WAV jlar — (obiys it poke
1o¥ = 1A 1o ) 8ylad 0890
A% /1 ] YA el f b

QY [ o¥ 1YY Gy g

SLop 395l (o0 Tobans 1 G390 (1 yod 9 ELdl it 032 1N 9155 03U

Bl 5 g0 18 (Gousd & poud 9 gl 4y Cooglite «uiSTgus 3T uskitio

Fw@m A.M.Qs—rl.u Sy ols )8 - (5o ..\.:w—“_g..x.g.w ply
pole oL Lo .F GMS iy o yMS oINS Olaw] 1gF ) iy (M8 ol yboliw] )
Ol ey ((MS (K js

ouSy

Ll sogos Codlor )0 Gl (i Wil oo 6551 s SOl laghy, (Ol o Bl Seesnl slul 4 4z L
o Tl il O 2N 3 5 Silem el wtin Ve Sl ol dalllas I s S
L) by oI5 5 alme Sise o FA ) G55 lopaigel jolite cnl 4 ol Gl 5 slagbee 50 eSiges]
Slom 285 Sype YA 5 VA Jol slaaiin )0 bl QLSU 51 Gy (a8 A (pw 5 )5 VAOED (359 (S0le
Go VH) ooz @l mdy s G VP JsS 098 (olai joboay oailenBly (hge o Freasly ()10 pmdiged
VoD ay (o855 05,5 D e oy w255 9 5909 S09,S 25 &z 05,5 Aa VA Sl ey 0l
iSgmol oy slaclale ols aloil 1Y -YO VO2MaX Joleo o b (g5lsd o o3 (atin 10 aul> 0) azan
ol aslllas (nl @b wad (6505l Sl Sl lis 5 G o Sl it eizren s HMW 5 o
gob Jblas Gl corge S35 0oz n G 09,5 b analie )3 © )z 2, S 09,5 3 (S5l (nped oS Sl
5% Sl 5 5 LDL-C il JolS «SoonelS (slaaslis plad (pizpon (P<e/+)) 0 ol (n2SSsol (oo oo
&5lsn iy a3 45 ols Lt anllas oyl gl (P<-/+0) il Lals oymyy (5l b dglio )5 (5558 yayed 05,5
5 00 Gl Gl slagise 5 1) ol (iSisesl (s sl Wl on gLdlind iz (138 Bras plej o (2
29 (Selslio 5 Sl Eopsd St w290 O b s

Sols slrojly

(S ot gl @ Cenglio (gLt ind Gz 003 48319 reS (eSS

Email: mohebbi_h@yahoo.com AIMNYFVEYS 1 0al 1 Jginn Sk



WWAY g o) 5ylous Ve 690 c b yg iomns ) pole \of

Aoddo

ol yon lamgnol o Shae ;i b a5 Wigd oo oo Sl jlas aiumgusl ( B> Coxdg o
Cuoglie (55515585l 50 (oot L S s lusal b lacussnal 5l (o 5 slaaiy () ol
OeSigdl (Y F) aiS oo (550 Sleddl g (Bgye JLbigal o LS G,ISulg 5T ecobs (ol g 4
yebas u,...SJQ....oT az ST .(F) cwnl 0o )5 o 095 a |y laize 31 (g ks az gy a5 il ey
@ pglie 5 (V) Gla o8l 50 ()] G55 b jo polie s o iy 5 A5 aurmsg ol Lagi odes
5 AMPK asile )2 5 35515 pudplio saiSelaty Jolge 5iSigmal (0) wibse (tals dgud
liiss bt elely (F) s oo )3 156 cou 1) (PPAR) popiSen 5SS s0iuS Jlad 505 .5
Gk Sl Jlesl culas o)l (o o 1) Gl @ Gl 0l381 (655l i Jols g
ol 4 a2 LY A) a0 oo plonl (iSignol molin 10 i alex ) ilise Jslo slap5ilSe
ol Ghgh j3 wiled S cwyp 1) GiSigmal lap,donl 5l (So 4 S 00 slaiagy
2 (&S HMW 35950 5 ol (2S55000] (oo joo zglans S iy

e slml () Cdlate g ol o2 s0g5 alS )b 5l Saeath j3 (B39 9 (S Sudlad
L) o)l (285 ool b e slags o S5 5o 0eiSismol @d s Ghalidl alex 5l ledlas
Jodoas laims 4z )90 (55lan Dl ped Ll 05 0 Latuie S92 ge Slided Aliiy (ow)p
S 50 (1) Wlodgy Jloy95 (Sl Soe g Dad 3l Bl lagoge;l jo 0 ,Sles Cudgaze
ORIRl ) (o855 cllad 5150 iSgnol sl (il Jloit YU (Splie jLid o) sa e,
@ gl 0 eSS40l (V)5 pae b (YY) als (1)) ial38l 09> ool slaimgh (V) oo
Eloz! (el gl Sl D9 0 ()5 diwdge U'r‘-’L’ 3550 5 Jcnl bsles )57 515515 5558
5 oeSigmal o il bLi)l qyp & Gliie 1l gycnlil (ON-VE) 0)ls a52g L
ol sy Gl ees wlalllas () (A8l lS 4 4z b slailo (1559 (gl collad
SS9 wiile G55UsS (slaaizr osslowsay @ls i ly Culply 03 jpate Wil Gl )
@l iie dhoxr 5l eniis i Tojluil (iSignol g5 5 i 0] (0505 £55 T DD e
SOl satee HIS S ale 55 2138 05 (slgiome iy 18 e Wb s peedd j0 a5 alies
Sz Srae Sk 0%y, WIS ple S8 (V0) 35800 Comine b (Slelni- e

lagéyy (pidrany I Al ey, b odls G (LS eldld 02 o 4 ) gLl



V-0 B 993 oy Tobiw 31 (53R (32505 9 ELBI e Cyz 1 1I0E 015y il

e 5 caz lmen s Fabol glagzscws Lololy Sl onl b (0F) el STy alS
Olidod jiin 5 Sl odile Fal o Olizes (o peddlie 2 gLl e ()2 VL e I35
N )|).9 RV ‘) JG-».J)A WS 9 O Ms}l—uﬁ > adu..uét.wl Sy 6[1&‘&.9 d).a.o ))‘
slalnae slagss) wile gldlpe slagyz ol 288 slam)) 35290 Slat) T Wl
G azrg L OF AY) G o wsSae |y Bl 5l 56 Sgbio SYMST 5 o Sl 0yl
2L slapgy) 5l &5 Sldllas 5 (ot (yoje Sl 5 (27 Bras pogat ;0 Sgzge (AL
(gl 5 gLsl oy do,0) colaiul 0y90 5, Slgome du) oo ey (VA N Q) wilos S ool
Ol 5o gyemll S 18 haiae bl i jo Wb A4S wis (60)lae  plde s oI5 s g
b oolinl YoilS bl poe 222 Vb Slyiome b (2138 3, 5l i cnl & Gl jslarediiion
Sl b glr slaisgesl buped Jols Slalllas 5 ondi gy oS (Shg aw (28,5 S5 o L
or Ok ol Boe eldlnd oz ) 9 (el Gl Glajegnl ooy n e
4 Ceaglio 5 nSiggol slap Bl (s ok y lawgie Sud b g5lse Sl el wihe Ve L5

28,5 58 elsl e Oy 2l ) Cou Bl 5 e b ise 5o sl

by )
VAYIA 2AYID (055 5ufilee) Jls 015 51 35 plmo (9o o FA L) 52l hmghy la gosej]
e slaos,S 55 Sl i e (sl B 53 Lo g isls LSS (45 A o5
—slidy, &5, 5 Pt 0 Cugb; ol S Sile A0 YY Y L) s sul ]S Lln o
o Soge;l 50 (5,l0e55 o yige 355 610 5 Ol 4 ol3T s b (Celw A YY usSae (S,
Yoy JyS ) ol e 0,5 90 4 Bolar jebay oKigle;] Lauma b GiL:..iﬁ an g0 3l
A8 oy ojlasbinl lde b anslie ;o i o)z 9 6B ol oz sl oy slie
(0o YIY Jlas j0 0oy YA gz 5138 (6550 aoye 5 5 J86LS YIAP Llie jo FIAY dae
o (53leR iy g oy 518 09,5 5 90 4 alae VAl ey iz (136 05 09,5 slabse
(0 IS8 B el 2 (236 025,

oy o cud b aBds p e VY Caepw b9 4aBo VO Do s okl )0 (g5ler o ed 09,5

Sl 4 b cdl oliEl codld cos aiae ¥ oouse Jeb 0 g yaia g aid) ol b3l gy,



WWAY 5l o 6,los Ve 6y93 b} yg iomns ) pake Vo5

09,5 <llsd o3 (1)) sy (&35 51y TA) 3y (ST ST 0o ys VO by Jobes lansgio
ol Al )3 ) ABBS A 4 pler B o b C8L Bl SL ©jgen 8 on el
Soyd o et b OIS lg gy athe Ve Dol 4 wie )0 )L 0 «gller o yed 05,8 slatse
Doy 0y SIS 5SS 098 (s o (Jleiol ol it golaw B gl aingo
SIS 5 2zl Jole plad aggs e s jao ot Ladl 2o VY Sy b alin 0 480 0

b sl LT olSzils LW 5 (5 ,lagSs &eS Langs Slilge>

,5.1_..-&..3 es e TA LSl

PEN v
- 1 _ _ |

v J5S 09,5 (5525 e

AR | (=AY

¥ ! /
— B |
7| (e V) 3 sl (513 azam YA ‘ LSl f ooy slas anda VA |

- ! ) )

\'.- JAS eg 5 55 aiged 2n i ey S 5 aicel
. G N (&

111 I
114

‘ o luslial glis acia b oz glad azas ). ‘ SR Iy el aida Ve

¥
(s A 55l
) e 3l

n t JrS 09, (55 diges ‘ oz glie 0y 5 aised R ]

(o A)

G SS9 5 il gld ) S

23,5 plmil wiles Hlal l am pisglann 5 paaze (Jol sladian 0 g5 (6 S aiges
el e 0 BTl ey el FA (e 0y 095 1 (6 S digad (208 Sl il Bl jglateny
bl 9 (a5 ehS 3 a5 eV ) bS5l S 5 Blao e, Gayp b b ige lanl ol Jeca

iz SBP Soxl w s 5l Gldes M) 5095 5 Sud heae (eSS 2 p S e ¥ - 0)



\R4 B 993 oy Tobiw 31 (53R (32505 9 ELBI e Cyz 1 1I0E 015y il

ST 5 aRB0 Ve ) ey g s 4y, i a5 ogase VT 8 Led sladls) 4o ladigas .o ,F
A Sgay ke 4aBs o 90 Feer G b 4ndo 10 Dol 4 a0 VY gl b ,95lsSTl o
Ve onA A G gan Jole bl gl s ol eols 1B e sladdgyanl o etz 6
<8 Jil ol 3 ol as o
Bioassay Technology ) (s,lo6 oS g 1V Loy, 5l eolitul b ab opiSGgmal ooy cdalé
Sk £ b oIY dlls g xd e 5 Lo +/VP Cowslus L (Laboratory, Shanghai, China
155Y1 g,y 5l ooliiwl L HMW 1 iSSg00] copw Cdale ol s 1)+ 5l e il oo g )
2 eS8k /MY cowles L Biovendor Co., Ltd., Shibukawa, Gunma, Japan) ¢,lx =S

CLIE b o T ) S ks by pelihen S5 T B YT s 5 2 e

Ultrasensitive Rat Insulin, ELISA, Mercodia AB, ) oSl eolatwl b g 1591 Gigy 4y p s o gund]

ooy Sl g 903l e Dl s o po (g mSoslail dls Ll (g S0 5lusl (Uppsala, Sweden
P9y b S g gl sl S eSS /0T 5 00y BIF Y ) ol S s pSosl]
Ol cosesl )y <5 50) S5 S 5l oolinal b g 5laeaT 565 (6 55l8 b (eSS - s3]
Fdewd p e S e 8 5TV ol ia s pSolal gy Camles 9 DlpedS cpo 08 (6 S0
o3l B9y 4 56 WeenlSs5 5 Soyests ool (B9, b JgyedS s HDL-C (rizean 05
5 oolizl b 35 LDL-C gy b Lot ogelimsl o8 oS 5l solicil b _ooniaacSs,
S Ao = 5 Jgo b (V0) oS 9 ) Wlgay 3 dslas
LDL = TC - HDL - TG/5.0 (mg/dL)
2 eSSk V5 1Y HDL-C ly cudiay gpSojlal gy Comlus 5 Ol oo
P e Sk N g VI S5 omd e S e ¥ g TNIY g S i g
10 dewloes (YY) 5 Joe,® 5l eolatwl b 50 (HOMA- IR) (ydgus] 4 Cunglin ol 09
HOMA-IR= 5 5" ke (mMOol/LYx ¢y gu! lalé mU/L)-YY/0
Slr s 0b oolinal Bgipanl —B5,F50lsS (5ajl 5l laosls Jloy mjei 5l luebl jsliiea,
Tukey (seiind (y905] 5 48,8y byl Jelo (yg05] 51 baog,S (o dalie 5 (g lol Jelomigay 32

b Wnalone o soliiwl Jatus t oyg03] 51 bog,S o (uSiles dslio slp Cpiomed 0 soliul

1. Friedewald



\yay )LQJ. Al E)L».Zb AR 3)3& “;&j)’ () ﬁsh VA

Ja 5 PS8 bagygesl oyloline mhaws g 8,8 ploil YO &5es SPSS gyl Jldle 5 51 snlicea

RUPER 4

L4l g b
olid g loline glay (YFAIYENFIQ) S 09,5 L avslin ;o (YAVIVENY/Y) Oy (slag 05,5
Lan ;o JyuS o098 L oglasle oz ol ), cov Sl 59 Colas (P< /2 0) ol
Solay i gledl e Gz 6l Brae aan YA 5l o ol f e 4 ity 20,0V 4 padore
Ao VO L (YPVAEYAIY Julae jo SYYIAEYVY) S 5 oz 138 09,5 99y Llo cne
Crpes e Ve nl S92g b P/ V) wd Lads lores w0z p ) S8 095 50 A O
odlS ey L (FYANEYY/D Llie ,0 FAVALY V) Gz 3 098 L anslan o (g5len

3555 3l (5 loline Sl (339 50 G0y F e

vo- —o— s

(#55) 039

Yoo d ooz gl

©— ilen Sh3y9

SARL DT AN T IAAEIEI I 0Q LAy
(ad) yloj

tlme B hge (g Ol i Y S



14 B 993 oy Tobiw 31 (53R (32505 9 ELBI e Cyz 1 1I0E 015y il

o S gl g oo (ol slaatia )3 oudis pSojlul slapsie (o pe LLE Y Jgox
5 Olgeil SIS (are ol wad oo (LA 1) 3l (npel 9 iz SIS Bran (7S 09 S
oy olis goline Bolis oz SliE 5 S sloes,S o ebdza iiis o HOMA-IR
AL gsb 5 HDL-C 5ol gobw ledlné oy ol aie VA Srae i ey (P<:/+))
Jo ol bl enmline J3S 058 4 Cond ©pzp i€ 05 0 6l JyilS 5 LDL-C
Czn 6l oS 5o plewdy W S6 5 polie il Billae ogs bl j55 e slaglis
5 6 iSigol coym SoCdAle (P<-/+0) 0g; VL (5)loline &jg0ay 55 09,8 b anlio o
gl & loglss (nl (S g Fimb plle J5uS 09,8 b asslie 15 02 l3E 095 o HMW
e 5 (5 Iolne

Gl g (P /o)) eledld oy G138 09,5 50 Lowdly Sl (ialdl ptimgony dtin )
PE azg oLl Jlals (P</o)) 0l esaline 555 05,8 b analie ;5 03,5 (paye 0,8 0 o
P<e])) ab sanline 5 oz @l3E 09,8 b aslie ;0 (g5lsn yed 0g)F o SIS a0
Gl Cpzn G09S A S (aped 098 50 59 e elgedl 4 Sueglie (eSS g ]
pb JoredlS oml I8 b g nond o] hlgn slopite 51(P<e/)) il (bl
Ol 2lS g loline ©js0m (5ilen el b anslie 0 iz 1A 095 0 S 65 s
slad plas ghloboe Gl B YL (JB> L usSg e Zobaw Jl> cpl b (P<-/+0) wssls



WAY o o) 5 lous Ve 690« b yg siomns ) pole

"

lymo B ige 30 S jglg yw b piio 3 (53la (0 poi 9 ELbl e Gy SIS 1Y Jouor
(3513 bl Byl £ S lao)

YA Lo

A &an

Jol &an

LRI

Caaule

Jr5s

Gzl

Js

Js

YN £VA

TAOE LY

WY EVE

# VAL VA

AAIAEY4

\(Ed

[PAEY < YY

T VIMEVOAS

TAYIAYEY \/§5

#MABEIYAY

£ NTEUYY

YUOVEFDO

V£

T o/ \EYPA

o-a£Y/-4

##/+AEIVA

ANEN

FEEN

4 Caogle

oolged
(HOMA-IR)

YNE £/

YON £

YAY =+ f/7

YVf£Y/-

YAV £V

Yel-£YA

b o ngee]
Y J&
PISIE)
Gl

YOOEANY

TENEM

YVib+ AN

ARTAESRUN

YAOE9

AAESNE

b e e

onth S

25k
Gl

FNY £V

TAYOEAY

TASESN

MNAENA

MBS0

A=

£l JoydS
PISIE)
Gl

VVE£\YF

Ty NFEY-

AATLERY

sV VVFEYYY

AYRENFNY

INIEEARNY

PISIE)
Gidg

AT

Faiee VY £+ /FA

OAPE [fA

INAERIE)

INAERY\td

SN Y

2550
Gk

BFE LA

QN ERd

EYE Y

AERIIVN

BEENY

NO£-/-4

RIS
2SSV
Gl

05; L: A.w.an.n BN )L>L;.u g.;jlb

< (P 1 0)ppaze Liae J S 09,5 b duglie jo lobae ooglis e

P<10) Gilsp 05 09,5 b aslio o Jloline oglas o (P<+/+0) pitidgiony &b U8



"m B 993 oy Tobiw 31 (53R (32505 9 ELBI e Cyz 1 1I0E 015y il

S5 A% g S
Ol 4 Cuoglie (a3l g a8 Sujglgpme layeiie jloline Gl fagn (ol e AL
JormdSen peedS 655 Jold god b n lopeiie (505 10 zshaw Sgamn Sl ol jonay
o9 eLilt £55 5l 5 aLS Wil Glié oy lyims 45 Cond Gyzyy (61E 05,5 45 LDL-C 4 ol
Ui ol L TY) 553 o ctings 03,5 ol el yz 51 a5 Slalllas gl by yols (slaazily
Sleze b oz n Gl Srae fo a5 ol (lis oz sl 5 S sleos S G (9 Dl
@l b as 09l 035 Jbolime Gl s Wilgh oo Dawaily g0 YglS ( STyss aLS (4,
O (Slgtren oligS &2y b (LS slagés) Sras il (26 Bl 5)lo5k p e Dlalllas (S
Geizs a5 Cewl > 50 ol el 009y Slisios (pl 45 obigS G pan 8,50 Jdoa Yleisl a5 (YY)
5 b 3 T L adl cnl o) Jleel 1) glslid Coz iy 6lié e oo s S 4y >
b Blr 5op » Eledlpnd g Eldl do)o i rized 5 (27 oy 5l pae ogas o ol iSen
5 Ebdl @z Solite Glane,d aradt b iz p mi) sky Wit slass)s sl eslinl
Sl olal s sledlas S 9legnd] O Glpieas puiSSgm o] (VE) 8l JulS Slozean glily e
J 4 b ad Sebul (92 gz wlolyy (Y0) wboo hals gl 4 Canglio 40 Do
eSS0l (sl yeg il gopw olans yr lawgio B b Daeatly (510 Dl ped 51 Ak 50 (ks
Syge eyl 4 pglie eldlpnd oz 28 @3, cov lr Gl Slse lagosesl
Silon Gy 4 Ve 5l e pU 5Sisnol (e palae yl hagh 50 5y0nlil el 4S5
S gy p ElBle 0oz p 28 ) Cou Gl @l Glaghee ;0 bugie Dad b Sueadls
Sras oloy o > @lme lagise 5 Dasaily silsr Slo el Gl Gl slaadly bl
Sl 5y 00,5 b anglio o b iSigal Jloline (lil o Wlgie ledlind pz i slie
Sile Calleb o8 wals i oo 5 LbsS gl al @l b e 05 Eledld oz
Sy aile 5l (S o970 Aty bl (V£) 058 00 5ol (alowdly sl (alidl s
doyd Gl s o ez s 8098 GRI3l eSisasl (5955 ) sk Gl sl ookt

3o, hals 0929 b (53l9p (0 ped 09,5 ()59 ol Gz 10 (TV) Cenlons (3155 s 0z

1. Son
2. Yokoyama



IWAY 5l o) 85louds Ve 8,90 (o559 (S 3 pole ny

Y8 azg bls aalidl cnl oemg Lol lis 1) o oline gl oy sl 09,5 b anglia jo
5 Ol )5ed g (ol die cnl yo o onalive H9S e 09,5 ;0 al (iSigndl oy zolaw (G
u.,Jl)sl 9 )9 Q;'..mLY 09N (S WD g bwgio Sal b g5ls Onyed aian VY ols uL..J
Aol 5l el b ) vsdiee plls plime Glagise ;0 pb (iSignal (olewdly ok
Slahse wzg (Ll (Bl v92g b oS cunl Sen 5 (o 315 L avalie LB 5 Coonl 3l
» el @lme slaise b alie Sad b Sl el o G ol )0 g5lse (el 09, (ol e
519 2005 09,5 50 39 RIS (9 o (eSSl jloline T8l g cnlil Ayg y9Sde Gaios
Jelss 052y Jloiml [Slo glidlnd iz 18 05,8 b aulie jo glidlnd oz w3, <o
G5 gebe i o oyr sladsbe slasi s olal wile oS5y Dless srar 650
Wlo3 oo armsna] 5501 a5 wilos S 5,155 o, Sa 5 'S 58l b dire) (il 3 ol (uiSSgmo]
olS ol ey leasdly (Koo 51 (VA) wil (iSisnol iy 5 o )0 (cats B (e
R mh S Sl el 095 )0 Glgedl A Cueglie el g gl SIS lolies
5 Gedgml SIS Zohaw Sgp 45 Sunl oad o3ls (lis ey 13 098 A4 S gLt e
Lsye 55 6510 (i Al 0 eiSignol mokie SRl 4 ol s 1) (sl Caaglie (sl
2 0SSl Sl Jgl sl (o BB a0 5l gl 4y Caaglia  eSSspal S1L(YVR) el
Gl 4 93 0 oS Sl 92 pedilie S Basb 5l Sl ped e g (0B SUjglg e slo it
eSgen] a5 el oad eols las alEislel Sldlas o 0iS e KoS gl 4y Cosslie
5 e (¥0) Wi oo Jlasl AKE LS (g iladles Bk 5l 1 og5 cdsndlans Sl
eSSgmal polie TAPPLI 5 hows s py w55 e 5 (Shogin wisls lis slaalllas ;5 oo
APPLI1 (Lo a5 03,5 ()15 sl aalol jo (1)) aas o (2alS 5 ial3dl cud s ol lailiay jo 1,
&S e (xiSignol bwg &5 gwoiml Jleel iz 5 (iSignel SlliSn e
Wisdss (55 7le (eiSisnsl bawg a5 (Ssimly Jlosl abor 510,38 e Sl 5 s e

O STy S0 o8 cge (2SS0l 0,8 o)Ll GLUTE lié plraslr 5 5505 Qi 4 oy

1. Skurk
2. Mao
3. a pleckstrin homology domain-containing adaptor protein



"y B 993 oy Tobiw 31 (53R (32505 9 ELBI e Cyz 1 1I0E 015y il

5 g e Lid mhaw 4 GLUT4 gloals (iolidl o 32,k cnl 5l 5 955 o0 'Rab5 5 APPLI
S5 medsilio jo elS3L by ladsle » Jes Giyb 5l eSismol &5 cosl onds Gl Bk
49 (Adipo-R2 4 Adipo-R1) u“s"ﬁ*-‘ﬂ sleoss .5 ok 3l Sez g0 daleds .A.;Sga Ll 1) 09> s
3 odi 15l plo (F4) 05 e coles slmo slaise 5 oladl jo WlSSL sbo sla sk
s G elgel @y 50 GeSisgol 45 0yl o s9z s | (28 Gl oSk sl sladsls
oad BT oeeiSisslyen Lalyd 5 5 WIS sl sledshe 0 Shee P (FY) a3l
sleJole St 4 Adipo-R2 6.5, Slo,ely jo0 P! as oals cols las aiw) ol jo .ol
ol oSl o eSigmal Jlosl (1) 0 e el 4 Cuslin ol (sl S0L sl
& gly 53 el 5 45 Sl AKE (gadly i 5 'ERK aiile ool (ats . (s5luJlad
0F W6 &Syl Gl ise i eed & (1) aRo e Gl Ly sladsle o 1) S Sy
LVF) wols las |y 650 dnsa g 3598 Jaos LialS b olyen oy2 coslsl Liuljél Adipo-R1
ELdlnd ©z midy S8 G3lsR ared 09,8 0 pb eSismol Gl 5 ogze Aty 4z g
gl SIS lS aidg DS ) i O L85 aomi liion 2z 1 055 &
OSigmsl (55 )8 rolaw Bl Sl j0 pole adiod o gl 4 Caglie Lasls Culed 40
HMW 039551 jlobime é (al3dl 28,5 Jla po b ool (S shilogmal ol (el smilans Sl 51 o
G139 oS 8l las ol o sl 4t 1) (Splie Syl o i 50 00 9 oS
Slplie wadge DSl Wig e Ll pb iSignsl pol (Gl (eiSignel b S
Grae d Glst wld 1) pol Gadod )0 (iSignol HMW 8550 jlolime Gholidl pae bl ails
55l tmsiase SRS o iSignal gallS R (b ) ol cond gldlnd oy n S
ond Bl pgPa dlde 5 05 dlex l ame lacidl 0 0z sl el @S 5k
B crse (eiSignsl (Sl Alas )5 a5 wis S 3155 e 5 (zsllely (V) oo
oS T 5155 s d(aiind Jlad o yz dl JWil 40 a5 slaJobu) CD36 Jsbo (slaog 5

as Qj...uu’do UCP2) Y OMW U’“‘bj)" 9 (w‘ JL’.9 < M‘ u}}m ) aS g}?ﬁﬁ‘ﬁ :ACO)

1. 548 o0 4s5 S>GTPase a,

2. Hypoadiponectinemi
3. Extracellular Signal-Regulated Kinase



WAY log o) 55Lod Ve 595 ¢ b yg simn ) pake e

gl Sl 3gu a2 )3 5 WS 5 5 Slgie 285 5 (052 e BB ALl )
LDL- g & poacdS 6 55 o9 yundS” (o0 po0 ok 3 polo Geiod )3 (TF-TA) Cutls walys Jlosa |,
2 &3lsp (nuyed 05,5 3 HDL-C sl )5 (5 9 (P +/+0) b falS (g blins jsbay C
5 'Sy @l b 3aios (nl 5o o) s dgne i onalie oz 5136 05, b 4wl
05,5 ;3 HDL-C sl (iuldl aoe ol 5925 b gy ganods (F) ()50 5 55 5 «(VA) (), 5o
Eldled iz I3 plojer Bras ay Glet i | iz (138 09,5 L annlie )0 (55lsp (el
@ledl pobw WIB 1 (S ol 3825 @l ggemme )3 0l Cand (5len G yeT 098 50
SSelplin 5 G Erond et b Gl Gl Sl (53lsp (el i Vel ey el (iSigaol]
@laé Spae P 0 pogats Ghakl oz mpeeille Gab patine jslateds dizya Cawl ol oo
o a5 aal cdbe cpl Silo Wil oo 4z (nl 0)ls D9 o i Slidew gldlpd 2 pn
Gl Brae P o o (o35ys Sl yed bawgi Gelsed] 4 Canglio S5 50 pl (Sl
oo M 58 T gg Sabd Sl 6 50 Wil e o Sl ledlas aE SGglidl oz

S Ly

REY P 9 égli.o
1. Svensson H, Odén B, Edén S, Lonn M. Adiponectin, chemerin, cytokines, and dipeptidyl
peptidase 4 are released from human adipose tissue in a depot-dependent manner: an in

vitro system including human serum albumin. BMC endocrine disorders. 2014;14(1):7.

2. Moghadasi M, Mohebbi H, Rahmani-Nia F, Hassan-Nia S, Noroozi H. Effects of short-
term lifestyle activity modification on adiponectin mRNA expression and plasma

concentrations. European journal of sport science. 2013;13(4):378-85.
3. Rhee E-J, Chang Y ,Sohn CI, Shin H-C, Ryu S, Lee W-Y. Impact of systemic
inflammation on the relationship between insulin resistance and all-cause and cancer-

related mortality. Metabolism-Clinical and Experimental. 2018;81:52-62.

4. McCrindle BW. Pathogenesis and management of dyslipidemia in obese children.

Pediatric obesity: Springer; 2018. p. 419-49.

1. Touati
2. Burneiko



" B 993 oy Tobiw 31 (53R (32505 9 ELBI e Cyz 1 1I0E 015y il

5. Antonopoulos AS, Margaritis M, Coutinho P, Shirodaria C, Psarros C, Herdman L, et al.
Adiponectin As A Link Between Type 2 Diabetes Mellitus And Vascular NADPH-
Oxidase Activity In The Human Arterial Wall: The Regulatory Role Of Perivascular
Adipose Tissue. Diabetes. 2014:DB_141011.

6. Aprahamian T, Bonegio RG, Richez C, Yasuda K, Chiang LK, Sato K, et al. The
peroxisome proliferator-activated receptor gamma agonist rosiglitazone ameliorates
murine lupus by induction of adiponectin. Journal of immunology. 2009;182(1):340-6.

7. Cui M, Yu H, Wang J, Gao J, Li J. Chronic caloric restriction and exercise improve
metabolic conditions of dietary-induced obese mice in autophagy correlated manner
without involving AMPK. Journal of diabetes research. 2013;2013.

8. Lefevre M, Redman LM, Heilbronn LK, Smith JV, Martin CK, Rood JC, et al. Caloric

restriction alone and with exercise improves CVD risk in healthy non-obese individuals .

Atherosclerosis. 2009;203(1):206-13.

9. Sahin-Efe A, Upadhyay J, Ko B-J, Dincer F, Park KH, Migdal A, et al. Irisin and leptin
concentrations in relation to obesity, and developing type 2 diabetes: A cross sectional
and a prospective case-control study nested in the Normative Aging Study. Metabolism-
Clinical and Experimental. 2018;79:24-32.

10. Harris L, Melville C, Murray H, Hankey C. The effects of multi-component weight
management interventions on weight loss in adults with intellectual disabilities and
obesity: A systematic review and meta-analysis of randomised controlled trials. Research
in developmental disabilities. 2018;72:42-55.

11. 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(5):1008-12.

12. Boudou P, Sobngwi E, Mauvais-Jarvis F, Vexiau P, Gautier JF. Absence of exercise-
induced variations in adiponectin levels despite decreased abdominal adiposity and
improved insulin sensitivity in type 2 diabetic men. European journal of endocrinology /
European Federation of Endocrine Societies. 2003;149(5):421-4.

13. Hulver MW, Zheng D, Tanner CJ, Houmard JA, Kraus WE, Slentz CA, et al. Adiponectin
is not altered with exercise training despite enhanced insulin action. American Journal of
Physiology-Endocrinology And Metabolism. 2002;283(4):E861-ES5.

14. Wang Y, Meng R-W, Kunutsor SK, Chowdhury R, Yuan J-M, Koh W-P, et al. Plasma

adiponectin levels and type 2 diabetes risk: a nested case-control study in a Chinese

population and an updated meta-analysis. Scientific Reports. 2018;8(1):406.



WAY o o) 5 lous Ve 690« b yg iomns ) pole N

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

Després J-P, Lemieux I. Abdominal obesity and metabolic syndrome. Nature.

2006;444(7121):881-7.

Thandapilly SJ, Raj P, Louis XL, Perera D, Yamanagedara P, Zahradka P, et al. Canola
oil rich in oleic acid improves diastolic heart function in diet-induced obese rats. The
Journal of Physiological Sciences. 2017;67(3):425-30.

Gray B, Steyn F, Davies P, Vitetta L. Omega-3 fatty acids: a review of the effects on
adiponectin and leptin and potential implications for obesity management. European
journal of clinical nutrition. 2013;67(12):1234-42.

Touati S, Meziri F, Devaux S, Berthelot A, Touyz RM, Laurant P. Exercise reverses
metabolic syndrome in high-fat diet-induced obese rats. Medicine and science in sports

and exercise. 2011;43(3):398-407.

. Stefanyk LE, Dyck DJ. The interaction between adipokines, diet and exercise on muscle

insulin sensitivity. Current Opinion in Clinical Nutrition & Metabolic Care.

2010;13(3):255-9.
Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density
lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clinical

chemistry. 1972;18(6):499-502.

van de Heijning BJ, Oosting A, Kegler D, van der Beek EM. An increased dietary supply
of medium-chain fatty acids during early weaning in rodents prevents excessive fat

accumulation in adulthood. Nutrients. 2017;9(6):631.

Tam J, Godlewski G, Earley BJ ,Zhou L, Jourdan T, Szanda G, et al. Role of adiponectin

in the metabolic effects of cannabinoid type 1 receptor blockade in mice with diet-induced
obesity. American Journal of Physiology-Endocrinology and Metabolism.

2014;306(4):E457-E68.

den Besten G ,Blecker A, Gerding A, van Eunen K, Havinga R, van Dijk TH, et al.
Short-chain fatty acids protect against high-fat diet-induced obesity via a PPARy-
dependent switch from lipogenesis to fat oxidation. Diabetes. 2015;64(7):2398-408.
Nguyen S, Shao D ,Tomasi LC, Braun A, de Mattos ABM, Choi YS, et al. The Effects of
Fatty Acid Composition on Cardiac Hypertrophy and Function in Mouse Models of Diet-

Induced Obesity. The Journal of Nutritional Biochemistry. 2017.
O’Leary V, Kirwan J. Adiponectin, Obesity, and Cancer. Adipocytokines, Energy

Balance, and Cancer: Springer; 2017. p. 21-38.



ny B 993 oy Tobiw 31 (53R (32505 9 ELBI e Cyz 1 1I0E 015y il

26. Yokoyama H, Emoto M, Araki T, Fujiwara S, Motoyama K, Morioka T, et al. Effect of
aerobic exercise on plasma adiponectin levels and insulin resistance in type 2 diabetes.
Diabetes care. 2004;27(7):1756-8.

27. O'Leary VB, Jorett AE, Marchetti CM, Gonzalez F, Phillips SA, Ciaraldi TP, et al.
Enhanced adiponectin multimer ratio and skeletal muscle adiponectin receptor expression
following exercise training and diet in older insulin-resistant adults. Am J Physiol
Endocrinol Metab. 2007;293(1):E421-7.

28. Skurk T, Alberti-Huber C, Herder C, Hauner H. Relationship between adipocyte size and

adipokine expression and secretion. J Clin Endocrinol Metab. 2007;92(3):1023-33.

29. da Silveira CR, Landi MD, Campos CF, de Lima SP, de Piano A, Carnier J, et al.
Homeostasis Model Assessment-Adiponectin: the role of different types of physical
exercise in obese adolescents. The Journal of sports medicine and physical fitness.
2017;5-831;(6) 7,8.

30. Wijesekara N, Krishnamurthy M, Bhattacharjee A, Suhail A, Sweeney G, Wheeler MB.
Adiponectin-induced ERK and Akt phosphorylation protects against pancreatic beta cell
apoptosis and increases insulin gene expression and secretion. The Journal of biological
chemistry. 2010;285(44):33623-31.

31. Mao X, Kikani C, K., Riojas R, A., Langlais P, Wang L, Ramos F, J., et al. APPL1 binds
to adiponectin receptors and mediates adiponectin signalling and function. Nature cell
biology. 2006;8(5):516-23.

32. Kharroubi I, Rasschaert J, Eizirik D, L., Cnop M. Expression of adiponectin receptors in
pancreatic 3 cells. Biochemical and biophysical research communications.
2003;312(4):1118-22.

33. Liu H, Chen S, Zhang S, Xiao C, Ren Y, Tian H, et al. Adiponectin Gene Variation—
4522C/T Is Associated with Type 2 Diabetic Obesity and Insulin Resistance in Chinese.
Journal of Genetics and Genomics. 2007;34(10):877-84.

34. Bjursell M, Ahnmark A, Bohlooly YM, William-Olsson L, Rhedin M, Peng XR, et al.
Opposing effects of adiponectin receptors 1 and 2 on energy metabolism. Diabetes.
2007;56(3):583-93.

35. Berg AH, Combs TP, Scherer PE. ACRP30/adiponectin: an adipokine regulating glucose
and lipid metabolism. Trends in endocrinology and metabolism: TEM. 2002;13(2):8-49.

36. Yamashita AS, Lira FS, Rosa JC, Paulino EC, Brum PC, Negrdo CE, et al. Depot-specific
modulation of adipokine levels in rat adipose tissue by diet-induced obesity: the effect of

aerobic training and energy restriction. Cytokine. 2010;52(3):168-74.



WWAY 5l ) 85lod o)+ 8590 «(od) 9 (o pole NA

37. Yamauchi T, Iwabu M, Okada-Iwabu M, Kadowaki T. Adiponectin receptors: a review of
their structure, function and how they work. Best Practice & Research Clinical
Endocrinology & Metabolism. 2014;28(1):15-23.

38. Yamauchi T, Kamon J, Minokoshi Y, Ito Y, Waki H, Uchida S, et al. Adiponectin
stimulates glucose utilization and fatty-acid oxidation by activating AMP-activated
protein kinase. Nature medicine. 2002;8(11):1288-95.

39. Burneiko RC, Diniz YS, Galhardi CM, Rodrigues HG, Ebaid GM, Faine LA, et al.

Interaction of hypercaloric diet and physical exercise on lipid profile, oxidative stress and

antioxidant defenses. Food and chemical toxicology. 2006;44(7):1167-72.



"4 B 993 oy Tobiw 31 (53R (32505 9 ELBI e Cyz 1 1I0E 015y il

The Effect of Unsaturated High Fat Diet and Aerobic
Training on Serum Levels of Selected Isoforms of
Adiponectin, Insulin Resistance and Lipid Profile in
Male Obese Rats

Payam Saeedi' - Hamid Mohebbi*? - Farhad Rahmaninia®- Fahimeh
Mohammad Ghasemi*

1. Assistant Professor, Guilan University, Rasht, Iran 2,3. Professor,
Guilan University, Rasht, Iran 4.Associate Professor, Guilan University
of Medical Sciences, Rasht, Iran
(Received: 2018/1/19;Accepted: 2018/6/11)

Abstract

Considering the epidemic dimensions of obesity in the world, negative
energy balance methods can play a critical role in public health. The aim of
the present study was to investigate the effect of 10 weeks of aerobic training
and unsaturated high fat diet on serum levels of adiponectin in obese male
rats. Blood samples were collected from 48 Wistar male rats (mean weight
19545 g, age 8 weeks) at 1st, 18th and 28th weeks after overnight fasting.
After baseline sampling, remaining 40 rats were randomly divided into
control (n=16) and high-fat-diet (n=24) groups. High-fat-diet group were
randomly divided into exercise training and high-fat-diet subgroups after 18
weeks. Exercise training group received aerobic training for 10 weeks (5
sessions/week) with an intensity of 70-75% VO2max. Serum concentrations
of total adiponectin and HMW as well as lipid profile and glycemic indexes
were measured. The results indicated that aerobic training in high-fat-diet
group significantly increased serum levels of total adiponectin in comparison

with high-fat-diet control group (P<<0.01). Also, all glycemic indexes, total
cholesterol, LDL-C and triglyceride decreased in aerobic training compared
with high-fat-diet group (P<<0.05). This study indicated that aerobic training

could increase serum levels of total adiponectin in obese rats even with
unsaturated high fat diet and improve lipid and metabolic profiles.

Keywords
Adiponectin, aerobic training, insulin resistance, lipid profile,

unsaturated high fat diet.
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