Downloaded from ijem.sbmu.ac.ir at 7:19 +0430 on Sunday June 13th 2021

alto

&

B20)3 5

sl

Ol 2! pwdgilio g 32)039,3 328 (galo
ol ke 9l0yd = il Slods g (S i sl 8K
(VYA i = 815)3) Y45 2 11D doxiuo ¥ (50, lowd o3 )95 (50,90

2 bl o SVl S| slie 5 s5lsa o 3 0

Uﬁﬁd‘wboﬁ 4.1.).:5 @‘JM Lsu’u-:’j"

solsien Ly e 530 SISLE il 4@l 30 (ol st 55 Aol

ealils 1 gies (Souiuus g3 (SailSe LA (Gl nl rabils (sl sl (b psle (580K (B3 (555 s 558
(IS lll el S (s psle seuSails (Glouidle s Gun sy &y sl Liacu e sl lase sl 53 wagd s
e-mail: e.talebi@umz.ac.ir

o1

i Sk s bty edS(s 5 mand S 3 1 Sl 3 oS alsl 5 E’“‘S Olgeas (AQPT) V oy 5 53l 5ST rantie
s b bl Gl ganllas G A8 e Ul ege 38 0T L ke SIpkie WM 5 Bl (ganw g
YA la by 98050 55 O S L odd 4l ol e Sla S g0 gyl o <L 53 AQPT jslie 0 (5550
Go VB s s G VB ) s glde o5 8 0 4 holial Cpseo 4 (Glazia 7 B F ) Sy 5 ol ome Jige e
G V) 85192 e 5 G V) 58 098 53w en 8 52 o mn b dle Mo L apdis wain Ve 5l g A s
2550 0) wia Vv oo w43y 55 e Yo S b OIS I8 (6, Oduss Juld (s5lsm el (sasl il el
5 A ol KkS (SN W ) 4 alewdly ol 5 bl i 3l AQPT ol o (azia
O35 oml B ol Oy SIS O jeae tladdl Wdd ) 55 Gl sl 4 Cuaslie Gastld 5 LDy s Ll
i S AQPT yslie (P<a/40) L3 il Canslis Sastld 5 Lewidly ol sl b Slazidy) o 059 <Ok
35,4 55 AQPT lis fl5l Cel g5len ped Ll (P=0/00Y) Gl 2alS oy glde Gpnae 3 eyl
S oo spp 4z Gimes T Sl il (PR Al by Oy e L ekl 4 6y 8
s s e Ol ol 16 S st (P /00) 13 B ol el 4 e slie st 5 Ladly (e s 2 5 o) s

Al SIS 3 S e Tl 55 0 5 53 < SO 52 25 50 AQPT palie 21581 L el See (5150

Coror 13 (5315 (s (Bla Jlamanl pa @8l Vi, sl STiguals G831
AVY/N e G5 5aay - AVY/Y e e dal bl 50 _40/V VYV ddlie @il 5o

Slsie & (AQPT) V sl ST ape (28 (souiasolass
“o a5 ped polie wliS o sn @il el JUIS
ECVP USSR PPy
23 SooslST sl gila 51 s pb suda oS

i o oS wlad plalis ool (afit. glacsl
28l lie 5 Ao slge (glaag, wia dadK 51T
Loiisny Ol ol wSlae Tl s 0S5 oo
w5l Jorel Jud 5l So S Ol 5 ol aish go Jlm

i - Aquaporin7 (AQP7)

3 Y g ubs Jud 51 T L b Ga0lse 5 Sla

o K500 oMie (lgiets (Fooe 5 i slag,len
S elie pouien 5 (Bla g slad g oo 438 ,S RS o
Sosk ol L Gl saal sladas (e T L b e
Ve ol 4 Mse Yoo Jlo 5o 58 Gasle WY
08 Ol Sles edlags Slosls (Swiiny Bab 5 S
—o Al il aal A GEalnEl L& G ealie YU 4 VY Ll
Sl O b)) S (a5 (S psr cliel 5l


https://ijem.sbmu.ac.ir/article-1-2204-fa.html

Downloaded from ijem.sbmu.ac.ir at 7:19 +0430 on Sunday June 13th 2021

VoV gl an LY sl ST slie s g5lsa on s SU

ISCan 5 ol (655 bl

2o onllas 580 saine) o laguassy oS aBl ose
oo da Ve 50 il Kas 5 S el o sase AQP7
Ve cad b 4380 €0 duula Ha 4G3a Ho dada Y (5lsa
or AQPT Luslie s (F fiyms 3euS) SiShaa sem o
ol (b W0 S puns 1) OB s Olae S
wor <8 AQPT l5ae 5o (55000 YIY (38l b e
<l 59 O g (ol e ss A (ualS 5 GBS (S
Gl (5K stalllas g slien e (s nd oa
-Ghse o8 @ldal e @b AQPT (555 oloae 5 ol
St oo G A Sl Conor 6132 L sad A5 sla
S5 sad aladl gsalaa pulad by GBS
callad @ paly 5o plial oo @il AQPT sl
sadd g JolS b 4 Con slie Lae 5 (S
S 580 byl sl saallas Gaa s Gl 3l ol
wor <8l 50 AQPT ol 5 Coas lik 5 (s5lsa

Laslg,y 93l se

GaaS o Galad ok auls ) Guy < 5a3 Gl 5 0ol b9
e YA olass (ECVYFPPYA S L ohmisle ol€isls A
s ) (lain 1) s 5 alae Ghse
clblga oCanleyl @ 5 wad @olusdn ohe ok
Ol JE Glhaiske sl&aas La 5 asle (souSiaily
il olitale 3T dasas b (65850 488 S 5 Gy 2l g
Olawad (ulial 53 (8555 58 50 5w V) Glide 55 S ¢
1o 058 59 (Bulial Hsbs 4 Gur 5 pandd (S5 Ol
VE) Conroe 6ME sl 058 g0 s (b VE) Jless lae
Loy glae b audas 4qda Ve ) Guy il OlAT) (e
3 (o V) JS 658 Olgie 4 gl 5 a5 S S G
A0 (e V) solsa cpoad stlalie sl SSos (sulaas
(Y) dloss J55S (V) Jolis Las sy S g sane 5o o 438 S
(€) 5 cooror ¢lad b U (V) Jloss @lie b s
s oo sl b asal
B, A Wl Sl i, YY£Y huas glos
a2 058 dmyu 0058 198 by 5 el VYIY (S0
sl O s s (Uhse $132) ol cope @ ol

pla Shsa goaiSuad g oS,d 5l Coan slie e

ii - VO2max
iii - Wistar rat

S ole—ie 0V sl ST e ghle cas sy
slzs 5 Yool JEB) Jiged Siel (oo ssmaIST
“ AQP7 ut:u (SR CASLi BE) .\‘V.J\yfbu.o (5% ‘E\YJJ
C Gosk © wsdiee mlal (gl bais 5 u Koo o)
o€ GPBK &€ uwe Goob 3 ol s
Masdige 05 o2l 05 Ol wsSrw el 5 LIS
Lasdly L9 wsase JooenlS (Lol i G (pop @il
Jorensl Jsa3 Lol so3l5,59 olsie & AQPT 5 Vel
w  to . N N
BB Tesdee cpeae 05 Oloa 4 oy @il
HJ\H‘:\.A B AQP7 L):Z‘L Gbmdbm ahins o,
poodicn b lasi o sl lan 5 SSHE Sl giesa o osa
OS5 Ladly ol Gloae 9 saeS Mol Sl i
AQP7 5 € olagise 2on @8l O Jomnl oIl
’a.“.‘.u (SLAUI'J‘ Lo PRIV BRIV UJSJ“'“ LAUT
S Jooenl JBI 5o (iS55 Cpl oL (B (sediasglas
B il s Alins  slacsl Lﬁmyﬂ sl
VAN
.CA.A-H‘
’A.A.u:\.‘\%[:\ﬁ ‘s:\.'ﬁ:\: B AQP7 (55\9:9.“_) L;&:‘ ‘Sl:u.u“) B
ot o« wilsaly plas Slal olallas (A (osn @8l
o o8 Wlsie (ooa @8l AQP7 Gl adlas fu,5a

o o) eslea 50 Y

Al Gals Y g b 5 (Sl
Virosl ST 03 ol 5o aS sl sud suls oLts §.5> 90
Sbllbs m b < apls H8 i S wal o
posics 5 ¥ psd cnbo b (pesdses,S dilie (pl (pdiy
el ol olallas ™ol bl e (Sl
olaoa aldl 5o poa @b AQPT cus Lo, 5 Ssliie
Sldlae caas wlon S Gl 1, cuby 5 Sl wsjle
i) 2or 8b 50 Vil STMRNA oLy (hals
@il AQP7 i ave Jla ool L M wslen S Ga1E
wlaal o @8l Lo oF ol GBI s Fwsn) 2or
sallbhe 5o ol 055 b o8 4 cans Bl Wl 5o
RC PRV X P
S S cnllad gl g (Sl slagslas v
3 S wld € wasge 7y GAlRe slaanilSs Fook
a8l Lo AQP7 ol hywis o sl sl 5k

i - Phosphatidylinositol-3 kinases


https://ijem.sbmu.ac.ir/article-1-2204-fa.html

Downloaded from ijem.sbmu.ac.ir at 7:19 +0430 on Sunday June 13th 2021

IFUE i ol 2 oF (o lad 8250 (£0,5° (il pangloylio 9 jayii9)3 224 Gal2a VoA

el Bda e e Gl Gusd USG5 OLLG B aa,
09 B ad sugl8l wmyu 0 Glhae 4 Gda A S0 ol Sl
S Ol B (pl 5 day wm 0 V0 4 o g i
2208 Sose 4 50 poas Ole) le (Jb el S
O s 4R35 0 4 andy 8 Lk 5o B adly il
o fasd 3l Gl il (JU cal SLL slaaia Hu ol 5
0 50 oF aladl 31 Gy 5 oS a8 WS 0 Gy sl
Do i b dBBs s Sl Ve @i b G0 S 3 4 4y
T s suls pelaid) da

5 o gda GaAT S Gu 55 ¥ e Sd pa
S o ad sl Glis SBAL el VY B A 1 Gay
2S5 PBlae G0 3,5 L allsa HuS Jhsae
poSke Vo) 0aeliS 5 (aS6LS s aS ke Y=-0) 05015
Voo sadd 5 aCh wal o Gio b (p SIS
sola slad gl o 5 euaaS Ky b Gl 5 s S e
S e 4 b (5551 e A SV b GAs EDTA"
BBy 50 99 YA cep Lo dids Ve o @
@l sael cs 4 lalendy sladipad ok 5 g yiil
OIS (Bl da,0 -Y sles Lo B8aS gaas Jal e sl
a4 ((olial) T lamay) soe @il Bad g,
L S5slednd pe b sl 5l a5 pES05s daa
L gad oo 31 uy - Bad saaie mibe 535538 5o ST sk
-l danu A slos b o8 4 sans slaslll cga
st Jmt ol 8

Oalse! 5 Jlasasanyl oon <l AQPT (4555 530l8e
vesaie oS Sl saliiul b5 1Y) (i, 4 lewdl
MyBio =S,a 50 AQP7 sly) e wlaghse
o Albe 5 afSy Ve cuwlia U IS 5.1 Source
cucliaa b Wi Mercodia oS s 1 ol sl (gl
Jaalhsins & e b (Gllgbe 5o aalgsSee oV
i g ySe 5l sui sl A,

sl Bl 5 Sluasl KK (i, @ Gua XK
GEoo & eldal poa S8l w5 sl 5 G
so—Se31l (Gl @S oeedl Lok o) Salasl
9 sy —Shalbas oy, 5 LDL cble sai
.23 las [LDL= TC- HDL- (TG/5)] ' asl,lSan

ci @ oSkl (i, cmnlia 5 olhniS cus

ii - Ethylene diamine tetra acetic acid
iii - Epididymal fat

S EASBLS wim 530 ) Coase Ak ad oA [ e
@l as g DI12492 ik a3 Gelal s (o
2952 a8 WY Ol S5 ola a SIS Ha 50 G
Opeling bslie a S YN S o S wplulind glie
Qo sad 0d Gy a8 Vi g e blas 4 S Y/
oS bslae 5l Ga ws (Ssa por sle ©) Bie S
e o el bslae oL b o bl glie as
Al dlal sud bglas SaA olge 49wl Ja e 5, L
o saed 4 B as Glal G @ auls oF golie Gup
o as ey 0 s Sl oy s8is 5 soliial U 5 o sk
nig s LMEe b o g A 5 Coa 6138 b Sl
L oobhaas S o JlalaS by © (olie slaass,
dosa Sl (Bas @ sl Salgouea ) sulii
(loSo) Do L ghhasal Gags © Laad, a6 o
W ol ol ik sl BT ml el g ,Seslsl
doys G (g deans VYN Jeld oslalial (glae
O R e R AN R B
(AS LS VYY) i 58 VIV (00 55y b 58 WY/ E (5] 5l0

(Y Jsa) v lhad s S wm 0 YOIN 5 (002

can g dbp ¢lid G G g s S Jeua
@:&a:. Y] ouud ouldiyl

138 &g

Qg slad Jle i slas &
\.\-I-GJ-\
\V/¢ Y/ XS]
Yo/t 10/A A PRWRNRS
Y-V ¢y ETS
p S o2 58 635 Gl

E/EAY AAYAY

(s A6LS)

o Vo e b Gasgs Jold (55158 (s g4l

OIS, (suu (88 Lo 55, 0) Gha Ve Sue 4 Ay o
WWome s b gl sl (o) saiia 5o 0 (Buisa
Al alad) 4880 VY Sae 4 e 0 0 a5 s o e
L oblsa QUIS Golalss G99 e o a2y sladian o
Bado 50 5 Y B Olhae 4 (54088 58 o )8 S5

Aidy o Jhe Vo Gie e 0 andy G o S ad Gl

i- Lard


https://ijem.sbmu.ac.ir/article-1-2204-fa.html

Downloaded from ijem.sbmu.ac.ir at 7:19 +0430 on Sunday June 13th 2021

Voo gl am LY sl ST slie s gilsa oned SU

ISCan 5 ol (655 bl

b SoaS) oBdos devrn b Jbens) a8 S5 pusss
slassls b suliiad bagl Lelas 31 5 (oddos Cposs
W oaais SPSS 13l 5 eoliial b sad go5Tpen
S5 5a PS/io lagsasl (ol ine o 5 Wk Julas

A qas S

sl

L ook Bl uy i K wlilsaa sl 05y (Silie
(Y Jsan) s a8 AYT/AVEY /00 ol &iule)] bas

Sl ws 5o a Sle V y wsys Y/Y HDL 6l
Silhe we 5o a Slie ¥ ae 0 VY @by
o Aallie ws Hua Sl N 5 aa o V/E g 53
a3 il s s p Slae 0 5 a3 VY S SE

Gslas 55 Jsend byt Gl ped) oo ylie aals
-2

HOMA-IR'= [fasting insulin (uU/ml)] X [fasting glucose
(mmol/1)] +22.5

S aomba G gedl 51 Lasals anb a5 53 Guaas (s

o5 sl Lasuly 4ea o351 o) pulead s ad solatl
sl 4ok 5o Guwbsly 2T 51 P20/ 0) wsg aub

SLaGES0 53 03 ()9 4 Jlasmanl (12 ()9 S 9 Jlasiaasl (32 0 059 23 S92 (a3 9 add sl -Y Jgaa

sfl‘,m.a
Qa9 slad boad ddd slas g S Jlo s 138 L ouddi daddd sldo 9 S 09,8

53198 G2 J s 53198 B2 Jyis s
Opa3 IS5 508 O Gl 00
AYY/oV £ Ya/¥ AYUYA £ Y6 /04 VAEYEY /oY \YA/EYEYA/AY )
(¢5)
6y o/AoyY/¥o *$AAJACEY /8N TYAMYARYO/YA  £Yo/Vetoo/v (r5) 24 09
TYAY/YAEYA/Y - YY/oVEYY/V o You/AoEE0/AY  YVA/VAEYE/YA (a.5) 35 Slomis
P AIYAEN AV VY VS VY /s 0t/ 0 AOAEY/A- (poS) Jlassan) (5a 05
. . Jlasmanl (por (e 000

Py aat. /61 Y/VAE VY /vt /Yy Y/ [0 i ©

(O 0o9 a8V s 2 aX)

29 o slas s S s ae s slel o plis TLP<-/-0) Jloys (shie b a0dad 5 S b duwlie 5o Slodas (solel & sla™ ol sud sa, 5T Hlias Silaike Sl o) s 4 Lasols

6lsn oyl (P<e/ee i) ug YL Jlos gliz b osu
5 (P=+/++9) wsis 5 o Lo solabne (ralS sy
12 b sad a5 85 X g0 8 5o (P=+/0 V) Lawady S4K
> M5 Has S glasy S 0 e Jlod 5 coa
Ll () 5loss) w58 Sugine LDL 5 HDL b s 5l
pb Josil pobs golsne RAS Eely (55158 (e
JiS slass £ 4 caws (P=+/-¥1) LDL 5 (P<-/-- V)
Coba L9 olaane (A Gel (Olsa (ol ad
(P=+/-+0) Gl sl o slie adlin 5 (P=+/-\1) Gl s
e Jlob 5 ooaor 18 L sad 4135 85 S g0 8
G235 dad lelad 31V Ll sal) wd J5ES slasy S
slaaiie 5 S ma 5o plendly pobe 5 OIsa
B8 OlPne (obiard g
syl o @bV sl ST aolie ¥l gad o
286 AQP7 yolie cuad st o057 Cifide slass S

i- Friedewald et al
ii- Homeostasis model assessment of insulin resistance

(P<-/+0) JES (slass £ L auaslio

08 sobspe ol (lwias dalas popd 5 i
(P=-/aY) el s ga g 858 Sl o LCEse O 05
o gl boead i glagise ol Oy
(£+7/-VEYV/YA) Jloys (slae 658 4 caawad (E0VE00/AY)
SIS Sl (P<e/e -0 8) s 5L olane Lk @
G oo ooao @liE bosad A5 Glass S Lo By
(P=o/oon) ase it Jlesd slae b sud 0335 (slasy S
@or S8b el 03y s Jlanayl on 00 0SSk
Saed 0oy 6138 L sadendas glas g S 5o 5 Jlasnay!
as AYL Jln glie Losad A0 glasy S
09 09 solaine halK el (55lsa Gusad (P=+/- 1Y)
8 Jbaay) or 000 owed 5 Jlauay) oon O
(P<efeee V) ad o 005
sl S 5o Ldy KoK 5 wsealig 5 ol

L0 lass S L wwlio o oonuy @i b sadelss


https://ijem.sbmu.ac.ir/article-1-2204-fa.html

Downloaded from ijem.sbmu.ac.ir at 7:19 +0430 on Sunday June 13th 2021

198 o sl 2t if (golad ;/,é.)_/:/u' (5092

Olnl puglgslio 9 jyii9)3 3£ igalan AR

Jlowan! ooa a8l AQP7 uulie Hu (ol sne (il 3

20l 5o (s0lsa Cppd 5 LaaS Lala3 31 L(P=2/07) w

\Y -

AR

(bl e wam o a Shie) a6 JysilS

(Dhlilee wem 5o 0 Sbie) Ol (IS5 b OS50

(P=/1vA) 5 Hls sae AQP7

U5 W gyles ey

Jles slae corn el
| S LYy yas

Jles slae corxn el

coror ¢lik b osad 05 slasy S Lo Jlawayl ooa

Jbeys ‘5‘.3}. Ls ol 4sdald ‘_;LA::J; LRI (\/Y\i'/\\)

Sel 3lsa oo (P=o/o0T) ws SeS (VEYES/NY)

(Dl lie a5 p S o) Lacadly o penl(s 53

(Radishie wam 53 0 S(lee) Yoo (M L 00555 5 50!

Jleys lae coan sl
s 83 i [vl Ty
Jles slae corn el

oyl obare U padlEaSilie Oy g du Laouls . 4ia 95y AliAs slas g S 2 2 lacad (saaal J:M‘gﬁ J:s?&o -\ Jld‘g.afn
(P<+/+0) s ga (pyad LT (P<+/20) 0y 3 slaf 8L # .Cocal ol


https://ijem.sbmu.ac.ir/article-1-2204-fa.html

Downloaded from ijem.sbmu.ac.ir at 7:19 +0430 on Sunday June 13th 2021

VWY bl o LY Gl uolin  3ls oo s SS6 OLICa s s s Al

= = s W S es M peS
K| Y - * [ I

, O - * * i r—
..-1 \‘.-;'_‘, - '—: :_‘ —dj Ay l I

v/o - \j; V.o o
"j;, T o 3 o=
3 Yo o | )
3 Y o E - o |
KE| o o

| i ¥

1 !
3 ] R

oS WL, S

1.
i s
ATE -
3: VY. -
’jj' VoD o
4. -
e
2 -
i L]
X
ERRY

Jles glae corn el

obare U il &y gs da Laouls M‘gfd.h.;o‘_;uo‘”st by oSad gulio gLAua.;Lu o YJIA‘g.u
(P</+0) sl 9a u..J.uJ.uL.T (p<+/+ O)uﬁﬁglu}uh* el o0 09 9l

3 DJ_,‘-—'S -__,;":.3 ;&-__J.Q:
E * t

3

2

2

3

% 0

A T

3 I |
3 |
_13,

)

JLe s lae oo sl

J.uLa # .l o 00 9) Hlase el (Sl & guo da Laoals . Jlassssas) oo o bl o Vu.aJ‘g..l‘,le.mlA.o =Y Jlagad
(P=+/7) 53198 (i S (P /o) oy i


https://ijem.sbmu.ac.ir/article-1-2204-fa.html

Downloaded from ijem.sbmu.ac.ir at 7:19 +0430 on Sunday June 13th 2021

IFUE i ol 2 oF (o lad 8250 (£0,5° (il pangloylio 9 jayii9)3 224 Gal2a WY

saalice S50 & 3w ol les VS Nugdie sa
2 AQP7 [ualS diels Al sl cicaliua (ualS 4 wis <
sonasplis padse (pl S wsdipe iy oo o8l
ool 358 0 Ol Olaee oe Ol padai (58S
L oo @b AQP7 ulie Luall 5o ol saallhs
G ooeglie pedls 5 plecdly ul gl Fobas Gl 53
Vonosl ST s sine (2alS cnl 5o s 5de s ol an (ol g
oSae Coror R L osad L3S slasy S psa b Lo
Jais 31 il el canglie (gouii€olan Jalse 51 L ool
o s TNFoo oSu3550T glac s ST Vo
Soolsie 4 ol by ssms o Tlaads il
AQPT ¢ gl e adali Ly Si5spd 5 S50uS) (5o 90
sladsl 59 (pon a3 Souad Sl o il o
i geiasplss was ghallhe @l Tusde oe
sale S35 pn 8l 51MVE S sl Al & S sl
Yo Sla ol d—ala Sl glie oY) s 5T cuts
sad ol Ml oo ladsla s saae sk 40 VE IS gl
s G (Sl galie bl it b 5 Sl T Ol ol
@l 51V E IS sad e 3 Glls) (il aa 5 I o sdige
0% 5 wors ¢lie bosad M5 slagise plial psa
sre Ll 5V sl ST 05 ol osSom O (2
P08 GBIR ) Sl g onl s 3355 5K
staes bowaa WKl glae 4 VElK
e ook Ol aS 5 oo S8 el culia
o 28l O el ol 5 (halS 5 ga 535 45 S 5K
e Gy ) Jeala pannlula byl GhalS o
SN VEIS sl 5 Gil38) Cplaals Lasls (I8 G
sine GEalS Il LY 31 LSs wils e 50 osa @il
Giyems 53 5o igbse oldal Losa @il Ve sl ST
bl Gya it
sor 38b 5o Vonssl ST s olise hals
OBalS &by oy 13 Bouas S s Lok se Jlasnsay)
0% ool glans (aal3al 5 @il ool B Yl ol 53
wl cullad Gl colg 5o s eor sladsle JAls
wl s bl ol 5 JBS JssenK
i ¥ 5wl 4 Jsomnl Jousd i go U J 5ol

QJ‘)S 4:&:")1&" &CLj Slaud YJJ\)...;\:‘K BT I

iv - Lebeck
v - Lipocalin 14

Eaag

-

2 s oS 580 s sl 38T Bua
slagise @laal oon @b o Vo Gssl ST nolis
8L e e Ol s comor gl b sad A s
or S8 50V ool ST Houlie (2alS walllas ol sla
Shoine Gl3El s woaor @liE Ciseas 1 s bl
s 6Oled o Jba 4 358 il 5o AQPT e
S5 ST il (18 gemias GLas ety Slalllbs mls
2or o8l aenl e 5o ool oI5l 5 JUKK olsie 4V
05 09 o € ol olas LuhKaa o swsS Y el
Loy Jgomnl Gral38) ud Jide o 50 AQPT (i 55
L 50 oiblSan 5 sl st o855 callad 31
915 o9 PSS sals lagsse Ho AQP7 o3 G S
sonasglis 358 aled ag oy @8l Ol Jsswk
Janl JUK glse o (AQP7) onfigs ool age o Slac
s ol s Dl b 4ol o @b Bl Yot
cardy iy U GosealIST g8 ol s
Lolyd 5o S ok © wsdipe b i ge sloaas
9 olN por @dl Lo Gl O Ol Ol AL
b oihan 5 usna Vb S i ) Gy
Sels Laghge 50 AQPT (5 oS e oS aiialyo (a5
s Gl T IS0 Glhgs oo Bla paed
9 Sl O eoSsla s A JUS Gl suelie 5 Ol
s e 5B 4 s T O Jusla ¥R
@0 009 O% 0o ol pela gaalllas o
5 o) ceplie peald (sl £l (Jlaguay!
132 b G335 51 s oaon @l Vsl ST olie hals
b AQP7 s siae (ualS LYo ) ad saaline oy
ol 4 GBS corm sl S e o0n
335 U L ye oy oS oLl Lewdly ol paas £ sl
Oalpe) pobis bangi GuSae 55k 4 AQPT b Lo
raie Gk 3 ol q3ly o Vasdiee adil Lawdly
AQP7 03 s 55055 Al 50 (IRE) sl sl e sl
05 wsSow &l PBK SlliSi sae u S Jls b

@l o xSy Ol Oloee GEAS 5 Vil sST el 5

i- Kondo
ii - Maeda
iii - Hibuse


https://ijem.sbmu.ac.ir/article-1-2204-fa.html

Downloaded from ijem.sbmu.ac.ir at 7:19 +0430 on Sunday June 13th 2021

VY gl o QLY sl ST slie i g5lsa oo s S0

ISCan 5 ol (655 bl

stoos @l 31 5 olendy Gl b ol il
il AQP7 ol aalais Hu Jlaial LYo 51 w16 o
ISR Sl st 58 wiliss 5o S el A ube — saaaT (ol
ol olallas ol ™ol age (BB osa ael silis
cfe w31 e Lewdly oalT polan Giulsl oS whsols
s 3ok 3 Sl5ge (por sladsls 59 AQPT Gl
w5 ssine 5 0oy ohalS &l PBK Sl
cmaldl ok 5 T sl Gly slaghse 59 o il
olallas o padss callad 31 5 (Ba S50 al] e oba
sola saallas Lo win 58 7T e sad GaLIR ey
a5 U S ol st oS50 (] slacsdly s
bl b GRal30 sy e S 4 Gatiy lallbe wls
lie Gl 4 sade Wl pa55, cullad ) LAl
Sl e wdl ,u AQP7
<8l AQP7 Lu0lie 5 ol (aalS colallas 51 A 5o
Jis gps canal sat sualitie 3, cadlas 51 s ose
220l 5 ol (BAK L (515 (o sad GBAA S sud ()18
83 ol yad LA 5 g0 Ho olial osa cdl AQP7 (5 5
L By Y0) Gapad ot G YU wape sl Ml
o9 @pla Jle 5 358 (LIS 5o (dBs Hu Jie N\t oy

L ocullas 3 oad ol sl gals gl L ol gl

Ol osSom o8 Sisee LY S saslihn il
Tl asge Vs sl ST
A il LmlKaa 5 TS (s S gealllas Lo
I Olose sy ) oo <8l AQP7 e Ho (suus 0
£0 duula 5 iAo dula ¥) (55158 Lo GRA N 3
Boagd oy o VOmax aws,s Ve oad boddds
ObS o el i € Jla ju s S iR (RS
Ol Oloae Lo sl saalie bl oyl "ads saalin

S il glacuea

> Sesd or @ik AQPT
Loy Gl e L9 ola Jals 40 15 g0 (5558 (e
9 0B L9 @8l Gl el el 4 casls (loae BT
AQP7 oy 358 saalhe Lo ook 51T aal Glase
@l b S @8 8 18 e o0 ) or S8l
coliie (Jlawanl pon) sals G8a3 50 sad (o)
S st glanl ooa @il € cuul sud suls Glas el

00x LRI SK pohi 4 JSumnd por 2B

iii -Lebeck

olagl 5w rws 5 pand 5wl S moed ooy slaasl
Lasdie pon sl 5o Bl

Gl 5 la staw s geaasplas ol mls
lagise 5o AQPT o3 GBaa Sl s b Sus5mls
Sladshe punlsslio 5uds (ul5Ken 5 he s ™
il S GBS 1y o o) e e a3y Sl eon
D3l slasSlas gl (il el 5 She olie a3,
99 hsisula sladl 5 Lasa =il (ACC 5 SREBPIC)
e oS sas oo Lt 358 slaeiil Vs o sa slad sl
palas o WiSe @on sladsla B ool (5500358
allas 3SR Sl e sa 5 G (poa o058 IS pead salie
Olsieds VouslsST saolie et (ol Lol aidls
Sl oo (2on b 5 el swiasJEI JUIS 0 Sage
<GS ok o (Sly assle gl Sless Bua S olgew
Gia b gpal 80 50 elalles aas Jla ool b o
Wb Lagige Lo (Bly e 5o 1) Vinosl ST g
clie ale € el (Ko @l B ol T wles S
wallls uyse laghse oI5 Ho ol 5 ausd Abias
" el

o 28l Ve, sl STl aalsis ) 90 Ha olalles
a5 @l il sgane pdhs culld 4 el o
(AQPT) 0555 (nl ssime Glll sosiasglas pala
¥ S el (55158 Gl 31 Jlasmanl e @il Lo
Ol el s GBS 0 15 oo g o e Sl
Ol L9 Dot Ol oles (A8 LEAlS et Ho 5 Lawdly
51 pe NS eslal S eallad Sl Vol ST 03
05 Ok 5 VoroslsST Oloae s (e (Siewsen (3l )Sen
s PLIN FIAF) 5dp wnlss b badse slapl
I, wos <L (HSL, ATGL) slasll , (PDE3B
AQP7 o5 ols ol wespe S & Via S GBI
s ge aaliS Sl sl Wl 3 5o K50 slam T el s
A woa @il Salend GBI wols Jlaial 5, ol O
<8b aos slaskael 5 eodsd sbmnl Gl Gl
Voosd ST 05 obe Olie sbadl oF (@ 59 5 2on
or 8L Vol ST s sine (il 5o (5808 puanilSe

2l (55158 Gasad s Jlawsay!

i - Cummins
ii - Miranda


https://ijem.sbmu.ac.ir/article-1-2204-fa.html

Downloaded from ijem.sbmu.ac.ir at 7:19 +0430 on Sunday June 13th 2021

”‘792’?;_ J/)‘/’i {f&dJL&.ﬁ' ‘/"b)jjj (5090

AR

Ulpl puurdgilio 9 j1y09)3 32c |galao

10.

5o wldial s @il AQP7 uulis iulsdl b wils s
podics 5 (Sla s (on 8L (S5l O oSl
lnls aal Gl g8 (BB o1 L oslyea (Silslis
@l 59 (VorslST) 0sison g5 0ol Ol 5 Ola palal
Baa S plge 4 SIS e L0005 sLOS B p0n
slagoles 5 Bl JAS 5 cumae @l plla Sless
Slallhe wia 58 gl 53,8 S 50 5T b b e (Sl gl
0 505 LG a8 380 B oLl cuga (g
JAS (pon @8b 59 Vool ST ol—e 5 by plass
O slau Sl Sos 5 S SBufess (oon s

L3000

References

Lebeck J, Qstergard T, Rojek A, Fuchtbauer EM, Lund
S, Nielsen S, et al. Gender-specific effect of physical
training on AQP7 protein expression in human adipose
tissue. Acta Diabetol 2012; 49: 215-26.

Walker CG, Zariwala MG, Holness MJ, Sugden MC.
Diet, obesity and diabetes: a current update. Clin Sci
2007; 112: 93-111.

Eckel RH, Kahn SE, Ferrannini E, Goldfine AB, Nathan
DM, Schwartz MW, et al. Obesity and type 2 diabetes:
whatcan be unified and what needs to be individualized?
Diabetes Care 2011; 34: 1424-30.

Hara-Chikuma M, Sohara E, Rai T, Ikawa M, Okabe M,
Sasaki S, et al. Progressive adipocyte hypertrophy in
aquaporin-7-deficient mice adipocyte glycerol permea-
bility as a novel regulator of fataccumulation. J Biol
Chem 2005; 280: 15493-6.

Hibuse T, Maeda N, Funahashi T, Yamamoto K, Naga-
sawa A, Mizunoya W, et al. Aquaporin 7 deficiency is
associated with development of obesity through activ-
ation of adipose glycerol kinase. Proc NatiAcad Sci U S
A 2005; 102: 10993-8.

Lebeck]. Metabolic impact of the glycerol channels
AQP7 and AQP9 in adipose tissue and liver. J mol
Endocrinol 2014; 52: 165-78.

Kishida K, Kuriyama H, Funahashi T, Shimomura I,
Kihara S, Ouchi N, et al. Aquaporin adipose, a putative
glycerol channel in adipocytes. J Bio Chem 2000; 275:
20896-902.

Kishida K, Shimomura I, Kondo H, Kuriyama H, Ma-
kino Y, Nishizawa H, et al. Genomic structure and
insulin-mediated repression of the aquaporin adipose
(AQPap), adipose-specific glycerol channel. J Biol
Chem 2001; 276: 36251-60.

Kondo H, Shimomura I, Kishida K, Kuriyama H, Ma-
kino Y, Nishizawa H, et al. Human aquaporin adipose
(AQPap) gene. Eur J Biochem 2002; 269: 1814-26.
Reshef L, Olswang Y, Cassuto H, Blum B, Croniger
CM, Kalhan SC et al. Glyceroneogenesis and the
triglyceride/fatty acid cycle. J Biol Chem 2003; 278:
30413-6.

11.

13.

15.

17.

18.

20.

o33 (P cullad S 50 S ok 4wl cualin
SV poba @ mwl oo VoGl ST s e
Sme o @A BB Gl sel LagweY SIS
Voo s el J s e
Slallee s 5 pala geallls sladily & s b

Vinosal ST g saslie € usdio oSdad® Gadiy
555 WS Sl JEDI JUIS ol gieds oo @il Lo
Gl s S5 Slsan 5 oa pradsolie 5o (ol @
Olise o2alS S uala sealllas slaciil b il
Oll38 5o B e Com 6138 a3 5 Vins sl ST
@B ol s adle wal LIS w00 5 oy SSb
6olsd (cdios culls € cl T Sily sals saallhs

Maeda N, Funahashi T, Hibuse T, Nagasawa A, Kishida
K, Kuriyama H, et al. Adaptation to fasting by glycerol
transport through aquaporin 7 in adipose tissue. Proc
National Acad Sci USA 2004; 101: 17801-6.

Luo TH, Zhao Y, Li G, Yuan WT, Zhao JJ, Chen JL, et
al. A genome-wide search for type II diabetes suscep-
tibility genes in Chinese Hans. Diabetologia 2001; 44:
501-6.

Lindgren CM, Mahtani MM, Widen E, McCarthy MI,
Daly MJ, Kirby A, et al. Genomewide search for type 2
diabetes mellitus susceptibility loci in Finnish families:
the Botnia study. Am J Hum Genet 2002; 70: 509-16.
Loos RJ, Katzmarzyk PT, Rao DC, Rice T, Leon AS,
Skinner JS, et al. Genome-wide linkage scan for the
metabolic syndrome in the HERITAGE Family Study. J
Clin Endocrinol Metab 2003; 88: 5935-43.

Rodriguez A, Catalan V, Gémez-Ambrosi J, Garcia-
Navarro S, Rotellar F, Valenti V, et al. Insulin-and
leptin-mediated control of aquaglyceroporins in human
adipocytes and hepatocytes is mediated via the
PI3K/Akt/mTOR signaling cascade. J Clin Endocrinol
Metab 2011; 96: 586-97.

Miranda M, Ceperuelo-Mallafre V, Lecube A, Hern-
andez C, Chacon MR, Fort JM, et al. Gene expression
of paired abdominal adipose AQP7 and liver AQP9 in
patients with morbid obesity: relationship with glucose
abnormalities. Metabolism 2009; 58: 1762-8.

Miranda M, Escote X, Ceperuelo-Mallafre V, Alcaide
MJ, Simo I, Vilarrasa N, et al. Paired subcutaneous and
visceral adipose tissue aquaporin-7 expression in human
obesity and type 2 diabetes: differences and similarities
between depots. J Clin Endocrinol Metab 2010; 95:
3470-9.

Rocha-Rodrigues S, Rodriguez A, Becerril S, Ramirez
B, Goncalves 10, Beleza J, et al. Physical exercise
remodels visceral adipose tissue and mitochondrial lipid
metabolism in rats fed a high-fat diet. Clin Exp
Pharmacol Physiol 2017; 44: 386-94.

Buettner R, Scholmerich J, Bollheimer LC. High-fat
diets: modeling the metabolic disorders of human ob-
esity in rodents. Obesity 2007; 15: 798-808.

LindenMA, Fletcher JA, Morris EM, Meers GM, Lau-
ghlin MH, Booth FW, et al. Treating NAFLD in OLETF


https://ijem.sbmu.ac.ir/article-1-2204-fa.html

Downloaded from ijem.sbmu.ac.ir at 7:19 +0430 on Sunday June 13th 2021

WO

el xSV Gl ST ualie gl i s LSU

ISt 5 plysd osi b

21.

22.

23.

24.

25.

26.

27.

28.

29.

Rats with Vigorous-Intensity Interval Exercise Training.
Med Sci Sports Exerc 2015; 47: 556-67.

Bartlett JD, Hwa Joo C, Jeong TS, Louhelainen J,
Cochran AJ, Gibala MJ, et al. Matched work high-
intensity interval and continuous running induce similar
increases in PGC-lo mRNA, AMPK, p38, and p53
phosphorylation in human skeletal muscle. J Appl Phy-
siol 2012; 112: 1135-43.

Rajala MW, Scherer PE. Minireview: the adipocyte at
the crossroadsof energy homeostasis, inflammation, and
atherosclerosis. Endocrinology 2003; 144: 3765-73.
Fasshauer M, Klein J, Lossner U, Klier M, Kralisch S,
Paschke R. Suppression of aquaporin adipose gene expr-
ession by isoproterenol, TNFo, and dexamethasone.
Horm Metab Res 2003; 35: 222-7.

Rodriguez A, Gomez-Ambrosi J, Catalan V, Gil MJ,
Becerril S, Sainz N, et al. Acylated and desacyl ghrelin
stimulate lipid accumulation in human visceral adipo-
cytes. Int J Obes 2009; 33: 541-52.

Lee JT, Huang Z, Pan K, Zhang HJ, Woo CW, Xu A, et
al. Adipose-derived lipocalin 14 alleviates hypergly-
caemia by suppressing both adipocyte glycerol efflux
and hepatic gluconeogenesis in mice. Diabetologia
2016; 59: 604-13.

Madeira A, Moura TF, Soveral G. Aquaglyceroporins:
implications in adipose biology and obesity. Cell Mol
Life Sci 2015; 72: 759-71.

Fruhbeck G, Catalan V, Gomez-Ambrosi J, Rodriguez
A. Aquaporin-7 and glycerol permeability as novel
obesity drug-target pathways. Trends in Pharmacol Sci
2006; 27: 345-7.

Verkman AS. Aquaporins in clinical medicine. Annu
Rev Med 2012; 63: 303-16.

Cummins TD, Holden CR, Sansbury BE, Gibb AA,
Shah J, Zafar N, et al. Metabolic remodeling of white
adipose tissue in obesity. Am J Physiol Endocrinol
Metab 2014; 307: 262-77.

30.

31.

32.

33.

34.

35.

36.

37.

Skowronski MT, Lebeck J, Rojek A, Praetorius J,
Fuchtbauer EM, Frgkiaer J, et al. AQP7 is localized in
capillaries of adipose tissue, cardiac and striated muscle:
implications in glycerol metabolism. Am J Physiol
Renal Physiol 2007; 292: 956-65.

Matsumura K, Chang BH, Fujimiya M, Fujimiya M,
Chen W, Kulkarni RN, et al. Aquaporin 7 is a B-cell
protein and regulator of intraislet glycerolcontent and
glycerol kinase activity, B-cell mass, and insulin
production and secretion. Mol cell Biol 2007; 27: 6026-
37.

Attane C, Daviaud D, Dray C, Dusaulcy R, Masseboeuf
M, Prevot D, et al. Apelin stimulates  glucose uptake
but not lipolysis in human adipose tissue ex vivo. J Mol
Endocrinol 2011; 46: 21-8.

Guo M, Chen F, Lin T, Peng Y, Li W, Zhu X, et al.
Apelin-13 decreases lipid storage in hypertrophic adipo-
cytes in vitro through the upregulation of AQP7 expr-
ession by the PI3K signaling pathway. Med Sci Monit
2014; 20: 1345-52.

Fujie S, Sato K, Miyamoto-Mikami E, Hasegawa N,
Fujita S, Sanada K, et al. Reduction of arterial stiffness
by exercise training is associated with increasing plasma
apelin levelin middle-aged and older adults. Plos one
2014; 9: €93545.

Kadoglou NP, Vrabas IS, Kapelouzou A, Lampropoulos
S, Sailer N, Kostakis A, et al. The impact of aerobic
exercise training on novel adipokines, apelin and ghre-
lin, in patients with type 2 diabetes. Med Sci Monit
2012; 18: 290-5.

Besse-Patin A, Montastier E, Vinel C, Castan-Laurell I,
Louche K, Dray C, et al. Effect of endurance training on
skeletal muscle myokine expression in obese men:
identification of apelin as a novel myokine. Int J Obes
(Lond) 2014; 38: 707-13.

Rodriguez A. Novel molecular aspects of ghrelin and
leptin in the control of adipobiology and the cardiova-
scular system. Obes facts 2014; 7: 82-95.


https://ijem.sbmu.ac.ir/article-1-2204-fa.html

131/Iranian Journal of Endocrinology and Metabolism Vol 19 No.2 June-July 2017

Downloaded from ijem.sbmu.ac.ir at 7:19 +0430 on Sunday June 13th 2021

Original Article

The Effect of Aerobic Exercise Training on Visceral Adipose
Tissue Aquaporin7 Content in Rats Fed With High Fat Diet

Nori-shorabi Y, Talebi-Garakani E, Safarzade A

Department of Exercise Physiology, Faculty of Sport Science, University of Mazandaran, Babolsar, I.R. Iran

e-mail: e.talebi@umz.ac.ir
Received: 15/02/2017 Accepted: 27/05/2017

Abstract

Introduction: Aquaporin 7 (AQP7), as a glycerol permeable channel of adipose tissue, plays an
important role in controlling triglycerides accumulating in adipose tissue and the development of
obesity and its related metabolic disorders. The aim of this study was to evaluate the effect of
aerobic exercise training on epididymal adipose tissue AQP7 content in rats fed a high fat diet.
Materials and Methods: Twenty-eight male Wister rats (4-6 weeks) were randomly divided into two
groups: Normal diet (14) and high fat diet (14). After 10 weeks of feeding with normal or high-fat
food, each of the groups were divided into two groups: control (7) and training (7). Rats in the
training groups were subjected to running on the treadmill at a speed of 20 meters per minute for
10 weeks (5 days per week) and their epididymal adipose tissue AQP7 content and insulin were
assessed by Elisa. Plasma levels of glucose and lipid profile, as well as insulin resistance index
(HOMA-IR) were also measured. Results: Body weight, epididymal fat weight, plasma insulin levels
and insulin resistance index increased in rats, fed with a high fat diet (P<0.05). Epididymal adipose
tissue AQP7 content decreased due to compliance with the high fat diet (P=0.003); however
aerobic exercise training increased AQP7 in both normal and high fat diet groups(P= 0.003). This
training program improved plasma levels of glucose, insulin and lipid profiles, as well as HOMA-IR
(P<0.05). Conclusion: These results indicate that aerobic exercise training could improve metabolic
status by increasing adipose tissue AQP7 content.
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