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There is general agreement that soy isoflavones can be beneficial to health in adults. However, isoflavones are
well known as endocrine-disrupting chemicals. The possibility that soy foods might adversely affect the reproduc-
tive system of mothers and infants should be considered. The aim of this study was to evaluate the adverse effects of
a soy isoflavone mixture on rat dams and their offspring. The rat dams were fed diets containing the isoflavone
mixture (commercial name: Soyact, aglycone type) at 0, 0.25, 0.5 and 1.0 g/kg as total isoflavones from pregnancy
day 5 to postnatal day 13. We found that the dietary soy isoflavone mixture decreased the dam body weights in a
dose-dependent manner and that the number of pups also tended to decrease. Genistein and daidzein were detected
in the blood of the dams and the stomach contents of the suckling pups. The concentrations of daidzein were higher
than those of genistein. We also found the transfer of isoflavones to the fetus. The reproductive output and fetus
numbers were not significantly different in the isoflavone groups compared with the control group. The number of
absorbed fetuses tended to increase though not significant. Our experiments suggested that soy isoflavones have the
possibility of inducing adverse effects on endocrinic functions and others in animal studies at very high doses.
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toxicological effects on the reproductive organs.
Nagata et al. showed that high intake of soy milk
may modify circulating estrogens and possibly alter
the length of the menstrual cycle.10) Kurzer concluded
in a review on the hormonal effects of soy, that soy
and isoflavone consumption did not seem to affect
the endometrium in premenopausal women, but there
may have been weak estrogenic effects.11)

Some studies have been undertaken to clarify
the effects on estrogen-related tissues in rats. In adult
rats, Ishimi et al.,9) Santell et al.,12) Fritz et al.13) and
Nagao et al.14) have observed that dietary genistein
increased the uterus weight and affected the pros-
tate. Infant formulas based on soy, breast milk of
mothers consuming soy foods and supplements con-
taining isoflavones have been identified in amniotic
fluid, meaning placental transfer. Many studies have
been performed to clarify the developmental effect
of isoflavones on the fetus and offspring. Oral ex-
posure to genistein has been reported to induce a
decrease in total body and reproductive organ
weights15–17) and cause dysfunction in reproductive
behavior17) in the dams and their offspring. Awoniyi

INTRODUCTION

 The possibility that dietary flavonoids may play
a role in human health1,2) and the prevention of sev-
eral diseases, including cancer,3,4) cardiovascular
disease5,6) and osteoporosis7) has received consider-
able attention. Soy isoflavones are of particular in-
terest. The isoflavone components of soy are mainly
glycosides of genistein and daidzein. We have pub-
lished the mechanism of bone formation by genistein
in mice.8) We have also reported the adverse effect
of genistein at higher levels than those observed the
bone formation in ovariectomized mice.9)

The structural similarity of soy isoflavones with
17β-estradiol has prompted many studies on their
possible effects on reproductive function and devel-
opmental growth. Isoflavones may act like estrogen
or antiestrogen, while causing direct and indirect
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et al. have indicated that in in utero and lactational
exposure, serum levels of estradiol and progester-
one of offspring were significantly reduced and the
weights of the ovary and uterus decreased.18) Hughes
et al. have examined the reproductive outcomes af-
ter developmental exposure to isofalvones via a soy
milk and genistein in rats.19) Soy milk and genistein
exposure induced a significant increase in progest-
erone receptors in the uterus tissue, while most re-
productive endpoints were not significantly modi-
fied in pups of either sex. These reports suggest that
developmental genistein treatment causes subtle al-
terations in some kinds of sexually dimorphic be-
havior. It has also been reported that overall mater-
nal reproductive function, nursing behavior, fetal and
infant development were unaffected by oral expo-
sure at low levels.20)

It is known that a deficiency of thyroid hormone
is produced in infants receiving an exclusively soy-
based diet. Divi et al. indicated that genistein and
daidzein in soy protein inhibited thyroid peroxidase
(TPO), an enzyme involved in iodothyronin hormone
synthesis.21) It has also been reported that soy
isoflavones decreased the serum concentration of
thyroid hormones under the deficiency of iodine.22)

While some epidemiological data supports the
health claims of soy isoflavones, however, the po-
tential to cause adverse effects must be also consid-
ered, especially if exposure occurs during the early
and critical periods of development and at high con-
centrations as might be found in some current soy
foods and isoflavones products.

In the present study, therefore, we conducted
experiments in order to clarify the adverse effects
of isoflavones on pregnant and lactating rats.

MATERIALS AND METHODS

Materials —–— An isoflavone mixture (commercial
name : “Soyact”) was kindly given to us by
Kikkoman Co. Ltd. (Chiba, Japan). This isoflavone
mixture contains daidzein 16.39%, genistein 14.85%
and glycitein 2.03% as aglycones. The daidzein/
genistein ratio in the mixture was 1.10. Standard
genistein and daidzein were purchased from Fujicco
Co. Ltd. (Kobe, Japan). Other chemicals were pur-
chased from Wako Pure Chemical (Osaka, Japan)
and Sigma-Aldrich Inc. (St. Louis, U.S.A.). Diet
components were purchased from Oriental Yeast Co.
Ltd. (Tokyo, Japan).
Animals and Diets —–— Pregnant Sprague-Dawley

rats were used in the experiments. Sperm-positive
rats (10-w old) were commercially obtained from
Japan Crea Co. Ltd. (Tokyo, Japan) on day 5 of preg-
nancy. They were housed individually in plastic
cages in a room kept at a constant temperature (23 ±
1°C) and illuminated according to a 12-hr light/dark
cycles. Rats were fed experimental diets containing
Soyact at levels of 0, 0.25. 0.5 and 1.0 g/kg as total
isoflavones. These diets were based on the AIN-93G
diet23) except for the replacement of soybean oil with
corn oil.

The care and use of rats followed the guidelines
of Law No. 105 and Notification No. 6 of the Japa-
nese Government. The present study was approved
by the Ethical Committee of the National Institute
of Health and Nutrition.
Experimental Design —–—

Experiment 1: Experiment 1 was performed to
clarify the effect of the soy isoflavone mixture ex-
posure to dams during pregnancy and lactation and
their suckling pups. Pregnant rats were assigned into
two groups: the first group was fed the control diet
without the isoflavone mixture (n = 4). The second
group was fed the experimental diets containing the
isoflavone mixture at 0.5 g/kg (n = 5) as total
isoflavones. The dams were given free access to the
respective diet and water until postnatal day 13.

Within 24 hr of birth, litters were culled to 10
pups for each dam. Two litters on days 2 and 13 af-
ter birth, and dams on day 13 were anesthetized with
ether and killed by cardiac puncture. Blood samples
were collected and the organs dissected and weighed.
These collected samples were frozen immediately
and stored at –20°C.

Experiment 2: Experiment 2 was performed to
clarify the effect of the soy isoflavone mixture ex-
posure on pregnancy, because we observed the ten-
dency of decreased body weights of dams and suck-
ling pups fed the isoflavone mixture in Experiment 1.
Eighteen pregnant rats were assigned into three
groups of six dams each and fed the control diet and
the experimental diets containing the isoflavone
mixture at 0.25 and 0.5 g/kg as total isoflavones,
respectively. The dams were given free access to the
respective diet and water during pregnancy. All preg-
nant dams were killed on the day before parturition.
However one rat in the control (0 g/kg) group and
two rats in 0.5 g/kg group were excluded from the
experimental data, because of no or a few fetuses.

Experiment 3: In Experiment 2, we had observed
the subtle effect of the isoflavone mixture on the
pregnancy. Therefore, Experiment 3 was performed
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to clarify and to ascertain the detailed effect of the
isoflavone mixture. Twenty pregnant rats were as-
signed into two groups of ten dams each and pair-
fed the control diet and the experimental diet con-
taining the isoflavone mixture at 1.0 g/kg as total
isoflavones.
Analytical Methods —–—

Isoflavones: Isoflavones in the blood, stomach
contents, placenta and fetus were previously treated
with β-glucuronidase (Sigma, Type H-2) to be hy-
drolyzed according to the method of Gamache and
Acworth.24) The total isoflavone contents in the
isoflavone mixture, placenta, fetus, blood and stom-
ach contents were determined by high-performance
liquid chromotography (HPLC) analytical method
reported by Franke et al.25) The analytical results
were shown as genistein and daidzein aglycones.

Thyroid Hormones: The measurement of serum
thyroid hormones, T3 (triiodothyronine), T4

(thyrotine), and thyroid stimulating hormone (TSH)
was performed by a testing center (SRL Co. Ltd.,
Tokyo).
Statistical Analysis —–— Data is presented as indi-
vidual group means ± S.D. Statistical analysis was
conducted by one-way analysis of variance
(ANOVA). Differences in mean values between
groups were tested by using Duncan’s multiple range
test in Experiment 2, and Student-t test in Experi-
ment 1 and 3. The differences were considered sig-
nificant at p < 0.05.

RESULTS

Experiment 1
The food intakes, body weights and relative or-

gan weights of dams fed the diets containing
isoflavone mixture at 0 (control) and 0.5 g/kg diet
and their suckling pups are shown in Table 1. The
numbers of suckling pups born of dams fed the con-
trol diet and 0.5 g/kg isoflavone mixture diet were
(16, 12, 15, and 15) and (12, 15, 12, 12, and 9), re-
spectively. Changes in body weights during the pe-
riods of pregnancy and nursing are shown in Fig. 1.
During both periods, maternal body weight tends to
be suppressed by the isoflavone mixture. As shown
in Table 1, the food intakes during pregnancy and
lactation in the isoflavone group were lower than
those in the control group. The liver weight of dams
in isoflavone group was higher than the control
group.

The body weights of suckling pups on the days

2 and 13 after birth in isoflavone group were lower
than in the control group, but not significantly so.
The changes in the body weights of pups are shown
in Fig. 2. The growth curve of suckling pups was
suppressed by feeding the isoflavone mixture to the
dams. The concentrations of isoflavones in the blood
of dams and in the pup stomach contents and in the
blood of suckling pups are shown in Fig. 3. The con-
centrations of daidzein in the samples were higher
than those of genistein. The concentrations of
diaidzein and genistein in the blood of suckling pups
were lower than those of the dams. Isoflavone con-
centrations in the stomach contents of suckling pups
at day 2 were very lower than those at day 13.

Table 2 shows the concentrations of thyroid hor-
mones in the dams fed the isoflavone diets and their
pups. The concentrations of T3 and T4 in dams fed
isoflavone diet were not significantly different to
those on the control diet. No significant difference
was shown in the concentrations of thyroid hormones
in the suckling pups among the groups, but the con-
centration of TSH in the isoflavone diet groups
tended to be higher.

Experiment 2
Experiment 2 was performed to ascertain the ef-

fect of the isoflavone mixture on the reproductive
function. In this experiment, lower levels of
isoflavones and a larger number of dams were se-
lected based on the results in Experiment 1. Table 3
shows the food intake and the body weight of dams,
and weight and height of their fetuses. The effect on
the reproductive output in this experiment could not
be ascertained. The fetus numbers were not signifi-
cantly different among the three groups.

Body weights of dams fed the isoflavone diets
were lower at 0.5 g/kg level than at 0 and 0.25 g/kg
and also the food intake in 0.5 g/kg isoflavone diet
group was lower than those of other groups. The fetal
weights, heights and anogenital distances were not
significantly different among the three groups.

The concentrations of thyroid hormones in this
experiment are shown in Table 4. No significant ef-
fect on thyroid hormones was indicated in this ex-
periment. The concentrations of isoflavones in the
blood, placenta and fetus of dams fed the isoflavone
mixture diets are shown in Fig. 4. The concentra-
tions of daidzein and genistein in the blood were
similar to the results found in Experiment 1. The
concentrations in the placenta and fetus were much
lower than those in the blood. Concentrations of
isoflavones in the blood, placenta and fetus were
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Fig. 1. Changes in the Body Weights of Dams fed the Diets
Containing Total Isoflavones at 0, and 0.5 g/kg Diet in
Experiment 1

The pregnancy period was from pregnancy day 6 to pregnancy day
21. The lactation period was from lactation day 1 to lactation day 13
after parturition.

Fig. 2. Changes in the Body Weights of Suckling Pups of Dams
Fed the Diets Containing Total Isoflavones at 0, and
0.5 g/kg Diet in Experiment 1

 Within 24 hr of birth, litters were culled 10 pups for each dam. As
two litters on d 2, 7 and 13 after birth, the body weights were calculated
from live pups in each day.

Table 1. Body and Organ Weights of Dams Fed the Diets Containing Isoflavones at 0 and
0.5g/kg Diet and those of their Suckling Pups in Experiment 1a)

Isoflavones treatment (g/kg)

0 0.5

Dams (n)b) 4 5

Food intake for pregnancy (g) 321 � 32 277 � 50*

Food intake for lactation (g) 381 � 46 332 � 46*

Body weight (g) 302 � 14 271 � 29

Liver weight (g/100g)c) 4.42 � 0.26 5.20 � 0.48*

Kidney weight (g/100g) 0.66 � 0.05 0.62 � 0.03

Brain weight (g/100g) 0.61 � 0.05 0.69 � 0.06

Spleen weight (g/100g) 0.21 � 0.02 0.23 � 0.03

Thymus weight (g/100g) 0.06 � 0.02 0.05 � 0.02

Suckling pupsd)

On day 2 after birth (n) 6 8

Body weight (g) 7.12 � 0.76 7.13 � 1.27

Liver weight (g/100g) 4.20 � 0.52 4.48 � 0.22

Kidney weight (g/100g) 1.05 � 0.09 1.03 � 0.13

Brain weight (g/100g) 3.68 � 0.30 3.90 � 0.48

Spleen weight (g/100g) 0.16 � 0.03 0.19 � 0.04

Thymus weight (g/100g) 0.18 � 0.05 0.15 � 0.04

On day 13 after birth (n) 16 20

Body weight (g) 35.1 � 2.0 30.5 � 2.4

Liver weight (g/100g) 2.95 � 0.16 2.84 � 0.16

Kidney weight (g/100g) 1.10 � 0.07 1.04 � 0.08

Brain weight (g/100g) 3.20 � 0.19 3.73 � 0.20*

Spleen weight (g/100g) 0.46 � 0.07 0.35 � 0.03*

Thymus weight (g/100g) 0.30 � 0.03 0.31 � 0.05

a) All values represent means � S.D. Within a row, values with asterisk are significantly different
from the control group at p < 0.05. b) The dams were killed by cardiac puncture on postnatal day 13.
c) g/100g body weight. d) Numbers of pups born of dams fed the diets containing isoflavones 0 g group
(4 dams) and 0.5 g (5 dams) group were (16, 12, 15, 15) and (12, 15, 12, 12, 9), respectively.
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proportional to their dose levels.

Experiment 3
The results obtained from Experiment 1 showed

the possible adverse effect of isoflavone mixture on
the reproductive function. The adverse effect could
not be ascertained in Experiment 2. Therefore, Ex-
periment 3 was performed to try to ascertain the ef-

fect by increasing the number of dams and isoflavone
contents in the diet, and by pair-feeding.

The body, placenta and fetus weights in Experi-
ment 3 are shown in Table 5. In Experiment 3, a
decrease in the body weight of dams in the isoflavone
group was observed in spite of the same food in-
takes in the control and isoflavone groups because
of pair-feeding. This result shows that isoflavone
mixture suppresses the body weight gain of dams.
However the weights of the placenta and fetus were
not significantly different between the control and
isoflavone groups. In this experiment, the number
of absorbed fetus tended to increase although not
significantly.

DISCUSSION

There is general agreement that soy-rich diets
can be beneficial to adults, but the benefits of feed-
ing infants soy-based formulas have been debated.
The basis of this controversy is that soy products
generally contain isoflavones, which can affect the
development of the reproductive system.

In Experiment 1, we found isoflavones in the
serum and stomach contents of the suckling pups
and in Experiment 2 and 3, we observed the transfer
of isoflavones to the fetus. Ratio of daidzein/
genistein in the isoflavone mixture used in this study

Fig. 3. Concentrations of Isoflavones in Blood of Dams Fed the Diets Containing Isoflavones at 0, and 0.5 g/kg Diet and those in
Stomach Contents and Blood of their Suckling Pups in Experiment 1

Within 24 hr of birth, litters were culled 10 pups for each dam. Two litters from each dam on d 2 and 13 after birth and dams on postnatal 13 were
killed by cardiac puncture. *: significantly different (p < 0.05).

Table 2. Concentrations of T3, T4, TSH and Luteinizing Hor-
mone (LH) in Blood of Dams Fed the Diets Con-
taining Isoflavones at 0 and 0.5 g/kg Diet and those
of their Suckling pup in Experiment 1a)

Isoflavone treatment (g/kg)

0 0.5

Dams (n)2 4 4

T3 (ng/ml) 0:80�0:08 0:80�0:08

T4 (pg/ml) 39:3 �1:09 40:5 �0:61

TSH (ng/ml) 6:80�0:82 7:30�1:30

LH (ng/ml) 2:30�0:18 2:28�0:05

Suckling pups

On day 13 after birth (n) 8 8

T3 (ng/ml) 0:90�0:08 0:85�0:09

T4 (pg/ml) 54:4 �0:57 53:1 �0:50

TSH (ng/ml) 6:90�0:88 8:13�1:96

LH (ng/ml) 2:09�0:68 2:21�0:55

a) All values are means � S.D. b) The dams were killed by
cardiac puncture on postnatal day 13.
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was 1.10. However, the ratios in all biological
samples were higher compared with the mixture. In
the Experiment 1, for example, the ratio in dam se-
rum was 3.00, while those in the stomach contents
and the serum of 13 days-old pup were 3.77 and 5.75,
respectively. On the other hand, in Experiment 2,
the ratios of the fetuses in 0.25 g/kg and 0.5 g/kg
groups were 4.47 and 3.77. The results showed that
genistein was rapidly metabolized and excreted com-
pared with daidzein, and therefore genistein contents
were getting to be low in order of dam serum, pup
stomach contents and the fetus or pup serum.

In the present study, we observed no obvious
parturition outcome in the dams fed the diet con-
taining the isoflavone mixture. Onozawa et al.26)

administered an isoflavone mixture at 500 µg/g body

weight, but they did not observe the effect on repro-
ductive function. We gave the diets containing
isoflavone mixture at 0.25, 0.5, and 1.0g/kg to the
pregnant and lactating dams. The dose level in
Onozawa et al. study26) was higher compared to those
in our study. Other studies also showed insignifi-
cant effects of isoflavones on the reproductive func-
tion. Winsniewski et al.27) and Lamartiniere et al.,28)

however, have reported that genistein and daidzein
did have some effect on the reproductive organs and
productive capacity. Further studies may well be
needed to clarify this issue.

Our study showed suppressed body weights and
food intakes of dams and suckling pups in the
isoflavone group. However, Experiment 3 revealed
that isoflavone mixture suppressed the body weight

Table 4. Concentrations of T3, T4 and TSH and LH in Blood of Dams Fed the
Diet Containing Isoflavones at 0, 0.25 and 0.5 g/kg Diet on Pregnant
day 20 in Experiment 2a)

Isoflavones treatment (g/kg)

0 0.25 0.5

T3 (ng/ml) 0:98�0:08 1:07�0:20 1:07�0:12

T4 (pg/ml) 25:0 �0:28 23:8 �0:83 28:0 �0:89

TSH (ng/ml) 5:67�0:98 6:27�0:71 6:62�1:32

LH (ng/ml) 1:35�0:36 1:49�0:35 1:53�0:52

a) All values are means � S.D.

Table 3. Body and Placenta Weights of Dams Fed the Diets Containing Isoflavones at 0, 0.25 and 0.5 g/kg
Diet and Body Weight, Heights and Anogenical Distance of their Fetus on Pregnant day 20 in
Experiment 2a)

Isoflavone treatment (g/kg)

0 0.25 0.5

Dams (n)b) 5 6 4

Food intake(g) 380 � 39 375 � 15 309 � 32*;**

Body weight (g) 423 � 28 419 � 21 371 � 47*;**

Placenta weight (g) 0.506 � 0.060 0.542 � 0.168 0.568 � 0.270

Fetusb)

Number/damc) 14.2 � 6.3 15.7 � 2.9 11.3 � 7.8

Body weight (g) 3.92 � 0.65 3.81 � 0.29 4.00 � 0.35

Height (cm) 4.40 � 0.26 4.37 � 0.15 4.42 � 0.39

Anogenital distance

Male (mm) 4.36 � 0.31 4.24 � 0.33 4.31 � 0.24

Female (mm) 2.46 � 0.21 2.47 � 0.21 2.51 � 0.17

Anogenital distance/height

Male 0.098 � 0.007 0.096 � 0.007 0.097 � 0.006

Female 0.058 � 0.006 0.058 � 0.005 0.058 � 0.004

a) All values represent means � S.D. b) Dams having fetus less than 3 were excluded from the data. c) Number of
fetuses contains those less than 3. *p < 0.05 compared with 0 g/kg diet. **p < 0.05 compared with 0.25 g/kg diet.
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Fig. 4. Concentrations of Isoflavones in Blood and Placenta of Pregnant Rats Fed the Diet containing Isoflavones at 0, 0.25 and 0.5g/kg
Diet and that in their Fetuses on Pregnant day 20 in Experiment 2

(A): Genistein, (B): Daidzein. *: significantly different (p < 0.05).

Table 5. Body and Placenta Weights of Dams Fed the Diet Containing
Isoflavones at 0 and 1.0 g/kg Diet and Fetus Weight, Number of Ab-
sorption on Pregnant day 20 in Experiment 3a)

Isoflavones treatment (g/kg)

0 1.0

Dams

N 10 10

Food intake (g) 199 � 5 200 � 5

Body weight (g) 340 �15 315 �31*

Placenta (g) 0:453� 0:051 0:470� 0:032

Fetus

Numbers/dam 16:2 � 2:0 14:6 � 4:2

Weight (g) 3:39 � 0:25 3:44 � 0:48

Number of absorption 0:9 � 1:3 2:1 � 2:3

a) All values represent means � S.D. Within a row, values with asterisk are signifi-
cantly different from the control group at p < 0.05.
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gain even at the same food intake under pair-feed-
ing condition. Some reports have shown that
isoflavones and genistein reduced the food intake in
rats and mice.15,29) Our result also revealed an effect
of isoflavones on body weight gain induced partially
by reduced food intake and partially by other mecha-
nisms. Nogowski et al.30) demonstrated that dietary
genistein had a direct effect on lipid metabolism in
liver and adipose tissues in decreasing triglycerides.
It was shown that genistein induced lypolysis and
inhibited de novo lipid synthesis in 3T3-L1
adipocytes.30)

Our study showed no effect of the isoflavone
mixture on the serum thyroid hormone. Deficiency
of the thyroid hormone is known to produce goiter
in humans and has been reported in infants receiv-
ing an exclusively soy-based diet.31) Results of a bio-
chemical study by Divi et al.21) indicated that
genistein and daidzein in soy protein inhibited TPO,
an enzyme involved in iodothyronine hormone syn-
thesis. Chang and Doerge32) performed a study in
which male and female rats were fed the soy present
NIH 31 feed which contains approximately 30 ppm
each of genistein and daidzein. Their study showed
the loss of more than 50% of TPO activity. The in-
hibition was abolished in the presence of iodide
ions.22)

Chang and Doerge also reported that in rats ex-
posed to genistein in the diet for 20 weeks, the ac-
tivities of TPO in male and females were reduced,
but there were no differences in thyroid hormone
levels in serum, thyroid weights, and histopathol-
ogy between the genistein-treated and untreated
groups.32) These results suggested that even though
substantial TPO activity was sufficient to maintain
thyroid hormone homestasis.

In this study, we did not determine the differ-
ence in the effect between male and female pups.
Previous reports have suggested that soy isoflavones
might have some adverse effects mainly on the preg-
nant animals and their suckling pups (both male and
female).20) Faqi et al.,33) however, observed that a
soy isoflavones mixture had no effect on body weight
and reproductive parameter of adult rats even at high
level (2000 mg/kg diet). It is likely therefore that
dietary isoflavones might mainly influence the dams
and their pups.

Our results showed the possibility of adverse
effects on endocrine functions and /or others in an
animal study at doses well in excess of levels nor-
mally associated with human dietary intake. Japa-
nese mean intake of soy isoflavones was reported to

be 30 mg/day (0.5 mg/kg body weight).34) In this
study, dams have ingested approximately 100 mg/
kg body weight, two hundred fold increase in the
mean Japanese intake ratio. Therefore the results of
this study can not be directly extrapolated or applied
to an effect on the human body.

As Soyact used in this study is utilized for
healthy foods, it is important to ascertain its safety.
There is a large variability of isoflavone composi-
tion among soybeans, soy-based food products and
healthy foods, and most dietary sources contain a
mixture of pre-dominantly glucosides of genistein
and daidzein. There is a well-known difference be-
tween the two isoflavones in terms of their metabo-
lism and affinity to estrogen receptors. Further stud-
ies are therefore needed to clarify the difference in
the biological effects of these two isoflavones.
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