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ABSTRACT

The purpose of the present study was to elucidate the mechanism on bone protective
function of isoflavone in relation to mevalonate-geranylgeranylpyrophosphate (GG-
PP) metabolic pathway and signal transduction. We examined the effects of dietary
isoflavone on mevalonate and GG-PP production in ovariectomized (OVX) aged-rats in
experiment-1 and the effects of daidzein and genistein treatment on Rho-A level in
rat osteosarcoma cells (UMR-106) in experiment-2. In experiment-1, rats fed
isoflavone supplemented diet (OVX-IF) showed 1) relatively lower biochemical
markers of bone metabolism, 2) higher urinary mevalonate and relatively higher
serum GG-PP than those of control (OVX-CA). In experiment-2, 3) daidzein or
genistein treatment caused apparently lower Rho-A level in particulate and soluble
fraction and lower ratios of particulate to soluble fraction (P/S ratio) than those of
control. 4) Mevalonate caused higher P/S ratio than that of control, although
diminished Rho-A level was observed. 5) Diminished Rho-A level by genistein
treatment was rescued by co-treatment with mevalonate or GG-PP. These results
suggest that daidzein and genistein inhibits the expression and activation of Rho-A by
mevalonate-GG-PP metabolic pathways in osteoblast. But, in the present study,
dietary isoflavone did not reduce the mevalonate and GG-PP production in rats since
aged female rats had wide variation of responsibility to dietary isoflavone. Soy Protein
Research, Japan 5, 117-121, 2002.
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Table 1. Experimental diet

Group Experimental diet

OVX-CA 20% Casein-protein diet 20 CA) 13 g/day
OVX-IF 20 CA+2.5% isoflavone extract* 13 g/day
Sham 20 CA 13 g/day

Isoflavone extract®
Isoflavone content (g/100 g)

Daidzin 2.192 Daidzein 0.106
Genistin 0.481 Genistein 0.015
Malonyldaidzin  0.046 Glycitin 1.183
Malonylgenistin 0.009 Glycitein 0.271
Acetyldaidzin ~ 1.978 Acetylglycitein 0.568
Acetylgenistin ~ 0.032 Malonylglycitin 0.050

*Soyaflavone E (gifted from Fujioil Co., Osaka).

Table 2. Culture medium conditions

Agent added to « -MEM Concentration

1. DMSO' (Control)

2. Cerivastatin 1M
3. Genistein 30 «M
4. Daidzein 30 uM
5. Mevalonate 1 mM
6. GG-PP 5uM
7. Farnesyl-pyrophosphate 5,pM

8. Genistein (30 xM)+GG-PP2 (5 M)
9. Genistein (30 «M)HMevalonate (1 mM)

'DMSO : Dimethylsulfoxide.
’GG-PP : Geranylgeranyl-pyrophosphate.
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Table 3. Body weight and blood analyses

Group n Bodyweight' Serum albumin Serum calcium
g g/100mL  mg/100 mL
OVX-CA 6 265%24 4.7+0.8 10.9+1.3
OVX-IF 5 242+18 4.9=+0.5 10.7£0.9
Sham 3  258+33 5.0+0.4 11.6+1.6

'Body weight at the end of experimental period.

Table 4. Organ weights

DMFEFATF N v BLOBRIN~—H — DR
TAFIEY D) vEEtErIEL, ZORKRE
Table 512/8 L7z, OVX-CABEIZ LR TOVX-IFH#: I,
M4 AT A AV VB IED R REREI B X OR
Rt F T EY D) YRR S A R E 2R
L, K CTLREA Y 7T KV IIINEFERICE 25
AR O TTAE & I L 7.
ANOCBREICHTIREIV ISR OZE K
HA VT IRYDPANT Y B—GG-PPREE % HEY 5
PEDPEESPICT L2012, MiFaLAra—),
JRAEANT R B X OMEGG-OHZ MlE L 7-. Ml
FER I Table 6127R L 72

OVX-CABEIZHAT, OVX-IFEEDJRH A N0 >
BIIAELREME, MERI VAT o— ViEERG LS
AL, % L CGG-OHIZ27 % il % Rk L 72,
475K FalL A7 — VAR IS 5HEI R
EEINTVED?, K256 13, KEA VT IRV
AIANT [ —GG-PPRBHERE % ¥l 2 /5 %1315 5
Nhhofz, TOMEE LT, OVX-IFHO T v Md
TAEIRE L, 201EDT v M TR AT VEB &
DIMLiEHGG-OHA & <, &0 3IEDJRHR A1 v R
B L UMEGG-OHIZOVX-CAFEE LD L L nh i L A
BEEEZRL T2 EBgiFons. Bls, v b0
BRIZ X > TA V7 TR BT % KetEdsk
EL R o T/, BHBRERFE TS 2 S
ARZIEREBE CHBRINTBY, ST v b T
DEKO ZEDPBEIN D ERDNE. 1 VT T
RS B PUSTEDEFEITOWTIE, BHT~RE
EEREE LRSI

Table 5. Effect of isoflavone extract on bone metabolic

markers
Group n Osteocalcin DPN!
ng/mL g/kg BW
OVX-CA 6 99.2+31.9 12.0£3.2
OVX-IF 5 80.2+30.4 6.6+2.4*
Sham 3 88.9+14.9 59+1.2

'"DPN: deoxypyridinoline.
*Significantly different from OVX-CA at P<0.05.

Table 6. Urinary mevalonate and serum geranylgeraniol

Urine Serum
Group n Uterus Liver Kidney Group n Mevalonate T-chol GG-OH
g/kg BW g/kg BW g/kg BW n g/day mg/100mL ng/mL
OVX-CA 6 1.65+0.60 35.1%+8.0 6.60+0.41 OVX-CA 6 3.72+047 162+31 76.2+15.5
OVX-IF 5 214#+038 37.0+53 7.79%+0.82 OVX-IF 5 4.75%0.95* 150+41 96.5+52.5
Sham 3 3.59+0.89* 31.8+0.9 6.81+0.46 Sham 3  3.69+1.21 148+42 87.5+72.0

*Significantly different from OVX-CA at P<0.05.
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Fig. 1. Effects of isoflavones, mevalonate and geranylgeranylpyrophosphate (GG-PP) on Rho-A level in UMR-106 rat
osteosarcoma cells. (A) SDS-PAGE of Rho-A, (B) Arbital density of each band. UMR-106 cells were incubated for 24
hrs with vehicle (DMSO, lane 1), 1 M cerivastatin (lane 2), 30 M genistein (lane 3), 30 M daidzein (lane 4), 1 mM
mevalonate (lane 5), 5 M GG-PP (lane 6), 5xM F-PP (lane 7), 30 «M genistein+ 5 .M GG-PP (lane 8) or 30 M
genistein+1 mM mevalonate (lane 9) in the presence of 10 M lysophosphatidic acid. Cells were lysed with
hypotonic-lysis buffer and the lysates were separated to soluble and particulate fractions. An equal amount of
protein was loaded in each lane and subjected to SDS-PAGE. Immunoblot analyses were performed using specific
anti-RhoA antibody. Densities of Rho-A in each band were calculated by computer imaging.
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