 55
—omls 05057 g besls ab EIF g el

0357 Loy byl Saa 5 (P = JoVA) Sy

Q}A)TWJJLAJ.:’CA)JtQ}A)TGLD—Y J)v\’

P o 03 F JAS 0y 8

30/ \Y VY £V/A YW/AY £/1 S ) e
(65 reS 50

/o0 YYNY £1/5Y FF/AY £Y/5Y sl o o)
(65 reS 50

«IVBY VAY Ay AAA £4/2) sl 58
(A 2 dse (o)

/o Y/AY E£1/1) 4/VA £ /TF el o sl
(ke 2 s ,S0)

.((1:'/'O)d‘):fo};@@ariojjf)b@aﬂg";)w%‘.&

@a}fygjjgﬂmwyt,@a,ayyu@u
i J S 05 8 53 il ol & 4l 15l azia O )
o b e 033 50 Dl A a3 o e 03 S )

Y dj.k:-) (p:'/'VY)J}:J)\.}@mcjjfjb

- e AT gl 6l s T 05057 s ctoan
s ol U8 6 8 4 o 038 s sl
S g 035 53 S S 7o gl Ll (P=2/00)
355 I3 gne S2alS ol bl als Ol j2alS o a5 0y S w

(Y Jgd) (P=4/voY)

s 9 J S s 8 53 o e se G55 ks N Jgd

p (P57) g 039
V‘Ai‘.\“ ui}“"")""" Jj:sajjf
VY =
Yﬂi:l:\i/f ui,«-"‘)‘»\:.: u’f.f“‘;°j;

. T - . é B .. . . .
03037 g 02 i 5 S 05 5 33 hige 055 )15 (sme b kS

109V aiauwl § (gl / @ow § Cuuy 2)9d / olw)S (Sibjy eole slEilils (alc alas


http://dx.doi.org/10.52547/sjku.23.6.89
http://sjku.muk.ac.ir/article-1-2517-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-26 ]

[ DOI: 10.52547/5ku.23.6.89 ]

Ve GOy Gl b Od g (51 en o el atan Cuia 4S5 Lsls
e U 03 Sl i B 0L S ST s
S s esde LagT S e slwl Jleb 6 Ol g Ols 5
7 GME sl it gla iy a5 e 5 Dok 0355
ek dle 6 K5 e Jolse 35mm s (td Sk Ol
Jate o 5 3UT i S o) 05 ST 5 5 5o
O 03 35250 (83,5 L sl 5 LDy Sla Sy 4 4
(YY) 53,57 Oy (gn e ) oo 2 Ji5e 1 La o 50T
c‘;—”ﬂéwu Lo ed 45 Sl ol 0303 OLES
s lesl alST L il g o & s (2 o8 glaaali
e Olme IR 5 (o O eSOl e 11530l
LBl B Ol S 5 5 055 RS s o p il 65 )
L b8 lap s o 53 (ohssy laal (V) sl
S S ) s 2L s e 1T )IF
142ia 1Y 0,93 &S Sl g (il 3 oS Jamms 5 g Lo
et oS Wb Blo JlaeE 5 5130 5 osls sla o
Ol b Clale LUl 4 a5 L L(FF) ol (s
moelis s anar g by (0) o Sl s Sl )
slin 55 o2 0 S 53 Lol il 5o Slewar o
IS o (235 D el (San i J 2805 8y
“ e 4sia 0 Sl Sl ey 5 A 03 S5 el e
5 SLT oy pl 5 b YL s b osls gla
0355 alS 1y pnd Jhals s Yeof Jle s oSes
59558 el O 35 et ls alS 5 0 o r
Sl G Dl e oS iy deS opl 4 ulg o
2315 an 5 o g EALS slaml O o (255 sl
s o ARl ol Ok 03y et 5 (o7 038
Sl o osdhe 48 5505 3505 Jez| opl pioman (YF)
3 o oSy o o o 5 53 556, K05 ol s
S e glal s en b azils S8 p 05 9 S0
3505 ! 3 (S Wl gp o il o 51 525 0553 34
Lo cnlS gl plo s o olie oo s Yool 487 sl

(HIT) o es azin & 48 sls 0Lt ol gy b
3G b e Sl 53 ) sk A 4 e
el A ks 25 S Sl e 5o plil g 2 5L
Sl alie ol Dl i (b (S ple gl
() el o e St e Uy sz 5 (o565 sla o o
aadllae U 55 ool 5 (N FYPYAND) goan Slalllas
4S ) oo b4 L e (BAAYY) L35 5 Lol
Al ay ool la i el S G oed O s 58 55l
L Lo g0 Sd b (55158 (o o a3 S ey O Sl s
lagn o5 Lile (29l slacn a3 b5 bl 4 ol 2l
3l g a3 Ol e 53 S L Ske SV b sl
ST plze Gla s (6531 S Sl 5 2555 b oHE
Obr S L g e S dlb 1) 0 05 Oly (B3 ) i3
S e BT il o il 5o 5506
il 53 (V) 455 3o cpnd Cobile e 3 e
:ij_w)&i@_:;lch_»ﬂl_fmvaub&w
L 55 (sLap s 488 1D (sl 5 g, Oy S 5
Sold s BLI I o glds (o a3 b anslie j3 YL s
T ez e Sl g 1) 5l s
F = oS sl el i sla S sl T
- o 5 (TNF-0) LaT - 5 g 5 oias 55,5, 5576
L (o DBl 53 s LSl STl ol €(TY) 555
- Pl 4 Bl 55 el Gl S Bl sl e o
3 i D e Olgn GhI Jo ) helss () T
Slep R e e a8 mle (35 0L 5B
Ojs 8Ll 5 Sl bl b 5o (o Sl b,y SL
slaws 53 el L 2 ed slaasl s ol L 6(YF) Wss oo
s Lads ol (et 0, St 35 o S e
s 53 1Y) o 3L sl ST (sl gmme 2alS
Coslie 5 0 C3L 3l ol el 5 (Gl oplS 5oT - slaws
Ol 0L 5 JLaS (YY) 5515 gl & LiE o o]

109V aiauwl § (oagd / @ow § Gy 0)93 / olw)S (Sib)y eole alEils (alc alas


http://dx.doi.org/10.52547/sjku.23.6.89
http://sjku.muk.ac.ir/article-1-2517-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-26 ]

[ DOI: 10.52547/5ku.23.6.89 ]

Qv (,abl5 Laylac

G I BEG Ll 55 (Sae S (slo s b
s (V) S e e lm AKT / PKB s g
S5 30 il 6 030125 AKT / PKB IS
dese y5 5008 Jasl o il 0T Lo g &S ol 4l
S e 53 RIS (ol S o s 1) A
S Sl ol baw g Al dlae ,5AKT / PKB
ATF) A8l (o gl Sl 53 351 okl el 5 o
3 ) 3ol Sl 55y G Sl 5 A5
230 55 S 8 Sl Cs g sy S
asdllas 53 .(8) Sl S50 B350 5l ey ed Sl el
2 055 il sl Sl g A a5 L S
o (e oS (8 05 5 L alie )3 g i 05 8
390> L VL Oua b ools o jed adn 0 31 ey ot

Ll a5 8

S 5 4o
A GBIl 52 ol e ladas A 4 e g L
T LS man 5 g lLisl (5 S 2
i b (sl ol Sldmy Sl ey 53 ey G ol
a3 pl a0 0lg o (HHT) YU s b osls Sl jes
byl ool et gLl plosl Y| o5 Ay
25t 03 AT 5 e (508 o5 Ol e
0355 Lasli o Ao s SEalS 5 O Slu gl s

S 9
sl wu,lfuuou_gjl@sw,@u OB 95
L 5 4F Jlu 53 O slgmdases BT 555 65809 58

2 LS Ll .ol EC/94-9/KNRC us”
05 o S 03 ST 60k e Gaios

S ols Ol e opl 3 Sl s il dies
gl 22 4 e (HHT) s 555 o e anin 0
el 35 o0 Sl 5 315 5 Sl Esn 53 LDy 1 5
Ciys Sl 5 Cst gy 3 o ¢S UT BT, osdle
S5 e 21551 5 1AE S8l 55 2alST L clagsdae
PP 3 SSS Ol e b s ST 5 oy
S on oo 000 055 ST 53 O 655 e slagly
Jlaimt 0 gy 0 53 ) (ST B 5 Shas 0lis ol 5l
0L S5 L ol 5 (sl Opes 90 93 o i 555
R P DK P IRVt I PRI IR IS
a3 Al e GBI i 5 D) 1 4 el
e 5 55 o B Sl s ] 005 S I
Sladsbe J5ls iy 58508 ol gl 4 ainl 5555 352
o S (KsSe Jlal Slle Ll5  or
o 58 Qs o e el Bl el a5 ]
5 eias QUi 555 5 G b S g Sk S5
J5s S Ol 40 S e 0355 (GLUT 4)
SlLadsbo Sl et g 5 6 o5 5 S 0 Jae Sk
Jlw 53 0S5 s (08) 558 00 Jola | o
LS L g o3 w2an YF ey |y o i oS pde Y007
) 538 S s 01U O e 53 el 5 YL
23 S pde ar ) o i) sk i pde s (il
lasdllae 55.(V8) Wilesls Lo Laasdly o gl = shaus
33 635 ks (gla e 42in VY ol 7 A 03 DL
C e 8 5 S IS Sl pen i il Sl 3 g
P rmn Mt s S G e 53 p e
S e SalS 4 a5 U 50 ol aalllas 55 (YY) ol
SRl sl L 0l o S S sl el o g
3 5 o el gl ay S slte 2S5 gl il

23 Foos P e lss nl a5 Gl ) Ol

109V aiauwl § (gl / @ow § Cuuy 2)9d / olw)S (Sibjy eole slEilils (alc alas


http://dx.doi.org/10.52547/sjku.23.6.89
http://sjku.muk.ac.ir/article-1-2517-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-26 ]

[ DOI: 10.52547/5ku.23.6.89 ]

w33 (3963 O3ligyed y3) QA

Reference

1. Alexopoulos N, Katritsis D, Raggi P. Visceral adipose tissue as a source of inflammation
and promoter of atherosclerosis. Atherosclerosis 2014; 233: 104-12.

2. Astrand P, Rodahl K. Textbook of work physiology. Physiological Bases of Exercise. 3rd
ed. New York: McGraw-Hill Book Company, 1986.

3. Barter P, Ballantyne C, Carmena R, Cabezas MC, Chapman M, Couture, P. et al. Apo B
versus cholesterol in estimating cardiovascular risk and in guiding therapy: report of the thirty
person/tencountry panel. J Intern Med 2006; 259: 247-58.

4. Benatti F, Polacow V, Ribeiro S, Gualano B, Coelho D, Rogeri, et al. Swimming training
down-regulates plasma leptin levels, but not adipose tissue ob mRNA expression. Braz
J Med Biol Res 2008;41:866-71.

5. Benatti FB, Lancha Junior AH. Leptin and endurance exercise: implications of adiposity
and insulin. Rev Bras Med Esporte 2007;13:263-9.

6. Bendinelli P, Maroni P, Pecori Giraldi F, Piccoletti R. Leptin activates Stat3, Statl and
AP-1 in mouse adipose tissue. Mol Cell Endocrinol 2000;168:11-20.

7. Boutcher, S. H. High-intensity intermittent exercise and fat loss. J Obes 2011;2011:868305.
8. Bruun JM, Pedersen SB, Kristensen K, Richelsen B. Effects of pro-inflammatory
cytokines and chemokines on leptin production in human adipose tissue in vitro. Mol Cell
Endocrinol 2002;190:91-9.

9. Burr JF, Rowan CP, Jamnik VK, Riddell MC. The role of physical activity in type 2
diabetes prevention: physiological and practical perspectives. Phys Sportsmed 2010;38:72-82.
10. Cabioglu MT, Ergene N. Changes in serum leptin and beta endorphin levels with weight
loss by electroacupuncture and diet restriction in obesity treatment. Am J Chin
Med 2006;34:1-11.

11. Daryanoosh FMM, Mortazavi M, Motesharee E. The Effect of 8 weeks of intense aerobic
exercise on plasma levels of obestatin, leptin, insulin and growth hormones in male obese
sprague dawley rats. JAMS 2014; 17: 37-45. [In Persian]

12. Deldicque L, Atherton P, Patel R, Theisen D, Nielens H, Rennie MJ, et al. Decrease in
Akt/PKB signalling in human skeletal muscle by resistance exercise. Eur J Appl
Physiol 2008;104:57-65.

13. Della-Fera MA, Baile CA. Roles for melanocortins and leptin in adipose tissue apoptosis
and fat deposition. Peptides 2005;26:1782-7.

14. Fathi R, Nazarali P, Adabi Z. The effect of 8 weeks resistance training on Omentin and
Insulin Resistance Index in obese and overweight women. Jsoprt PEC 2014;10:104-13. [In
Persian]

15. Enns JE, Hanke D, Park A, Zahradka P, Taylor CG. Diets high in monounsaturated and
polyunsaturated fatty acids decrease fatty acid synthase protein levels in adipose tissue but do
not alter other markers of adipose function and inflammation in diet-induced obese rats.
Prostaglandins Leukot Essent Fatty Acids 2014;90:77-84.

16. Garekani ET, Mohebbi H, Kraemer RR, Fathi R. Exercise training intensity/volume
affects plasma and tissue adiponectin concentrations in the male rat. Peptides 2011;32:1008-
12.

17. Kiecolt-Glaser JK, Christian LM, Andridge R, Hwang BS, Malarkey WB, Belury MA, et
al. Adiponectin, Leptin, and Yoga Practice. Physiol Behav 2012;107:809-13.

109V aiauwl § (oagd / @ow § Gy 0)93 / olw)S (Sib)y eole alEils (alc alas


http://www.scielo.br/revistas/rbme/iaboutj.htm
http://www.scielo.br/revistas/rbme/iaboutj.htm
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2991639/
https://www.ncbi.nlm.nih.gov/pubmed/20424404
https://www.ncbi.nlm.nih.gov/pubmed/?term=Changes+in+serum+leptin+and+beta+endorphin+levels+with+weight+loss+by+electroacupuncture+and+diet+restriction+in+obesity+treatment
https://www.ncbi.nlm.nih.gov/pubmed/?term=Changes+in+serum+leptin+and+beta+endorphin+levels+with+weight+loss+by+electroacupuncture+and+diet+restriction+in+obesity+treatment
https://www.ncbi.nlm.nih.gov/pubmed/18535836
https://www.ncbi.nlm.nih.gov/pubmed/18535836
https://www.ncbi.nlm.nih.gov/pubmed/24411719
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kiecolt-Glaser%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=22306535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Christian%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=22306535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andridge%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22306535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hwang%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=22306535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malarkey%20WB%5BAuthor%5D&cauthor=true&cauthor_uid=22306535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Belury%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=22306535
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=22306535
http://dx.doi.org/10.52547/sjku.23.6.89
http://sjku.muk.ac.ir/article-1-2517-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-26 ]

[ DOI: 10.52547/5ku.23.6.89 ]

99 (ablS Laplsc

18. Hulver MW, Houmard JA. Plasma leptinand exercise: recent findings. Sports
Med 2003;33:473-82.

19. Jurimae J, Jurimae T. Leptin responses to short term exercise in college level male
rowers. Br J Sports Med 2005;39:6-9.

20. Karaman S, Hollmén M, Robciuc MR, Alitalo A, Nurmi H, Morf B. Blockade of VEGF-C
and VEGF-D modulates adipose tissue inflammation and improves metabolic parameters
under high-fat diet. Mol Metab 2014;4:93-105.

21. Kelly AS, Steinberger J, Olson TP, Dengel DR. In the absence of weight loss, exercise
training does not improve adipokines or oxidative stress in overweight children. Metabolism
2007;56:1005-9.

22. Kishali NF. Serum leptin level in healthy sedentary young men after a short-term exercise.
Africa J Pharm Pharm 2011;5:522-6.

23. Lucotti P, Monti LD, Setola E, Galluccio E, Gatti R, Bos E, et al. Aerobic and resistance
training effects compared to aerobic training alone in obese type 2 diabetic patients on diet
treatment. Diabetes Res Clin Pract 2011;94:395-403.

24. Mohamadnejad M, Pourshams A, Malekzadeh R, Mohamadkhani A, Rajabiani A, Asgari
A, et al. Healthy ranges of serum alanine aminotransferase levels in Iranian blood donors.
World J Gastroenterol 2003;9:2322—4.

25. Notsu Y, Nabika T, Shibata H, Nagai A, Shiwaku K, Masuda J. HOMA-
IR and related clinical parameters. Rinsho Byori 2007;55:737-42.

26. Okazaki T, Himeno E, Nanri H, Ogata H, lkeda M. Effects of mild aerobic exercise and a
mild hypocaloric diet on plasma leptin in sedentary women. Clin Exp Pharmacol
Physiol 1999;26:415-20.

27. Peplow PV, Han SM. Repeated Application of Electroacupuncture Ameliorates
Hyperglycemia in Obese Zucker Diabetic Fatty Rats. J Acupunct Meridian Stud 2014;7:1-5.
28. Piorkowska K, Oczkowicz M, Rozycki M, Ropka-Molik K, Kajtoch AP. Novel porcine
housekeeping genes for real-time RT-PCR experiments normalization in adipose tissue:
assessment of leptin mMRNA quantity in different pig breeds. Meat Sci 2011;87:191-5.

29. Polak J, Klimcakova E, Moro C, Viguerie N, Berlan M, Hejnova J, et al. Effect of aerobic
training on plasma levels and subcutaneous abdominal adipose tissue gene expression of
adiponectin, leptin, interleukin 6, and tumor necrosis factor o in obese women. Metabolism
2006;55:1375-81.

30. Polak J, Klimcakova E, Moro C, Viguerie N, Berlan M, Hejnova, et al. Effect of aerobic
training on plasma levels and subcutaneous abdominal adipose tissue gene expression of
adiponectin, leptin, interleukin 6, and tumor necrosis factor alpha in obese women.
Metabolism 2006;55:1375-81.

31. Sharma MD, Garber AJ, Farmer JA. Role of insulin signaling in maintaining energy
homeostasis. Endocr Pract 2008;14:373-80.

32. Sikkema SR. High-Intensity Interval Training Improves Insulin Sensitivity Independent
of Adipose Tissue Inflammation. Mol Metab 2015;4:903-15.

33. Suganami T, Mieda T, Itoh M, Shimoda Y, Kamei Y, Ogawa Y. Attenuation of obesity-
induced adipose tissue inflammation in C3H/HeJ mice carrying a Toll-like receptor 4
mutation. Biochem Biophys Res Commun 2007;354:45-9.

34. Tjgnna AE, Stglen TO, Bye A, Volden M, Slgrdahl SA, Odegard R, et al. Aerobic
interval training reduces cardiovascular risk factors more than a multitreatment approach in
overweight adolescents. Clin Sci (Lond) 2009;116:317-26.

109V aiauwl § (gl / @ow § Cuuy 2)9d / olw)S (Sibjy eole slEilils (alc alas


https://www.ncbi.nlm.nih.gov/pubmed/12762824
https://www.ncbi.nlm.nih.gov/pubmed/12762824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jurimae%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15618331
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jurimae%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15618331
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1725009/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karaman%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25685697
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hollm%C3%A9n%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25685697
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robciuc%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=25685697
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alitalo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25685697
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nurmi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25685697
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morf%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25685697
https://www.ncbi.nlm.nih.gov/pubmed/25685697
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kelly%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=17570265
https://www.ncbi.nlm.nih.gov/pubmed/?term=Steinberger%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17570265
https://www.ncbi.nlm.nih.gov/pubmed/?term=Olson%20TP%5BAuthor%5D&cauthor=true&cauthor_uid=17570265
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dengel%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=17570265
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4656486/
https://www.ncbi.nlm.nih.gov/pubmed/17882795
https://www.ncbi.nlm.nih.gov/pubmed/10386231
https://www.ncbi.nlm.nih.gov/pubmed/10386231
https://www.ncbi.nlm.nih.gov/pubmed/24513342
https://www.ncbi.nlm.nih.gov/pubmed/18463047
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4731736/
https://www.ncbi.nlm.nih.gov/pubmed/17210129
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tj%C3%B8nna%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=18673303
https://www.ncbi.nlm.nih.gov/pubmed/?term=St%C3%B8len%20TO%5BAuthor%5D&cauthor=true&cauthor_uid=18673303
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bye%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18673303
https://www.ncbi.nlm.nih.gov/pubmed/?term=Volden%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18673303
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sl%C3%B8rdahl%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=18673303
https://www.ncbi.nlm.nih.gov/pubmed/?term=Odeg%C3%A5rd%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18673303
https://www.ncbi.nlm.nih.gov/pubmed/18673303
http://dx.doi.org/10.52547/sjku.23.6.89
http://sjku.muk.ac.ir/article-1-2517-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-26 ]

[ DOI: 10.52547/5ku.23.6.89 ]

w3330 (3963 O6gya3 )31 Yoo

35. Trapp E, Chisholm D, Freund J, Boutcher S. The effects of high-intensity intermittent
exercise training on fat loss and fasting insulin levels of young women. Int J Obes (Lond)
2008;32:684-91.

36. Alaei H, Moloudi R, Sarkaki AR, Azizi-Malekabadi H, Hanninen O. Daily running
promotes spatial learning and memory in rats. J Sports Sci Med 2007;6:429-33.

37. Kazemi A, Rahmati M, Eslami R, Sheibani V. Activation of neurotrophins in lumbar
dorsal root probably contributes to neuropathic pain after spinal nerve ligation. Iran J Basic
Med Sci 2017;20:29-35.

38. Nikooie R, Sajadian S. Exercise-induced lactate accumulation regulates intramuscular
triglyceride metabolism via transforming growth factor-bl mediated pathways. Mol Cell
Endocrinol 2016;419:244-51.

109V aiauwl § (oagd / @ow § Gy 0)93 / olw)S (Sib)y eole alEils (alc alas


https://www.ncbi.nlm.nih.gov/pubmed/18197184
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3794481/
https://www.ncbi.nlm.nih.gov/pubmed/26522131
https://www.ncbi.nlm.nih.gov/pubmed/26522131
http://dx.doi.org/10.52547/sjku.23.6.89
http://sjku.muk.ac.ir/article-1-2517-en.html
http://www.tcpdf.org

