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5, B TNV EOBERHTIIHEDENEL, CVEEETH>Z. Ihb5
DEEEZBEZ., 8 7TV BHOBRRBICEL THHBHABEORF 2T & £
oo TV UBERDAMEERHERNZREL L, BRICEL T, £R
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B4V I7ISRIRELTR, TOR2EN
NERERZERRALTHEFMI N, FR
18EE AR TKEMV 7 IR VERD
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BRENED
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NN, VA EERETHSEE
BEHEL. ERISESA TKEAVITHR
CEFURERBRARREOHBEWVWICET
5iEet) ZEALZ. TOHT, KETY
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FERVEEEEOMEREHLOMNTT S
EEDIT, TNHDRBDERICET 5/
EZITOIELEZENELE. SFEER, X
M1V TR, REEAMEL ERERKE
EEABHZ SO, R RECEERD
MEERR] HOREITVISRCEER
L. RBRAEOHEREHLSMCTTS
LEBIT, BRCHETIWEZT>Z. 2
B, AREFTHD THERM . #E
BEERR (RERBARRRUEBHES
m) EVDYLRERMKEET,
B. WA

EERR

ER20E4LAIKEAV I IR EED
MBERR] O35, WRER (7T&E).
BERRER O&EB). BERER GHB)
ERNONEELOBAL., EEHRHEN
WAL TREAV ISRV EEUEER
BAARASOBFNCET S (AXH
50823001 /) ) OABEKEDE, BEEME
rORbIS574—HEMHPLC BIREDE
Bl 2H. &RKIZ. A—Ovyr0dbo
E3IRETONL 2.
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- 7K ERREK
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CAVITIRUEERO2ED (K1) ¥
1 ¥ >(Daidzin). 7V ¥ F > (Glycitin)s 7
=X F >(Genistin), ¥ 1 >(daizein).
7V 5 A 2(glycitein), = A FA
(genistein) . ¥ O =)V & A1 ¥ > (-0
Malonylglycitin). YOIV ZZAF (6
O-Malonylgenistin), 7E2F IV 51 2 (6"-
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O-Acetyldadizin), 7 EFINFT VU T F (6-
O-Acetylglycitin). 7 EF N T =X F >
(Acetylgenistin)
i %03
- B4 EESE: HITACHI himac CF 7D2
- ¥ IKEDA HOT STIRRER ISM
5BH-1
‘#&ESH . TAITEC STRONG SHAKER
SR-2DS
- BREYERTRBERGI O TS5 T 1
¥&E: SHIMAZU LC10AD
¥ H 2 CHITACHI L1L-4000 UV
Detector
J> bo—3—: SHIMAZU C-R7A-
3083 plus
[ERAEELRBBRORA]

FADPo, FUSF o, ¥ZAFUE3E
NEN 2mg FRFL 10mL O 70% L5 J —
JVIZHERL., 10mg/L IZR2 XD ITHEL
7z

HPLC D5 r&HEZLUTIRTY.

AR : YMC-Pack ODS-AM-303 (size
4.6X250mm 1.D)
BEH ATt MNUIVIKIBERES

#(15:85:0.1 viviv)
B7E rZ bUIVKIEEBRES
#(35:65:0.1 viviv)
BEAR AMSBETOEBRBEAR %
50 4y TR D
MR ‘1mL/min
715 LhRE35C
HEEE :254nm
REHEAR: 10xL
AEHILT020Um DA T LT 4%
—THMBLEE, MTICELE.



[FRB oA ]

LTI EEHBHELVERADH > KE
AV 7SR OEERBRICET 2 HEER
T, WREME., AVIIRELT I~
1mg NEENDBEOEHZ 100Dl BERARXT
SZAIWRERIIHBL, 0W%XLY /) —IT
100m] CEALTRBRBEET 5. WEY
AHHL SRR, BDBERECTRED
H3NIIBERLEZT BB EE
L. LB2RBELET 5.

BHEREUTR—Z MRERIZ. RBZEH
— B LK REALEE, 1V T IR
SELT I~ NEEN2BORME
50ml E—H—ICEBIFEL. 0%y /
—)b 250l EMATHEBRSED. BRLEN
RKELDOBAICIR, RED HDIVIIETERL
HEF-oTHEREIES, RENZERICER
L7, 50nl RAXT7S5AARBLER.
0% L% /) —)VT50m KEAL TRRE
HET B,

BEIHDNEIBETRLUEZL THER
RBETTRBEYNRD 5N HEITIE,
30 SEIZE THEEBMHL 2%, BEONEEL
TLEH%E50m BAXTSRAIICHL. BRE
ROWTHREBOMHBIEZEIC 2 BT
W, EtIEIDOHD LEEED, 10%15 )/
— )V 50ml IKEETZ. RBEHIETO0.45
UDDA>TS52T 4 IVF—THBLIEE,
SRTITBET B,

Hh TV REHOFEE. AV TIR
JELT I~ BNEETNZEORREE
50ml E—h—IKEFICHET 3. /K 25ml
EMAE. 30 HEERELIETRL
BETW, W7V EBEZRBRD 50V
BBT5, BONBEL. LEZ 100ml &
AATIAIATHT. REIZ W0%LTS/
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—J 25m] Z2HNA TERT 30 HfE#ERL -
BIIRONBEL. EVEZE ERD 100mL & A
AT SAARET. REOHMHBEEZEI2
HfTW, 5 3EOHD LEEED., 0% T
% /=T 1000l KEAL THRBRBKETY
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C. HIEMR

1. RBRAECET 2R

EREM
BIRERIZ, TAKE (BR . BERD
KEAVIITHRY), RBEEARVKRE LA
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EERKEK (R BERHARE AL
B RUOERKBERBRLE. 1V T IR
SELT I~ NEENZ2ROBERE
EREICAHEL., T0%T4 / —)L T 50ml I
FREL, EEIETHRBRBAKELE. B
REJTHREDS S 5 HE (GAKE, #
BT A, BREKRIK, HREED 3 D
FETHHINZN, 2 HE GIEZHB,
KERAESER : B BERIKE
FAEBE)ITBNTIR, BREIINLT
AFERELEETH /2. TN5D
BRICOVTIE, IRES . EHFFLE, M
BiBHRHH AT, 55C)DWThA, 3
Wit 2 DEMEAEDOETHHL R, ED
4yEE(3000rpm, 30min, 4C)LTLHEZ
S L. TORER, HHIh<ho k&
K AESKBHE IREDBEC =1 )
2L B E 5 (300rpm) & 3 1id45CT 30
SOMBBREEERTO ZETERINT
WBSIY ISR EHRBDIONBERERT
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HEREOOAV TSR OBNERSINL.
—F . K T EVE B 45CT 1 B
27 - THERICRHT B EOR G
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o, FORER, 55CTHo EbEWEN
Bohi (£2). 55CTHHLEZRORE
4V 75K OHFER. BRCHLT
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ENThD 80% & LESWERTHo . K
. HHBEORKERELELLIA. 1
6 O INEB R H TIRIFERED 182% LA
BHENah o, 2 BHHBEZTR
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Sz dicky, 834%. IEMHEEML
FEAL 85 4% DEERHT S Z LANAEE
Lol (2. BEXD, BATEIO
Beld, 55°CT 30 A0l % 3 BT D&
ENdBEEAONL.

2. BRIETIHERCHVESE O LR
EAXEHEICIZEATR, RETV7
SEEEME BRELAERIIDVTR,
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BRESH
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A4V 7 IR EBN 40mg ZBZHEED
Holz (F3). TNSORBITEIXREA
VISRCDEERICETEIERETS
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KEAV ISR Z2EDEERER
3. SRR, S EINBRROEH 7RIV
HERTHBIENS, HEELEET
DERBIIKEAV ISR TTVACE
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BrrsBEREIRDENEZM- 2 (E3).
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INTWz, BEREHOSITERRERE
D 82~102%THV.CVED 5% &EH;A 2
bOR 5 HER 1 HE @A TEIVEA)
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Raid, EmR 18 4 12 AICEED/NE
BLDEEZCEBALERHDD B, X
BAVI7IREED TEERRR] ITD
WT, KEAYVI7IRVOEERNHTEN
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B 30mg 28 A 5 R EMIT. 5 ME
h 3 ETRD N (F4) CREZEE
FEEIRIA)

3. 1V TIRLDRGIH
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SEORHAME. F1E1, TUT
FA U FZAFA DN TERETND
Bk, T EFIVECREA. < DZ)VEREK
DEE12FE (F1) OREIVIITHRY
DR BT >z, V7 2 ZIVELBERIC
DT, EEYEANEELRNI EN G,
RESHICARRVEEYHORBZ HE
LirEZATHD, J7ZIVEEERDE
BN, REERET S FETH B
SEMHEE L ERERRFICIIENTE—
THRHINZEBETH- =,

BIREBM

WRBRDOS>BEEHR., F1 21 BE
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RS Y & SO ERKENT, B0
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BOAV I IR OBROEHEEGZEES
WRL7z,

BRREMH

BRREROD B, XE70F1 NY
F—PADBRRIE, YA XA BRESTZX
T4 CEORSEEET Z Y O INERERSY
Thol (£5). —hH. KETBTFA N
Y=L Y1 EA L BEF T B
DEEAROAT VU I iZmATIoZ))
BHEEOTYV 7SRO NEENTWE (B
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B#HRER

BaRRERIZIEOREFESD 3ME
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nd,

FAXA BO7 ) 3 EB mg/l
Tpe=ApX Cp/Ap X Mp/Mp X MpMp +
Agp X CplAp X M p/Mp X MpoMypt

Ayp X Cp/Ap X Myp/Mp X Mpg/Myp-+
£38D. X CD/AD X MSD/MD X MDE/-M-SD_+
Ap X CplAp X Mp /Mp X Mp/Mp.—=

IJ>

(Ap+Aupt Aypt A+ Apd X CplAp X

MQ@MD_=TAI£2-<—QQZAD_X 0.611 g]‘.i 12

Tp,: ¥4 LA BT Z 1) 2> HE mg/L
A: ¥—JHEE

Cp : BERHDY AT > DERE mg/L
M: HFE
TAp, : FAEA VEAY TSR DE—
77 ERRD#RFI

FROSERED TEETHD I LD
5, KRICXBFHEZRET 5,
FAXAROTFY I YUE mg/L
Tp.=TAp, /Ap XMCp XMy, R2)

Tp, : FAEA BT S 32 HE mg/L
TAp, : ¥ EA BV 7 IRIDE—
2 ERED#H
Ay EERY A D OE—JER
MCp, : BERSY 1 ¥ DEINVRE
My, : F1EA> (FFYAY) DHFE
REICLTHY T D ROTZAT
(A ROT Y IEBIRDOVWTRDS
TEMTESD, 2R 1 ICHEBLTHE
BLROTVNEZABNDIENS., HET
ERET %,

E. &#®
CKGAVTIREEFTD TR
a5 O3B, KERATIKEZHE
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ERHETHEBERER R (RE
TR T, 70%T¥ / —I)VEmE
230 HDIEEDRIEELELT S
BRENH- .
MERRECEHRERICDOVTR, &
CEANBEORACH DRIV
ISRCORBRAETHEERSH
HZRD s NRBho 7.

BN T EIVROBHICTDON T, 70%
T4 J—)VEMBIZ 55°C T 30 S+ DM
sugimil (BE) BHRETHo7.
BROEREARAY 7 TR DO
L TR RRRVEFERERT
i, —E4D OBERERERICIEE
NaAVIIR>TIVIACEDOR
RHEETH D, £z, HTED 30
mg2BA5RMBII12HEP LR
BTHolehl, BRREFZDDI B, X
S7OFA N UF =DV TIE, 1
Y70 0BBEZEFROREAY
ISRUEHEERN 30mg 2HBADLE
s EET 2 RERD LN,
yHYa UBEERD HBELEE
REREL,

ES

. Ohtomo T, Uehara M, Pefialvo J L,

Adlercreutz H, Katsumata S, Suzuki K,
Takeda K, Masuyama R, Ishimi Y.
Comparative activities of daidzein
equol and O-

on bone mineral

metabolites,
desmethylangolensin,
density and lipid metabolism in
ovariectomized mice and in osteoclast
cell cultures. E J Nutr 47:273-279 (2008)

. Taku K, Umegaki K, Ishimi Y Watanabe

S. Effects of extracted soy isoflavone
alone on blood total and LDL cholesterol:



Meta-analysis of randomized controlled
trials. Therapeutics and Clin Risk
Management 4: 1097-1103 (2008)
Ishimi Y, Oka J, Tabata I, Ohtomo T,
EzakiJ, Ueno T, Uchiyama S, Toda T,
Uehara M, Higuchi M, Yamada K, Wu J.
Effects of soybean isoflavones on bone
health and its safety in postmenopausal
Japanese women J Clin Biochem Nutr
43 (suppl1) :48-52(2008)

NaX, Ezaki J, Sugiyama F, Cui H , Ishimi
Y. Isoflavone regulates lipid metabolism
via the expression of related genes in
OVX rats fed on a high-fat diet. Biomed
Environ Sci. 21: 357-364 (2008)
ARET B, UNE, SHEH,
HHER= etal TBERM FOKX
GAVIIROERBERRICET
LIAEPE HRFERE HRH

AR B EHED HEE - B&RH
izl
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Comparative activities of daidzein
metabolites, equol and
0-desmethylangolensin, on bone
mineral density and lipid metabolism
in ovariectomized mice and

in osteoclast cell cultures

& Abstract Daidzein, a major iso-
flavone predominantly found in
soybean, is mainly metabolized to
equol and O-desmethylangolensin
(O-DMA) by the human gut
microflora. Equol exhibits a
stronger estrogenic activity than
daidzein, however, only approxi-
mately 30% of the population has
been identified as equol-producers
and there are too few direct evi-
dences of the effects of the other
major metabolite, O-DMA on
estrogen-deficient status. The
purpose of this study is therefore,
to compare the effect of both O-
DMA and equol on bone and lipid
metabolism in vivo and in vitro.
For the in vivo study, 8-week-old
female mice were assigned to five
groups as follows: sham-operated
(sham), ovariectomized (OVX),
OVX + 0.5 mg/day O-DMA (OVX
+ 0-DMA), OVX + 0.5 mg/day
equol (OVX + Eq), and OVX

+ 0.03 pg/day 17f-estradiol (OVX
+ E2) administration. Three
weeks after the intervention, O-
DMA and equol did not affect
uterine atrophy in OVX mice. The
bone mineral density (BMD) of
the femur was lower in the OVX
group than in the sham group. The
administration of equol but not O-
DMA, maintained BMD through
the intervention. Values of whole
body fat mass and plasma lipids

were Jower in the equol and O-
DMA treated OVX mice than those
in OVX mice. In the in vitro study,
equol significantly inhibited the
osteoclast formation induced by
10,25(0OH),D; in a dose-dependent
manner in a co-culture system of
mouse bone-marrow cells with
primary osteoblastic cells. How-
ever, O-DMA slightly inhibited
osteoclast formation, and the ef-
fect was not dose dependent.
These results suggest that the
effects of 0-DMA on bone and
lipid metabolism in OVX mice and
osteoclast cell cultures are weaker
than those of equol.

& Key words equol ~
O-desmethylangolensin -
bone mineral density -
osteoclast — microflora

B Abbreviations BMD: Bone
mineral density; BMC: Bone mineral
content; E,: 17-Estradiol;

Eq: Equol; O-DMA: O-
desmethylangolensin; ER: Estrogen
receptor; OVX: Ovariectomized;
TC: Total cholesterol; TG:
Triacylglycerol; TRAP: Tartrate-
resistant acid phosphatase;
10,25(0OH),D3: 10,25-
Dihydroxyvitamin Dj
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Introduction

Osteoporosis is a skeletal disorder in which bone
strength is compromised by the loss of bone density
and bone quality. It is the leading cause of increased
morbidity and functional loss in the elderly. Particu-
larly, postmenopausal women suffer from osteoporo-
sis, being part of the postmenopausal syndrome [12].
Although, the one of the treatment for postmeno-
pausal osteoporosis is hormone replacement therapy,
the reported side effects, such as development of
hormone dependent breast and uterine cancers [4],
have prompted the use of alternative therapies. Epi-
demiological studies suggested that phytoestrogens
[19] have preventive effects for breast cancer and
menopausal symptoms [1, 28], much attention being
directed to soybean, the main dietary source of iso-
flavones. Compared with hormone replacement ther-
apy, the risk for side effects of isoflavone treatment
seems to be low [17]. Therefore, they have been
focused as alternative treatment for prevention of
postmenopausal-related diseases [2, 17].

Daidzein, a major soybean isoflavone, is metabo-
lized to O-DMA and equol in the gastrointestinal tract
by gut microflora [2, 11]. Being structurally similar
to E,, both daidzein and their metabolites are capa-
ble to bind to the estrogen receptors, specifically to
ERp, (although the affinity of equol seems to be
greater [14, 16].

In this line, recent studies suggest that the clinical
effectiveness of isoflavones might depend on the
individual’s ability to produce equol [7]. However, a
correlation between equol/O-DMA status and efficacy
of isoflavones is still uncertain. Hall et al. [10]
reported that soy-isoflavone-enriched foods improved
biomarkers of cardiovascular disease risk indepen-
dently of equol production in postmenopausal
women. On the other hand, Setchell et al. [22]
hypothesized that maximum clinical responses to soy
protein diet were seen in equol producers. We also
demonstrated that the positive effect of isoflavones on
bone loss depended on the extent of equol production
in postmenopausal Japanese women [26], although
this was not consistent with the previous report [8].
While, Persky et al. [18] reported that changes in
plasma O-DMA can be significantly associated with
bone mineral density (BMD) in postmenopausal
women. However, there was no evidence of a direct
effect of O-DMA on bone loss in estrogen-deficient
status in vivo or in vitro studies. Thus, in the present
study we examined the effects of O-DMA and equol
on bone and lipid metabolism in OVX mice and
osteoclast formation in vitro in order to compare the
physiological activity of O-DMA with that of equol.

Materials and methods
# Animals and chemicals

Female ddY strain mice (8 weeks old) were purchased
from the Shizuoka Laboratory Animal Center (SLC)
(Shizuoka, Japan). The mice were housed in individual
cages in a temperature- and humidity-controlled
room, and were given free access to food and distilled
water, Mice were sham-operated or ovariectomized
(OVX) (n = 5). Some OVX mice received a daily s.c.
administration of O-DMA (0.5 mg/day) (synthesized
at the Laboratory of Organic Chemistry, University of
Helsinki [3] or equol (racemic mixture, 0.5 mg/day)
(Funakoshi, Tokyo, Japan) or 17f-estradiol (E,;
0.03 pg/day) (Sigma, St Louis, MO, USA) using a mini-
osmotic pump (Alza Corp., Palo Alto, CA, USA)
immediately after surgery (each group, n = 5). The
same dose of 0-DMA and equol was used as previously
reported for equol, which was effective on prevention
of bone loss in OVX mice [9]. Since both O-DMA and
equol are intestinal metabolites of daidzein, s.c.
injection was adopted to ensure targeted plasma
concentrations. The mice were fed on AIN-93G diet
with corn oil instead of soybean oil (Funabashi Farm,
Chiba, Japan) [20] for 3 weeks. 1a,25-Dihydroxyvita-
min D; (10,25(0OH),D3) was obtained from Phillips-
Duphar (Amsterdam, The Netherlands). All proce-
dures were undertaken in accordance with the
National Institute of Health and Nutrition Guidelines
for the Care and Use of Laboratory Animals. In each
experiment, body and uterine weight were measured,
and the right femur was removed to measure BMD.

& Radiographic analysis of body composition,
whole body BMD

The BMD of the entire body and body composition
were measured using a PIXImus densitometer (soft-
ware version 1.4x Lunar, Madison, WI). The coeffi-
cient of variation (CV) of BMD of the entire body was
6.2%. The CV for body composition measurement
was 5.9% for lean body mass and 3.5% for fat mass.

& Radiographic analysis of the femur

Bone mineral density of the femur was measured by
dual-energy X-ray absorptiometry (model DCS-
600EX-R, Aloka). BMD was calculated using the BMC
of the measured area. The BMC of the mouse femur
was closely correlated with its ash weight (r = 0.978).
The scanned area of the mouse femur was equally
divided into three parts, i.e., the proximal femur,
midshaft, and the distal femur.
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& Biochemical analysis of plasma concentration

Commercially available ELISA kits for E, (IBL,
Hamburg, Germany), and analytical kits for total
cholesterol (TC) and triacylglycerol (TG) (Wako,
Osaka, Japan) were used.

& Time-resolved fluoroimmunoassay (TR-FIA)
for plasma 0-DMA and equol

Plasma O-DMA and equol were analyzed by the TR-
FIA method of Brouwers and co-workers [5] and
L’homme and co-workers [15], respectively. After
enzymatic hydrolysis and extraction by diethyl ether,
plasma equol and O-DMA concentrations were
determined by fluorescence using a DELFIA Victor
1420 multilabel counter (PerkinElmer, Wellesley, MA,
USA). The final results were calculated using the
following formula: final results = concentration
(read) X 1/recovery x dilution factor (nmol/l). Aver-
age CV values for the analysis of the equol and O-
DMA are 5.5 and 5.6%, respectively [5, 15].

2 Osteoclast formation

Osteoclast formation was carried out by a co-culture
of bone-marrow cells with primary osteoblasts
according to the method of Takahashi and co-workers
[24]. Briefly, bone-marrow cells obtained from the
tibiae of 8 weeks ddY male mice were co-cultured
with primary osteoblastic cells isolated from the cal-
variae of the newborn mice in «MEM (phenol red-
free, GIBCO, Grand Island, NY, USA) containing 10%
fetal bovine serum (JRH, Lenexa, KS) in 24-well plate.
An inducer of osteoclasts; 10,25(0OH),D; (100 nmol/l);
with or without equol (10-1,000 nmol/l), O-DMA (10-
1000 nmol/l) or E, (10 nmol/l) was added to the
cultures. After cultured for 6 days, the cells were fixed
and stained for tartrate-resistant acid phosphatase

(TRAP) activity, which is used as a marker for the
osteoclasts [24]. The fixed cells were incubated with
naphthol AS-MX (Sigma) as a substrate and fast violet
LB salt (Sigma) as a stain for the reaction product in
the presence of 50 mM sodium tartrate (Wako, Osaka,
Japan). TRAP-positive cells containing three or more
nuclei were counted as osteoclast-like cells (MNC)
with microscope.

& Statistical analysis

Stat view 5.0, Abacus Concepts (Calabasas, CA, USA)
software was used for statistical analysis. Data are
expressed as means + SEM. The differences between
groups were determined by ANOVA and Fisher’s
protected least-significant difference test. Means
without common letter differ. A P value less than 0.05
was considered as statistically significant.

Results
& Body and tissue weight

Initial and final body weights of the five groups of the
mice did not differ significantly from each other
(Fig. 1A). Uterine weight was lower in OVX mice than
that in sham-operated mice (P < 0.05), whereas E,
administration inhibited uterine atrophy induced by
OVX (P < 0.05) (Fig. 1B). In contrast, treatment with
O-DMA and equol did not affect the uterine weight in
OVX mice.

& Body composition and bone mass of lumbar
vertebrae

Bone mineral density of the whole body in OVX mice
was significantly lower than that in sham mice
(P < 0.05). BMD of the whole body in the E,-treated

Fig. 1 Body weight and uterine weight Body weight Uterine weight
of sham-operated (sham) mice, 36.- " 300 4
ovariectomized (OVX) mice, OVX mice :’%;Xm
treated with 0.5 mg/day 0-DMA 351 A OVX+O-DMA 250 4 .
(QVX + O-DMA), or 0.5 mg/day equol . = T
(OVX + Eq), or 0.03 pg/day E, 5 E 2004
(OVX + E,). A Body weight, B uterine = 334 £ I
weight. Values are means £ SEM,n =5 2 ‘T 150 -
per group. Means with different letters 2 3. i
differ significantly, P < 0.05 g £ 100l
st U
314 5
304 50
0= 0 ' =
A 0 0.5 1 15 25 3 B sham OvX OVX 0ovX ovX
+ + +

ODMA  Eq E
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mice was greater than that in OVX mice (P < 0.05),
but the BMD of the O-DMA and equol-treated
mice was equal to that in OVX mice (Fig. 2A). The

< Fig. 2 Body composition and bone mineral density (BMD) of the whole body

of sham-operated (sham) mice, OVX mice, and OVX mice treated with 0.5 mg/
day O-DMA (OVX + 0-DMA), or 0.5 mg/day equol (OVX + Eq), or 0.03 pg/day
E, (OVX + E,) for 3 weeks. A BMD of the whole body, B body fat (%), C lean
body mass. Values are means + SEM, n = 5 per group. Means with different
letters differ significantly, P < 0.05

percentage of body fat in OVX mice was significantly
higher than that in sham mice (P < 0.05), and the
percentage of body fat in the E;, O-DMA, and equol-
treated mice were significantly lower than that in OVX
mice (P < 0.05) (Fig. 2B). The lean body mass in the
E,;, O-DMA and equol-treated mice was significantly
higher than that in the OVX mice (P < 0.05) (Fig. 2C).

& Bone mineral density of the femur

The BMD of the whole, proximal and distal femur in
OVX mice were significantly lower than those in sham
mice (P < 0.05), and equol administration inhibited
the bone loss in the whole, proximal, and distal femur
(P < 0.05) (Fig. 3A, B, D). The BMDs of the whole,
proximal, middle, and distal femur in O-DMA treated
mice were the same as those in OVX mice. E, treat-
ment maintained the BMD over the four regions of
femur in OVX mice (P < 0.05) (Fig. 3A-D).

Plasma concentrations of E,, 0-DMA, equol
and lipids

Plasma E, concentration was significantly lower in
OVX mice than that in sham-operated mice (P < 0.05),
and O-DMA and equol administration did not affect the
E, concentration in OVX mice (data not shown).
Administration of O-DMA or equol increased plasma
O-DMA or equol level in OVX mice (O-DMA group;
11,864 + 2,071 nmol/l of O-DMA, equol group;
1,545 + 453 nmol/l of equol). Plasma TC concentra-
tion tended to be higher in OVX mice than that in sham-
operated mice, whereas the TC levels in equol and
E,-treated OVX mice were significantly lower than that
in OVX mice (Table 1). Plasma TG concentration
tended to be higher in OVX mice than that in sham-
operated mice, whereas the TG levels in O-DMA, equol
and E,-treated OVX mice were significantly lower than
that in OVX mice (P < 0.05) (Table 1).

& Effects of 0-DMA and equol on osteoclast-like cell
formation

In the co-culture system employed, TRAP-positive MNC
were induced by 100 nmol/l 1¢,25(OH),D;. The addi-
tion of 10 nmol/l E, significantly decreased the number
of MNC induced by 1¢,25(0OH),D;. Equol inhibited the
10,25(0H),D; induced MNC formation in a dose-



