;f h C

: i 339 Cadlzd g jlw 9 S guw doliladgo E Qj
— £ Y oylosds (s wlo piid JLu

o o Ny
o Scca c\“ﬁ d MM’

Sl 2 S8l O ATAR o) ol 9 (239907 B pao g (ciolisas! (59 yoi 1
3k » b,

F ol b y8 g dguatio T o lod ey Sl 3 e oo F (503 Ay 1 Aol
b silan, 1ya)

YWAVIPIN e b pmdy 2, VWA /Y bl o )b

oS
ks sl 0355 ge Sl (nl 2ol (1 AN Cnl ool ST s ples o Sl oS (nl L i S0
(ol (o5 Sl Gaen gl cnl el 3l B 0l 0929 (Bl 56 5Ky oz slavely 33L 4 5
Dy 3l Sl o) glisl gz <8l ALAR (5 oo cnjeiel s
WD QAT @z GE L e 03l90 Bke Ly Sl (2l e 58 e S 1wl by
09,5z 0 (SOl D90 4o &) 3l pluad Sl Wiy 05 TVART 59 (:Sile 42 b
ol (puyad alin Wad e Gl el 5 i lined i S ol J S
P AT V0 Sy b dnd gty i 58 0 e VY S 4 cod 9 GRS)lg 59) g
solitwl PCR g, SJATAR (5 s b 6 u505lail (sl o |2 4B VO-Y) S 4y 5 adBo
)5 8 sy 250 48yl 9 (uilyls LT (LT (3, Sl eslinal b oad (g5l ez oMl s
Slidd ) |y )l (sixe Sl (s j5bas) (ajgiol Brae g il (08 yoite 95 0 HlbaiSly
Sl 50T 5 o ped olss Sl pizmes (P=v/e 0 V) wiols ol lisl o <3 ATAR 0 ol
P=+/-+Y) 55 AIAR )5 s Lo Dl s o Jlo sixe 2alS 5
oS e c ATAR (slo cnssSLST plgie 4 (g0l Brae g (ol Sl poi 1y dzeudd
4 Bl 50 Fee Seitdad Jelse Glpie a5 wlo ) Jensily (nl g wis (02 <L e (693
gl a8 3 S

il sk s il ATAR L ielizd 505 sis0alS 15319

(9559 SiPs s 09,5 SLul Yl i (ool Slil oliils plas a2y Su S 098 lsbial )
a5y o oDl ol olStils ¢ 555 (635l 300 08, Stils ¥ el eyt 1835 po ol Ay e codlad I3l olStils
Ol wspy Slul et 0 4l Giysn g Giigel w3l (el )5 F pll ol s e Ol
Olrlesgd) Ol etV 42l hj9n 9 (Bial oy (B9 ST 55550 B
Barjaste.a7@gmail.com : gt soim ¢ Ssq xSl las*



"a)la.\igrﬁ.hdl?drﬂfowjj_}:{\igsij))%jwjju}&ymwjﬁ &Mﬂy&ébﬁwJ;MT V¢

by b g oo (02 S8L 0 (el slo Joke
Loy seio @2 slo Jobo » pudins Joo
Slllas ZSTYF) ail o 52 5 50 sl Joko
Cely logiinn a5 ol aslis 1) Slo 0500
lp Wgd (oo dehos (952 CBL 0 53D (sloged
L «%) 'PPARa sile Jé bawg Jls
IL-6 «(A) "FGF21 & ,b ;| (V) PPARS
5ol «O0) Symyb slaacy (A
Y ougde «(V)) TA2AR o0i 5 3,k
5 (VF) IS JuslgS Jolome «(VY) °TLE3
(V0) miRNA-30 asle RNA 5 S o> b
oS ol 35 0950 935Sy S (sl
Bgd o o3l cpile b oays el sl Jslos
ko 5 ladyo ATP 5l wilgi o (25900
CD39 jlasgalsgigail 93 o Jld &b
g ol o5 ogsilSs ENTPDI)
0 ST NTSE) CD37 5 o)l
T slad jo gl b oy (asgilSys
G efgn oxinS Lz 5l (S 9y 2 ok
0siiS e & 00iyS ez (nl el Jate
Jds  «(A1aR,A3AR) IS Hsal sl
(A2ARABR) DS DT sl oS
Giale 00355 5 gl Wisd o Gy el
Gelged SIS Eebls el )3 Dledll 2 ogMle
S i s o 0SSl
s @ @) 5l an o oSl Sl
38 7 R g JorlS e il oy
wols olis Ll Ko g 7 opd (V) ls i
S5 wile (90T (gl oS 5 50T o5
CAMP S 25 5 Qigdh (oo S DS

4. A2 Adenosine receptor
5. Transducin-like enhancer protein 3T
6. Fain

doddo
ol Lo pled jo gl onims Jlaie job oy B>
Lg)LM L) Ja-u)ao $9l> as ‘5>L7u] )‘ Cnsl 00
St (Bl mp Rl il oo o0k slo
e o Jb ol b el cads jo (S
@ i ke s 009 fse Seannl cnl S
313 3929 (Bl (6 0Kty sl sz ool
ool las Iy golaie 0,2 ailin il lalllas
3;\.»5(5410),00 ‘)LS)JJ‘ LJ.«CAS‘.\.».O.N e
LS loged (0,7 dgbisn b boyhe (Sl 50
Gl Co g Siali8l cel azi jo 00,5 gl
sz 8L plpie 4 a5 Gloged (o) Ssd e
uLMos.a} (H]] 9 05.,..:‘5;0 asls ),u 46‘05_@5
Gy Bas laie 4 wpan gy 0wl o)
oz a5 I B b ol
LS plsre 4 6351 0,5 oSl L sloge
5 Bl 595 oyl sl ldlas o yls Ll
@z okl o ol 4 b gla gl
adllas 0y50 Bur SO gl 4 1) (gloged
wr Sdd Lo ol Gl Loassls )3
Ol g osh ol wilg so (55,5l B ran (sloged
O V)ogd oo srin (65,50 Jobas 4y yomie alins
o|) S )‘ S (2, <8b Gy 6“’9‘9{5
5 CNS o Jd alaz 5l el Sae Cglatie
@ b 4 Solew 00 ggp el
55U g Loy b oo (SYgb axlge oY, F)ebn
by Mg (YsSE sl (ygey9m
005 Jud 5 GRS Onnnl Osese

1. peroxisome proliferator Activated
receptor

2. Fibroblast Growth Factor
3.Interlokin 6



VY Yo)la.\igrﬁ.hdl?g\rﬂfQmj}ﬁgcéj))qwjju}&ymwjé

e B pza g gelimal o e S

b e B cwl Gl 5o gle Gige olio]
ol ole p il g (G359 Cnpes S e Sl
20,5 astiie ey ()

SRR 09

Gz sl (Foge]

Shiulaie 0-F 5 ol (hge pe o
S VYA XY adgl 558 5Nl bl
Oon Sy 4 g s Jol jgmel gl
Lo 4 0950 5 Gy B Foge5] b Jinte
oy B Joll) oz w3y Gk sl e
3o 9o Bl das oojlgs Lok 4 (o
Gy Sl oz 5 wax e L oL
odle 09,8 F a4 Bolar job 4 3 les
o 0) Gyl Gl o hge e B) JpS
90l 5 (Ghge ymo ) JSS cnjgiol (g
S50 Dllgem ol i (S50 yo ) (205
@lain G oy90 (b o g onl o Siales]
5 0 )ls b lsl 5 sas b L L]
sloog,S B o IS szl 0)90 eizren
2 Blas Slu S (b sl i o Sige w0
Ol e azys YYEY gl b e
A Sl Sy g ao,0 DO O slee cogl
colie s b oaels VY DYl
A (5,5

e )0 38 (oo e Iy b (e ¥ eSS g
b (¥ 5SSl Lasgh oo S, s 5l aile
ol o Oldlas aigds S <8k 59
Jbd bags (5990] awgs g Lo oS 305
Syl 59,8 (g0 S ygo 3ol At 00i S (o
oo 00iS et SO Ylaisl 0ni 5yl
Sl oy S8l g Oy dwnl oS el
ipolAL 030y S i jlate (e 43 (VY)
Slr ol @l g gz <8l 50 slsd eelais o
oz OS] 5 by (el @ Cglie
(2ol else 5l e sy o0 Sl A (),
elie S e Ol a4y (2B (n e g Codled
o0l zyhe Wb 2y 8L ok sloged sl
4 yie o0y Sluyed (WWAANY) cul
alox 5l b gy 8Ly e Ol
P b sl oy ole Gl
i3l (6,08 g cdled iolisl (g 0uS gie
o 2l s Gom p) r S8k oad R
Lg‘,lf",L.,J aS Wil eols obas ola b )_Sl gl
3Ly o0y Dl el fawgs oad Wl sle
Slslie jlwgen Spe G o7
phae (S Cllad Lausgs 45 950 oo Soralianns
S5 e &5 Sldllas ax 3108l o slasl
@z S8l o) Gale 0si 15 g o jei0l Sl
Ol 052 b el 03g0d g (SeelS Dj90 4
=55 eped Sl Pl ek 4 sl asdllas joie
<8l 3 ATAR (5 oo » ) cpjgisl Bpan g
D9 g0 gl Lawl 03,55 (o) 2 2li 2y
il Bran (izmen 5 (b5 s Hl
P RN ) B s ST SRUY RUL
A smrn Ghrgh ol 5l Baa lpls el
Ol Bras g (eliiul (ped alie 033lgs
7 <8 ;0 ATAR 0F lo s Gliee



\'o)la.\icrﬁ.hdl?drﬂfol:mﬁ)}_}:{\.;ssij)jﬁtj&éjju}&y‘\»w}} &Mﬂy&s)_ﬁw_};MT WA

Loyl 6 a0 (Sl sl jlme 4 (o,

oliiw! (y1 yod SS9
i 05ilss (512l 4y (g yed 05,5 sl (G355
sl lawgie ol b celatll 568
RS 9y O atie e p0 el sleeg S

OV Jgaz) wo,S

TS oon 4 el 5,0 0 e Sagasl slie
B Ghge 2 0j9 5l S Ve e sl 4 &S oy
POl diin o 85 (g pell 108 05
b e 2l g cnl o b ool I3 i3
G e 00+ g5k 0 o1 S jg0 4 s
B ol sl o elRalsl llse> ofg
IFe SlaS 5 b oyz p hE 6 opr 85
atd Lo S UV g (9 LY 02
iy o Vo (ooled s 0dslge (g wd

om e 9 50,5 oolaiul 33 w5l ol e

Soliinl (o3 SS90 ) Jga

SR T U N T T T B T T O |

33 ¢ o 40 11 1 v o107
ES
32 v v Y- 3 3 Yooy ¥ YPOOYE YE YF YO
143

\ Vo TR A 4.y AR AR vf YO:b Yy YA:D- Y. AR

ool
(aido)

P b3l 5l (g 3u503luil g (6 a5 digas
Sl o g S aedz o Bl e el FA
Sl 3y Gy Gkl Glilss ( oldl
o VO) 5oliS 5 (2,5 9keSTp,5 (e V0 2 DL
b5 590 e 9 WD sk «(B) (p,5okSTe S
2 0395 gle Goyb 3l g ailey ceyw 4l
U.,....'JMP.»M,‘;QI; @JL‘*’ az,0-Ye gleo
8 ooliul RT-PCR oS5 51 UCP-1 15 ol

US55 5l eslinal b il RNAL! jshate ol ol

b igo o8 pao (3239300 590 sl
390l sl U5 s igiol - el (sloeg
(V) p,Sels ) sl pS oo /¥ lade 4y )
) g & (Aad [ jg, k) dXad 005lsd Dl
09,5 d8,S 8Ly el 3l S celn ¥ Blas
Sloog,S b oalie Ag; 9 Jlaie & 58 oplle
S8l Giglaid prw onjpsl eaSIdl

IREAYON



14 Yo)la.\igrﬁ.hdl?g\rﬂfQM}}&H‘&)‘)}@M}}D}L&}MMM})

e B pza g gelimal o e S

955 oy o8 oy 1y 0df 905l € Sagg s
03931 31098 ez G Dy oy sl 5 oo
Gl mhw o g 4k g uibly 5T
3l ap 5l eslital L) ab eslital P<e/-0

(SPSS,16

o5 slaslh

O e Ol & by by odls s L
obly s yge3l 5l colaiwl L ALAR
Brae g gelitul (o yed e 90 j2 adsbgd
21 6ls (e alS (Jis ;5bas) o 50!
il o> cél ALAR 5 ole ol
5 F=00/ARY g P=¢/e o) ccus sa) wols ylas
ey 51 Cppizman (FEOV/FYY 4 P=-fo -\
o 2als 5l (S cnjgis] JoSo g o yod
@7 8L ALAR () (o Gl Slpnss o
) JS5) FVYIVYD P =/ o ¥) og lis]

1.2

ALAR/GAP-DH 5 sl (ol sl

CatesS s S gl Sl (LT (3LS) S
& yogid Sl oBiws by oo ] el sle RNA
Sz 285 18 oLyl 0,60 (DPI-1, Kiagen)

Oligo dt (MWG-Biotech, Germany)

5 o (Fermentas) weSae (5 lop adeus w23l o
J.,_;)Lc > d”y o eolaiwl 4]054),4 Ji’jj’ u«JLMJ‘

AlTAR:

Forward: GTGCTTCATCGTGTCACTGG

Reverse:
GCAGGTGTGGAAGTAGGTCT

Gl b b,

QSA)'T Il ools b aje ey )LJ

0.4 -
0.2 -
0 . — =

ollr g5

2393 JoSe J 7S (jgiol JoSom i 03

Ol o3

aslllas 5,90 sloog,S 0 ALAR ()5 (s Lo polie &l ) S0



"a)la.\igrﬁ.hdl?drﬂfowjj_}:{\igsij))%jwjju}&ymwjﬁ &Mﬂy&ébﬁwJ;MT \Y

Gl 4 e Scel 5 W S5 Gle
o ST g SNl a4 conles
IS 3Tl uizmon 09 o0 AJAR
sl ige sl w%o—l 5o AjAR EWY
S Cellad 28l bl Se; gl e
8 2o sl Ghge 58 s 2 AIAR
oolitnl b il e o 7 oy 15 .l 002 YL
e el (SzsS 5 S )3 b Comagol ||
o xS Joke a5 wols s w0z
Sl (Sailoil 4 i 2o gk
Crs PKA Lo g5 00 S5 ,o5 IS <DLS0]
5 oiag)l (V) witils 2Sass gl Jshoo &
s & s e o wa S ol S
4 orie Cawl e AJAR a5l o cudled
2 OSer g gy (TY) 29l bjae Sl
IR ewin ee ) (2l @, 5l (56 (S b
o bl Aga CansST SO L oad yleyo
0395, Huals ws o Y8 4 w59 50 syle
O 0395 )3 Rl as 0 W s 002
7 S8 sl §jg eizmen idlo LiS (02
i IS she (052 5 oSl sbe
u.uyc ¢03>L€ O assls u...:olf Lo )0 \A 9 A
Uil Asa CenssST bawg sads leyo o
Sloged ()7 S8k 0 Siise s slaS e ol
X T O T SR I
Sols olid adw <z a8l e UCP-1
oleyd sla Shee dbaw gy 8L o (VYY)

3.Arvinder

S5 Az g Sy
e Bl (R jsba) (55l Bpan
oz 8L ATAR 5 olo Olpss o 1y o)l
ol Ol pioren a0 lis olis]
2 oldgire a5l (S il 5 e
w7 <8k AIAR 0F s Ol Slpess
03,5 1 ATAR 15 ol Lials Lol ogy Lol
@ JoSe g a3 09,5 A S oS 5 (2 o3
JEl G plgie 4 njiol g 2ie 2k
b 5o o dlyol Hei b Sen b 5 (sil58l sasas
SoXi S (29)l0 o WS (o0 Jos 252
) Bl 5l 86 Slyss Al Cans ST 5 Aga
Sl o loged Gl 4 e g 983 (o0 Sgie
009 35 Aok 4 4295 b 09l o Sehe
S N
ao sle sl sl Jlisl gl Slaal
oo 45 s ol Slllas (1)) sl Bl
Al 03iyS s Jlb Lags (059500 b sels)
05,5 onl Al 5 0,5 (oo Dyge g0l
058 Gulgd i 00lS ey S Yleis|
s s 50 (23990TAT 0 S 1 jelate
G Caglie lp ol @B g ex il
A 69r0 (o) e 9 el (gl
Oless Olalllas 51 oS Lios olaws o) oo
b 4 (Vo) es o 20 1) bl 5 gl
&J&uwﬁw‘ ol w)‘)f).:d,do

u?»‘)"“p s Y sl w}ué" o AjAR

1.Zucker
2 Kaartinen



YN Yo)la.\igrﬁ.hdl?g\rﬂfQmj}ﬁgcéj))qwjju}&ymwjé

e B pza g gelimal o e S

)'l &S el sl S g0 aS &l eols oLe,Wy
gl o ol)"| oy ple 4y Sl oMae
L e ol (Yo od 5 Jobuo
(YMNV-SOY e «(YY)ipppl  Joli
0 (V)G 5gr dmlgieal Ly 5 (YA)yuslislsn
A e b ans b ol ples oS (nl b gl
OP9y Sl e Sl 4 i) (o0
sz S8l o oy Jgtas p il 3,5
El 4 arg ol 5l (35,5 Sy yed Lawgs
4 C3 S Al Gl oo 0d SO le gy
¢ b Sme AJAR lo conssSl
BI8 1) il ool g w22 8L g
IS 5o S Seidad Jelos Gloe 4 oS
slo gy gl 485 5 @ (Sl L
Al 005 (5 ol G2l 9,50 )0 00l ploxll
B3 Gk il s Sl b 050 @ njsio]
Cal 00 plosl Al (glo CansgSLST § oy j90]
@ phite (G Cld S1aS ctagh 95 by
L cssiol g onped Ol il g S ysb
0 8 i edalive calily 00lo JI 3 sy 850
A28,A2b 035 .5 5 5 e 51 ol ALLA3
AMP S s JUd 2 (5o 25 1 e
Al 6 85,5 als 5,0 b pua¥ oSS 5 (g5l
CoilAMP  cl bl eaies olis
S nl 4 g b Grioren 5800 sy
o JB oo @b 5 Glge slo 00y
S S5 e Al 0255 g s
S (057 (b ool Coled 50 9 A2 05y
2l UCP-T 5 Gial8l azs )0 sloged &
Sl b cwl fae Bl ogupe jo el ol &S
Gl 1 AT 005,.5 (5950] G pae a5 guiils

Slo plad ]y rals cpl Gadsd guls a5 aas

90 gy Ve Sae d Asa CansioST awgs oo

PGCl- 5 PPARY (slosed Corssas] 5 Lo
s oo slid a5 wals UCP-1 liél celo
Cil s Asa sl oni S bl gl Jb
oMb (sloged Wl el Wi oo 2w o)
ol 55 sla hagh 4 azgi b .(1))3gd
A, slo CanssST oy 90T a5 o camlins YU
4 Jlasl b Al cadS T imen 5 Ao
7 ok Lad )0 093 4 bgype sl 05
AMP 05 5 ;G sl (o Jled el
cel a0 gl oo seil> AMP o
s 3 oad  (gsil> AMP il
5 o35ai Jlud |, PKA/P3SMAPK/PGC]1-at
sz 0 UCP-1, PGC-la 5 olo 4 e
3 oSlee &5l 292y b digh (0 (olie]
Mals (b9 Sloyed ame Glyie 4 o
WS ol Ol Al Sy e ol anslis
Sl )3 ded (s 9 Job ojlail o rals
Ty Ry Sl ped )0 &5 gy 25 7
@5k g a0 a5 ) G (39 Ble w0
xSl oS R Gk ol LS oy
Sl aS gl aiw) pilSo sl a2s oo ial38l
0 Slgiiy 4l iz Wisd o (0
as oy a8 cpl e @ (U sl o
S 2y 2 S8l o ) Sl Sl
4 Wl b cuas Gl (pl oS e 0k
G5l b5 (VF) S SaS gy il s
o 23l plo 4 (nyed bawgi 0ad plo la
Al (22 S8l Gt S Cesl (S
Ol O 52 &S Sy 4 (pl @ adllas S
Ol el o (35,5 Dl ped Jawgs ol
o5Vl 5l AU Sds g5 S mi S
Slllas sl a5 J s (Yd)ew! jis o



"o)la.\igrﬁ.hdl?drﬂfol:mﬁ)}_}:{\.;gsij))%jwjju}&ymwjﬁ &Mﬂy&ébﬁWjuT \YY

Ay )0 s o)z S8l e g68 sl
Yozl oS cuils lo olgs oo Giogh ol @l

2 islae il glosen psha (jeisl 5 o ped
b ,o cpyeol A2A i S ole il
ol s Jbd a0 o)y plasl o>

9 a0l Al 0515 Jle el 005 ,.5

pae Ghegh ool sle Cusgame IS
o PGC-la 5 olo oluss (5 505lul
UCP-1 5 gl s oaiS walass 951 olyie
Sloged gy )0 15,0 2l Jpaze Slyie

g2 edehen (057 G

@ D55 el (GBS (ol @l 4z L

wﬁ;’obAlAR 29,0 M;L.fl Olaie
S e AIAR gl cassSUST lgie o

&lw
. Bartelt A & Heeren J. (2014). Adipose tissue browning and metabolic health. Nature
Reviews. Endocrinology 10 24-36.

. Harms M, Seale P. (2013). Brown and beige fat: development, function and
therapeutic potential. Nat Med;19:1252-63.

. Dodd GT, Decherf S, Loh K, Simonds SE, Wiede F, Balland E, Merry TL, Munzberg
H, Zhang ZY, Kahn BB et al. (2015). Leptin and insulin act on POMC neurons to
promote the browning of white fat. Cell 160 88—104.

. Ruan HB, Dietrich MO, Liu ZW, Zimmer MR, Li MD, Singh JP, Zhang K, Yin R,
Wu J, Horvath TL et al. (2014). O-GIcNAc transferase enables AgRP neurons to
suppress browning of white fat. Cell 159 306-317.

. Daneshyar S, Kordi M, Gaeini A, Kadivar M, Afshari S.(2015). The effect of
endurance training on gene expression of uncoupling protein 1(UCP-1) in white
visceral adipose tissue of retroperitoneal depot of male Wistar rats. Razi Journal of
Medical Sciences; Vol. 22, No.136.

. Rachid TL, Penna-de-Carvalho A, Bringhenti I, Aguila MB, Mandarim-de- Lacerda
CA & Souza-Mello V.(2015). Fenofibrate (PPARa agonist) induces beige cell
formation in subcutaneous white adipose tissue from diet-induced male obese mice.
Molecular and Cellular Endocrinology 402 86—94. (doi:10.1016/j.mce.2014.12.027).
. Petrovic N, Walden TB, Shabalina IG, Timmons JA, Cannon B & Nedergaard
J.(2010).Chronic peroxisome proliferator-activated receptor gamma (PPARgamma)
activation of epididymally derived white adipocyte cultures reveals a population of
thermogenically competent, UCP1-containing adipocytes molecularly distinct from
classic brown adipocytes. Journal of Biological Chemistry 285 7153-7164.

. Coskun T, Bina HA, Schneider MA, Dunbar JD, Hu CC, Chen Y, Moller DE &
Kharitonenkov A.(2008). Fibroblast growth factor 21 corrects obesity in mice.
Endocrinology 149 6018—6027.

. Petruzzelli M, Schweiger M, Schreiber R, Campos-Olivas R, Tsoli M, Allen J,
Swarbrick M, Rose-John S, Rincon M, Robertson G et al. (2014). A switch from white



Yy Yo)la.\igrﬁ.hdl?g\rﬂfQmj}ﬁgcéj))qwjju}&ymwjé ij)ks:»u;wld{f:j‘.l

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

to brown fat increases energy expenditure in cancerassociated cachexia. Cell
Metabolism 20 433—-447.

Bordicchia M, Liu D, Amri EZ, Ailhaud G, Dessi-Fulgheri P, Zhang C, Takahashi N,
Sarzani R & Collins S.(2012). Cardiac natriuretic peptides act via p38 MAPK to
induce the brown fat thermogenic program in mouse and human adipocytes. Journal
of Clinical Investigation 122 1022-1036

Gnad T, Scheibler S, von Kugelgen I, Scheele C, Kilic A, Glode A, Hoffmann LS,
Reverte-Salisa L, Horn P, Mutlu S et al. (2014). Adenosine activates brown adipose
tissue and recruits beige adipocytes via A2A receptors. Nature 516 395-399.
Jimenez-Aranda A, Fernandez-Vazquez G, Campos D, Tassi M, Velasco-Perez L,
Tan DX, Reiter RJ & Agil A.(2013). Melatonin induces browning of inguinal white
adipose tissue in Zucker diabetic fatty rats. Journal of Pineal Research 55 416—423.
Villanueva CJ, Vergnes L, Wang J, Drew BG, Hong C, Tu Y, Hu Y, Peng X, Xu F,
Saez E et al. (2013). Adipose subtype-selective recruitment of TLE3 or Prdm16 by
PPARgamma specifies lipid storage versus thermogenic gene programs. Cell
Metabolism 17 423-435.

Hoffmann LS, Etzrodt J, Willkomm L, Sanyal A, Scheja L, Fischer AW, Stasch JP,
Bloch W, Friebe A, Heeren J et al. (2015). Stimulation of soluble guanylyl cyclase
protects against obesity by recruiting brown adipose tissue. Nature Communications
6 7235.

Hu F, Wang M, Xiao T, Yin B, He L, MengW, Dong M & Liu F.(2015). miR-30
promotes thermogenesis and the development of beige fat by targeting RIP140.
Diabetes 64 2056—2068.

Koupenova M, Ravid K.(2014). Adenosine, Adenosine Receptors and Their Role in
GlucoseHomeostasis and Lipid Metabolism. J Cell Physiol. Author manuscript;
available in PMC 2014 September 04.

Fain JN, Pointer RH, Ward WF .(1972). Effects of adenosine nucleosides on adenylate
cyclase, phosphodiesterase, cyclic adenosine monophosphate accumulation, and
lipolysis in fat cells. J Biol Chem 247:6866—6872.

Ringholm S, Grunnet Knudsen J, Leick L, Lundgaard A, Munk Nielsen M, et al.
(2013). PGC-1a Is Required for Exercise- and Exercise Training-Induced UCP1 Up-
Regulation in Mouse White Adipose Tissue. PLoS ONE 8(5): ¢64123.

Xu X, YingZ, CaiM, Xu Z, Li Y, Jiang SY, et al.(2011). Exercise ameliorates high-
fat diet-induced metabolic and vascular dysfunction, and increases adipocyte
progenitor cell population in brown adipose tissue. Am J Physiol Regul Integr Comp
Physiol;300(5):1115-25.

Vannucci SJ, Klim CM, Martin LF, LaNoue KF. (1989). Al-adenosine receptor-
mediated inhibition of adipocyte adenylate cyclase and lipolysis in Zucker rats. Am J
Physiol 257: E871-E878.



"a)la.\igrﬁ.hdl?drﬂfowjj_}:{\igsij))%jwjju}&ymwjﬁ &Mﬂy&ébﬁwJ;MT \YY

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Kaartinen JM, LaNoue KF, Ohisalo JJ .(1994).Quantitation of inhibitory G-proteins
in fat cells of obese and normal-weight human subjects. Biochim Biophys
Acta;1201:69-75.

Arvinder K, Dhalla, Jeffrecy W Chisholm, Gerald M, Reaven, and Luiz
Belardinelli.(2009). A1 Adenosine Receptor: Role in Diabetes and Obesity. Article in
Handbook of experimental pharmacology - DOI: 10.1007/978-3-540-89615-9 9.
Rosen, E D & Spiegelman B M.(2014). What we talk about when we talk about fat.
Cell 156, 20-44.

Nedergaard J, Cannon B.(2014). The browning of white adipose tissue: some burning
issues. Cell Metab;20:396-407.

Cao L, Choi EY, Liu X, Martin A, Wang C, Xu X, During MJ.(2011). White to brown
fat phenotypic switch induced by genetic and environmental activation of a
hypothalamic-adipocyte axis. Cell Metab;14:324-38.

Pedersen BK, Febbraio MA.(2012). Muscles, exercise and obesity: skeletal muscle as

a secretory organ. Nat Rev Endocrinol ;8:457—465.

Bostrom P, Wu J, Jedrychowski MP, Korde A, Ye L, Lo JC, et al.(2012). A PGC1-
alpha-dependent myokine that drives brown-fat-like development of white fat and
thermogenesis. Nature;481(7382):463-8.

Rao RR, Long JZ, White JP, Svensson KJ, Lou J, Lokurkar I, JedrychowskiMP, Ruas
JL, Wrann CD, Lo JC et al. (2014). Meteorin-like is a hormone that regulates immune-
adipose interactions to increase beige fat thermogenesis. Cell 157 1279-1291.
Feldman BJ, Streeper RS, Farese RV Jr, Yamamoto KR.(2006). Myostatin modulates
adipogenesis to generate adipocytes with favorable metabolic effects. Proc Natl Acad
Sci U S A;103:15675-15680.

Roberts LD, Bostrom P, O’Sullivan JF, et al.(2014). b-Aminoisobutyric acid induces
browning of white fat and hepatic b-oxidation and is inversely correlated with
cardiometabolic risk factors. Cell Metab;19:96-108.






' A Metabolism and Exercise
H A bioannual journal
Sy Vol 7, Number 2, 2017-2018 University OF

The effect of endurance training and adenosine consumption on the alar gene
expression in the visceral adipose tissue of obese male rats

Barjaste Yazdi A'*, Azarbayjani MA%, Matin Homaee H>, Peeri M2, Torabi F*,
Ramezani Z°

Received: 23/12/2017 Accepted: 1/9/2018

Abstract
Aim: Although obesity is becoming epidemic all around the world, the effort to reduce its
prevalence has not been effective. Thus, there is a need to find further paths to prevent
obesity. The aim of this study was to determine the effect of endurance training and
adenosine on the A1AR gene expression in the visceral adipose tissue of obese male rats
Method: Twenty wistar strain male rats were fed with high-fat food for twelve weeks
and reached the average weight of 319+-30 grams. The rats were divided randomly
into four groups after being conformed. The exercise training session included
running on the treadmill with no slope for 12 week. Each week, five sessions were
held for 15-31 minutes with the speed of 20-25 meters per minute. In order to measure
the relative gene expression of A1AR, the PCR method was used. The data was
analyzed using the statistical method of two-way analysis of variance.
Results: both variable of endurance training and adenosine consumption
(independently) demonstrated a significant decrease in the A1AR gene expression in
the visceral adipose tissue. (P=0.001). Also, the intraction of training and adenosine
affects significant reduction of the A1 AR expression.
Conclusion: Endurance training and adenosine are strong stimulants of adipose tissue
lipolysis as A1AR antagonists and have the potential to be used as effective lipolysis
agents in obesity
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