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Effect of Ovariectomy and Genistein on Hepatic Mitochondrial Function®
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ABSTRACT

Women with menopause or rats with ovariectomy is associated with increased body weight, body fat and insulin
resistance, which are components of metabolic syndrome. Increased prevalence of metabolic syndrome after menopause
might be associated with mitochondrial dysfunction, since mitochondrial oxidative and phosphorylation activity is stron-
gly correlated with insulin sensitivity. Although estradiol replacement prevents the metabolic syndrome, harmful effect of
estradiol hampers the casual usage to prevent the metabolic syndrome. It has been reported that genistein has a mild
estrogenic activity, decreases fat mass in mice and has an antidiabetic role in diabetic rats. Although insulin resistance is
closely related to mitochondrial functions, there has not been yet any study in regard to the effect of dietary genistein on
mitochondrial function in the insulin resistant female subjects induced by ovariectomy or similar situation. The present
study investigated whether the supplementation of genistein in the high fat diet affected the mitochondrial function of
high fat fed ovariectomized rats. Female Sprague Dawley rats (8 weeks old) were assigned to the following groups:
sham-operated + high fat diet (S, n = 6); sham-operated + high fat diet with 0.1% genistein (S + G, n=7); ovariecto-
mized + high fat diet (OVX, n = 8); ovariectomized + high fat diet with 0.1% genistein (OVX + G, n=8). Ovariec-
tomy significantly increased body weight compared with S group. Genistein consumption in ovariectomized (OVX + G)
rats decreased body weight gain compared with OVX rats. Liver weights were increased by ovariectomy. The hepatic
mitochondrial protein density expressed as mg per g liver was lower in the OVX group than in the S group. However,
OVX + G group showed the increased mitochondrial protein density similar to the level of S group. When mRNA le-
vels of genes related to mitochondria such as peroxisome proliferator-activated receptor 7 coactivator 1 (PGC-1) and
cytochrome ¢ oxidase subunit ITT (COX III) were measured, there were decreases in the mRNA levels of PGC-1 and
COX 1 in S + G, OVX and OVX + G group. The activity of cytochrome c oxidase was not different between groups.
We could observe the decrease in succinate dehydrogenase (SDH) activity per g liver in OVX rats. Genistein supplement
increased SDH activity. In conclusion, genistein supplementation to the OVX rats enhanced mitochondrial function by
increasing mitochondrial protein density and SDH activity. The improvement in mitochondrial function by genistein can
contribute to the improvement in metabolic syndrome. (Korean J Nutrition 37(9) : 786 ~793, 2004)
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T2E] EAR G B¢ B} dhrjo| e A8
JAAEE JAlSHE o] AU sl 5t 4 3
2E F5o% 3370l glojA7] WEl Aerx Azt
HE = Ak HA 2 BFAY FF, A AW 22X,
Z tir} Fo) MFEI gl S TREAITIE AeE
A7 A7 2ol oy QIA] R Adejoith. ArAt)
22 sex hormone®} HA}o)d5F7 3 B0l Qi vE
oo} 715 FRo] ke 7] ATEE glou A
AAQ] A7 4T Qe AHE Busiy A 4ok

nEZTegoh= MM ATPE AYsHe 715 2ol TCA
cycle, AWt Ak3l heme 343, hormone 34 5 o] 7}
7} {kgo] dojul= ol reactive oxygen species (ROS)
A L AAZEel AT ZE signalingT AMEANES F
28 9L it weby njEE o] o] 3} 9l
A ge) WAz Aol Aoy BaEHw ek

D EZ ol P B & fAxte] 3 3
e W 3, sEZsel e EAlshs nlEEE
2o} DNA (mtDNA) 4l &J8] 938 27I% gtk mtDNA
¥ 16,569 bp 3719 o5 FElE, cytochrome ¢
oxidase (COX) subunit I, II, & E£&3k= 13719 v
EZc=dol 3F chaing A3k @A, 22%9) tran-
sfer RNA (tRNA) 2 2%9] ribosomal RNA (RNA)Z
encoding 3H= #F 37719 HARE /A1 Jdok? He
proteomics®} RNA expression profiling®l] &Jspd n|EZ
=gofo]] EAEAY v EZ ot UHE AA A=
geneERE 60099707F A& 2}2}2] mRNA 43 pro-
teing] W3lo] 75% HE Y2 Yoo, mRNA F=
protein @2 A#AA AL A= FE posttrans-
criptional modification®]] &J3] F&Hs WS HoF A
k¥ nEZEelols A6 we} 7|5 FRUt 2P,
Fde 2 AP nEME ZlsH 720t vHd Ze.
2 FREY ol digt At il BE3pE0

el o nEZTol] 7|5 Wl digt A9 3
A2 IR FH2 113} HolA R Ferr} n|EZ=eo}t
9] IAEAHE (peroxide) F0] Y1 antioxidant en-
zyme activity % mRNA 50| vtz 118t1 glon
estrogend FAME A% v|EZCdolr} Ald} stressE2H
B B3uoit? g8y estrogen®] #5351 HE #1737
A o]d BF 2go] Zaso] F/HE Atg) stresse
mtDNA Q] £ Bolg}, mtDNA o] Z4E x5
ol mEE= ol TAERS T Aste o AR W3}
£ doy)a, nEEEeeld] 7158 AsAE Aeg Azt
9, A2 energy HALE F388HA Z3Hl 2 A& <
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Teold] 7)F oo r Ad¥E F 2 estrogen®®

ol A & & gloglet AA%ct I8y estrogend]

st 4 dFof estrogen thA 2L TE3lof 3k 1
th¢t 222 phytoestrogensg 2218 4= QAFck

¥ 3Q) phytoestrogen®ll isoflavone, lignan 5-°] 3}

t}'” Isoflavone % F23F £ genistein® daidzein©]
t} t5A1Fe)] S0 & genistein®| estrogen receptor
(ER) o) 23319 ER—mediated effect® 71tk LeiA]
At} ¥ E antiestrogenic effectT $it}x 39, PPAR
e y & BAAA vlndAz Lo FAFE A
&2, P8 E lvha ah genisteinol] i thAt
OVITFT ot AFE e vlF3E™ Genistein®] of
AT oA a3 FHAT A48 AR w74
7 e R EEETY dubie ANE 5 g Aotk

573719 thrlolidel st ATE dEA e thafagt

AFH 3 F A 7<) Wsks} 4 7t 2N
Jojvh= lipid tiAkS} elvi=] diatel] disid e A77F A
9] i Aol upebA £ ATl E wF3e &t oy
A gl 28 A& e 1] EZ=2or) protein den-
sity} R|EZEEo} 7)59) W3l 4o] F genisteind] 3
7Pt sl EEER o} 7)ol vXE A3E BAIch
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genistein (BioSpectrum Co. Ltd., Seoul, Korea)©] &7}
R & uRAo] (RgHgol o) F 18% AN
Aol & 0.1% $FOC2 genisteino] A7HE A A0)E A
33151tk (Table 1). AP T 4722 1) sham T (§,
n=6) 2) sham—genistein ¥7} & S+G,n=7) 3) &
284 F (OVX, n = 8) 4) B4 A —genistein A7} &
(OVX + G, n = 8) 22 AU} AP2ols} S85+=
MAE AReH, A 4L 18, HojdFseE o
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Table 1. Composition of experimental diets (g/kg dieh
s" S+G OvX OoVX+G
Cornstarch 469.692  470.692 469.692  470.692
Casein 140 140 140 140
Sucrose 100 100 100 100
Beef tallow 180 180 180 180
Cholesterol 10 10 10 10
Fiber 50 50 50 50
Mineral mixture” 35 35 35 35
Vitamin mixture” 10 10 10 10
L-cystein 1.8 1.8 1.8 1.8
Choline bitartrate 25 2.5 25 25
TBHQ” 0.008 0.008 0.008 0.008
Genistein - 1 - 1

1) S sham-operated + high fat diet, S + G: sham-operated + high
fat diet with 0.1% genistein, OVX: ovariectomized + high fat diet,
OVX + G: ovariectomized + high fat diet with 0.1% genistein

2) Mineral mixture: AIN-93M mineral mixture (ICN, CA, USA)

3) Vitamin mixture: AIN-93VX vitamin mixture (ICN, CA, USA)

4) TBHQ: Tert-butylhydroquinone
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47 T AP Ho)E TFT F Mol 238 4F
sHA 8171 A3 3 AAF17] A 122412 B9 ZAAA (over-
night fasting) & CO,Z v} Al17]aL By doA A&
A stEh gL L 7A (sodium heparin) & A2|
FHol o} 3,000 rpmoilA 2087 d4Reste] dF
& PEQT 2N AR F A%, A, VA vasd
o AWE AFsld FAE S 4 APFE T
ZRY 2L A& HES T FAE S5ty A%
& A ¥, v|EEZgols Feaigic) UMA k2L
IAALZ & PFslon B4 A 74X -80Te B
Bk @A 2RLE B4 A] 74x] —80Ce] B#3t
pei=g

3. O 320t 22 01EALS0) protein §F X i LM

xAL IRE Y F v|EE=Eote Egith”
ok 1 g¢] 7+ A4 0.9% NaCl §402 M1 0.025 M
Tris—HCl (pH 7.4), 0.25 M Sucrose, 1 mM EDTAE
T3k 9389 9 mLE FA3sI3ch 1,000 g, 4T
A 1087 AAEelstd 45dE #He ¥ 10900 g, 4C
oA 1083 YAERSHITE 459E2 100,000 g, 4Tl
A 1A1ZF B9 AR 28 cytosolic fractione A3

229 n]E2=els ol8sl nlEEEeol 7159 %

A) &4~ succinate dehydrogenase (SDH) £} cytochrome
¢ oxidase (COX) % BAEZ A3t SDH 4=
Algol EAlsh= SDHe) 202 7|89 succinateol|A]
e AA7 gAY HF A4 $8) 2,6-dichlo-
rophenol—indophenol (DCIP)S #3k= A= 600 nm
W FBE A& ZF8I3E” Cytochrome ¢ oxidase
(COX) A=+ cytochrome ¢& sodium dithionite 2 &
AN F, AlBE o] A3} cytochrome ¢ ZRAEE
550 nmolA FFE FAAEE s

4, Real time RT-PCR

7¥23A 9|4 TRI reagent (Molecular Research, Cincin-
nati, Ohio) & AH3}o] RNAE 5% ¥ real time RT—
PCR #jo2 u]EZ=go} ## proteingl PGC-13%
COX Ime] mRNA &8 #3Iirt ©]& & DNA¢ 9
3] codeHE 18S rRNA mRNAZ EF3} AlZith Total
RNA (2 pg) el random primer (0.5 pg/u]) & A7MHA
template $} primerE annealing A1Z! & MMLV—RTase
(200 U), 1 mM dNTPs, RNasin ribonuclease inhibitor
(20 U), 50 mM Tris—HCI (pH 8.3 at 25C), 75 mM
KCl, 3 mM MgCl,, 10 mM dithiothreitole] ¥3tgl &4
oA ¥EEAIA cDNAE F43818th 4499 cDNAE o]&
3}e] ABI PRISM 7700 sequence—detection system (PE
Applied Biosystems) |4 SYBR green PCR reagents
(PE Applied Biosystems) & ©]&3} real time quantita-
tive PCR HE3-& F38}3It}. SYBR green emission in-
tensity® PCR product =7} w}e} $-2JQA A58
Z} target®] PCR ¥He- ¥ ZHX|¥ threshold cycle <!
Ctats ol83lo] mRNA &S AFsIh olof 18S rRNA
£ endogenous control® AMEER] sample 7F RNA &
E9] variationg ¥t} CtE 7akn di2Te] diE Ct
BEAE AP Ct Aolx] wo] chzol ohst Fuaks
2—¢ zrog FEYPcE® A9 rat PGC-19) forward
9} reverse primeri= Z}7] 5—atgtgtcgecttcttgetet—3" 2
S—atctactgectggggacctt—3’ o118 rat COX I+ 5 —aag-
gecaccacacectatt—3’ &} 5 —aaatgctcagaaaaatccgge—3’

olct.

5. SN

A9 Ayl= SPSS ¥4 packageZ olg3le] z+ A¥
ottt B BFEQARE AR F, #3112 AlE one—
way ANOVA test & p < 0.05 o)A Duncan’ s mul-
tiple range testell 2j&l AR WSS 7 AAALS

Pearson correlation® 2 #A3}9ic}.
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AR 712t F AFS] W3 Table 20 AAsIGITE ¢
28AGFEH Sham FE& A3 3F F AFE &
A7 S 79 AFE 7] FA w8 156% 7k Ao
H)3 OVX 79 AFL 31% F71k] dadAleo] #old
o2 AFE FWIA UE AP AHst TT}‘]'S}'O:]E}'M%)

45 B4 AolE FFT F AFS SR3IFE o ¢
ARl oJgt AFF7t a7} As 3] vigiMs o 2
a7l gou &Aoo HZo] Zrkhe R
F Atk OVX #9 AFo] 713 ©o) —0‘7}3}934. S &
o] AFo] 7 HA F718199ek S FollAl genistein®]
7t a1 Aol E Hol= A9 nA|YAo|v FFF ol
vl&] AEZA2 a7t 9921, genistein H7HlolE 2

3 OVX + G 29 7A-¢ OVX TRt} AFS7Pt 44

5}—— AES Bk

Aol d#H %] 75 OVX o] ¢ o] AFshs 3ig &
A = QoA Aol ATl digt MFFUleS BEs
E o OVX & S ol vl3] 242] 582 ROV OVX +
G T2 genistein A7}l 23] 2 AoldF =] sl OVX
B} 29% AF 242 AFE Bk mEpA Ao) F 0.1%
9 genisteing F-9J 3ol A& AT FAEA Tl o)

& o2
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AT A4 AHE Role ZAoE FAHL,
Okazaki 5772 @701t 3 FHellA /340l geni-
steing 28U7t ATHFAE Af AFHSE FEE £ ¢l
Rt sto] APz whe} o2 @S B2 F U

oh & dEAz uthg $F2A2) FENA genisteing
& f‘& Aglgt AFF7HE A a9 B2 5 9
© Zo% Jzdn

2. 8 59 He

S¢S+ G T8 B 3+ 23 FAE Zp7) 10.04 g9
10.85 g2 genistein #7}e] &3 ezt F7IOV BAF L
2 FZFolRE= Yttt (Table 3). 3 OVX T3 OVX +
G 72 A% S Fol njs) 2+ FA7F 2] 34%3) 31% &
7Yt Ga@A o] g8 AFo] F1e Adejeloin AlF
o gt ALEHZq 2] FAlE 7l #93 Aol ¢ldith
Okazaki 52 75 3 FFAA FE43201E Fa3t
HA 28‘3:_17} genisteing 400 & 1000 mg/kg body
weight $FOE 27 FAZE W 18] AT 718t
R AFe WEl glo] 718 AU FAE F7RoY o
R A= T3] F93 A7t o] 4R HS ge-
nistein F-ojell ths} ko] HliIXE R A & A
tha gtk B Aol s 4R FHolA daAA 2 4
o3 F7t 2 uXPAod WE uAEEFTOR Tl A
WEHo] IA st k9] FA F7ME 22 AN

Table 2. Effect of genistein and ovariectomy on body weight, weight gain, food intake, and FER

Body weight (@)

Weight gain (g/day)

N 7 weeks 4 weeks Food Intake FER”
Initial At 3 week At 7 weeks (surgery + dief) (i) (g/day)
S 2322 +3.4"™% 2674+ 70° 2921 7.2° 1.2 +0.2° 1.0 +0.2° 13.1 £ 0.5° 0.07 £ 0.02°
S+G 2322+ 34 267.4+7.0° 3101 +152° 15 +0.2° 1.2 £0.2% 129 £ 0.5° 0.08 + 0.01™
OVX 2322+ 34 304.0 +£29° 371.0%109° 2.6 +0.2° 2.1 +02° 16.2 + 0.6° 0.14 £ 0.01°
OVX+G 2322+34 3040 +£29° 354+ 68° 24 £0.1° 1.7 £0.2®° 156.0 £ 0.6° 0.11 + 0.01®

1) Data are expressed as Mean + SE (n= 6 — 8 per group)

2) Values with different alphabet within the same column are significantly different at p <0.05 by Duncan’s multiple range test. NS: p 2

0.0

3) FER: Food efficiency ratio = weight gain (g/day) /food intake (g/day)

Table 3. Changes in tissue weight., in sham-operated or ovariectomized rats with genistein supplement

Liver Kidney Heart Fat”
(@ (g/100 g BW.) (@ (g/100 g BW.) (@) (g/100 g BW.) (@ (g/100 g BW.)
S 10.04 + 0.62"°% 3.42 £ 0.14™ 1.96 £ 0.06™ 067 +0.01° 096 +003° 033+001° 506+032° 173+ 0.10°
S+G  1085+077° 348011 199+006 065+002° 102+006° 033+001° 69212~ 218+ 035"
OVX 1342 + 0.56° 3462+014 205+008 055+002° 1.17+004° 032001 1035+083 278z 0.19°
OVX+G13.14+098° 367022 199+013 055=+003 107 003" 030=+001° 9.9+ 1.24%° 2469 + 03¢°

1) Data are expressed as Mean = SE (n = 6 — 8 per group)

2) Values with different alphabet within the same column are significantly different af p <0.05 by Duncan'’s mulfiple range test. NS: p 2

0.05
3) Retroperitonedal fat
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zaki T2 AT E AR D F3 FHelAl Adaole ge-
nisteing 718t 25 2F2 W3t AR g2 A
A FAE Aot gigley B dFore dadAe o
& AFFIEE Qs ASol disk A A FAE
AEATH? A FEe dadalel g FrlE o
Aol gt Ao FAlE 72291 Aol HolA] ysith

@A o] o8l fat masse S Tl Bl&] 2v) S7181od
f9AQl 2po]E Hgl o} genisteinol] &3] HAs= A
S w3l

3. e OjEd El°t protem densnty—| o}

o oA 22

5 WAt
z+-go] Fi3) °—J°1‘4‘“1 1 % 7+ brain 53= %LE] in-
termittent mitotic 3tk LeiA] UThY B AtelA da
Al o3 OVX 9] 3t FFol foF o= Frtsisich
Abelenda®} Puertaol &Jspd 7+ 34 & proteinO] 5
27A 0 o3 A 2g T SIAE AT Tl

F3 F proten®] WS BEFT 5 JAE® w3l JGH
B ulEEsgopt &dEn I e AkEY I AF
o gaixe 7 9 FAlol st n|EZE o} delo]
7tk Aoz defA ek dAEA 9} genisteind] A
FZ o9} BL JFE WAE LA v|EZS o)
WS 2Rk @S] FAlO) gt 7 viEE=gol ¢
WAL S F S+ G T2 7] 7.78 mgH 7.26 mgH]
OVX 72 4.76 mgo = S Tl ¥|8l 39% #43l%ic) o]
o B3] OVX + G o2 ] 32% A= F7kst] S 3
frolAQl x10)71 9itt (Table 4). Genistein®] o}t 7]
Aol oA v EEEe]o} dlA g FIHA TR0 3l
H|&3 A77F FAER dgong Ao 7 AEEY
#of & Zlo|t}.

Table 4. Changes in mitochondrial protein levels in sham-opera-
ted or ovariectomized rats with genistein supplement

Mitochondrial protein density

(mg protein/g liver) (mg protein/liver)

S 7.78 + 0.58" 76.93 + 4.74%
S+G 7.26 + 0.45° 77.94 + 530
OVX 476 +0.71° 63.64 £ 9.73
OVX+G 6.27 + 0.50%® 80.51 + 6.07

1) Data are expressed as Mean + SE (n=6— 8 per group)

2) Values with different alphabet within the same column are si-
gnificantly different at p <0.05 by Duncan’s multiple range test.
NS: p=0.05

OVX &9 2tz2AY ¥ nE&tao} w4l Xt th
2 Tl vlsl e AgoIglert T3l {24 ol 9l
At

4, DERCHOL f HHAI0N PGC-124 COX 11l mRNA &
WA AA ] 2ls) 7+ A2 v)EZT o} protein den-
sity7} 74 A5} ) 7kx2o)A RNAE &3] RT—
PCRE &3 r|EE=dlole} #dd 4l & PGC-17
COX II¢] mRNA & 3355 (Fig. 1). PGC-1&
n|EZT o} dalg o] Hale] B E ] nuclear resplra-
tory factor -2 mitochondrial transcriptional factor
o] AAE 7R ohe AA “]Ei‘:\’/l"]’_r“"
B9 FHE STk BuE 3 ok & AF-ellA
= PGC-12] mRNA 0] S 7ol HI3)| S + G TollA] ¥
7%e BTk OVX 23 OVX + G % PGC—1 mRNA %
Fo| Yo} njEZCEe]ol A protein®] A} HlEEZ O
2 dojuh= Aoz yjddh 4 nEZEgo}e] oxida-
tive phosphorylation®] A &l complex Vel a2
k= cytochrome ¢ oxidase % catalytic 85 FAISI
131 mtDNA®] o8 Arf=E= cytochrome ¢ oxidase su-
bunit 18] mRNA & 2 3190 ol S ¢ v)3) S +
G 9 o] ¥t} OVX #% COX 19 mRNA &
o] S Foll ulgl Wk OVX + G T2 mRNA 32 OVX
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Fig. 1. Changes in levels of mRNA of mitochondria-related pro-
teins (PGC-1, COX lIl}. S: sham-operated + high fat diet, S + G:
sham-operated + high fat diet with 0.1% genistein, OVX: ovari-
ectomized + high fat diet, OVX + G: ovariectomized + high fat
diet with 0.1% genistein. Data are expressed as Mean = SE (n =
6 — 8 per group) . Values with different alphabet are significantly
different at p <0.05 by Duncan’s muttiple range test. NS: p= 0.05.

PGC-1/18s ER IRNA

OVX+G
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Table 5. Correlation coefficients for relationships between hepatic mitochondrial enzymatic activities and mRNA levels of mitochond-

ria related proteins in rats

SDH" COX COX I mRNA PGC-1 mRNA
Liver weight (@) -0.408 (0.031)®  -0.255 (0.181) -0.220 (0.352) -0.186 (0.431)
Mitochodrial protein density (mg protein/g fiver) 0.732 (0.000) 0.709 (0.000) 0.216 (0.361) 0.091 (0.703)
SDH ( xmole/g liver) 1 0.795 (0.000) 0.217 (0.359) 0.199 (0.400)
COX (Units/g liver) 0.795 (0.000) 1 0.031 (0.897) 0.054 (0.822)

COX I mRNA
PGC-1 mRNA

0.217 (0.359)
0.199 (0.400)

0.031 (0.897) 1
0.054 (0.822)

0.729 (0.000)
0.729 (0.000) 1

1) SDH: succinate dehydrogenase activity, COX: cytochrome ¢ oxidase activity, PGC-1: peroxisome proliferator-activated receptor

y coactivator 1
2) Data are expressed as pearson correlation (p value)

Table 6. Effects of genistein and ovariectomy on liver mitochondrial enzymatic activities in sham-operated or ovariectomized ratfs with

genistein supplement

SDH activity COX activity
pmole/mg protein pmole/g liver pmole/liver Units/mg protein Units/g liver Units/liver
S 25.30 £ 1.79"™2 192,01 = 8.09° 1915.36 + 101.65® 0.2 = 0.01"™ 0.90 + 0.08" 890 + 0.71"™
S+G 2542 = 1.63 177.6) £ 13.90° 1949.89 + 129.33*  0.13 + 0.01 095 £ 0.10 10.03 £ 091
OVX 25621 £2.10 116,67 = 19.62° 1567.84 + 283.61° 0.14 £ 0.02 0.67 £0.14 9.16 £ 2.08
OVX+G 2992 + 2,71 181.37 = 13.79° 2351.35 + 174.06° 0.14 = 0.01 0.88 + 0.07 1143 £1.03

1) Data are expressed as Mean £ SE (n=6— 8 per group)

2) Values with different alphabet within the same column are significantly different at p <0.05 by Duncan’s multiple range test. NS: p 2

0.0

T3 FARIGIT £ AFdME OVXel 93] PGC-1 4
Fo] Fashe AFE Holx COX I mRNA +F0] &
oA o7 74519 01 genisteindll MM T ZAsl= A
& Hol=d OVX TellME genistein H7PF 3714 2
AATE Ho|x] 994t} Borras $oll 215 maleol 13|
female®] mtDNA®] &3] code®+= 16S rRNA S mRNA
F0] E8ET Van ltallie 2] A7o4E estrogen
2 COX mRNA7} Z7}sisivhar 2slgi o n estrogen©]

& 7395 mtDNA®] 28 code== gene £2] mRNA
Fo] g A0 Y dagA XEFe nEEE
2lo} & protein®] mRNA F5& #AS A7+ & &
T Hgol dAEA o8 FAEE & AAUE
28y estrogen®] Ui E9E BY J 07 =¥ ge-
nistein®] 232} S FoME A = EYE HT
estrogen®] 7H4% OVXS OVX + G TollAE genistein
of o3t a3E HolA| k2 72 genistein®] hormone 4
ol Wt 2] 2geh= Aoz FzHErt PGC—1 mRNA
7} 7Y % COX I mRNA 50) Z7lske #APT &
Zelo] T Izt 2ol WHI AAAAI} EAES HEAT
T SIStk (Table 5).

5. COX Il mRNA #&1t COX activity] &Ml
B AToNE COXe) BHEE dadAle] oJe J%e

o= LUA-E i

2] kol £3hefl Aol7t YISt (Table 6). mtDNA®] 9
3 code S+ COX MY mRNAE WA s 7
Fglo} COXE complex & 3709 subunitS mtDNA]
23, Y2} 10709) subunitE 3 DNAC) 98] codeHE
Z nuclear DNA 59 g3 232 E ¥ Vx| 28 5
o] F3lx o7 Zrg3lo] HA|ZQ COXY activity S UE}
U= g g s COX activity = &Fo)7F fle A
& COX I mRNAE #HAF o} o] F stability F7h+
protein expression®] U] 84X 08 Uo|Yg HAOT o
Zgc}h 52 COX I £1¢] thE subunite} @ oz &
71A A o] VERR] 9 Ao ® mEHrh Abe
lenda®} Puertat F9ell =EAIZ YR FHolA 328 4
Bofl W v EE=eo} 752 E e Reked dAEA
ols} FZ 2ol AFM cytochrome ¢ oxidase?] &4
o] Zyleh= AL #ASI T estrogen FF activity 7}
ZAaghe A o 7 COXS) 842 hormone AFEROl
g FoAQ M3k Y AS zeskd 7 COX 84
2 T2 7)gel ulE] AtlH 22 hormone?] G- A

6.t SDHY 2AEYT
F MEZcao} 7159 tiE3 ¥AAQ) SDHY iad
V=5 FA31c) n|EZ =2} oxidative phosphoryla-



792 / \}2AA)9} Genistein®) #|EEE o} 7)1
tion system®] 570 complex& o]0} 1 o] F complex
OE °]F+= SDH E§4e] 2E subunit 3 DNA®] 9
3 code”Th™ 2 SHF-Al] thdt SDH activity= OVX
o) WO} genistein 7L S T FEOFE BERHYL}
(Table 6). webA] WtadAel] 28 COXS 7% mtDNA
o 23 code H= subunit®] COX M9 mRNA 432 1t
obgl ot activity = T2l #AF Ho|7} AR Aol ul
8} mitochondria®] OXPHOSS] 33%-5-& 2}x15h= SDH
o] B9 activity 7} ZAEE ¢ 4 UYL ©)E genis-
teinoll &3] v|EZ=glo}o] protein density &7 3
SDH activity & 788 #2s131t}. SDH activity= 7+
T%% 7 v[EE=g o} protein density S} #l$ 2H 5
?47115 7} SDH2} COX activity 94o] ArztabA] w3t of
$ F3tt (Table 5). 18y COX I mRNAY PGC—1

mRNASE] 4a8A= ¢l
2% 9 32
H2AZ 2H5 U A7 F NS 2 HelA
gemsteln Eo7} zbe] mEZEZ o} 75 n]XE FolE
T3817] 93l 859 SD %9 ¢ HE sham L YA

7'] TE 3F T A F F2o7 o] Sham & (S, n =

6), Sham—genistein 7} & (S + G, n = 7), Y234
T (OVX, n = 8), YAHA|—genistein H7} T (OVX +
G, n = 8)2 % o] Xzslih 45?- = iﬂ-’?]f’} zxA
9 vlEZ=gols #2819 protein BFE ZFsKn 2+
Z29] RNAE F£314 n]EZE2|o} B protein gene
<9 mRNA +F8 #2359t H77) 2dloX njgac
2o} 715 o%-5 #93] 98l Reld nEZcalo}
oA dlEA FA) &9 succinate dehydrogenase (SDH)

¢} cytochrome ¢ oxidase (COX) 9] B EE ZAs)qich

it A3 7t Fgo) FlE oy 2 njERT )
o} protein density7} 743813tk 7+ v EZ=2]o} pro-
tein density<= genistein 7}l &l S 23} FALEE 55
o7 3]t

WAl o8 mEZT o] COX I mRNAE 7HA
3o COX activity: F3tell §-93 2}o]7} $iict

daAA Y 23] mg protein ¥ SDH activity = A
A gkgro} n]EZT o} protein densityd] FAE 1g
liver @ SDH activity:= OVX oA §el8oz 7tas)
Aok OVX 2ol genisteing 7}8}H SDH activity S &
7INA mEZE=ol] 7)50] HBHE 2 B

HBSHE FLE FolA nALAolS Fojstd vEZ

Ta)o}?] protein density: 7438+ SDH activity = 7+
48| % genisteing H7F3hA v|EE=go} 7)%50] A
H1 o]glgt n|EEEge} 7|59 ML %ﬁﬁi fat

mass F4 9 A& AFgE ML 5= Aoz 1

#er,
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