[ Downloaded from umj.umsu.ac.ir on 2025-01-15]

(HSL) (190 y92 & (ol jled (3859 2 0l 00 32 (SFolies! (2 303 Ol (iS5
O 395yl b oo Subd Jlusg 5 (ol oo s ige (Ji alas 4o
TSl Slez ¢ (63,2 0 T S

\WAA/+V/YQ d:nﬁ..\._a_ éJU VWAA/v0/\ i s éJU
suSS
s 2 B L Gl (el 58e ¥ gs Cobs alezl (Sslie lags)lan dneg el (Dlacig)s slonr Gl A g Aoy
ol gelans s (el el Sl GEE ey s eyl anlllae 51 B sl anils 5 ey Az Wi (Gseys 4 ele 5hel) HSL SiJse
Y 55 s iy il slogn o alie 3 HSL etisys e 5 5 cpg3 39515 by
) (pbicean o9 5 @ 5o (Solai & jgon oS V£ VT (Gjg (raSileo 5 a2an 40 (o b jlig oI5 S olimo Gige o T slusd )15 (g 9 9190
Sl 0S5 5,55 b cabo sl awxd )8 )18 (ol ol b o yei+ 0l cdawgio Dol b g peit S0bS «ymly Dol b peit g0bo (b S @l
ploilog (i )0 and> 0) aan A ol e ay  elitl o pe3 aalip o plonl Blaw J3lo mg/kg 4+ 590 b ol 5555 g mg/kgse 590 L STZ
1591 (g, 4 Lawsdly 35605 5 gl (50 0 gs a8 5550 YY-YO g VF-AV B-A (i 4y oo 5 0 (3 pe i 3l sald (lgicdy oo 5 S oo 0l
A ool (6 lo e uand S (SS9 ohinl G g a8, b Sy il g BT g 5lel yaesT 5ok (6 e jlail Sy g g, 4 HSL (s oylo 4
Jogine IS s S 55 4 Cupes Langie Sk b iy 05,5 55 S (555 55 5 W 010 by 5 05 9,5 8 Lowidly (o] ol iy
P</o0) 0,5 oy o gime Gl ubs J50S 09,8 a4 Connd Vb ol b g a3 09,8 ;0 HSL (559 ol oliee (pizren (P<+/-0) cils
S HSL (59 p ol a3l Geizras 9 Loawdly Gdgad! s alS (50 1 i (ol (003 (30825 (nl gl (ol 36 S a9 Cmy
ey A Soabie Lawgte Sud b (s5len Slu peS (ohais 9 097 ST S5 S Lol lo (s alae

HSL dlowsdly el gunil Ll 19555605 o cialiil oy po3 oF g3 Culys :delgunds’
VA L3 ART-Veo o o ooled cpl i 0553 gyl (S aloms

SYO-YYYYAPEY 1oyali e 3550 00 plo olKasls ( Lol (LS e i oyt A Ko (yu yof

Email: Ramezani.javad@gmail.com

-

Oygod b g,z 5 Wsdee 0 xS WS 5 (Sl clae o
oS @izl G ny o7 il o oy selS 65
P ez Sl o b bl 5l 5SS A s S e
hae 59,0 Gloss S 65 Slae cod (Dae sl b 4950
Ol a8 wleols ylis Sl Sgd oo opm>d IMTG)
Veg Sobod anng sl ((Dlaeyg)s slams yundS 5 slgine
alae 28l G @eSug S Jelodon 25 (OTV)0 5 e
IMCL") Sl S oy @lad a5 cil ool lias SISl

dadda
Solom ol jo ol 5o e e (Sdgalie PSS b
O sl ghe 8l 5 38 o 5l G 50 gl adgs (Ul
@35 Ol 5 W0 S se pilie udsi Glsadl Blie o
QB e a0 g amo plxl 1) 095 e o Slee Wilgs oS
Sl s o 0 pedplie jee 5 wdb I (95
o 3 ol Slal g Slyaeng S 5 o (Vogiss
05858 & jgods ol jaupgs S aiie S OMlae 0 ATP

Ol O VAFRO-TPAY iy G 5 ply o205 casly ke aaS2ls (ot 05,8 lisle '

(i ooy 3) Ol Oy VAFROYFAY iy G 5 ol olKtils Ll p5ke oaSL2ils (555 p e 05 S stend |

lintramuscular triacylglycerol
2intramyocellular lipid


http://umj.umsu.ac.ir/article-1-4805-en.html

[ Downloaded from umj.umsu.ac.ir on 2025-01-15]

YA LT A o)les - 0y93

dpog)l (Sby abre

el yed Dol Gl L ale sl ige (S
oaii HSL (5155, ol olime 2 cgloplil Lol by e Lial58l
oS Seliiwl el Ay DD S0 50 uizred (V))Cw
s sladised po wl al 3 oz BB Gralidl el Wl e
T Gon il cfsezme)y Ll 48,5 Ojso Adind 09 h
(0L 9 lawgie (0F) Dglae slomals b seliiwl 1y po3 4S5 ]
ond (subs alme slagise (Aa alae HSL (o5 n oo
2 oean ol ol ORIl Sl 68l Az mgien il L
salys (Dlas 9,0 Glae,r i Gl eamsglis wlas
3l S Olsea HSL (g n ol ol canlllas ol ) 050
Slabge a alae )3 (Dae (19,0 slooyz 00l jlgyuee
R e psse Gewsisi il Lot (obs Sl 5 gle

K

SIS TR IS
09,5 ol oy 5 2351 09,5 iy b (225 &9 5l axlllas
oS Db b (Falitul (p oS (b« Subs J5BS lle J S
Oired b g begte Dad b (Slial (nped + ko
AP 5 el Gige yw Fooolawd woe YL wol b celai]
S Glian VY G g o S VT2 VY G55 (aSleo b Jbinns
4, VYT ples Lulph o 5 ans (siml) ol Slinis
B s can) VYT S0 - gliss, a5 co 5 o5 il
1 ol O gy hige ol ol Wi (6 eSS (e i
20N 039 ool oy S cplaiid 515 olicda 095 i
G ol eimes ad gluplees i gl
N Sl 040 0131108 5 O @y ol yoeo slayige (o wd
b g ply oSSl foghy yo DB aieS lawg aslllas (nl 5o
Sl 28,5 )5 anb 5,50 IRPNU.REC.1397.027 aulis
Gl oSS G5 Alewsty @lme Glagie o ol
L PH=Y/0) Yoo +/V Slyicw 8L 0 oad > g gyl
095 olrel 4 G (39 PSS o il 4 p S e 71 50
1) o 03 eSS e lil & S ee Ve (e 4 el
Gy 3 B akB 10 el oS B3 b el IP) Blao
SWI 5l aan G il 5l e (YY)l plosl g jei il
po 4l 0 S5 colim sbul b olbidl el VY 5 cubs
0% W8 Cwd g 59y g 09 oskad o ol 8 g lee
A e ] 93398l il ) 0,558 4lS oK)

Hbo (aFLE plyieds yd (s e )8 (e VP (VL (95 i3

4Hashimoto T et al

T4y

loe 45 cpl g iloaisadly () SdMlac 5,08 g b O jglxe jo
S Olyear (Dlas (49,0 Glos S pES a5 col ()l
Joe gilaaST Slaal gl 02 sladnl (wtws JB azds>
Sl alas cdl 0 gey90 4 wles Sl e S e
as LLal 5 Loyl g ol gud Jld 5 (V)
53 ae 59,0 o elS 6 5 slaazds> 5l Wilgs o () +)
w3l g 00,5 osliinl E g plBS Glyiedr S Sl
IS 6 pSelx Vo gg cabo
Sl 3555 5 e G185 FFAS) ol 2 (slao
2 ez 2Bl oz lead (Ve e 3L Y gs
Nl Sty ol bawgs Gy Collsd e b (S5 o
lyt Jsts w2351 Galsl HSLT o8 ol () 2 oue ig oo
s ruels Joliso 9 (TAGS) o jucdS Sl 5 5l pod
Ol G loul ile, el a5 asiws (DAGS)
Cwtls s bl lo b awglie ,s HSL () Y)aigs e
Lo g youelS Jeol plas i) ol ool (99 ot ol finigns
5 oy yedSioo dosy pndSs 5 Aozl S e gy |,
Wad g las AT oyl vg2g galed (VYN Flowy pdS5ig0
5 @z O edlial 5o Hhe Jalse Sl nyed Dae g Db
o5 5l s Do Gl b O O)El e (> Sliaeng S
oz SRl G 4 55 Gz Gl T Jlis 4 5 0L3 b
Sl gl (38, Vb el g Bl Bl (02 2L o e
Sl g (nl 4 (g a2 9 9950 095 ST oy
Ol oo ial3dl Sl alis ozl oaiiS' e slacsly
VYol olye s |y aslie (651 55 (08 ylojnae jo iulidl
wfy0ske VOomax o0 #O -V 5l 5YL oo ;o 352 g0nll
et Lodly ST 0y s sha gz Sl s Gl
Sl (952 E3L 092 Ol GRelS Jds 4 GlET cpl 45 S oo
P o 1 O Mogd oo s Sahanly cnjiiol &bl &S
e Sl alae VOomax ao o YO 51 5YL o5 el slacsals
T S Olyed &5 Sl 093 (9950 (27 RSl eslitul &
Bz 50 (W) Gl oals Brre ()9 Codlad oK (55,
Ol o @l @le slagiae ) » hler 5 Dgeila
il el chamgio Sl b g5lsh el dhp Ui 0 ool
Hhae 0950 Sz 438 2 e slaml 0 Gl
el o) Ken g s dawgs [o3] a5 idios 0 (Y )09 oo
3550 (o &5 ATGL 5y p a5 ol ool las 28,8

OMae jo Sl (Hlas )0 G,z 4325 » S slaps

Shormone-sensitive lipase


http://umj.umsu.ac.ir/article-1-4805-en.html

[ Downloaded from umj.umsu.ac.ir on 2025-01-15]

OhSen 5 (63,2 00 £ (Sge

o o dlas 3 (HSL) (9090 4 ol Sl g ol Ol 2 (toliil (oo 00 i85

T10 Juo) ypbjsen Lawsi 5 osls )5 PH=7/4) PBS 3,
b o elS aids O Sow 4 & 55, 2 (LT IKA Basic
B Ve Glojoe 4 ad3s 13 590 e Sy b Jolome s
S A 29) Jele )T e sl ol S (Ul 4z 0 F les o
09930y he) 4 Suledys g W3S Jie (pwiow ) 099,50
b 28l o Sl 0e slacnSsn by e wl eclile
P9y ol el sl ol (6 S ol el (g Joallygs
ST ol J5 sty Lot 5 csle ol K05
G989l al>ye 5l a diad gleliz sy VY sl
o Do 4 S 5 oui Jie PVDF - 825 & 5 slocyutiy
Jlail sl pulig cqz Sl Jolowe 50 o 5 sl
P Sy AL e 28SJIE gy golatSl s
S8 ol,S il ax 0 ez e abcam oS 15 Madsl slasob o5
03lo gitands TBST Y Jglowa b b s pgd 59, 50 g dids ools
w583l gl ol HT L pd g Ceeles o Do 4 a3l 5w
oolizl b 5 oilivgy ECL) S b 1, Sl al o yljloms i
oeSgn sl 5l 1G] cole LI-COR Sl olfiws )
Gene l8la 5 3l )l noSe lp w85 pll ()l 5 g
20,5 oolaxwl Image J 1386 5 5l aail (g5l oS sl 5 tooOls
2595 09 Jlog (o p z layl doools (5 y5lmez 3l g
Sl o g 0 00liil g panl B9 SoalsS 5031 5l lacols
5 48,bSy (uilly Jelos bl ge3l 5l ool el 5 a5
B0 eolawl 5,90 ool LT (6l (So oubns oe3l 5
YO 4z SPSS 1581s 5 51 oolaznl b bools Julogay x5 .8 )
osls b a3 )5 Jlai 0 P<e/+ 0 (5, sine mhaw g 8,5 ploxl
ol 0 aldigs (Sl o lailiwl Bl il & g0

LAl
b (So 3 05,8 j0 LLal (5 Sel8 a5 wisly lis mls
il Jlogne Al (Fubo S 09 4 Curnd Jagie S0
095 ;o Ledb dgudl uizmen () Jgu2)p= 10 Y) el
S Gl bd JrS 098 4 Cond Vb Sl b (05
DS oy )S plo 0 () Jea)@= +/+Y) ol ansls

A5 odeline gl S

% Tris-buffered saline, 0.1% Tween 20°
1. ab6771"
. Enhanced chemiluminescence

T9A

axlllas pl 50 (YV)al 48,8 i o dalllas 4y 35,9 SDho g oy
Sraliaibye Oygo 4 ol Gladiges plos ;o cubs sl
285 el

b e colliylosl e b (5, 55ke 420 S 20235 5l o
ok sl 1,515 (g9, Sodlad plonil ogou L atin o e &
SIEPPIENSEI R SRR SN ERS IvS U
Jols nyed bl JSSg5 090 a8 ) - By Sae dy w00 Sho
O Slg b 85655 slace,w b b,5)ls (55, (n e atie A
Ol ol b o el 09,5 10 0090 Cas s Dy A o 4o Al
09,5 35 «(VOamax duoyd O+ —F+ Jolas cids » o Cla U my)
Ao FO-Y e Jolas cadBs 2o VF-VY) lawgie i b (o3
Jolas i 55 20 YY-Y0) YU o b (s ya3 09,5 5 5 (VO2mas
J=le sl jslaieds yimen (VYY) 04 (VO2max Suoyo A
aiBs gy g Il o aiBs gy e & Sy (93, 0w g 08
S oy oy s p 5 D BT et b ol IS5 sl
s 5 ol 28 es,8 s, Ll Ll ol & ol o
250,50 28l o |y g ped Ao 4555

) (o9 Sedled and> o BT ) am el g oz
GG 3 an g (o555 Selled e 0051 s 50 0
(Y0285 plowl Jlaes g Sy slovog,S 5l (65 Wigas carelu VY
ol plojen &5 b Slls Iyl dadises 5 pslaaz sl
Jo S en V) Dkl 5 (0% 03 5 9keS [ S (e VO) (alS
WA e g (Sle SB35 Opgon (% Gy 59k
ol Jos a8 5l (6T 055 5 b S A Ad s
sl Szl 15 oyl (60 sl (g5l sladlg) yo g5 alolidl,
ey b 4B VO SBde 4 (93 e M iy, (EDTA®)
Feinl,S I 50 () Jslre 5 Seek Ul 4885 (5 0 Y0 -
Tobw 0,5 Jaie O3l SOU 4y alolddly g uls aisy ) ow o ¥
S only HeaS cle +) 0 5SS oliws alwgay 93 SIS
3osliinl b Gelgadl (oo zolaw 5 0048 S S95 diged 325k
S HeiS  Mercodia LS cole @) ohg 1Y oo
g 0030,5 lax> o> oy 5l Al e alae ol (6,.50 51l
oz mle Giar 40 9 AT (pwiow O 025, SIS 50
arkad ol Gialesl 59, p0 w55l sam slags Sl

Fddeo Vol 8 e Ve sy alae il S-S

3. Ethylene Diamine Tetra-acetic Acid

@ Insulin Rat ELISA DEV8811

1 polyvinylidene fluoride

8 rabbit polyclonal to HSL antibody- ab45422


http://umj.umsu.ac.ir/article-1-4805-en.html

[ Downloaded from umj.umsu.ac.ir on 2025-01-15]

AR LT A o)les X o9

gl (S aloe

aslllans ygo (sloog,S 1 HSL (oo aendls 5 Lawsdly (ydgudl dislh (195557515 1355 sl sasls Mean + SD :(1) Jgu

b (2 e Sl b o el Db by (e kb S5 ol J 7S °9,5
s S b o e
£ 0+ VA MAGRERY YEONA £ SY/EY  YFY/-£VY/-Q £ 5544 S 0
YFYNF YEVIYY alzlowe
= AO/SY YooffY £ oo/¥F YAMFY £04/0V  YYANFLYV/YA £ AY/-Y 3o 05
YAY/TF YAYIYY alzlowe
YYUFY £ O/FY VVe/eq  BIPY YYSNS £ AV YYONY £ VIAY  Qg/¥- + /YY RPCStNLS
x € mg/dl
oJeY oo P ks
BAREEIAR BARZERVARN DAREEIRVER BAREEIRIIN < OY = </\Y Loy (yed guns]
x € Ng/ml
ooy LRV Pl
ARARAEARFAN AARAETA S ANEIREAS ISRAEINATN YVE. 2208 HSL
xx € o Aipansil)
(3l
ofe e ofe e P)]m

P< /0 0) cobs JyuS 08,8 4 Camd o sixe 2alS Kl (x P<+/+0) @l 555 09,5 a4 Connd o gime S| Sl €
P<120) (cobo S 09,8 plod a4y Camd Hlo cme (ial381 Sly (xx

o sine gylel Bld 4 Lol ols olzs |, zals’ SWIHSL 54,

Ol &5 0l (i (pizmen 48,b Sy (il )l Jelow s

HSL (z5g5 olo Vb ol b 2o i 09,5 j0 (P>4/20) 045 A Cemd gl S 09,8 e alae o HSL (g, ol

Sl gre ialidl cobo JyuS 05,8 4 Cond i alac o
(Y 5 ) Gla Sa)P<e/+0) casls

09,5 50 .P>+/+0) canl alily Jlo e ili8l Wl J S 05 )

Ol Ole b J5S 09,8 A o b Sal b (g ped

HSL 81 KDa

GAPDH 38 KDa

]
1

N A e M

= P

Wl ot R b (ot puid

adlllaes jge (sloeg,5 50 HSL (yatisy ()lo :()) S5

G


http://umj.umsu.ac.ir/article-1-4805-en.html

[ Downloaded from umj.umsu.ac.ir on 2025-01-15]

OhSen 5 (63,2 00 £ (Sge

o o dlas 3 (HSL) (9090 4 ol Sl g ol Ol 2 (toliil (oo 00 i85

.0

Y.,0 €

(Gl diz )

HSL/ GAPDH o s

X4 &

A

éf'

2

>

o

>

s 5
7 7
»

(df‘fd.\}).\_gj) A:JUQAQ)}A sl oj)fsl.xjdl,é.c)o HSL ww!o(Y)JS..»

213 J S 05 8 ki s ime (I S0l (e ol 508 09,5 4 s )l (ime i3l S50 (€

;5 GLUT4 jiges,s 4 MEF2A Jlasl _ngl3él el b
ol @l 3509 5l 56 MEF2 5 (FV¥A)ous Sl odliae
oemen (VAYY)cw 65,0 Sl alae s GLUT4 5
PGC-la. 3 PPARP « AMPK 10,5 Jlb (ol 55,5 cullas
SIS i wal )3 (cage GRS plAS 50 a5 Sl ond aSlid
LFFVWG,s onge
ol yor a5 ol 1 51 S Lo gulis HSL 559, (ogeas 4o
S HSL (g olo (e oo slagtse (ol (Subs b
Ol S Dol b (Gualiiial o ped il oo Sl (s alae
Sls malS (o8 (b J S 09,5 4 S |y (g n (il Ol
e abae 53 eSap cnl Ole Oliee (e s Rl L L
5 [ HSL (2al38) Glie oy 4S5 55k 23S 2ali8l 4 5,
(g Sl Glej po eaidle Vb ud b (selitul op oS
S @7 OS] 4 ool jlade 4 (ISl oMlae
3o AMTGs) Mas fyg,0 sl puedSs 5 (VV)aiiws
Gk 5145 Wgyo0 ot a1 o 55 (g0 555 eals s @lie
S HSL 0o 5 oo 0l (G90y92 5 (Jobwisnys lacalsilie
0800 Sz A et el o5 ol St o
S5l o L o ped S Gl b (P00 S (e (Dlae
2575 bawgi O] ) ot (i el 45 A5 g0 oy 15
&, HSL Sadsd mpl jpa 50 9 (Dlae g0 sz
Sl péyde ((Dlas 09,0 oz e Gl L aes
WS ged by Ghiz Gl Ledly ol oz ael ok

Yoo

GriSdauia 9 G
057 S ral e Cn i (Beon )l @l el
J5oz) 0 00pd awgie Sad b (a3 09,5 50 Lawdly (gl 5
4 S bawgio SAL b (nped 09)5 50 O 0j9 e ()
5 o5 Vaiol o 0t 5 Se035 ol S5 09,5 4 daog 5 L
olas 5 axddS Olalllas ail 09,5 (pl jo Cubd by Supn
039 408 P Camdg Sgag el (aliiul Sl pod o5 sl
&5 b3 @lme Slatas 1 Ll gl izmen 5 G
oo 4 s GLUTE Ly 50 ¥ £95 cobio ;0 (YPT V)00 o ¥
Ml G2al5 ISl odlae )5 gl @ Combes o
@ Sl g ln Fhe ddlae Ko s5ler (D559 e
oobas 28l 50 5S6I8 Jaig e (ralEl Sl 1) sl g
ool las (Y)ogd oo Sl OMae pgaras o pdaund]
Slolil 4y zwly j0 a5 3605 Qi jo ol ili8l aS col onlls
Sk b SldsSiy abmlr by Wbl sl SMae
slie & (GLUTA) F g5 5615 oaums JUil slooptis n ol
S o pool b epdle (Y ¥V )ogd o (s Salanly Jobos
GLUTA (2595 Ol (o259 2 pe8 ¢ Jobo S5 55 GLUTA
ot hol Jele S aS was o il Sl alae s |,
bg osal cows @ SIS J& g Jo muly S oass
sl 4 diadly oaB 2 e b [ g (YAXY) LI
951 Lags Sl &dLae ;0 GLUTS s g, (YY ¥ )l
(FOXF)o5i 0 plol (MEF2A) YA Cosgrn 0sisSysii


http://umj.umsu.ac.ir/article-1-4805-en.html

[ Downloaded from umj.umsu.ac.ir on 2025-01-15]

YA LT A o)les - 0y93

dpog)l (Sby abre

Cdled ol loy 5o (FACWI Y g9 cubs o gl
Sygot SSul alas )3 gey90 4 b Sled ($5ds,00
5 3l ol oSles Gl el oyl &S Jl o w0 (i
Coetl 4 Al ol 45 008 1) ol ples sl Loy
(FR) 05 o o)l Selsd ansg 55 w3l ol 3l b
YU s b el o el ol geisd mls lul
4 Yl a5 onds s alae HSL (a5 bo 5o Gialjdl el
Lo sl e Solad al3l g dgudl (oo o 225 Jo
oS ol i 55 @l (Byb 5l sl S0 50 09,8 0 Su55350]
),.,L decsas ple 4 s Ja..l?:m S b gelatnl ol yes
810 Gl 05,5 5 39 5 055 SIS Camdy S5 5o (SN
Vg Hbs ol a b arogs adllhas ol mbs (ol 2 cnl Rl
S b s3lse lagbyyg pll il 55 5 e SIS Gl

Sl Lagie

EEIELER IS
Seios onl plil po 1) Lo o8 (LS (oolod | Ale—uginan
Jlo Sulex b 32825 (nl omled oo JSa5 5 ol Wlodges 530
s SIVYIEXAYY ols )l 8 0 Lol ay 0y ol | g5 ply o&ils
IR.PNU.REC.1397.027 awsliis 4y $1as 4V ¥AY/+V/¥A

References:

1. Mohajeri D, Mousavi G, Doustar Y.
Antihyperglycemic and Pancreas-Protective Effects
of Crocus sativus L. (Saffron) Stigma Ethanolic
Extract on Rats with Alloxan-Induced Diabetes.
1JBS 2009 Apr 1;9(4):302-10.

2. Boden G, Lebed B, Schatz M, Homko C, Lemieux S.
Effects of acute changes of plasma free fatty acids
on intramyocellular fat content and insulin
resistance  in  healthy  subjects.  Diabetes
2001;50(7):1612-7.

3. Jacob S, Machann J, Rett K, Brechtel K, Volk A, Renn
W, et al. Association of increased intramyocellular
lipid content with insulin resistance in lean
nondiabetic offspring of type 2 diabetic subjects.

Diabetes 1999;48(5):1113-9.

3 JuYong Bae
4 Badin et al

ol Sl O lasl 4 (Dlae gladghe owyies
polp Ll 5Lsoyse 6551 Sl ole 0 g ed Sl
265K Jelse (o859 ullsd Gloj 50wz e (P20 5
55 525,00 W1 (gl e e al8l 5 (el gl it i alS
il il b les (Pl oad S5 5end alidl sl
JoIs a4 ol Jlasl b )b (o555 Sudlad pln 0 GLUTA
ST S e 5 e g il SRl (Dae sla sl
Gl o Slagse 3 ol 0 (BDlae 09 7 s
(FH2L o
5 By Sl (VoT) en g 5ol dLiwly (e o
ol el seliiul e WS Gle (Y08 o Sen
5 @b S g eS) (FOFF)sst o HSL (bl i
el Al Cote lam wols Hlas YAV L o o Kes
o9 e e 3l Jloisl 4 (FV)b o ol3l HSL xlaws
Sl pod LaSs slasald 5 g5 pol> anllas b Sliion cnl gl
355 Oladod gl [0 (V1)) ol )Ker 5 cpay .l (o359
alae ;o HSL § ATGL 559, olo s2els a5 wols olas
2 JorelSdeliss amjliin o el Wisie SIS
IS gl Jos 9 SalliSs 50 5 00l (Dlae slaJsho
slasled ool 13 S by Jliol 4 ol plo aiS ol

Q@ Comlus dep lp sy Gl S Sl dlace

4. Pan DA, Lillioja S, Kriketos AD, Milner MR, Baur LA,
Bogardus C, et al. Skeletal Muscle Triglyceride
Levels Are Inversely Related to Insulin Action.
Diabetes 1997;46(6):983-8.

5. Perseghin G, Scifo P, Danna M, Battezzati A, Benedini
S, Meneghini E, et al. Normal insulin sensitivity and
IMCL content in overweight humans are associated
with higher fasting lipid oxidation. Am. J. Physiol.
Endocrinol. Metab 2002;283(3):E556—64.

6. Hoppeler H, Howald H, Conley K, Lindstedt SL,
Claassen H, Vock P, et al. Endurance training in
humans: aerobic capacity and structure of skeletal
muscle. J. Appl. Physiol 1985;59(2):320-7.

7. Holm C, Osterlund T, Laurell H, Contreras JA.

Molecular mechanisms regulating hormone-

"Louche et al
2 stellingwerff


http://umj.umsu.ac.ir/article-1-4805-en.html

[ Downloaded from umj.umsu.ac.ir on 2025-01-15]

OSan 5 (932 300 M (S0

o o dlas 3 (HSL) (9090 4 ol Sl g ol Ol 2 (toliil (oo 00 i85

sensitive lipase and lipolysis. Annu Rev Nutr
2000;20(1):365-93.

8. Langfort J, Ploug T, Thlemann J, Enevoldsen LH,
Stallknecht B, Saldo M, et al. Hormone-sensitive
lipase (HSL) expression and regulation in skeletal
muscle. Adv Exp Med Biol 1998;441:219-28.

9. Kjaer M, Howlett K, Langfort J, Zimmerman-Belsing
T, Lorentsen J, Biilow J, et al. Adrenaline and
glycogenolysis in skeletal muscle during exercise: a
study in adrenalectomised humans. J Physiol
2000;528(2):371-8.

10. Watt MJ, Stellingwerff T, Heigenhauser GJF, Spriet
LL. Effects of Plasma Adrenaline on Hormone-
Sensitive Lipase at Rest and during Moderate
Exercise in Human Skeletal Muscle. J Physiol
2003;550(1):325-32.

11. Boden G, Shulman GI. Free fatty acids in obesity and
type 2 diabetes: defining their role in the
development of insulin resistance and f-cell
dysfunction. Eur J Clin Invest 2002;32(s3):14-23.

12. Zechner R, Strauss JG, Haemmerle G, Lass A,
Zimmermann R. Lipolysis: pathway under
construction. Curr Opin Lipidol 2005;16(3):333—40.

13. Fredrikson G, Stralfors P, Nilsson NO, Belfrage P.
Hormone-sensitive lipase of rat adipose tissue.
Purification and some properties. J Biol Chem
1981;256(12):6311-20.

14. Osterlund T, Beussman DJ, Julenius K, Poon PH,
Linse S, Shabanowitz J, et al. Domain identification
of hormone-sensitive lipase by circular dichroism
and fluorescence spectroscopy, limited proteolysis,
and mass spectrometry. J Biol Chem
1999;274(22):15382-8.

15. Achten J, Gleeson M, Jeukendrup AE. Determination
of the exercise intensity that elicits maximal fat
oxidation. Med. Sci. Sports. Exerc 2002;34(1):92-7.

16. Achten J, Jeukendrup AE. Maximal fat oxidation
during exercise in trained men. Int. J. Sports. Med

2003;24(08):603-8.

17. Holloway GP, Bezaire V, Heigenhauser GJF, Tandon
NN, Glatz JFC, Luiken JJFP, et al. Mitochondrial
long chain fatty acid oxidation, fatty acid
translocase/CD36 content and carnitine
palmitoyltransferase 1 activity in human skeletal
muscle during aerobic exercise. J. Physiol
2006;571(1):201-10.

18. Jeukendrup AE, Saris WHM, Wagenmakers AJM. Fat
metabolism during exercise: a review--part II:
regulation of metabolism and the effects of training.
Int. J. Sports. Med 1998;19(5):293-302.

19. Valizadeh A, Khosravi A, Azmoon HR. Fat oxidation
rate during and after three exercise intensities in
non-athlete young men. World Appl Sci J
2011;15(9):1260-6.

20. Hashimoto T, Sato K, Iemitsu M. Exercise-inducible
factors to activate lipolysis in adipocytes. J. Appl.
Physiol 2013;115(2):260-7.

21. Dashti Khavidaki MH, Faramarzi M, Azamian Jazi A,
Banitalebi E. Effect of endurance training intensity
(low, moderate and high) on the expression of
skeletal muscle ATGL protein and serum levels of
insulin and glucose in male diabetic rats. Sci J
Kurdistan Univ Med Sci 2018;23(2):92—-102.

22. Masiello P, Broca C, Gross R, Roye M, Manteghetti
M, Hillaire-Buys D, et al. Experimental NIDDM:
development of a new model in adult rats
administered streptozotocin and nicotinamide.
Diabetes 1998;47(2):224-9.

23. Kim D-H, Kim S-H, Kim W-H, Moon C-R. The
effects of treadmill exercise on expression of UCP-
2 of brown adipose tissue and TNF-a of soleus
muscle in obese Zucker rats. J Exerc Nutr Biochem
2013;17(4):199.

24. Ghafari M, Banitalebi E, Faramarzi M, Mohebi A.
Comparison of Two Intensities of Aerobic Training
(low intensity and High Intensity) on Expression of
Perlipin 2 Skeletal Muscle, Serum Glucose and
Insulin levels in Streptozotocin-Diabetic Rats.

Armaghane danesh 2017;22(3):282-94.


http://umj.umsu.ac.ir/article-1-4805-en.html

[ Downloaded from umj.umsu.ac.ir on 2025-01-15]

YA 3T A ojles ¥+ 09

dpog)l (Sby abre

25

26

27.

28.

29

30.

31

32

33

. Negin Farhangi FNZ. Effect of Endurance Exercise
on Antioxidant Enzyme Activities and Lipid
Peroxidation in the Heart of the Streptozotocin-
Induced Diabetic Rats. J Shahid Sadoughi Univ Med
Sci 2017;24(10):798-809.

. Wislgff U, Haram PM, Kemi OJ, Al-Share QY, Lee

SJ, Najjar SM, et al. Aerobic interval training vs.
continuous moderate exercise in the metabolic
syndrome of rats artificially selected for low aerobic
capacity. Cardiovasc Res 2008;81(4):723-32.

Caponi PW, Lehnen AM, Pinto GH, Borges J,
Markoski M, Machado UF, et al. Aerobic exercise
training induces metabolic benefits in rats with
metabolic syndrome independent of dietary
changes. Clinics 2013;68(7):1010-7.

Garvey WT, Maianu L, Zhu JH, Brechtel-Hook G,
Wallace P, Baron AD. Evidence for defects in the
trafficking and translocation of GLUT4 glucose
transporters in skeletal muscle as a cause of human
insulin resistance. J Clin Invest 1998;101(11):2377—
86.

. Ploug T, Stallknecht BM, Pedersen O, Kahn BB,
Ohkuwa T, Vinten J, et al. Effect of endurance
training on glucose transport capacity and glucose
transporter expression in rat skeletal muscle. Am J
Physiol Metab 1990;259(6):E778-86.

Holloszy JO, Hansen PA. Regulation of glucose
transport into skeletal muscle. In: Reviews of
Physiology Biochemistry and Pharmacology.
Volume 128. Springer; 1996. p. 99—-193.

. Holloszy JO. A forty-year memoir of research on the
regulation of glucose transport into muscle. Am J
Physiol Metab 2003;284(3):E453—-67.

. Rodnick KJ, Henriksen EJ, James DE, Holloszy JO.
Exercise training, glucose transporters, and glucose
transport in rat skeletal muscles. Am J Physiol
Physiol 1992;262(1):C9-14.

. Henriksen EJ, Bourey RE, Rodnick KJ, Koranyi L,
Permutt MA, Holloszy JO. Glucose transporter

protein content and glucose transport capacity in rat

34

35

36

37

38

39

40

41

42.

23

skeletal muscles. Am J Physiol Metab
1990;259(4):E593-8.

.Kern M, Wells JA, Stephens JM, Elton CW, Friedman
JE, Tapscott EB, et al. Insulin responsiveness in
skeletal muscle is determined by glucose transporter
(Glut4) protein level. Biochem J 1990;270(2):397—
400.

. McGee SL, Sparling D, Olson A-L, Hargreaves M.
Exercise increases MEF2-and GEF DNA-binding
activity in human skeletal muscle. FASEB J
2006;20(2):348-9.

. Mora S, Pessin JE. The MEF2A isoform is required
for striated muscle-specific expression of the
insulin-responsive GLUT4 glucose transporter. J
Biol Chem 2000;275(21):16323-8.

. Holmes BF. Regulation of GLUT4 mRNA expression
with AICAR treatment and exercise. Carolina: East
Carolina University; 2004.

. Thai M V, Guruswamy S, Cao KT, Pessin JE, Olson
AL. Myocyte enhancer factor 2 (MEF2)-Binding
site is required forGLUT4 gene expression in
transgenic mice regulation of mef2 dna binding
activity in insulin-deficient diabetes. J Biol Chem
1998;273(23):14285-92.

. Smith JAH, Collins M, Grobler LA, Magee CJ, Ojuka
EO. Exercise and CaMK activation both increase the
binding of MEF2A to the Glut4 promoter in skeletal
muscle in vivo. Am J Physiol Metab
2007;292(2):E413-20.

. Gan Z, Burkart-Hartman EM, Han D-H, Finck B,
Leone TC, Smith EY, et al. The nuclear receptor
PPARP/d programs muscle glucose metabolism in
cooperation with AMPK and MEF2. Genes Dev
2011;25(24):2619-30.

. Holloszy JO. Regulation of mitochondrial biogenesis

and GLUT4 expression by exercise. Compr Physiol

2011;1(2):921-40.

Yao-Borengasser A, Varma V, Coker RH,

Ranganathan G, Phanavanh B, Rasouli N, et al.

Adipose triglyceride lipase expression in human


http://umj.umsu.ac.ir/article-1-4805-en.html

[ Downloaded from umj.umsu.ac.ir on 2025-01-15]

OSan 5 (932 300 M (S0

o o dlas 3 (HSL) (9090 4 ol Sl g ol Ol 2 (toliil (oo 00 i85

adipose tissue and muscle. Role in insulin resistance
and response to training and pioglitazone.
Metabolism 2011;60(7):1012-20.

43. Howe III HR, Heidal K, Choi MD, Kraus RM, Boyle
K, Hickner RC. Increased adipose tissue lipolysis
after a 2-week high-fat diet in sedentary
overweight/obese men. Metabolism
2011;60(7):976-81.

44. Morville T, Rosenkilde M, Munch-Andersen T,
Andersen PR, Groenback KK, Helbo S, et al
Repeated prolonged exercise decreases maximal fat
oxidation in older men. Med Sci Sport Exerc
2017;49(2):308-16.

45. Louche K, Badin P-M, Montastier E, Laurens C,
Bourlier V, De Glisezinski I, et al. Endurance
exercise training up-regulates lipolytic proteins and
reduces triglyceride content in skeletal muscle of
obese subjects. J Clin Endocrinol Metab

2013;98(12):4863-71.

46. Stellingwerff T, Spriet LL, Watt MJ, Kimber NE,
Hargreaves M, Hawley JA, et al. Decreased PDH
activation and glycogenolysis during exercise
following fat adaptation with carbohydrate
restoration. Am J Physiol Metab 2006;290(2):E380—
8.

47. Bae JY, Woo J, Roh HT, Lee YH, Ko K, Kang S, et
al. The effects of detraining and training on adipose
tissue lipid droplet in obese mice after chronic high-
fat diet. Lipids Health Dis 2017;16(1):13.

48. Badin P-M, Louche K, Mairal A, Liebisch G, Schmitz
G, Rustan AC, et al. Altered skeletal muscle lipase
expression and activity contribute to insulin
resistance in humans. Diabetes 2011;60(6):1734—
42.

49. Watt MJ, Holmes AG, Steinberg GR, Mesa JL, Kemp
BE, Febbraio MA. Reduced plasma FFA availability
increases net triacylglycerol degradation, but not
GPAT or HSL activity, in human skeletal muscle.

Am J Physiol Metab 2004;287(1):E120-7.


http://umj.umsu.ac.ir/article-1-4805-en.html

[ Downloaded from umj.umsu.ac.ir on 2025-01-15]

Urmia Medical Journal, Vol. 30(9), December 2019 @

THE ROLE OF ENDURANCE TRAINING INTENSITY ON THE
PROTEIN EXPRESSION OF HSL IN THE SOLEUS MUSCLE OF
STREPTOZOCIN-DIABETIC MALE WISTAR RATS

Mehdi Fallah Mehrjerdi ', Javad Ramezani ?*

Received: 17 Aug, 2019; Accepted: 21 Oct, 2019
Abstract
Background & Aims: Increase in intramuscular fat contribute to the development of metabolic diseases,
including type 2 diabetes. Endurance training with an effect on the lipolytic protein hormone-sensitive
lipase (HSL) can also have a therapeutic aspect. The purpose of this study was to investigate the role of
endurance training intensity on plasma insulin, fasting blood glucose, and HSL protein expression in
Soleus muscle of type 2 diabetic male Wistar rats.
Materials & Methods: 40 male Wistar rats aged 9-11 weeks and with an average weight of 230+£24 (gr)
were randomly divided into five groups(healthy control, diabetic control, diabetict+low intensity
exercise, diabetictmoderate intensity training, diabetic+Extreme Exercise). Diabetes was induced by
single-dose injection of 60 mg/kg STZ and 90 mg/kg nicotine amide intraperitoneally. The endurance
training program was conducted for 8 weeks (5 sessions per week). The treadmill speed as an indicator
of the intensity of training in the groups was 5-8, 14-17and 22-25 m/min. Plasma insulin and glucose
levels were measured by ELISA and HSL protein expression by western blotting method. One-way
ANOVA and Tukey's post hoc test were used to determine the significance.
Results: Plasma insulin level in the high-intensity training group and fasting blood glucose in the
moderate-intensity group decreased significantly compared to the diabetic control group(P<0.05). Also,
HSL protein expression increased in the high-intensity training group compared to the diabetic control
group (P<0.05).
Conclusion: Based on the results of this study, extreme endurance training seem to have a greater effect
on plasma insulin levels and also increases the expression of HSL protein in Soleus muscle, but moderate
training is better for controlling glucose and body weight in diabetic groups.
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