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Abstract

Background and Aim: Endurance training can be associated with reducing body fat. The aim of the present study was to
investigate the effects of 12 weeks progressive endurance training and high fat diet on gene expression of 3-3 adrenergic (33-ARs)
and cyclic adenosine monophosphate (CAMP-r) receptors of brown adipose tissue in obese male Wistar rats. Materials and
Methods: Fifteen male Wistar rats were randomly divided into three groups (n=5) including endurance training with high fat diet
group, control group with normal diet and control group with high fat diet. High fat diet was composed of 40% fat, 13% protein
and 47% carbohydrate. The endurance training included running at speed of 20 m/min for 15 min in 1% week and reached to
25 min for 31 min/day in 12" weeks. The gene expression of B3-ARS and cAMP-r were examined by RT & PCR methods. To
compare the cAMP-r and 33-ARs between groups, the Kruskal-Wallis and Mann-Whitney U tests was applied at the significant
level of p<0.05. Results: There was no significant difference in CAMP-r gene expression (p=0.47) between control groups with
high fat diet, control group with normal diet and endurance training group with high fat diet, but there was a significant difference
in the expression of B3-ARs gene (p=0.03) between the groups and these changes was higher in the endurance training group
with high fat diet than the control groups with normal and high fat diet. Conclusion: The results of the present study showed
the effect of moderate-intensity endurance training with high-fat diet on B3-ARS gene expression, which can lead to increase
energy consumption and also reduce the obesity. However, changes in cAMP-r gene expression indicate a non-significant

improvement, which may be reflected changes in the intensity and duration of training in future research.

Keywords: Adipose tissue, Endurance training, [33-adrenergic receptor, Cyclic adenosine monophosphate receptor, High

fat diet.

Cite this article:
Sharifian, S., Shabani, R., Azarbayjani, M. A., & Elmiyeh, A. (2022). The effect of 12 weeks endurance training and high fat diet
on gene expression of 3-adrenergic and cyclic adenosine monophosphate receptors of brown adipose tissue in obese male

rats. Journal of Practical Studies of Biosciences in Sport, 10(21), 20-30.

*Corresponding Author, Address: Department of Physical Education and Sport Sciences, Rasht Branch, Islamic Azad University, Rasht, Iran;
Email: shabani_msn@yahoo.com d- ) https://doi.org/10.22077/jpsbs.2018.897.1294




9% Ao 9399 38 (S IPeds (68 y il Ollian 4 i

éAi Vo¥e o osladsc) e 0590 1F+ ) Hlg

e VAN T Y S AP ZIVY (o8l o &b

B308 53 i poe o gy oLl

23901 9 Y-S5 59,01 Lo odi 1S 05 ol p w2t (2108 15 9 (oliiiw! (y pod aiad VY 3G
Bl ¥ b w) Glogd (253 <8l o el Glawdgige

Tagale Lo pale 7 (il 5T (levae T (Glands ool ¢ s oo 0 pacit

Ol ey oy aoly o ool ST oSty o 5555 psle 5 (e Canyd 05)T (5SS ezl )
Ol ey iy axlg o oDl sl olB s ¢ sb5 59 pale g (SN Cayi 09, T SLul LY
Il Ol 555 o Ol 92Ty e sodll Sl3T olStils (23555 psle 5 (S S 05,5 slewl ¥
Ol ey ) wly (oDl oljlolSsils (o559 poleg (S S 09,5 Lsbial ¥

PRV

Pl ey 2l Gl San ot olen oy (r Aol L aily (e (Saliiul (o pe3 1B g 4
239300 5 (BB-ARS) Y-Sy 0T Ly 00 oS 05 Ol = iy (2N o3y 5 0ig iy (Sholiiowl (o3 ain VY
D) e 03553k 1B (g D9 Ly Bl5S Bl 5 sl &) slostd (o SSL )0 (CAMP) (goil> Dlandsige
Hyore e L J 55 09,5 w0z 1 (61t L (haliiinl (1 5o5 (0=0) 09,5 s 50 (oLl O j90 4y Jliang 035
TV 5 oeBon oo Wi mpzr amo o ¥ bl pzr iy (288 o)) S0l el 02 e L 58 09,5
e Ve ot L ad o V0 e an geli il o jed aan VY el (o el IS 5 09— Ol jags ST 0o y0
49y L CAMP-r 5 B3-ARs (slayi ol duw, 4880 10 1o YO Cae s 9 4 b8 ¥) oo dy e, 05 ds 45 09 4B
=29 O 9= 3 edly JSwg,S sle g3l 5leg, 5 dw s B3-ARS § CAMP-r aslin (5], .50 ) » RT&PCR
59 S oo Dglay il 4Bl as a8 3 L o p<e /e D Olwloe plod gl ()l (e a9 00 T oolaiul
Slil Gy 09,5 5 (Hgene slie Ly S5 sz slie L S5 sbo 09,5 (o (=2 1FV) CAMPr (5 L
599,85 esalie Lo 09,5 o (p=+/+T) B3-ARs 5 Lo ;0 (5,0 e glis Lol aiis svalie oy slie L
Do oy g Haene sl U 08 sleog S5l it oy i L (el (i ed 09,5 50 Sl o0
G5 ol =l ez i olem an bvgie ad Ly (geliiul (503 53U Sl Bdod gl 16 S At
CAMP-r 5 oyl 5o Ol o Lol 00, 5 Bl il 5 (65,00 B e (i3l ccl asilys o aS ols oLis B3-ARs
6 oo gl e (ST Oladss o ol pel agsou)oﬁ"&pgfublswl)lawﬁ;ewﬁm

2,5 onal i

(Sl Dl wdgige oy iein] 00 1S ¥ S5 50T L 00 18 ¢ cteli sl (o o3 ¢ oy SBb 1 gimdS gl 6lg
s R

039 PoE 9 (SN Sy 09,5 Sl pole uSiils (i y alg (coduwl 33T oK1 ey 1 3T ¢ giand 0t g

d ) https://doi.org/10.22077/jpsbs.2018.897.1294 shabani_msn@yahoo.com (S g SISy




0N 9 (ylads yib 0 ool

Sl B OBl (S5 05 Mol 35k 5l (o 0095
slacdld s g e b any (VY (o, K00 5 Mjsenis)
e =290l = SFLl S plse o e (S
(IS5 5 bl Sl ot el Bl S8 ol
il as ol 00,5 Lo (YY) s> 9 5536 (V2 ))
Gl i 0355 et Las el Jlad S5 S
30 D5 o (Slomw Cdlw s sl | g Sl >
15 e sl s alosl S el oot Ll ol adlllas
S8l Gl cezge Y (2 b (3 o)) B pmae LS
S ST (V) o500 5 T o) 955 o0 sl o5 (7
Jess 53 oyt o (il i s amgs Ly Ve
(Ol 5 Mg pmg) (Sl 65l A ol 5]
kSl 5 Germeiie) (9 ol cled o 5 (VY
(YY) o0 9 St rizmen a2 oz, (Yo A
=iy ool an Salai ) o ped aan VY A el ol
PGCIO™ iyl o p sl hso 10 oy lde
Sl > (Uopt) Tl oS gie Sl Ciz 1 (s
Sl any O UKl et s 5 0SSy ) 7
LTy sl ostd sz (mble S (Pls a8 0500 P (7
s Syl s, 5 e o 58 5ge 5 il Sely g o
Siml33l b ) ey Sl alisel S aily o Lo
Se 25 Sl Lo eSS 5 g Sibes e S Jlad
9 oo P3ARS Logas a4 oS50l Ly laos S
@S g, (Vo) MKV g nalS Ve e TS, sl
(PKA) ™A LS 8590 €AMP 0l Jlad el 995 dgs
oz o0 A sl T e Jlad sl casalol o
ool ;0 (Vo) (S g 50 al) 35S oo 5—dod 5
o Jlail b ool sl g @b logod (=2
4 g o5 oo e Mol o JLad 250 P3-ARS
JLs 5LS g 0 9 PKA CAMP o JLad 4 095 dgs
) D9 e yoxie (P38 MAPK) P38 )59 tee Ly 00
0duS 4o i sl il ol Jlad cel alsl o ol s
o) 955 (e g9 an el Sl wile vz
(998) o, 0 g aolsan asg L0 ), K0 g
5l olis as ool (e ialS 3l ol 81 1o B3-ARs o, Slae

R Oz S0 w5y 9 (ol oy o akin VY U

doddlo

o=lBl g (HBere - sl e (g sy wenls
Sl S el e (VoA Tsls g 99 o)l 55 (o z
<80 Jolss pae 5l Al mym 2Bl pas lgie a4
520 5 TS 92l S5 e iy O Bymae 5 IS
= 08 kel sl OBl e o Sl (Y Y
Sp—ad g b HElr sloaceiss Ly bl o
(Y’ - ¥ ‘Q‘)_i") 9 9)..\*._.»‘) \.\_3)‘o Sg—>g LT’SLM bé.u)
a4 (B3-ARs) Y-S5 5,00 Lot 00 18 oo ol 5o
Tslogtd (o Bl 5 Mok (o o8l o b oo
Sleog s o cdl (VAAY M, ey 5 el 3) Ll slog g
G A E9-Dg0 Cmadl .l Sl j9 3 0 ol 4l ol
S Sl oud et i ailes ST a Sl ol B3-ARS
5850l auie Lials au asls o P3-ARs o, Sles ials
sl cusSTL sy S el oo oledl  Jolia 4o
&5 B mae Gl 4 g S8 ek 4 B3l
Ol 5 T o) aslmil oo Btz 0 Bl 2als
IS Glm aS ccnloais o)135 Ko B, b sl .(VaaY
O84S (slogd s> il ;o B3-ARS ik ,S
5 Ighw) Cwl (CAMP) T gg al> o wdgige el oyl
sl U Jlas! as el o] o olzel .(VAQY o5 L
OIS ol (g5lw Jed 5o 4l 5l a S8, B3-ARS
5 alSos) ol Jsbw S-Sl cAMP i 158l e el
27 =2hlesS Sl s B G 5 VAT 500
(Y' -f ‘W\})Lf)d_; 9 uﬁ—hs) ;}O)_f‘s_n l_..géra 56‘09_65

9 Hl} u,,_a’lf as \.\_§|o¢).3 - u_..u:u Cwldne

1. Zipursky 12. Lee 23. Peroxisome proliferator activated receptor
2. Zou & Shao 13. Lowell & Flier gamma coactivator 1 alpha

3. Nakai 14. Cyclic adenosine monophosphate 24. Uncoupling proteins

4. Adipokines 15. Silva & Rabelo 25. Beige adipose tissue

5. Genetics polymorphism 16. Nijkamp 26. Wajchenberg

6. Snyder 17. Cannon & Nedergaard 27. Kolditz & Langin

7. B-3 adrenergic receptor 18. Yoshimura 28. Protein kinase A

8. White adipose tissue 19. Pappachan 29. P38 mitogen-activated protein kinases

9. Brown adipose tissue 20. Xu 30. Emorine

10. Nahmias 21. Bostrom

11. Granneman & Lahners 22. Handschin & Spiegelman




Ok g 005 Bla aie WY oLl 0 )9 0 o La o)
Ohb 5o 90 S (At i 5 0l (6 ojlasil el atian 1Y
sdemy 5 For LYY la &) (9 09,5 By ad> e
O39) S 09,5 A dny (Bl e b as L o) o]
=8 o) Lo S8 d0=0) (Hyere lis Lo (o oS
L gelil (o yo3 09,5 9 (N=0) G po3 99 22—
La Sog0)] (510 060l s (N=0) > o (I3 o3,
ol gt i 25 e ma el Sl oS5
2 03l ey Ve e lilan L Sh e pe 255
b e ooy S8 a8 s le s, TYY celw VY , 0.0,
Do gyt ol oo an i la ol L 0y ol
I olskest s (elislesl cUlgs o5y (o) (e
Crzr el b S 0g,S 90 e sla &) o5 o
WD Ao O slae Lo o slelai il i 1ed 0,5 g
ooliz ool gloial, 3l oy aslllan oyl Gl ;55 asy o3
Fogmad ) 00 5 12l ol tylojl SUilgo 5l 3l
ez don Yo ol S Ly o (mldd o, (VAR
WSl oz 9> Ve g g 25,000 V1)
o 9 9 g Slhag S a0 0 TV g g oo
039 =Bl s Sl sle )l an o) Sl g L o)
Sga> ;0 BMI) ® Saye0es Ll gp, 5 Fee LYY
Sz e o) e, L el ado e PO L /7Y
93— L e &) 0 il BMIE (pnd S 28l 4ol
5 0 6 ol p S ay e /) e Ly s G
Jsb plen LMot L (i alold) i Lo o o S5 b
O I (6 S o3lal el A (Wi LS

S dle Lo &) BME 5 Joa 8 baoss

TG (o) o sk T (0)5) o G35 = BMD) Gy o358 el

e 3 e Sl (Sl (0 ps] s ) ey
St s iSO 5,0 PO (o ped glp 09, S sla o)
Slp 09,5 )3 ;i s e Suh lyie a0l (L)
RSO S JHY K DU ENE SN Jpee
Vo ad Lhaado ¥ Saedan umg Jold 0,5 6,8
Lo addo ¥V oo dm (imgo ool sy g 4o 5o
oS Sl e e 390 4iB0 50 ;56 V0 uh
VO oas biaads ) coasasle ojeg,S 0 0 Lol
e Ve Dalh L adBo ¥ Ooe e g 4B B 1
ol (o3 JSSgp ALl (0S8 A aido
dm aiBs o ;e Ve S Ly g 99 0y O jgo Ay

1. Weyer
2. Bouchard

3. Burguera
4. Carlsson

VY osloud Ve 0590 AF+Y e 09529 38 (S e ke (60 )5 Clallao 4 5

Loosi S =l = ez B Syae anldgsl 50
=y (V299) 1, K0 \)_15 NQR & VPR PU SRR BN
et g4y sl og8 oy 0 B3-ARs Bl oo &l ]
a5 oSl 00,5 5155 P3-ARs  Sglie ol Sl an 0,0
Ol el wihw (yz il o P3ARS (eje S o
s (ol an Couli il sl 0gd (o 3L
b (oo (27 OgelenST

Sand by (=59 cdled s 4 S ol eols lis olallae
33 e il e (VO as 300 L5 Fe) bwgie
oyl molie 1l Y LY anagdo Ve &) b un JS
(=059 Sdled plsy Bae pant sl L g wol (oo Al
F ol e a5 laisS A ol gl sa g, e ol
Sy 0 39> Sxliul i olie ol 051 i 4 cel
0 ol (Ve %00 5 71555555 VN0 o)Lz
Seg Ly ooty b 5L sla Cod s 4 S el
Sg—i sod 030 —dol38l 550 (Solo—w o Jled il
Al a s el JI o dlsaly i ST (Y V0 o g
s Sl e e gte s b Ly s o led
Ear— am azgi Ly sl ol S5 50,01 -1t S 2
P ez r o= le o) 5l (AU 0 adlal g Sl
Crznelalie BasdS (ol g anwg Jlo o slo oS
il Sl oo 5l 903,85 (o (HBla g (9 4L Esly
OgelianST g o] o 7S50 Jsloe s (5559 Sl el
aslllas )3 top0m (9 ARl g (65,51 B il (o
) 5 Srelinl (o ped ai VY 536 (4 S
(CAMP-r) cAMP 005 .5 9 B3-ARs )5 e o > p slie
b el sl 0 gle O glogpd oy o8l o
G (09

58y ;e VO Slas (2 (b b S B e
ot Wb (5l 3 Sl el gl 5 b g ol
by as 2 5 ol tlejl culio bl jo Sl
YYEY slos eSilo Ly odagmme 5 celw \YAY U6 s
Sl uid 0003 Febe copgb, 5ol 5 (Hlw 4z
B V0 glisyl 5 pye ¥ Jy b ay Blas Sl b
ol dallae oy (g ,)la S ol gl a8 s s le e
oS a5 (59,5 Bl ad> e ot ad>pe 90 50
Sae do ool ol iu eyl an L ooy Ll 5l sy 0 1=
Lo, catian 0-F o (eSShos dmy sy S 4 S
oy 3 oslid L La o 5 reilon 5 s e
539 izt Sl il 0, S VYNY ay sano 1S

5. Body mass index
6. Naso-anal length




Ol 9 leds y °r/

R Oz S0 w5y 9 (ol oy o akin VY U

A g, A g ad £9,d Jol aian o a 280 V0 o

VY acon oaado V) Cawdasaads o, V0 e,

Roliiwl (g2 pod SS9y ) Jgazr

09,5 4w 3 B3-ARs g CAMP-r Loy o dulio (gl 0
el 05,5 90 a4 9 alito gl 5 uedly sy 9031 5|
Sl oo s 00, eslii g e 5 (5]
Ambass S L sp<e/+ B Slowloe ples

o azsly

aglio (sl mely SS9l 3l oool Cmiy s
Y Jgoez ;0 09,5 4w ;0 B3-ARs 4 cAMP-r sl a5 ol
P=+/FV) CAMP-T sl pita ;5 09, 5 51 .l oo 00 4]
VY aies e plid aS ailas (gl e glas (X2=)V/OY
o2 e B yae L acaglie o el (s yo3 azin
05 Ol 2 e Slii esl (Hsene i L
P=+/+Y) B3-ARs (5 ;s Ll .(V JSi) sl o0iis CAMP-r
b .cib 6)l.>u_;_u Sglay Lo og, 5 OX2=YIYA
il (g yod 09,5 ) 4 ol Gl (g (s 9 g0
B3-ARs (asile) iglds oy p (gl Ly lawgie o Lo
Hyore 1t b J 08 09,5 5l i (61 (e job e
P=+1+¥) &y e Ly J,0S 09,5 o (Z=Y/F+ p=+/-Y)
(Y JSs) el @=YNA

Lle o) ioyed e o 515l Gy sl ot s
(@S skSTe S (oo Vo) GealiS 5l (S 5 (SBlaoygyd )5
O3l ot 5 Gt (e S5kSTe 8 (oo 0-Y) i D15 5
Y el ol 5l 6l egd oy Bl ASged il b8
L Jltous g5l jloslaiwl Ly gui a8 a8 o
SimsloT adg) 3l cdl s a8 0gg S oo+ ) o
W8l o, 5 /D e G Ay g b ooly ), BV0 e SIB
(S35 S5 S5 00isS 5 Jslowo 3l 55 S Yo i
"oyl a8l sla iy b gl o Ay, o
0 oo 4y ibigen 5l oolawl Ly g oss 5 adlol ol as
RS S ROV BTN SR P PR
G Ve Sy L aaBe V0 Gae am sdwlicwss Jydze
it oo Lo (g Jolome 00 8 ks il s
boa e ()l S g o0 e 09550 S-S
599 00Sbedl gy g SB35 )8 g 000 A5
ot g a3 0 )90 V7 a5 s SPSS |38l 5,5 Jawigi Lo ools
=y RT&PCR g, L 3-ARs g CAMPr )5 oo 08,5 ||, 8

09,5« Jyoxa 1AL L J 555 09,5 dus 10 B3-ARS 5 CAMP-r (5o 3 ¢yl dumm i (512 (yually S5 (39031 ulid ¥ Jouir

Sz I b (Soliiwl ¢ pod 09,5 gy y IS b J S

X2 ylado o (Jgh-paw S)Hl2)

HUERS (Y PR WY PRy 3}

< IFY VoY
cfe e A(=e]+ =2/ Y)
[eX (] Y11+ F)
feX (LY=o 0)
IRAT YIYA

AARICAREA /AN S}
1. Interscapular 3. Homogenizer

2. Aprotinin 4. Sampler

CAMP o0 o5 Ly

e sl b s
Sz ele b s .

(Jgog508)
oz slie b geliinl o a3

Syeno $1id b J i

ozn el g

2l b elannl oy o3

(Jgog0d) B3-ARs (ylu

7
5. Kruskall-Wallis
6. Mann-Whitney U




T o los Ve 0590 AFeY Lo \J‘)’)S 39 S jpele (69 31,5 Wil 4y pid

fe¥eeees o
a feNeeeee A
=
<
Qo
EN
3
) +
./ ...... -
Y LIPS —
J i LI coiabiiud (33 03
og ¥

L 0955 (s (6,10 (e gl touliS &S i 09,5 duw 53 CAMP-T (35 ¢yl dileo d Lo 590 53 (wlly — J Uy, cyg03T gl N S

(p=+/FV) s svalice

Ofesvooss . _*_
Floovonnn -
[ PO -
g
0
==}
3
S
~ Y/ooooons -
Veooooos -
/ ------- - + T — l
T T L
Jyss Yl S inliia (203
ﬂlgj.;

JreS s og S L ,le ‘su.ouglm%'% £0U0SS S 1 09,5 A yo B3-ARS Ole il duslio 9,50 jo wlg— Jwg,S u,.o)i sy o

Pp<e/o B pdaw 4o

.




0N 9 (ylads yib 0 ool

0y SBmae 5l e A5 a0l 05,5 el (1331) Ko
Sy ed (e A s Laise 0 o sl
Ol 3 e 5 Ll 5 Bl 5 alS el
el ials cel 555 (o3 s P3-ARS g
e 9, S, S a5 () 9 (oo (Bl Sl
OS5 5 sy wmler Sl (Bl (lsys 3w
B3-ARs bl oo &l Sl )y pan 5)055 50 55 (1449)
Sdabio Ol slan ledl s gl (glogtd my yo
10 P3-ARs (1 sje S o5 45 aslo,S ek i f33-ARs
A S (o Bl S il el oz il
S A (Gt (i 109 h (o (Slogod (o <L
olis Slallas .l B3-ARs Sdglie wgllae &, 51 5
St gl ypad Ly S5 500 -l Sy 0 45w e

R Oz S0 w5y 9 (ol oy o akin VY U

ool e azan VY Sl ) ol aadlas 5l Bas
slacs; sloggd > <L ,0 cAMPr 4 B3-ARs Lo
plwl (= 55 (ol T ogtd (7 S8l 09 iy SIS Gls
S aslal U (o gam (S95L )3 Lo s 4 iy o (654
‘u>—el"> St sl B S Olg—e o el Q—“.‘ -
IS 50 (bl i s T & jgmo ay (65,51 DSTL oS
‘va—.’.ﬁ 9 ‘9L—~AJ‘9J)M EY’ \\ﬂ 6“_}:?_..) 9 J._A)LQ) &)b u\.\_> U)5
Ol g (g y0 (Bl 4 Loz 5l SIgle sl Lo

el (gl amglio (0 s n 09,5 Jlsd 5 A
3 gy ol gy sisli8l g (CGI-58) MNOA o
(ATGL) 55001 TG 5L cdlad isl58l o ol g
S sogame Slalllas (o jlogd (oo o] 2l
ol ol ool jo g oad Jol> Tglae moll s 94>y
et 4 A5 Sy (=yl3S 5 (VN e) TeSdly g lgks
4 0,5 aos sasslansls  B3-ARS o b9 e ed ]
70 9o b g (il als STl (2559 (e
oS aanals )l Gl o e T aily (e B3-ARS (Lo

Lol 5l 3550 (g iy Slalllas (ogmaz ol
PEARS Lasgs (gl og4d iy Bl (e S G S sl
=5 €V Y oLl 5 Tsh) 0l il3l cAMP (L s
2l 05 Sl Gyl 5l eS0T L bt S 5
CAMP sl v | 318 s 21580 o IS Dol
Wb oo Slog—d (7 (il S mlBl g o] con
O adiie ol Gdio o (Yo oV o) 508 4 "TglS,5-5)
sl ooz Sl CAMP-r Ly 30 (g)lo mime joi 4 S
ool (Voo F) oS00 9 06,5 mols Ly 4 S o ouls
90 gl =la S o ila 8,0 (Y- F) o, K0 g 6,5 .cl
Sosdasasan o de Ses gy, sl o yei ol
Selw o sl S A Sy g 4830 FO Bae a5, 0
09, 4 S CAMP (50 38l o 0105l 59,
e 5 565l Koo aallls 43 55 Be 5,
sl o, oy sl 0 cAMP Sglie a5 > (VAVA)
3 e CAMP 5l )0 Sl (a1 00,57 (e
ol gl asols i3 () 0 3550 (5559 (e pe5 L]

1. Harms & Seale 6. Santti

2. Srivastava & Veech 7. Ellsworth
3. Himms 8. Cero

4. De Matteis 9. Weyer

5. Bramlett 10. Perilipin A

i Sl e 5 L)) Sl (5 il )0 09—Bs
Gl pol> Jlo j5 a8 lostd (o r Sfslam oaS
PP UON [ S U - C UM { ) IR PR W P VE F O B
b ae (Sgbie Gla Lo S5t o> 0 1, sl oas
Ol oo Ol (VVY (s g s )l2) aslos
Lo o> go G890 B3-ARs L aS ol es, S
7 3k ) (65,51 B e il g dnd (2 Bl o
S (oo Bl 93 12 )3 (o sl )Ll ials g (slogo
02F (550 5 T o)

Sglds ¢, ol aalllae 5l ool Cws 4wl ulwl
a2l 5 oh Bl Lo 09,5 (o B3-ARS (L jo (g)ls (ixe
o sl wl (s yod 09,5 )0 B3-ARs 4l a5 ols oyl
Sl e job an oz Glie Lol o lawgio ol
L 205 05,5 5 (Hyore lid L )8 05,5 5l iy
6 =l L gen Lo a il ol ol G pmpy glie
Pl 5 (V239) ), 0 gt eLel oY 1Y) 500 5 e
P3-ARs a5 asilools ylis Slalllas .ol (VA4F) o1, S0 4
sl 31, g5 JoLss 55 5 4l oyl il S
038 53 e Slmsd i S (e i il (2
Ol 5 pgmedl) 9o oo 8 3l e | o8
0975 25 dmw e 5l Slalllae 5l (o5 3 izmen (V000
oo oyl cdlé 00 15 1) B3-ARs (S5 5,0l -l 00 S
aS alos, S (e (Basex logd sl (om0
59 e Ll (ol 5B 53905 5 5ol ek o
3559055 ol 0o o ity e an 1, B2-ARS 5 |5
ool (Yo VY (], 550 57,5 asil 00,5 olgis Sl

11. Comparative gene identification 58

12. Adipose TG lipase

13. Silva & Zanesco

14. Kurokawa
15. Carey




Cmdlad ot Jlsd =Y IS ol s St
5 PKA 85 o )Lgo —Y CAMP il g 5l ] (g0sa
oot b =Y 5590 A b Sl e b ials
DS e Jlad el ) gy 4 s Sl a5 bl
(s=iiyg =Sy =Syl @) WS (ool 1S
bl Slplie 5 Sjgls b Ol g9, Slalllas
sl S Ay 9y 9 0900 Bl sladosesl )o (5
J—lie 5T g Lo 0 oS i )5 )0 (S jeb 4
S Sledbl gl jo (Bl d iy )3 lopcdj9a by
Sl ogde (Yo e oy 5o0 5 Lyoyymad) nsl JazSl o
=55 50 RIS Glap—asillo ;o (3555 sLacallad
J—slse 39 al g logad (7 <L pas JLd
e lssior ol ml 5o 4S5 w5 ls 952y 5 6500
(Ol ol (VAVD T udle 5 Jars) 0,5 o)Ll (Sge 90
8l Lal38l asS aslen, S 5,58 (1489) o, S o S,
= sle Ggs 5l i ool Lo ige o sl ogtd (myx
IS (N (i Ol ) (e A A g o
15 S s s 5L 45 el S 51 Lalse 5
oS 95 Az 4 35 > 0ol rizmen 3)ls ea i
s Bl (gl B Sog wales 1 Sge Jubaz Loy
2 Ols s bpomilSe (ol sy (555 slaclad ]
i 5 G S S 5 B gy (5T L llns
L lm 00 oS G 5 (s50y90 slse 5 Lo (0905
a2 S y9m pte Sl ygiS B ly e an 1) S50l LalT
ol )l 3

aan \Y as wz e ol an e L g S aamid
Ol = 2z (e ey Lo elen (el (o oS
Lol cais jls moe g5l a5l L &) y0 CAMPr s
Jgaal las (e PBARS (i (as Jlo rean azgi Ly
Oyl Dde g Dl p0 el Lo le i Yl oiml 4 S 0g
Sy S S 1y 5y ol (T lalllas o el
&BLw Pyl

S 4 3s8 m 45 0 oo pdel allie S0ty
S sy g Sl gy o silis

P g SIoyed

S Sldiios 3550 (LS I Sles sl akewy oo
o8 g S JouS Sl (e et o a8l (f e
280, 5

1. Richterova

2. Hormone-sensitive lipase 4. Siddle & Hales

VY osloud Ve 0590 AF+Y e 09529 38 (S e ke (60 )5 Clallao 4 5

S 55 4y fensly 30 CAMP 5y 45 8l Lt LT aalllas §
5 OIS lE Sy o ped 4 WY L (o 0
Ol yo 0 oy (ol Sl (5Soe (5 L g 9l o
s (a3l e )0 Sld ((Slie 2 l5s

o=l il oal saal i Bz sla Sogel o o> a8l
2 g (055,00 Lo S s o Pl Jels ol s
Sl Y oSO S gud 6l Jos (i3l g (o y <8l
(20-ARs) S5 5,0l Lall (slsods o5 L wgs oo ala il
edsed 5y Sldllas (Ve ¥ o], S00 5 Mg ) 093 o
o el lawgi 20-ARs ol Jlad a S ol ooly Hls
3 b s S ol Ly ailye sk (il s
(il sl —ogel o0 o S 1) ¥ sSSS
O gl 05—y 4 Lo ¥ oSO (Seidgd (0l Joe
Ol 20-ARSs 0058 4y o Jate as ool ol
F=dbo 9, Se S 0 (Voo ¥ ()00 g 1g,—m ) aps 0
20-ARs > (o yoi dd> SO by aS wlesls s
-ARs (63l ; oloss glls (sla sla  Soge3l oy il 5l oaal
o TuLu < “-/.’3 u_;|5..\.._wl.:°_o~5_,.....l9....Ju_,.:—\20(

=0993] s S8l 5o el 3l (00 s e DS
O—lg 09— ySde g Ssige i 93 0 0 Gla slo
7 8L Jslw ;9 20-ARS (o Sojsls 8 Sy il
ably Jos il odle )l i s LB o
Lo ol ol (b L pa¥sSOlT S s 31 6
O g lsom ) anli e Bl oz o5 (NS o))
o) S—2 (lly 5 gl Sl o (V- F
sl s o Yiatol as 355 (o Jie 535505 5
Liowe sdsnd ol o 5l slabse ;5 P3-ARs o, Slae
CAMP oo il58l .09 0 co pmdatd CAMP s Lo gy
s o JLss a5 0S so b j9and g JLsd oo |, PKA
s ol i 058 (e JLsd Tog 90 Ay el
995 50 Sl dmd O35 S-S )0 00l JLsd (5090
J=¥o slanleiion U, jdgd 5 0yl (605 a2
Yoz CAMPr s o geliiwl o yod o mine 13U pae
lacs ) 4 dis LoV sSOlT Sidgnd (5l Jos 0 oS o0
o 03B 35 (695 o 45 3,5 o)Ll o ed Al
5 e ol o ISl 5 Lo oy aeVSlS St ]
s s (Y- - F ooy K50 5 Iyt ) 555 oo CAMP-r
Gl lolié 0 a5 5 s ped a8l S alesls
Oedgmmdl S9—25 =) Vo a5 Gl Olja0 S

3. American College of Sports Medicine




OIS g ey 0 s Oy IE ) g kel oy yoi 4tan VY 5L

&L
American College of Sports Medicine. (2006). ACSM’s advanced exercise physiology (Vol. 143). Lippincott Williams &
Wilkins.

Askew, E., Hecker, A., Coppes, V., & Stifel, F. (1978). Cyclic AMP metabolism in adipose tissue of exercise-trained rats.
Journal of Lipid Research, 19(6), 729-736.

Azizi, M., & Hosseini, R. (2013). Relationship between physical activity level and risk factors of cardiovascular disease

in male college students. Journal of Practical Studies of Biosciences in Sport, 1(2), 110-123. [Persian]

Bostrom, P., Wu, J., Jedrychowski, M. P., Korde, A., Ye, L., Lo, J.C., Long, J. Z .(2012) .A PGC1-[agr]-dependent myokine
that drives brown-fat-like development of white fat and thermogenesis. Nature, 481(7382), 463-468.

Bouchard, C. (2015). Molecular and Cellular Regulation of Adaptation to Exercise. Academic Press.

Bramlett, S. B., Zhou, J., Harris, R. B., Hendry, S. L., Witt, T. L., & Zachwieja, J. J. (1999). Does |3 3-adrenoreceptor
blockade attenuate acute exercise-induced reductions in leptin mRNA? Journal of Applied Physiology, 87(5), 1678-1683.

Burguera, B., Proctor, D., Dietz, N., Guo, Z., Joyner, M., & Jensen, M. D. (2000). Leg free fatty acid kinetics during exercise
in men and women. American Journal of Physiology-Endocrinology And Metabolism, 278(1), E113-E117.

Cannon, B., & Nedergaard, J. (2004). Brown adipose tissue: function and physiological significance. Physiological Reviews,
84(1), 359-277.

Carey, G. B., Wotjukiewicz, L. J., Goodman, J. M., Reineck, K. E., & Overman, K. C. (2004). Extracellular cyclic AMP and
adenosine appearance in adipose tissue of sus scrofa: effects of exercise. Experimental Biology and Medicine, 229(10),
10261032-.

Carlsson, B. (1986). Ethical issues in animal experimentation-view of the animal rightist. Acta physiologica Scandinavica.
Supplementum, 554, 50-68.

Cero, C., Lea, H. J., Zhu, K. Y., Shamsi, F., Tseng, Y. H., & Cypess, A. M. (2021). B 3-Adrenergic receptors regulate human
brown/beige adipocyte lipolysis and thermogenesis. JC/ Insight, 6(11), €139160.

De Matteis, R., Lucertini, F., Guescini, M., Polidori, E., Zeppa, S., Stocchi, V., Cuppini, R. (2013). Exercise as a new

physiological stimulus for brown adipose tissue activity. Nutrition, Metabolism and Cardiovascular Diseases, 23(6), 582-590.

Ellsworth, D. L., Coady, S. A., Chen, W., Srinivasan, S. R., Boerwinkle, E., & Berenson, G. S. (2005). Interactive Effects
Between Polymorphisms in the B-Adrenergic Receptors and Longitudinal Changes in Obesity. Obesity, 13(3), 519-526.

Emorine, L. J., Marullo, S., Briend-Sutren, M. M., Patey, G., Tate, K., Delavier-Klutchko, C., & Strosberg, A. D. (1989).

Molecular characterization of the human beta 3-adrenergic receptor. Science, 245(4922), 1118-1121.

Fani, F., Abbasi, D., Abdi, A. (2015). The effect of 8 weeks of endurance training and nitric oxide on Apelin in adipose

tissue in elderly male’s rats. Journal of Practical Studies of Biosciences in Sport, 4(8), 77-88. [Persian]

Granneman, J. G., & Lahners, K. N. (1994). Analysis of human and rodent beta 3-adrenergic receptor messenger ribonucleic
acids. Endocrinology, 135(3), 1025-1031.

Handschin, C., & Spiegelman, B. M. (2008). The role of exercise and PGC10@. in inflammation and chronic disease. Nature,
454(7203), 463.

Harms, M., & Seale, P. (2013). Brown and beige fat: development, function and therapeutic potential. Nature Medicine,
19(10), 1252-1263.




Himms-Hagen, J., Cui, J., Danforth, E., Taatjes, D., Lang, S., Waters, B., & Claus, T. (1994). Effect of CL-316,243, a
thermogenic beta 3-agonist, on energy balance and brown and white adipose tissues in rats. American Journal of

Physiology-Regulatory ,Integrative and Comparative Physiology, 266(4), R1371-R1382.

Kolditz, C. I., & Langin, D. (2010). Adipose tissue lipolysis. Current Opinion in Clinical Nutrition & Metabolic Care, 13(4),
377-381.

Kurokawa, N., Nakai, K., Kameo, S., Liu, Z. M., & Satoh, H. (2003). Relationship between the ﬁ3-adrenoceptor gene variant
and body fat in Japanese children. The Tohoku Journal of Experimental Medicine, 201(4), 271-276.

Lee, G. H., Proenca, R., Montez, J., Carroll, K., Darvishzadeh, J., Lee, J., & Friedman, J .(1996).Abnormal splicing of the
leptin receptor in diabetic mice. Nature, 379(6566), 632-635.

Lowell, M., PhD, BB, & Flier, M., JS. (1997). Brown adipose tissue, |33-adrenergic receptors, and obesity. Annual Review
of Medicine, 48(1), 307-316.

Nahmias, C., Blin, N., Elalouf, J., Mattei, M., Strosberg, A., & Emorine, L. (1991). Molecular characterization of the mouse

beta 3-adrenergic receptor: relationship with the atypical receptor of adipocytes. The EMBO Journal, 10(12), 3721.

Nijkamp, F. P., Engels, F., Henricks, P., & Van Oosterhout, A. (1992). Mechanisms of beta-adrenergic receptor regulation

in lungs and its implications for physiological responses. Physiological Reviews, 72(2), 323-367.

Pappachan, J. M., Chacko, E. C., Arunagirinathan, G & ,.Sriraman, R. (2011). Management of hypertension and diabetes

in obesity: non-pharmacological measures. International Journal of Hypertension, 2011, 1-6.

Richterova, B., Stich, V., Moro, C., Polak, J., Klimcakova, E., Majercik, M., Harant, I., Viguerie, N., Crampes, F., Langin,
D., Lafontan, M., Berlan, M. (2004). Effect of endurance training on adrenergic control of lipolysis in adipose tissue of

obese women. The Journal of Clinical Endocrinology & Metabolism, 89(3),1325-1331.

Roca, P., Rodriguez, A. M., Oliver, P., Bonet, M. L., Quevedo, S., Picé, C., & Palou, A. (1999). Brown adipose tissue
response to cafeteria diet-feeding involves induction of the UCP2 gene and is impaired in female rats as compared to

males. Pflligers Archiv, 438(5), 628-634.

Santti, E., Huupponen, R., Rouru, J., Hanninen, V., Pesonen, U., Jhanwar-Uniyal, M & ,.Koulu, M. (1994). Potentiation
of the anti-obesity effect of the selective B3-adrenoceptor agonist BRL 35135 in obese Zucker rats by exercise. British

Journal of Pharmacology, 113(4), 1231-1236.

Shirkhani, S., Marandi, M., Kazeminasab, F., Ghaedi, K., Esfarajani, F., Nasr-Esfahani, M. (2019). The effect of endurance
training and high-fat diet on the expression of Pgc10 and Ucp1 in subcutaneous adipose and brown tissues of C57BL

| 6 male mice. Journal of Applied Exercise Physiology, 15(29), 89-102. [Persian]

Siddle, K., & Hales, C. (1975). Hormonal control of adipose tissue lipolysis. Proceedings of the Nutrition Society, 34(3),
233-239.

Silva, A. S., & Zanesco, A. (2010). Physical exercise, ﬁ-adrenergic receptors, and vascular response. Jornal Vascular
Brasileiro, 9(2), 47-56.

Silva, J. E., & Rabelo, R. (1997). Regulation of the uncoupling protein gene expression. European Journal of Endocrinology,
136(3), 251-264.

Snyder, E. E., Walts, B., Pérusse, L., Chagnon, Y. C., Weisnagel, S. J., Rankinen, T., & Bouchard, C. (2004). The human
obesity gene map: the 2003 update. Obesity Research, 12(3), 369-439.




OIS g ey 0 s Oy IE ) g kel oy yoi 4tan VY 5L

Srivastava, S., & Veech, R. L. (2019). Brown and brite: the fat soldiers in the anti-obesity fight. Frontiers in Physiology,
10, 38.

Wajchenberg, B. L. (2000). Subcutaneous and visceral adipose tissue: their relation to the metabolic syndrome. Endocrine

Reviews, 21(6), 697-738.

Weyer, C., Gautier, J., & Danforth, J. E. (1999). Development of Beta 3- Adrenoceptor agonists for the treatment of obesity
and diabetes an update. Diabetes & Metabolism, 25(1), 11-21.

Xu, X., Ying, Z., Cai, M., Xu, Z., Li, Y., Jiang, S. Y., ... & Sun, Q. (2011). Exercise ameliorates high-fat diet-induced metabolic
and vascular dysfunction, and increases adipocyte progenitor cell population in brown adipose tissue. American Journal of

Physiology-Regulatory, Integrative and Comparative Physiology, 300(5), R1115-R1125.

Yoshimura, E., Kumahara, H., Tobina, T., Matsuda, T., Ayabe, M., Kiyonaga, A., ... & Tanaka, H. (2014). Lifestyle intervention
involving calorie restriction with or without aerobic exercise training improves liver fat in adults with visceral adiposity.

Journal of Obesity, 2014, 1-8.

Zipursky, A. (2003). The genetics of childhood disease and development: A series of review articles. Pediatric Research,

5(1), 721-725.

Zou, C., & Shao, J. (2008). Role of adipocytokines in obesity-associated insulin resistance. The Journal of Nutritional

Biochemistry, 19(5), 277-286.




