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Effect of Estrogen on Ovariectomy-Induced Obesity in Rats
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Purpose: Hypoestrogenism caused by ovariectomy, disease, or menopause is associated with increased obesity in women.
Altered fat distribution and weight gain are consequences of menopausal hypoestrogenism, but the mechanisms respor
sible are not completely known. This study examined the effect of estrogen on obesity in ovariectomized rats. Method: The
groups of female rats were 4 weeks post ovariectomy (OVX) or, 4 weeks post-sham operation (SHAM), and 2 weeks
post ovariectomy followed by 2 weeks replacement with estradiol benzoate (ER-16 pg/kg, subg, qd). Serum ghrelin
level was measured by radioimmunoassay (RIA). The expression of adrenergic receptors in adpose tissue was mea-
sured by Westemn blotting assay. Result: OVX significantly increased body weight, serum cholesterol. Two weeks
estrogen replacement reduced body weight accompanied by the increment of serum ghrelin and the reduction of the
receptor ratio of adrenergic a2/ and ez/gs. Conclusion: We provide evidence that estrogen reduces obesity
through the altered receptor ratio of adrenergic a2/ and a=+/8s in adipose tissue in ovariectomized rats.
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Gotfredsen, & Christiansen, 1991),

A3 ERL vl AFHFDANA H7 S49 A8 2
FTEFY] Aol #8502 F71e of, 1995delle A |
= H7 o449 38%7F B8 A=, vl Yolie F ¥
AZ Wol A= FA AH4EEE a¥2 HI7HA
T o3 4 43 EoES e EE A, 2l AE
A ool TR} Qlokal WojAgt7] ghZel S-2lut
2hollA 71 ARgo] RSA 02 Freka YISt Ly, F
< Heart and Estrogen/progestin Replacement Study
(HERS), Women's Health Initiative (WHI) Study (2002,
2004) 59 97 2} &, oA 3ERS HETAR 1, 2
2 ofdlE §lliA A718 02 AMgaiA= ¢t foke At
Awel AREHA 7|29 4T EE 230 AFS ZA
=%t Anderson et al,, 2004; Grady et al., 2002). Z2vt
o8| o Z2He of2EZ o] H|gle| n)X) = AT o
A= 1 710 ofA] ME ukE| x| 2] ofal Qict, whekA off A
EZASE & o Aol matg oz AMgatr] $siAe v
ol thgt o AE 2 AL 7| 8E Y5k A7t Basit

T3 (ghrelin}Z YollA Hul=le ETgEols s
22 wpieAoA 4% T2EGHY BHE X8k A
o2 Ao HHE o, o]F H4] Weat ofjuiA] tiate]
FHFHE F= AoE < FHTechop, Smiley, & Heiman,
2000). 1AHL v|Tt Ao A Z4s1aL, A4S (anorexia
nervosa) EAN A= S7F5H= 2 0 2 vpElyt o o (Nakaza—
to et al., 2001), F& A= 1d AL Lo 4 5=
23 opR7IA 2 vo] W o] gk e o2 4R
thSakata et al., 2006). £3], J|AEZA0] 23f Walo]
HEEE Aos B1E Y onf(Matsubara et al., 2004),
7] ok oA 9] EH A o] YR 2 HoR 1
e, 8™ UEERE 2= o 2E2AT T A
20| L3 QS T A 0E AR Yt}

H7 3 oj4de] BH vt F7h= o AER2A a2 QI3
w8} A2 Zhastal, W Aol F7kske At ditel] 9l
£ AR UBA Jlon, o|gt Ao Aoz o=
U2 8A7E Tofdhe AR dEA Qi) E3], AHEs|
£ X8k et 8419 A B3E Ao duf2 &
A& vlof ejaf AR F=rt AYE). = uEr 8R40
i) A2 EA7E HoH APE7E AAlE]e] Hgho] H
tHLaFontan & Berlan, 1993), =31 574 4 2.8 o4 A
S 3T} vl A] SHR] APFAIL] Her 28H| Q] S
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|5z, du2 8419 BT} 2ot Fe of/4do] |Ade]
B3] 3z]of o] #7] #2-5 dgsiFar ArHRichelsen,
1986). oot Zo] HF o= QR o AERH ARL Idd |
AR 2o o] of=g v & 84 Fof| YRS vlA, A&
2 oA A}, AR E HEAIE 5 Uk

b 2 drolde TERDS AMSHY A9A HEe
g TE F oAERA 2F aME dAs, dadAE
3 orE2A 235 g¥o] 3 J¥WY % ALAE A
of= 2] =8A| A )= e skt dd.

D Al 8% 20| d2EAls B JAEZA
HZa R0 o3| ¥stsl=2|E Elgict,

2) 2Eo] dAadAlE Es o AERA B3 g0 9
3f| Hteh=AE EIgtt

3 of=HU A =8A2 Ldo| dadAlE B o AER
A 25 o] osf Hiskel=A1E St

Pl

1. g3 &4

dH o= a3t dA 85 (Sprague Dawley, A3 90Y)
£ SHAM (ti2), OVX (d2841%), ER (dadAle+25
e rEed BEQH)O 30FOR Lo & T 23
ZH S F%E 1 % 25 %% SHAM, OVXZelAlE
vehicle?te, ER#olAl= Estradiol benzoateS tid w3}
FAIZ Fofaigit), B2 HE 237 ARG ok, vl Al
A, A Y8k, B4 W A2ae HEsckFg. V.

2. o1 iy
) Ngse

S
oo

—

>

oX

Ao =gt 43 25 (Sprague-Dawley)S SHAM,
OVX, ERY 31Fn=6)2% o] diEAe 3 237t
SPAS 33t H, 257 1 13] vehicle (sesame oil) E= Estra—
diol benzoate (16 ug/kghrs H3IFAL shgitt, e S22
3uk| 4 Akssial, 12417t B 7112 hr light/dark cycle)
£ mEton, 27 Yol 7[BAE A9-5A HEE 343}
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ct. 25 ¥, pentobarbital sodium (55 mg/kg, B2 FAD
oz npFAA, B 43, SRFdels g ¥, A%
22E AEste] AA| A2 FPAA, -10To] Bt

X
o

Vacutainer®]] &gt @H-2 47TA 3,000 rpm 22 208
AP & ASAS Fstod, B4 AEA] ~10Co]| 2
itk @4 U 222 AEIE %S Cholesterol/Cholesteryl
Ester Quantitation Kit (BioVision, Mountain View, CA,
USA)S AMgate] Z43toict 83 W) 218 942 Ghrelin
(total) RIA Kit (Linco Diagnostics, St. Charles, MO, USA)
< ARg3H 4513l

A

28X U & SeiAHE Y O3 ¥

I

3) Western blotting

A& A 22(-180 mgre PBSEAH(130 mN NaCl, 3
mM KCl, 6.5 mM Na,HPO,, 3.5 mM KH,PO,) 1 ml& #+3
A1 Z, 4004 500 g2 1087 YAlE st ASHE
F3tgch. Bradfordd& AHEste] dfaE Aekstal
Laemmli 9% Agsto] 95CE E& 7Rt ¥, SDS-
polyacrylamide -2 AMS-3te] A7]9 53T

A719% A AR/ staking gelollAlE= 20 mA, running

Sprague-Dawley rats (female)

Surgery Start injection Sacrifice
Day 0 Day 14 Day 28
SHAM (n=5) Vehicle only
Sham surgery Subg, qd .
| — f :
OVX (n=6) Vehicle only
Ovariectomy Subg, qd
! I —
ER (n=6) Estradiol benzoate
Ovariectomy

16 /.lg/kg. Subq, gb
i

f

Fig. 1. Animals and Protocol. Sexually mature, female Sprague-
Dawley rats were used in all studies.

Table 1. Rat weight parameters
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gelol A= 40 mAE SR8, e B A-S nitrocellu—
lose membrane®l| 71 ¥, Ponceau S G4 ko] 53t
oFo] chifo] AMSE|RE=AE FRIste). 5% FAY BRE
Fhe8k ¢l= TBST (50 mM Tris—HCI, 150 mM NaCl,
0.05% Tween 20, pH 7.4) §4-& ARg3to] B[S0l 2
g S BN F, of=3W A a, B, B, B receptor
TS Qxjsk= Pt AgRH(overnight, 4C)S A%
AlZer, B A= horse radish peroxidase® conju—
gate® 22} FAE ZFAZ] 3 enhanced chemilumines—
cence (ECL Kit, Amersham Pharmacia Biotech, Piscat—
away, NJ, USA) 9ol ¥hS-A1A, x-ray BES AM&3H] 7}
Algtstoict, o wEske YE-E A7k} Image J (NIH,
USA) ZE2IHE ARgate} Al Hebel A (relative
optical density)2 FEA|SFAT

4) X2EA

RE AZE PP FEHAE 9o, 2 AgE
o] w3} AR vl HESE| Y34 analysis of variance
£ $83l3, Fgrol o7t 9k& mell post-hoc test2H
Scheffe’s testS AlH8HITE p-value 0.05 UlTHE FAIA
°2 fojsirta BAsIAct

A7 Zat

1. fIAEZH HE Qo }F U B S AHS0l

chist Sof

SHAM 4% F= d2a3Ae & 257 & 3t H &
HE 3IFE o, JAERA BF 89S A
Aol Ztzte] A5S &AstaL, 257 vehicle E= A AER
A Fol 3 ohA] S-S FA3le] 277 AIF M A
otk AL &4 Al 452 SHAM, OVX, ER <28 7} 211
+9.4 g 211.7+11.8 g, 190.8+7.1 g2 ERz-9] A5l #
oJslA Ak, 2% ¥ 4% A% SHAM, OVX, ER «
o= 7+ 95024138 g, 299.1+20.8 g, 229.3+10.6 g2 &

Variables SHAM (n=5) OVX (n=6) ER (n=6) F p Scheffe’s test
Pre weight 21194 211.7+£11.8 190.8+7.1 8.817 .003 Sham, OVX>ER
Post weight 250.21+13.8 299.1+20.8 229.3+10.6 30.804 .000 Sham, ER<OVX

Each value represents the mean=+SD.

SHAM: Sham-operated; OVX: Ovariectomized;, ER: Estrogen-replaced rats.
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Weight gain (%)

SHAM OovX ER

Fig. 2. Effect of ovariectomy and estrogen replacement on rat weight.
Values are mean=SD.

*. significantly different from SHAM, p<.05; " significantly differ-
ent from OVX, p<.05.

2,500

Ghrelin (pg/mi)

SHAM OovX ER

Fig. 4. Effect of ovariectomy and estrogen replacement on level of

serum Ghrelin. Values are mean+SD.
*: significantly different from SHAM, p<.05.

OVX#9] AFo] f-2l81A F71etckTable 1. A& A5
&7 Al ER7-9] AlFo] f-ofotA A Atete, AjFel
HIE F7H EE o= A vjmslyict SHAMS
AL &4 Ao vlgle 18.6+5.3%2] AFo] Z7I5t whd
OVXL 41.3+5.0%9 AiFo] F2lstA S7tstglct. £33t 2
2] ER2 AF 2717} 20.345.9%2 OVXZH 5-9J3t
Aol g BHrhFig. 2).

gy % FH2HEANY A OVX#o] 1.5+0.2
mg/miZ & 1.1+0.1 mg/mlol B f-2l31A 7138k
A, ER72| SYAEHE 217} 1.3£0.3 mg/mlE of|2E
24 BEayo] 571 SHLHES A AL B

R SAHCE FofsHA] PekhFig. 3).

2. 83 uizlo| W3}

27O AERA B AW T Z% EF TzRIe] A
SHAM, OVX, ER <22 7}11+0.18 ng/ml, 1.4010.19 ng/
ml, 1.7+0.33 ng/ml2 2 ERF2] 2@ %o| SHAM, OVXell
Hlal -§-oJ8tA =SthFig. 4).

83

Cholesterol (mg/mi)

SHAM OvX ER

Fig. 3. Effect of ovariectomy and estrogen replacement on level of
serum cholesterol. Values are mean+SD.
*: significantly different from SHAM, p<.05.

@2 T— —. — T— —— A — . —
B
B
Bs
ACHN | e e o o s w— w— — —

SHAM ovX ER

Fig. 5. Effect of ovariectomy and estrogen replacement on expres-
sion of a2, B+, B2 and Bs receptors on adipose tissue by Western
blotting.
3. XY ==ElollM of=2|Li=| 8] Hal

A 22|04 of=F| 2] £-8A9] kS &78l7] Hal
g EXTEHS AMg3le] of=d U A ay, 8, B, B; 75
A F= 7HAIRIZ F(Fig. 5), Image J Z2IHE 0] 83}
of ZF o] 3] g wFBste], AR oA 2t 4
A BEF v/ By, @/ B, 2/ B)E Z73ITE of=
A 8A 2.0/8,91 79 SHAM, OVX, ER 22 7}
10101, 1.2 0.2 g, 0.91£0.12 2 TIF 7 #2J5t X}o|7}
At 53] OVXT} ER Abolol] §reJ3t o7} ekt
CHFig. 6A). ot=aU 2] 8 /8,9 4 SHAM,
OVX, ER £92 Z+1.0+0.1g, 1.4+0.58 g, 0.8+0.22 11
& ol freIgt Aozt Ygith. 53] OVXZT ERat Alolol
Folg Ao|7k LiEhgthFig. 6B).

L o
= =

2 a7 232 dadAeR f=d 23 HolA o
AezA0] 27| HS BMEhE A0 2 UARAEE S5
H 2H vgo] 27710 o AERA BEa e of3) ZHadt
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14
13
121

/B ratio

11k

0.9

SHAM OovX ER

2/ Bs ratio
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(5]

SHAM ER

Fig. 6. Effect of ovariectomy and estrogen replacement on the ratio of az+/ 8+ receptors (A) and @2/ 8s receptors (B) on adipose tissue. Values are

mean=+SD.
*: significant difference from OVX, p<<.05.

Fou Alexd s2E Y LA AERA HE Q.
o]l ofaf ciztell vlsl F2lstA F7slkar, A AlZo)A
sl of=d| 2] =849 YA HIE, 53] au/by, @/
87t FAAAIT AAERA BE QT Aelo %t
Zoj7t 952 Elskgint.

3L &3] AF 57t AY 571 ERE Ay A2
S HBlY o2 Qlate] H17 T o] AW As Iy
£0o] Z7RI} o 2B TE BF oW Ee oAE=A
I Z2A|AEE B BE a¥o] ol2d HAHcs f=
B|ORS: oflelehs A2 0] H 9] A5 Foto] S E U
(Gambacciani et al., 2001; Jensen et al., 2003). &3] &
Z+e] Aol et Mgk A9l Women's Health Initiative
ALoAE orEZA B awlFo] tixgd HF| H &
QLT Qled 7ol 1 A2y i WHEol We
Ao 2 vehgtiMargolis et al., 2004). o] A7ZI=
2 orEZAo] ugt T tAREe) glolA FAAY o
S 313 ke AL BT QX 1 2AAR] AR 7
Hof| sl o2 Haks) Brs 2| A QAL U,

o AE 2A19] v|gtof gt 28 7]HE We]7] Yl daA
Aeg sl A oR HHS fet FE REdS &
B313 Qo ojzidt FERYS B3 e AT AHEo]
AZAEo] HIREE 1L, AAEEA HEQRo] olF
ARrE BolFa 9o Eoh UadAle 2L RSl
ArEA HFago] F7HE A&S FaAPle
## QIrhLiang et al., 2002). 482 2&st=tl= AHA
FollA Bu)EE W (eptin)@t $lollA] HulEe 2] F
23 gL gt 2 dAFoie 8 geFE S &
AL o]A2) o oA YAEA o] BF WHS F
771 Ao 2 4 A thSanchez—Mateos et al., 2007;
Shimomura et al., 2002). Z71d 8% WA A|AFshE 9

AFAZAN FE A E 5k 24510
< AL, YA it S A7
A2A7le B AL FEsk] 2

2 YA QItHMeli et al.,, 2004). & A7olA] 8% 28
FEL OVEZolAe #apE glgled, ERTIA Rt
F71 Aeg vehydth o] dyold a2ddo] daER
At 22 Js 2R Pk Tete A2 LA AL
adFo] digt AEZH AT ofA BHA| gtk
Matsubara 52004 d28AE2 5718 299 A=
40} 2 389 ofo] JAERA B aylo] o3 ZhaE

AL BE AL B8 Budt vt glony 88He] 7
oJde e & 3t Lambrinoudaki $(2008)2] @7tollA:

rEZA BEaHo] BF I FFE FA| = A
oz yepdtt I Sakata $(2006)2 AtolA= Hell
A S oaEZ o] 21U ¢S V7Y ol2fgt &2
L o AEZA 44 A< ICT-182 780 <3 dAIE
2 uHE oA FHAE olAE 24T TRe] A T
o] 92 Wt ol AT AT HEES W 64F %

S gAeR o AERA B3 ao] BF
7WRen &% a4 5 S48 E, LDL, HDL,
VLDL, $47%°] 29 A0aAE H2l Kellokoski &
(2005)2] A7) osf =T qie}, Clegg (2007
I3 A% daEAES w2 3lo] A A vlg) 5
ZAGA B AW o R Fojy W el A& F7L &
7} FHEA vebton, E3t 19 5847 208 F
e dAARES At EE AFE7PE vehtA ¢
2L B3l o AEZAo] TR 2857t aVE o
Al A& RS ey, T < HH#H Zhao 5
2008)¢] dojrle F71 BFolA 1EH mRNA L&
rEZAECHE WE F3t TR0l UFE skl QLo
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I8 4 2™ AEZA Rk opfet AEE 452}
SHIL Qe AR oA, wEtA o AE AT}

a2 ASARE 9 247K B3t 34 A7t Desho)
E5 U 2 gsiA2 dijatel) ol Rji= o] hac,
H7 £ vehte 23] ARE Z mjaiAge] hh g 1
Ao F7he ol 2E2 A AP} AT A7 9loH E3,
R 2] Sk A8 A S SV 32
E E2FAUS I AN v =d A2 2 I3t 1|
& AR7E A o] ER 2o 2u AR 2T} A== A
o2 B3EitiLindberg, Crona, Silfverstolpe, Bjorn—
torp, & Rebuffe—Scrive, 1990), o 5| =23} 28 7} Zo}
Y2 AAEZ] ot=d 2] g =8AHE E43E AlA cyclic
adenosine monophosphate (CAMPYE $7HA)7] 3252
1z} A3 E A (hormone—sensitive lipase)S 243} A]
# A B E X3 9, ok=du 2] o, 8A1E ol
T cAMPE] BA4E A3t A& A Ak Carey,
1998; Lafontan & Berlan, 1993). & o= 3] We} &
Ae g Bafjsiet, dut A= AE AAsh=Y)
Ziofgich, 22y ol=HU A B 8%} o, EAV} 22
AHF A|azof) FESIER | 0]59] v(a,/8)0) 23 Ao B
3 Et= Aol A9 rHLIads et al., 2002). ¥ AN =
A AlzojA S8k of=duy 849 Ui vjg, &
8] /By, @/ By7t GAEAET NAEZA B3 g T A
olof] feJ3t 2foi7} UZ-E FRIBHATE o= A A EofA{ 2]
A|Eafor TE ok=afif 2] =84 Wio] Ao wat ot
22 AIARE Lladd 52002)9) G+ 27 Heh 2Azo=z
FHslgen, 07 & 449 BE A ke dgeias
A7 2 997} 9lct D'Fon 520050 d4dAle 3
qiEzA HFayo] oA L] gaols I FA) %
rom, BER kg 5031 S-S Buslge|
ol= E5 U AdellA] ot=a1 2] 4284 mRNA gHo]
TSR £33 BRo] loka At ok E3t of
LEEM o $8A7L B =8Aol B3l Ao, HRlol BA
Slo] SABHA WA= T QLeS s orERA HE Q.
Ho] A AERA o =8AE Afate] ob=u 2] 484
ol FFE viHE 7Hs9 ARSI Utk Heine, Tay—
lor, Iwamoto, Lubahn¥} Cooks (2000} AAEZA 4=
|47+ 2YE o«ERKO AFA 5 Wiz x|9bo| 71519
the HIE st JAERA o &A 7} B5 vjuty} Uy
3+ T=0] YS-& B =1 9t} DEon 5(2005)9) 2 ¢
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T Aute] faba el 2E 2L Aol g % Baht of
Yk 8ol AAERE FANA U LoRA A At
$& 3705101 MRS AAPIE ROR By ek

2 AFeAE APl o D B oh=dAN 48]

WA WEAPO RN ofAERAe] HTRE FAAYS
Fgsion, 1 PAH AR 71ae Wkl 2}

Act. Wb ol Ao oJAERA 8RS AR
of=duE] 84 Id WEy TE FAHA A
713% ok st ERE o2’ AR AAREA AfAE
240 QTR b} AT HEA hFET Sl Al=ut
JLE=A FEAE AR vleA 24 B 717 7}
/3= gAY E ook & Aol
2= 3 M

& O dEAleR HEE AA HF 5B 2dS
AMg3Lo], BRto] gt o AERAIS] 287 HE FAE A
S8 HF & oiERA BF a¥o] vlRkE st
2 22 A A 2 E ofldA] hate]l P ol of
=2 8A9] HE WEo] Tlofshs AYE ERIF 4
AR, T FAAR] A-87173E BelAE Rttt wet
A S AERAI0] ol A 284 TE HEE Yol
TAE AT Aol #gt A7t & AR g ofof
& o}, 3 H17F F LFolut Ao] 2T} Zo] P ®
= AE5W $40] olHT of=dHA 8419 I W
o ujxle ANE A ERA BE a T} vin A7k F
7t A oloF FE BdS olget A ATE A7t
Jo2 sh= A ARolM F-83HA siAlsta Abgs
Zolot,
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