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ABSTRACT

The similar structure between soy isoflavone and estrogen and the findings that isoflavones
possess weak estrogenic properties as shown by various experiments provided the initial basis
for speculation that isoflavones may effect bone metabolism. In human, however,
epidemiological data are insufficient to show the interaction between isoflavones and
osteoporosis by the prospective cohort studies. To clarify the beneficial effects of soy isoflavones
for bone health, we estimated the interaction among dietary intakes of isoflavones, plasma
concentrations and urinary excretions, bone mineral density (stiffness), and bone formation
and resorption biomarkers. The subjects were 41 female volunteers (40-69 years old;
premenopause, 7; postmenopause, 34), who gave their written informed consent to participate
to the study. Each subject completed a 3-day dietary record and the health check-up. Their
plasma and 24 h-urine samples were collected for measurements of isoflavonoid concentration
by the time-resolved fluoroimmunoassay and HPLC. Osteocalcin (OC) and deoxypyridinoline
(DPY) were measured by enzyme linked immunosorbent assay. Stiffness value of bone was
used for the assessment of subjects’ bone mineral density. After multiple regression analysis to
assess the relationship of bone health, dietary factor and life style, eliminating confounding
factors (age, BMI, regular exercise, number of delivery and intake of carbohydrate and vitamin
Be), significant negative correlation between plasma genistein and urinary DPY was observed
(r=0.300, n=41, P<0.05). Urinary equol, a metabolite of daidzein, showed significantly
positive correlation with plasma OC (r=0.461, n=22, P< 0.05). In conclusions, it is suggested
that genistein is useful for preventing bone loss, and equol may have a beneficial role on bone
formation in this cross-sectional study. Since the plasma and urinary isoflavones are useful as
biomarkers for the dietary intake, it is hypothesized that high intake (not excess) of isoflavones
reduces the risk of osteoporosis. Soy Protein Research, Japan 3, 79-86, 2000.
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Table 1. Physical characterizations and bone biomarkers by pre- and postmenopausal women®*

All Premenopause Postmenopause Mann-Whitney
(n=41) (n=7) (n=34) U-test
Age 59 47 61 P<0.01
Height (cm) 150.9 1495 151.0
Weight (kg) 543 55.3 542
Body mass index (BMI) 239 229 24.1
BMD (Stiffness) 70 78 68 P<0.05
Plasma osteocalcin
(umol/day) 6.0 40 6.9 P<0.05
Urinary  deoxypyridinoline
(nM/mM creatinine) 62 b8 6.3
*Median
Table 2. Intake of various nutrients and food groups
Energy (kcal) 1917 + 363* Cereal (g) 427.7 + 1947
Protein (g) 769 + 183 Legume (g) 92.1 & 404
Fat (g) 477 + 158 Fruit (g) 1634 £ 1032
Calcium (mg) 666 + 196 Vegetable
Phosphorus (mg) 1149 + 267 Green vellow (g) 200.6 + 1055
Vitamin A (IU) 2652 + 1065 Others (g) 2352 + 980
Vitamin B1 (mg) 1.08 + 0.29 Meat (g) 96.2 & 449
Vitamin B, (mg) 143 £ 040 Fish (g) 36.2 + 350
Vitamin C (mg) 125 + 36 Milk and dairy products  186.2 & 122.2
Vitamin D (mg) 300 + 265 *Values are means+SD{(n=41).
Vitamin K (ug) 444 + 283
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Fig. 1. Dietary intake, plasma concentration and urinary excretion of isoflavones.

Table 3. Factors influencing bone metabolism
Stiffness Urinary DPY Plasma OC

Dependent variable - - —
Standard partial regression coefficient

Independent variable

Age -0.263* -0.004 0.530*
BMI 0.459 0.305 -0.187
Exercise 0.495%* -0.039 -0.088
Delivery frequency 0.031 -0.314 -0.835*
Protein 0.018 -0.681 -0.391
Animal protein -0.185 0.237 0.185
Fat -0.019 0.104 -0.075
Carbohydrate -0.274 -0.224 0.693**
Calcium 0.145 0.168 -0.532
VB: 0.886** -0.511 -0.246
vC -0.116 0.008 -0.268
VD -0.216 -0.185 -0.146
Coefficient o{ léigtermination 0,830 0520 0.790

DPY, deoxypyridinoline; OC, osteocalcin. *P<0.05, **P<0.01.
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OFBEAERD b7z (1=0461, P < 001) (Fig. 3).
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Fig. 2. Correlation between plasma genistein and urinary deoxyprydinoline (DPY).
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Fig. 3. Correlation between urinary equol excretion and plasma osteocalcin (OC).

X

1) Adlercreutz H, Fotsis T, Heikkinen R, Dwyer JT,
Woods M, Goldin BR and Gorbach SL (1982):
Excretion of the lignans enterolactone and enterodiol
and of equol in omnivorous and vegetarian women
and in women with breast cancer. Lancet, 2, 1295-
1299.

2) Adlercreutz H (1990): Western diet and Western
disease: some hormonal and biochemical mechanisms
and associations. Scand J Clin Lab Invest, 50 (Suppl
201), 3-23.

84

Dy

3) Adlercreutz H, Goldin BR, Gorbach SL, Hockerstedt
KA, Watanabe S, Hamalainen EK, Markkanen MH,
Mikela TH and Wahala KT (1995): Soybean
phytoestrogen intake and cancer risk. [ Nutr, 125,
757S-770S.

Davies MJ, Bowey EA, Adlercreutz H, Rowland IR
and Rumsby PC (1999): Effects of soy or rye
supplementation of high-fat diets on colon tumour

S
fu

development in azoxymethane-treated rats. Carcino-
genesis, 20, 927-931.

XSG /-ABAEMWE Vol 3(2000)



5)

6)

7)

10)

11)

12)

13)

14)

15)

Adlercreutz H and Mazur W (1997): Phyto-oestrogens
and Western diseases. Ann Med, 29, 95-120.
Landstrom M, Zhang JX, Hallmans G, Aman P, Bergh
A, Damber JE, Mazur W, Wahala K and Adlercreutz H
(1998): Inhibitory effects of soy and rye diets on the
development of Dunning R3327 prostate adenocarci-
noma in rats. Prostate, 36, 151-161.

Tikkanen MJ and Adlercreutz H (2000): Dietary soy-
derived isoflavone phytoestrogens. Could they have a
role in coronary heart disease prevention? Biochem
Pharmacol, 60, 1-5.

Anderson JJ, Ambrose WW and Garner SC (1995):
Orally dosed genistein from soy and prevention of
cancellous bone loss in two ovariectomized rat
models. J Nutr, 125, 799S.

Pool-Zobel BL, Adlercreutz H, Glei M, Liegibel UM,
Sittlingon J, Rowland I, Wahala K and Rechkemmer G
(2000): Isoflavonoids and lignans have different
potentials to modulate oxidative genetic damage in
human colon cells. Carcinogenesis, 21, 1247-1252.
Draper CR, Edel MJ, Dick IM, Randall AG, Martin GB
and Prince RL (1997): Phytoestrogens reduce bone
loss and bone resorption in cophorectomized rats. J
Nutr, 127, 1795-1799

Akiyama T, Ishida ] Nakagawa S, Ogawara H,
Watanabe S, Itoh N, Shibuya M and Fukami Y (1987):
Genistein, a specific inhibitor of tyrosine-specific
protein kinases. J Biol Chem, 262, 5592-5595.

Blair HC, Jordan SE, Peterson TG and Barnes S
(1996): Variable effects of tyrosine kinase inhibitors
on avian osteoclastic activity and reduction of bone
loss in ovariectomized rats. J Cell Biochem, 61, 629-
637.

Ishimi Y, Miyaura C, Ohmura M, Onoe Y, Sato T,
Uchiyama Y, Ito M, Wang X, Suda T and Tkegami S
(1999): Selective effects of genistein, a soybean
isoflavone, on B-lymphopoiesis and bone loss caused
by estrogen deficiency. Endocrinology, 140, 1893-
1900.

Jaworski M, Lebiedowski M, Lorenc RS and Trempe ]
(1995): Ultrasound bone measurement in pediatric
subjects. Calcif Tissue Int, 56, 368-371.

Wang GJ, Lapcik O, Hampl R, Uehara M, Al-Maharik
N, Stumpf K, Mikola H, Wahala K and Adlercreutz H
(2000): Time-resolved fluoroimmunoassay of plasma
daidzein and genistein. Steroids, 65, 339-348.

KE-ABERE Vol 3(2000)

16)

17)

18)

19)

20)

21)

22)

23)

24)

Mazur W, Fotsis T, Wahala K, Ojala S, Salakka A and
Adlercreutz H  (1996):
chromatographic-mass spectrometric method for the

Isotope dilution gas

determination of isoflavonoids, coumestrol, and
lignans in food samples. Amal Biochem, 233, 169~
180.

Adlercreutz H, Fotsis T, Kurzer MS, Wahala K
Makela T and Hase T (1995): Isotope dilution gas
chromatographic-mass spectrometric method for the
determination of unconjugated lignans and isofla-
vonoids in human feces, with preliminary results in
omnivorous and vegetarian women. Anal Biochem,
225, 101-108.

Toda T, Uesugi T, Hirai K, Nukaya H, Tsuji K and
Ishida H (1999): New 6-O-acyl isoflavone glycosides
from soybeans fermented with Bacillus subtilis (natto).
L 6-O-succinylated isoflavone glycosides and their
preventive effects on bone loss in ovariectomized rats
fed a calcium-deficient diet. Biol Pharm Bull, 22,
1193-1201.

Scheiber MD and Rebar RW (1999): Isoflavones and
postmenopausal bone health: a viable alternative to
estrogen therapy? Menopause, 6, 233-241.

Baird DD, Umbach DM, Lansdell L, Hughes CL,
Setchell KD, Weinberg CR, Haney AF, Wilcox AJ and
Mclachlan JA (1995): Dietary intervention study to
assess estrogenicity of dietary soy among postmeno-
pausal women. J Clin Endocrinol Metab, 80, 1685~
1690.

Agnusdei D, Gennari C and Bufalino L (1995):
Prevention of early postmenopausal bone loss using
low doses of conjugated estrogens and the non-
hormonal, bone-active drug ipriflavone. Osteoporos
Int, 5, 462-466.
Messina MJ  (1999):
overview of their nutritional profiles and health
effects. Am J Clin Nutr, 70, 439S-450S.

Watanabe S, Yamaguchi M, Sobue T, Takahashi T,
Miura T, Arai Y, Mazur W, Wahala K and Adlercreutz

H (1998): Pharmacokinetics of soybean isoflavones

Legumes and soybeans:

in plasma, urine and feces of men after ingestion of 60
g baked soybean powder (kinako). J Nuitr, 128,
1710-1715.

Rowland IR, Wiseman H, Sanders TA, Adlercreutz H
and Bowey EA (2000): Interindividual variation in

metabolism of soy isoflavones and lignans: influence

85



25)

26)

86

of habitual diet on equol production by the gut
microflora. Nuir Cancer, 36, 27-32.

Gao YH and Yamaguchi M (1999): Inhibitory effect
of genistein on osteoclast-like cell formation in
mouse marrow cultures. Biochem Pharmacol, 58,
767-772.

Fanti P, Monier-Faugere MC, Geng Z, Schmidt J,
Morris PE, Cohen D and Malluche HH (1998); The
phytoestrogen genistein reduces bone loss in short-

term ovariectomized rats. Osteoporos Int, 8, 274-281.

27)

28)

Yamaguchi M and Gao YH (1998): Inhibitory effect
of genistein on bone resorption in tissue culture.
Biochem Pharmacol, 55, 71-76.

Arai Y, Uehara M, Sato Y, Kimira M, Eboshida A,
Adlercreutz H and Watanabe S (2000): Comparison
of isoflavones among dietary intake, plasma
concentration and urinary excretion for accurate
estimation of phytoestrogen intake. [ Epidemiol, 10,

127-135.

AKE/-AHEMRE Vol 3(2000)



