[ Downloaded from ijem.sbmu.ac.ir on 2025-07-18 ]

Ol 2lio 9 3250393 338 galoeo
Sk S (o yd = gl Olodd g S eole ol
(VAN Sawl) VIY S VY e sbascio & (50 lomd o33l (50,90

S 5al 453 9 i 5 039 SRII L el e e Rl S

Soss O it g o Sl s d glu ol

alos

=

JATPYSINS

sl o

V&‘_}A“._}.};ﬁ_}o_.}umﬁ_)ﬁd:\sd‘)‘}%w‘)ﬁd‘\@l:\ﬁm‘)xd
:)S_).o (Y :)‘_):LJJ L;.\LAJJ_L’:L:Z-‘AQT\ C)LAAAJL;J:_}# f‘J‘L‘ bliaj'.u‘d ‘QS‘:‘.":H. desfiub :(53‘9.‘\5::‘}35 bJ; (\
Soad lesa o idlig olad 5 (o asle sl (s3les Gl lan ol solie 5 a2 olEdas

A.a.s‘ ((53‘9.‘\9&:)35 AJ; & (54:4:\1: ‘us‘i:):j (5&._\5.4.:21:!‘4 (Jl:u.u Q‘._\:\.A (f)“):ui :Jg:u.u.a GOJ;H.A:I‘,;\ 64-.\3&4 ‘f.ul;\

e-mail:ghorbani_ahmad@yahoo.com ¢ AL ;%

s S

@ sbadghe Jlab 1SN by edes j5b 4 45 553 0 O (22 S 035 I oo 055 SR BT 1aedie
o5 o il 31 A1 et aalllan ol 51 Bt ol O o s Ol s o (518 L 51 g Slad s 5 .l
M) (153 e Sl By g sl s Ok il (5 0 slad ke o3Il 055 RIEIL
Fst 038 53 5 DE) mbinl Jbums 5 PE) mrdal Jly By (PR) Uy (RP) Jsn s 55, (SC)
4 e Pl S b g gdhe i ad &l TP 055 SIBl 5 5as T e o8 L ol e
A8 Kl 5 (SuSTy cu e pat W g5, 5 bdghe o3kl SReal am ) s 8 S0kl e S
Sl I gl e sls il g o o sd e 8oy S 3 p o el ol e Ik
AP S g At A RP gLl 4 (o8 saer 0 gladghe R5 s ol pme Bl Crse D3
b (go311 g SKanl (5455 33 (5,13 san ook B35 SRl b 0dalie RP 5 PR (15 53 o 5 4 J gl b
4 it 15 o G sk 035 Gl Lol pen e S5 e 16 pS e S0 sl il slaly s
5wl fly Sl Coeal b glapllil SIbI g2 slad s S 555k 4 (Kgd o3 (B35 a sl SIN S
3 i cS bl 4 KI5 e adlas ol Gaasl K pdy o G Ks ol pr Sladske Sl e Jie A plsl

A SaS abs g (B - o gladdS Al OF b s s glagslen 5 2 3L A,

@lome Gge (e Gl 81 (05 Gl 58] (Jsles S ¢ o @il iguals (851
AAIVIYD salio sy - AV/AA saam ol il 50 - AAJF/A callie il o

I g enbs 5 Salalio apaien ( (Sly wile b ol b basi e douds

85500) (ool sk g0 s (55t slacslan (o il

5 ek e @il ool 4 ol Saagd O obew g Sl s 55 550 55 5003 Sl e (20 8L
OF Silgslis (sla S5y G Sondigs 1o sraey sladalllas 5 Losesss mas b oS el o @l s3a5el
slajise Ho ladallas ol 51 ol el ‘sle_'d Ja o Sl galie slaHAl ‘o sad ALy (ahias sla, <


http://ijem.sbmu.ac.ir/article-1-930-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-07-18 ]

I dides] 8 (g0 lod o2l (0150 iyl punsdoulio 9 iuyi39)3 32¢ Galza VY

Sl eor @b Lo el geslnl 5 Seal a0
ol daallles ool Lo Loyl @8l 4 s dalias
L Jsle oslil (5 5Seal gm0 5 ladsha Hh3 laals
OonS (@l Ghse (i Alde Al pin slacils o
350 LT a5 05 oialdl b sl e G (Ral381 31 eu ga
lomie sa 5o aallhe ol aladl e sl 153 ans
sl Ldas Gpidohie 5 (S Ol ol S il ol
3 AT sl 50538 5 (Bla © bsse sladallls
oil38 Olisa 59 O saal WIS oy sladsle e
Dl g5 oo gl g0 Jaade | 5aadS (RS 5 (ot OO0
L bsse slagolan 5 (2on <8k ML b caba o
0 M K el 5 Boe - lE saER] sl o
o3 il K pdslie 585 S S 5o Lo dle
e Sl o slg e dals sladil T slad sl
pladl Lsbie & o @8b a6l Sl Jas

il ade  SB S gladalllas

Lagsig,y 9 3lse

\V}éﬁ)ﬁ&&bﬂ\*))}l)ﬁ;)‘%uﬂu.}aﬁ;&)d\s
Gaod YYEY) cola gaass o (ebdy, oelw
oo o3 oblma aulsl 055 wad (55l (o) S Bl
RERE ;;L}\J:u; 39 Gaa A L@_t.i O 9 ‘z; YY-+0 allhs
500 Ol o9 Y e S llsa ud a5 F S
Lol o JS00 cGaa ¥ cas gl ¥ 85 S alilgaa aiis
Salsl 59 5 ulaeS (i a3, Lo LS () sad SO
LSLAC.\S‘-! c.\.‘i-\;):\‘, uAbAJAL Sl ‘LAJ‘&...H 48 9,
pOS Y20 4 595 Cnl o8 Sllsas 55 88 L8 e
S G il 38 ) pal Ll oS SRl ) el Gl sl
oo sk aladl slagiuledl 5 ollss LS © by
Sy psle sy anl w0 SSsn oulaly W

Al C.\:i.LC.‘) :)“)f.aiv
oo ala G b pup ad laa JU Sl g4l
Slabd Giol S ol slaal a) HUS B Guy 5 5L oS

> ) por 28 el Gl 4 wsdiee alad) (s
Yoare Ladalllas Lo wsadgo Gl Olom o 5l Lilide
JE 52505555 {(SC) sula 55 unanl (Al oy slacil
Ao T8 e L3 soliiud 5550 U(PR) JLssi s ' (RP)
Ol 09 (or b e gilie sladia 5 ol S sl a5
el s a8 e sl caeal oliie SouSs b als
sat G 3alsed 55 5 S baae 3 SSK bl o
2l 5 il oldal pon @il 5o Lol S b s
S i mRNA le Koo b 31 el SC on
o 28U 5l A plial ooa 59 Ol sl Sl sl BT
sl sl 5had (g & gl oS e 53 4 ol SC
sLoslS age Jle 3 (S K b g AR Al o5n
5 ool sl s el (Slplis Sl e gl
Lol o3l slap 5T cullas o wuls oLas o), Kan
i Skl ooa sladsle 5o Slaloi s sl 5 ooa
sk GB,I38 comiapa ol S ki sl slad sl )
Jsba 5l3 51 (sl w5 4 KK Jous ol
o gUT o 4l 3T Sl sl ol M) oon
DAT dallhs Cilaal b coalite wils osa @8l el
Son S pladallas 3l sud goslpen sladtil 5 s st
aBs bowl wlead aladl glaal glacyls © w s
T e (5 i
b pa Bl oo G sl S (2on eus Ol
S8 hlsE ey (3Mne) Ladsle slaas (ilBal 5
Lol 5o Vsl a0 oa sladsbes (B 000)
Sl w55 b e GRal38) Hus G5 a8l wiile pala
Sl oor sladsle sk wals Sl 4 sk
oy b Slalie B8, 4 gl 51 Ml Gl
o3 Galodl T el olite KK b G e Al
(A alsh or On wld 55 368 bulsd oo (sl
pladl el 0ol 5o prela sladalllas 0PSB adly ol
ool (5 Kaals (g4 50 (Jsles Hh3 s 8 e ol suds
wor b oo € sl R (Shy eor sladsle
ool S Saal gda,s Lo Luds ol cueal Gl
O S5l o Slee Ho Sads b o sladsle

2 058 O3l S s paddie Mol slhes il

i- Subcutaneous
ii - Retroperitoneal
iii - Perirenal


http://ijem.sbmu.ac.ir/article-1-930-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-07-18 ]

(SLessSs0) (o slad sl 5l3 (Sl

\AIX o7 SBd gl (wldCOL G ]

o9l sl el o S byl geedl boas S
LSD a3 (03] 5wy Llaore Laosls < 3,50
oobie 4 (piaaa ad soliiil Lo gl Jae faasd (5l
Oloee) oSSl 51 ladshe SlE (Sl Glae (pand
ol soliied OV eild ) (il 3sKaali gaa
g sl 5ha8 iSilie 5 Hlire Bload) a5 oS (aals
Lo slasuls s Gls vy oo 0wl o ciws
5 bl glad £ (Sle oose 4 ladshe Skl <
Soge 0 o8l SSaal gians o base slassls
BL J‘JL;.\MP <‘/'O _):iél:i_aj Q‘J‘ _)[:;A_A L_.Q‘_)A.i‘i O;.u[:;.a

ek s K Lk

PERVEREI g LY ]

s me sy Jlafs Juy s sl )
pay)

OSalae 53 059 Ol 81 s ol a8 G (il 1 311l gl
O Al Saegibl aled oy gladsle ki
sladgla jlad uSibie LS S)L ol slagi e
S5 08 b S0l cllga 5 oad cudlo gy 32
039 b Ao lilgia g (Gh,edila gladlS,L)
ClEF sas e GLdS (op SLASIS,L)  yidi
o9 dldie gl o 4w (P<2/00) Hla e
Glod = (aSilis Oyguo s LadiSl . y0lea Ol gaa

el o Glas oyl bl

Ladasls

o b e LD Y Llosar 5o LGLE,L € | sholes

09 (woa o8l gladshe S 055 b S0l bl
00 s (FADEYV) 555 sl Sk slols RP (gauals
awlie 5o (PV£V/Y) S5Sa S Yol 58 Ll DE (s4as
PO/ £Y/Y SC : FHF £ Y/A) ol sl slasle L
sladsles 45 s o5l Lol wiieus (PE @ #V/¥ = \/¥ PR

ii - One-way ANOVA

Galays JB 5% 5555 5 Jbos s eenanl ol o )
<8l anilye Sn iy Sb sb o S alagpl ) as
Jhaws G oon b maay) JladSon o ooa
99 Olsie @ R s Ol por ol ol aaa)
slcil geaa o3 S L8 Lol wsse Iae sl
Aeolidy Lacsls . ad sl Olsn o e 3l gisa
ey 4y g add sols 58 da 0 YV clles JLo s Jslae o
o JiTe b bl sl (Jole i sl&aule 3T

S paswsa Ubss (o ladsle S s gl
o 5o i I8 suliiud sspe (Seil b olKes
Ol Jloss b aiye Y0 aaal 5o e olabkd ale)]
S b al 58 @8l ur S suls pllend da 9 YV
Obor pSGlee Ve ugaa olakd 4 blial b5 ala a8
s sad wul WY S gs S SasS sl 4 euls
S sy Galles Jloss SidsSae 00+ L Lajuilin ol JiTe
6l a¥ ol LS LI psla alls 4 o ol B
@l ad e Sy Koo 55 4 (Joles HlaS (588
e Sl 5o SlegSae K ladsle [l (g 5Se )l
b sl sSae bgha Jualsd 5 sals 53 oSy Sue cadin
il DR ad 5ulS X ¥ LS50 b pose pY S
soSeslal Ggad 5o 5 Bobal sk G s sl Yo
o 0Sile glsie & Jole slasd gl ki Sle
sladsle Lk was ke walb o oos sladsle
S gl Bl b Gl G5 G 4l e an
Ao YO sgas wal 58 ooa sladsle [l (g 5Se )l
adS buaoss oo sbadl sle el Job 4
YO L osads a2 5 LS oS,d ) sad g lu,a M199
bl s L, 9L 68) 0 Earles salts g HEPES (g0 JLio
$9 5 780 &3]l S Tl sdm,0 YV (slos) alaitic]
Glaos omal @l ud ol (10 S ws
Alide alg ooa glacsl o sl goslal 5 Kaals
S 4 358 OBoo b S aal s Yol ki Sk )
S ladsla Shi (SuSly (o stulas Holie 4wl
Tk salimial (CV) s ol 4 by 0Sike

SPSS (s el Llndlass 3 Lasols Julas 5 433a3 sl
o wor sladsle sl Sl e wd soliiu

99 C‘JL\‘P OB AJ)§ By QL\‘P Ods alid e u;‘y

i- Coefficient of Variation


http://ijem.sbmu.ac.ir/article-1-930-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-07-18 ]

IYAA Ldwl F ‘;ULJ z/'.AJJé (5092

Ol punpdoslio 9 juyii9)3 322 (galao \AV4

SSaal gass Gldw G5n b St olilss o
olel a3 51 alsh ple 4 cuis DE saals (osa il
b oo @8l 55 058 (nl sa s (P4 V) Hlagas
(/\#IV£Y/#) DE (gaaals 5 Cpoidas (AYF/V2¥/V) SC
>l ol b dwlie 5o ), SSeal gaass (S
S Lls (PE : ZYP¥/Y RP : 7Y0xY PR : /YY+\/A)
wall oon @il ) s sladshe V JSa (Y Llose)
o il e o ) (SSaal i S 1, SC
9 (A) 53aS 055 b STl oblsa 5o oty Alids alg
s o LS (B) s 055 b Sgpee oblga 5o

S ead oy oo @il o sl HhE gewlis
o3 L S 5o gl Sglss oblsa o wal 5
058 I Sge llga 5l wal plea osa slad sl
e 535 il b olyan o Gl oS s ol SR
el A8 s por sladsle Ok (il
ol i e olds V Llased 5o LG 4 | hples
& AAY ) DE jals s cbadsle 5o Gl
FOIYEY/N SI) PR (V- /VEN/Y 5 #¥/¥2Y/A 31) SC (FALY/N
sobel s ) (VE/P£Y @ #V/F£VY 5)) PE 5 (VA£Y/Y @
NRP gauals on @il Huo s 5 (P<-/-0) o g Llo e
O Cpobds add s ges (VE/F £ Y/F @ PAD £ YV
Gl oo @il Ho S5 G Jsla SRS Il 38 0 ieS
tes ) Jsda o o saaliis (AP Z)RP 5 (VF/Y 7) PR
sals plas Alias alsd pon @il ladsla 58 Gl 53l
S 1, DE eab posn o8l gladshe & S8 ol sud
Gl ilo o dsle i Lo @hladle LG Sl
Sllsa 5 (C) S 00 6ol Solsa cllsm Ho wl
aas e Glis (D) sidus G55 slols S

oa o8l sladsle se)lasl (5 sSaalh saa 0 sewlis
a0 b S (55 6l 5 S0l oblsa Gas 5l sl
039 G 5 S cllgpa ) aal glaa 5 sKaals
A 3K e on ol L 5 S ol plas i
08 S Hokplad wons Gal baolt s sola e ol
058 otal58) b ol aa frw Gil38) b g oo sa N Jgan
VA/Y 7) PE geaals 5o (o sSeal (sdas0 5uadS (s
29 Saal gda,s S e ol suls gy (Uil

(1

(3m,0) (ooa @8l B

BYRRRUT R RSP O] PY BN -CIG QRG-SO PN PR FReN
ob3 53 sulaAne @l 50 S (55 b Soee Sl
o9 Lol il wsay Al als pon slacsl sl
Fox PROgeal 5o por sladsle oblsa ol
(PA:Y/V) 5&s S DE gauals s <db Lo 5 (VF2Y/Y)
RP : VE/¥+Y/¥ SC 1 V- /VEV/Y) ol sles sla sk 3]

358 (PE 1 V¥/£)

olas 5Sile 51 ladsles b8 (SuSlpy oloae (s

L Soles oblsa 5o ooa @b 5Kl gda 0 «S ols
2ol b ol o liie (s BliAe (a5 o RS G55
SIRP 3 DE s4ual u (nigpa 5 SC 5 DE aal o
ollsa a8 ol 5o (P<o/-V) us Lla e s bl Ll
o8 s e (AYF[02Y/7) SC saal 5o (po il
21 SsSeal gaa 0 oS (£VF/VEY/Y) DE (saals
PE 1 IYVASYIY) als sl goe @b b awlis

(¥ Slasad) woss 1ols (RP £ ZY0£Y/V PR : ZYY/A<¥/\

Juishimedy JwRen  JU) e sila )

pa)

059 Ol boolpaa Gu RGN A1 Yl gad
o dgla jlad (Sushyy oo pd) (s8aals gaa
slagige (u Blide Ssegibl als oy @bl
) 2 sladslu jld o 5%aals LAl S . o o
0)8 b Folsx cblgaa ) oud cudls g slacsly ju
Mg e GLdih s 99 b s Glifgan ¢ yies
Gl 2 @ cad (P<H/0) lahae oglas™
Sl & glds #H A0 allga ju asasas Jhwws
alilgn 5o Aleh pla 5 @ cawns (P<i/4)
ol e Syl + (uSilie &) geo 4y LALESLS . 3 peus

sl o0l

i) Jliaa


http://ijem.sbmu.ac.ir/article-1-930-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-07-18 ]

ViV o7 Sadshe (Wliedl p g S s 5 S des

3 oud cakla ys (o3 S 3 ealadigad 5 15 0T (55500 5450 3 (02 LA sl (5031 LALI S 9 500 536 - sk
) @Iy@ﬁgumhC,l:\.aJ.:IJ@Mb@%gd@ﬁjgd:s.:l.t‘;g&mlt.uimfaqm@bm.agugﬁ?a
H 0 9lds (D) i 59 b Figpene bl gas 9 (A) JiaS 059 b S0l s @lilgaa (s O (59308 (54 3 Lol o ls Alide
S (5 368 (A glen Hlad (1uSilas (C) S0 g Sl gaa ju asmaasyl Jlews gduals o, &8l slag gles .o Hlad glaldadlo
Yoz LS ) e o) GBS Ghalas (D) Sicses bl gan o duali glaa slad shes 4

slagige (s Alide ales oy Cdly yu (0 95eals (s4a 9 yuudS 5 (32 slad sles HhS (SOl Gl ) s 9 Y Jgua
iead (il 33 S5k (+) 9 GRALS Sl (o) padke 059 GRIFITF T L ol yad (s (al 331 ole S gy (il 2o

Jiigiapne s,  ssld ) pwenldleiSen maal Jleas Jbys R S0 93LT Jo
AI# /A \-/7 \\/F \EIY Joslew 53 Ll 330 dem o
-\/A +\4/Y -Y/0 SuSeals (gea 50 5l s o

K] u::e‘}é‘ C):lJLjJ;\:I ﬁ_\eéﬁ‘ (54:\3\3 e C_\é\:ﬂ L LAJ&L&
1 e Gl e e YU s 555 sl (on 28l 5o
i, Swlas @ by bl Spdie Jaals

a8l (gou g3 LEul 8 5 iy oS wilsals LES o slacsls

L olad oo tol38l 4 aly olas aalllae ol sladisly

sl s (shebiadle B S g5 i 05y el


http://ijem.sbmu.ac.ir/article-1-930-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-07-18 ]

I dides] 8 (g0 lod o2l (0150 iyl punsdoulio 9 iuyi39)3 32¢ Galza VAA

Miae b 5b,eY ollga 350 o el (San 5 cul dalllas
o3 b € sl Gole S a3y S Ly B ©
ol OBl s ied sy 0Blis sladallhs
pole ladallls o 0T 0k wsLlS (Ghy ssagans
Tl s b e Sl Jio 5 s55hsm
08 S bl glacyls Jle 380 LS5l o S
OSae s paddie o5y sladsle B (e
palass Guﬁ;ﬂ callas e Lo oulis ol Jle 51 (S el
el slam 5T eallas e w3l e aowl gl gouiiS
i b spdd LIS o lbaiS ous Jole
s Nl lagT (8555 5m 4B 59 5 oa sladsle
wl cullas Gl Glasl o oS WS LIS 1K
oz 8L Ol AS gliial oon @b Ko Hlali s sl
Ol 035 ol b oS amilbos b Mol guls
SN A JB s 5555 (eon 09 (Hdole Busiops ws o
oslis ol 4 wge Jial olly ol als ol
el ol 5o Shad ool cudlad gloae 5o C8MEAT 51 &b
e pebaial Hob 4 p s g Gl il a5¥ S aal
Oloee @li Cpl Lkl (Jla 58 G S LS s
Ssas Wl S 4p 58 Al als oo On Besione
© BlSee 03y ol b osles Gun Gl Glsa e ol
slgolean 13 5 por @bl ad, 5l L idy cals
S Fgse - ol slaglo,l 5 cnbs wile T L b e
$202 GO9S 5 O Ol S aila e (Jle (lsie 4 a8
Il B - 2B slagslay Slusba Jelse )
N e R R . T
Mo 5 coass Ly Lags sl cnl Gl Jlaial 5y ilide
>l S o & o plial ooa eas ol
potics 5 ua LS & M) Gl s sba O
OSEas5 A e el sl s ¢ St
Tow Abide glaciend ju oon pead Sl S wadias
S0 6l el Jole G S or & o
S s ool Lo L MTe) S Sh slagslas
oo oo 1 Glie a8 psr sladsle PBusione
b 81 € paosss bl 035 Gl b olad o Gl
W ol Sl b s gladas o side sladalllas
G (soidus alaaiol BT o € Sae BT al g 0 o S

ii - Regional fat distribution

Ol oo Ladsles (89 5550 5 (65 g ma O slae sane (o n
€ wlaindy oISl wismel Vadle il
oo JolSS gl dalye Ho b8 osa @l 630 ona
Wb e & oaie € b o g s S
WS G waa Jola oo @il S uy,e Ll
Sl 3l alia o 6 el sad GBI wsdle 4 a8
sl dalse 5o oS (Jobos (B 5508 ((Bla @i 5 005
Mo sdige 2l dalie 59 @ 3Mops Eel 58 00 s
Sllsas gsb 5 G 4 a8 b sala gaalllae Ho Galnly
God Al 288 HIE s ose (sl (85550 18
S sl Jhass ol oo cladsle Ho idw
sl oon il glad sl o S 653y S35 Jbss
Ol Jas3 sl ool o« T Kol JB 5350555
©oomd i 4 S 5 Sl oo B
L 358 slah wibee Ll als mle sladshes
5o b sad Al (oo @il ad Seelus (5558
Olsie b Slio o Sia g3y ool ol saeds LB o1, Kan
Iy ¢ Glms SSlaa gadlah 5 (Slas JSlaa (gs)lash
G055 (b el s dlen gad By 5a3 o lad sl 5l
S dole syl ool 1 oo Jobe S ad) (loee
Vsl o Cpuad (Sloa sShaa gedlab 3 5T galals
wor sladsle Hu S (S50 ale oS o)l Jlaal
5 Wl sl eolal o i JEsh s, sl
59 (Sl Sl geslh 4 T geslsl Gag S
oo 3 sael s 4 sladiily wsl o5 SRl pKia
O AL SRS (5 5 oo S (Sl 5o lad sl s
sanl sladshe Sblga ol 5o 15n) S e a1 4l
el ladsle © cuwd S Gkl manl Jhews
ok JB s 55555
o o8l dlaa 5l lacdl wd; S SBS 5 saaie Jolse
Ol Ol B oS wilauls oL Ladalllas ailad co aalsS s 5a )
a5 b TS (sl fpuaad G 15 5 4335 Jalse
o9 s saaline B0 pala gdallls Hu S by
Ghal381 L slyad 35 Gl 38l 40 bgae LS o 0n slacily
e a5, boas S 5o sa o Sllss 1) ol G
A5 &0 ) 5 Wad 4das dalllas Job o wplilicd 5 luss

O 03 008 (883 9das 4 b gs yo Ladisls ) o e 4 aiy g

i - Lower and upper critical size


http://ijem.sbmu.ac.ir/article-1-930-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-07-18 ]

b 5o ol sspde il SKeal gtase Ol
cubis (Sl pulie aoins ( Sl sladine 5o S plagua sy
sal asn 5 sud ala) Jlga sladae Lo o7 wsibe
v cuaal gl AGSS ) (S ol sud suliil asnasl
8l cdls s oy se Lo S cl (ol Lo sdallbs sladiils
G ool aY bl @l msal gaal 3 eon
S apd sslal Gs Lk 4 ol Sesbl gl
slaaallas 5 Joola ladiil 3 LA s 4 ey o
Ol edle o asl ol SO0 ¢ Sl Gaxs
LU 5 Jelse Sl s sl S usa slgndey
S55aal a0 5 (2or sladsle sl 5 o SBS
Somlie masanl Jlas 3850 5 JBosor I8 or @il
BXN BYZR V- TORUA JUVE L] Py iingl BRI P SN v RSN
sk 398 3))se

al€ia Lo oS milse Glspe wallas ol sladl 3l
> o ladsla (o Ol b sl ran (e Gl 3l
Siosk © e b oolul S o s
Al Sl cueal b glaalal SLbL o slad sl
RSB S als on 3 ot e wl S all 5 WS wle
Ll i yady 1S 535 05550l 4S Loyl 51y e
S 4 W) puld 5 s Bl on Sea
6 wlgge allhe ol claatil Wl ssas lagslas
b bdse slagolan 5 or <8k wd), 5L i cabus
LS S malis 5 (Bse - ol slagslan sl o

References

Smith SR, Ravussin E. Role of the adipocyte in
metabolism and endocrine function. In: DeGroot L,
Jameson JL, editors. Endocrinology. 5th ed.
Philadelphia: Elsevier 2006. p 1045-62.

Casteilla L, Penicaud L, Cousin B, Calise D. Choosing
an adipose tissue depot for sampling. In: Yang K,
editor. Adipose tissue protocols. 2nd ed. New Jersey:
Humana Press 2008. p 23-38.

Stolic M, Russell A, Hutley L, Fielding G, Hay J,
MacDonald G, et al. Glucose uptake and insulin action
in human adipose tissue — influence of BMI, anatomical
depot and body fat distribution. Int J Obes 2002; 26:
17-23.

Virtanen KA, Lonnroth P, Parkkola R, Peltoniemi P,
Asola M, Viljanen T, et al. Glucose uptake and
perfusion in subcutaneous and visceral adipose tissue

Sl g3 oo calin pl a el olulbd wyls usay ooa peas
as 5l Gl paad 51 sSsla Ua ol GBL sl st a8
slagsolans 5o (sl SeaiSimal alsh o oon @il
3l 28l ) b s e
sl S pon b S ol sud Gy S
Mol o Kaal osa sladsle b3 IS 5 Gy padite
Gle (Koo BT al g o 55Kl ol o muls olis L
S wlaoly Gl i sladallas sladil cuus ol
il Gals ik S8l s o b g e
Slpe) ddan O asge 5 Ssn Jelse w0 ol aal
e 5538 LAl il ol 5o Mg aalsn 5cKaals
olts eud aladl Lo K w3 s oS (galllas (gouits
@0 L ol gals ) o S8b gladsle S b
b cubis Olisa Ha ) Sl EalS (il sl sl
S sl e Glla w8 e Glles 4 Gl el 5 50aS )
Ot Sus a8 woa slacil Ho lag sl jlas (5 Saals
sl osr 8 Lo LS s sl b Lusw
G381 L ol yan e (hul3d) 580 et msan Jla K50
cuaal 5 oale uals s Lo wuSe L3 O
O S walb ol oo @il Lo LB ) S5l
w90 @ O @ aallhe ol 5o oS (K0 was gl
S maal el ooy @b se S ol Gl
ook 4 Jla K5 oo b Jhews (B3 oo s35lsiuse
oo oo 85y o BWAS ) el & slEie (gldbaNe L8

during insulin stimulation in nonobese and obese
humans. J Clin Endocrinol Metab 2002; 87: 3902-10.
Tchernof A, Belanger C, Morisset AS, Richard C,
Mailloux J, Laberge P, et al. Regional differences in
adipose tissue metabolism in women minor effect of
obesity and body fat distribution. Diabetes 2006; 55:
1353-60.

Van Harmelen V, Lonnqvist F, Thorne A, Wennlund A,
Large V, Reynisdottir S, et al. Noradrenaline-induced
lipolysis in isolated mesenteric, omental and
subcotaneous adipocytes from obese subjects. Int J
Obes Relat Metab Disord 1997; 21: 972-9.

Arner P. Differences in lipolysis between human
subcutaneous and omental adipose tissues. Ann Med
1995; 27: 435-8.

Richelsen B, Pedersen SB, Moller-Pedersen T, Bak GF.
Regional differences in triglyceride breakdown in
human adipose tissue: effects of catecholamines,


http://ijem.sbmu.ac.ir/article-1-930-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-07-18 ]

1 FAA .L:.iw/f;‘;aJw 7,.&))'4 (5090

Ulpl panalgilio 9 juyii9)3 3ac galzo VY -

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

insulin, and prostaglandin E2. Metabolism 1991; 40:
990-6.

Zierath JR, Livingston JN, Thorne A, Bolinder J,
Reynisdottir S, Lonngvist F, et al. Regional difference
in insulin inhibition of non-esterified fatty acid release
from human adipocytes: relation to insulin receptor
phosphorylation and intracellular signaling through the
insulin receptor substrate-1 pathway. Diabetologia
1998; 41: 1343-54.

Montague CT, Prins JB, Sanders L, Zhang J, Sewter
CP, Digby J, et al. Depot-related gene expression in
human subcotaneous and omental adipocytes. Diabetes
1998; 47: 1384-91. 5

Edens NK, Fried SK, Kral JG, Hirsch J, Leibel RL. In
vitro lipid synthesis in human adipose tissue from three
abdominal sites. Am J Physiol 1993; 265: 374-9.
Farnier C, Krief S, Blachel M, Diot-Dupuyl F, Moryl
G, Ferrel P, et al. Adipocyte functions are modulated
by cell size change: potential involvement of an
integrin/ERK signalling pathway. Int J Obes 2003; 27:
1178-86.

Boivina A, Brochub G, Marceaub S, Marceaub P,
Houldb FS, Tchernof A. Regional differences in
adipose tissue metabolism in obese men. Metab Clin
Exp 2007; 56: 533-40.

Zinder O, Shapiro B. Effect of cell size on epinephrine-
and ACTH-induced fatty acid release from isolated fat
cells. J Lipid Res 1971; 12: 91-5.

Lemonnier D. Effect of age, sex, and site on the
cellularity of the adipose tissue in Mice and rats
rendered obese by a high-fat diet. J Clin Invest 1972;
51:2907-15.

Jo J, Gavrilova O, Pack S, Jou W, Mullen S, Sumner
AE, et al. Hypertrophy and/or hyperplasia: dynamics of
adipose tissue growth. PLoS Comput Biol 2009; 5:
¢1000324.

Berger JJ, Barnard RJ. Effect of diet on fat cell size and
hormone-sensitive lipase activity. J Appl Physiol 1999;
87:227-32.

Bluher M, Patti ME, Gesta S, Kahn BB, Kahn CR.
Intrinsic heterogeneity in adipose tissue of fat-specific
insulin receptor knock-out mice is associated with
differences in patterns of gene expression. J Biol Chem
2004; 279: 31891-901.

Wajchenberg BL. Subcutaneous and visceral adipose
tissue: their relation to the metabolic syndrome. Endocr
Rev 2000; 21: 697-738.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Despres JP, Moorjani S, Lupien PJ, Tremblay A,
Nadeau A, Bouchard C. Regional distribution of body
fat, plasma lipoproteins, and cardiovascular disease.
Arteriosclerosis 1990; 10: 497-511.

Sjostrom L, Bjorntorp P, Vrana J. Microscopic fat cell
size measurements on frozen-cut adipose tissue in
comparison with automatic determinations of osmium-
fixed fat cells. J Lipid Res 1971; 12: 521-30.

Drolet R, Richard C, Sniderman AD, Mailloux J, Fortier
M, Huot C, et al. Hypertrophy and hyperplasia of
abdominal adipose tissues in women. Int J Obes 2008;
32:283-91.

Spalding KL, Arner E, Westermark PO, Bernard S,
Buchholz BA, Bergmann O, et al. Dynamics of fat cell
turnover in humans. Nature 2008; 453: 783-7.

Faust IM, Johnson PR, Stern JS, Hirsh J. Diet-induced
adipocyte number increase in adult rats: a new model of
obesity. Am J Physiol 1978; 235: 279-86.

Barsh GS, Farooqi IS, O’Rahilly S. Genetics of body-
weight regulation. Nature 2000; 404: 644-51.

Almind K, Kahn CR. Genetic determinants of energy
expenditure and insulin resistance in diet-induced
obesity in mice. Diabetes 2004; 53: 3274-85.

Johnson PR, Hirsch J. Cellularity of adipose depots in
six strains of genetically obese mice. J Lipid Res 1972;
13:2-11.

Eckel RH. Lipoprotein lipase, A multifunctional
enzyme relevant to common metabolic disease. N Engl
J Med 1989; 320: 1060-8.

Fried SK, Russell CD, Grauso NL, Brolin RE.
Lipoprotein  lipase regulation by insulin and
glucocorticoid in subcutaneous and omental adipose
tissues of obese women and men. J Clin Invest 1993;
92:2191-8.

Brochu M, Poehlman ET, Ades PA. Obesity, body fat
distribution, and coronary artery disease. J Cardiopulm
Rehabil 2000; 20: 96-108.

Sanchez-Contreras M, Moreno-Gomez GA, Marin-
Grisales ME, Garcia-Ortiz LH. Cardiovascular risk
factors in young people. Rev Salud Publica (Bogota)
2009; 11: 110-22.

Jernas M, Palming J, Sjoholm K, Jennische E, Svensson
PA, Gabrielsson BG, et al. Separation of human
adipocytes by size: hypertrophic fat cells display
distinct gene expression. FASEB J 2006; 20: 832-9. .


http://ijem.sbmu.ac.ir/article-1-930-fa.html

Vol 11 No. 6 March 2010 Iranian Journal of Endocrinology & Metalolism | 742

[ Downloaded from ijem.sbmu.ac.ir on 2025-07-18 ]

Original Article

Effects of Aging Associated with Weight Gain on The Cell Size
and Heterogeneity of Different Fat Depots in The Rat

Ghorbani A*, Varedi M, Ranjbar Omrani GR?

Department of Physiology, Faculty of Medicine, and 2Endocrine and Metabolism Research Center, Namazi
Hospital, Shiraz University of Medical Science, Shiraz, |. R. Iran

e-mail:ghorbani_ahmad@yahoo.com
Received: 17/10/2009 Accepted: 31/8/2009

Abstract

Introduction: The mass of adipose tissue expands during weight gain mostly because of an
increase in fat cell diameter, which is one of the most important determinants of tissue
metabolism. The aim of this study was to examine the effects of aging associated with weight gain
on cell size and heterogeneity of adipocytes at different fat depots. Materials and Methods:
Adipose tissues were harvested from subcutaneous (SC), retroperitoneal (RP), perirenal (PR),
proximal epididymal (PE) and distal epididymal (DE) regions of two groups of rats with a 30-day
difference in age and 36% increase in body weight. Diameters of fat cells were measured using a
microscope equipped with a calibrated micrometer. Cell size heterogeneity was deduced from
coefficient of variation. Results: In both groups, no significant regional differences were observed
in diameter of adipocytes in various fat depots. With the exception of the RP depot, the weight gain
caused a significant increase in diameter of adipocytes in all other depots. The highest and the
lowest increase were seen in PR and RP adipocyte diameter, respectively. The degree of
heterogeneity of fat depots was not significantly altered by weight gain. Conclusion: Aging
associated with weight gain leads to fat cell hypertrophy in a depot specific manner, and cells at
depots close to survival organs such as kidney and gonads are more affected than those of the
other depots. The results of this study can enhance current knowledge on adipose tissue mass
expansion and its related health complications such as cardiovascular diseases and diabetes.
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