Soy isoflavones affect platelet thromboxane A, receptor density
but not plasma lipids in menopausal women™
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Abstract

Objectives: It has been suggested that isoflavones protect the cardiovascular system, in part by improving lipid profile. The
purpose of the present research was to examine the effect of a 12-week soy isoflavone supplementation on lipoprotein status and
platelet thromboxane A, receptor density.

Methods: Twenty-nine healthy postmenopausal women were invited to take part in a randomised study to receive either
100 mg/day isoflavone supplement (n = 15) or identical placebo capsules (n = 14). Blood samples obtained at baseline and after
12 weeks were analysed for isoflavones, total cholesterol, high density lipoprotein cholesterol, triglycerides, glucose, insulin,
estradiol, testosterone, gonadotrophins, sex hormone-binding globulin (SHBG) and platelet thromboxane A, receptor density.
Blood pressure measurements, body mass index, subcutaneous fat at entrance and at the end of treatment were also registered.
Changes in variables between groups were compared by ANOVA for repeated measures.

Results: Blood pressure, body mass index, subcutaneous fat, insulin, serum lipoprotein, sex hormones and SHBG did
not differ among groups. However, platelet thromboxane A, receptor density declined significantly (from 181.9 £30.9 to
115.2 4 16.2 fmol/10® platelets) in the experimental group, remaining mostly unchanged in the placebo group (176.3 +27.3 to
170.4 & 28.2 fmol/10® platelets). The dissociation constant (Ky) values were unchanged. The change in platelet thromboxane A,
receptors correlated negatively with isoflavones serum concentration (r=—0.59, p <0.001).

Conclusions: In this study we demonstrated that the beneficial effects of isoflavones in menopausal women could be more
related to platelet function than to improving classical cardiovascular risk factors.
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1. Introduction

Isoflavones, a group of biologically active com-

E— pounds found in soybeans and other legumes, bind
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cardiovascular disease risk [4], also that soy supple-
mentation is associated with a reduction of lipopro-
teins in both hypercholesterolemic and normocholes-
terolemic subjects [5—7] and with an improvement in
biomarkers of lipid peroxidation and vascular reactivity
[8,9]. However, other studies have failed to demonstrate
an effect on serum lipids using 80 mg isoflavone/day
in postmenopausal patients [10]. Few previous clin-
ical studies, however, have examined the effects of
isoflavone supplement consumption on thromboem-
bolic factors.

Platelet aggregation is an important component of
the haemostatic mechanism that prevents undesired
bleeding. Several aggregation pathways have been
described, one of which is the thromboxane path-
way. Thromboxane A, (TxAj), main cyclooxygenase
metabolite of arachidonic acid in platelets, acts through
a membrane surface receptor to aggregate platelets and
constrict vascular smooth muscle [11]. TxA> synthesis
is increased in a variety of thrombotic cardiovascular
conditions [12,13], and receptor density is increased
during acute myocardial infarction and pregnancy-
induced hypertension [14,15]. This study was designed
to evaluate the effects of a 3-month soy isoflavone sup-
plementation on sex hormones profile, lipid profile, and
TxA» receptor density in postmenopausal women.

1.1. Subjects and methods

The study protocol was reviewed and approved by
the Institute of Nutrition and Food Technology, Uni-
versity of Chile Review Board Human Subjects Com-
mittee.

1.1.1. Study participant

Twenty-nine women, aged 45-60 years, were
recruited from Santiago Metropolitan Area, and gave
written informed consent to participate in this study.
To be eligible for this study, women had to be in
menopause at least 6 months, have FSH levels over
20 IU/L, without any type of hormonal treatment dur-
ing previous 6 months, and not currently using lipid-
lowering drugs, soybean-derived products, or herbal
supplements diets. Exclusion criteria included: no
cigarette smoking within the last 5 years, diabetes,
heavy alcohol consumption (more 30 g/day), hyperten-
sion, abnormal uterine bleeding, and coexistent major
illnesses. Height and weight were measured by stan-

dard procedures and body mass index (BMI) was cal-
culated as weight (kg) divided by height (m?). The
skinfold thickness at the triceps and subscapular region,
for estimating subcutaneous fat, was measured twice on
the right side by using a Lange skinfold caliper (Beta
Technology Inc., Cambridge, MD, USA) and the aver-
age value was calculated, as was the subscapular-to
triceps skinfold ratio (STR). A fasting blood sample
was obtained to perform the following laboratory tests:
routine clinical laboratory (serum glucose, insulin, hep-
atic and renal screening tests, and TSH, estradiol (Ej),
testosterone, FSH, LH and SHBG, serum isoflavone
levels (genistein and daidzein) and TxA; receptor den-
sity. Volunteers were randomly assigned to receive two
daily capsules of a soybean isoflavones extract (50 mg
isoflavones per capsule; SoyLife® Netherlands B.V.)
or identical placebo during 12 consecutive weeks. The
study coordinator and investigative team performing
the blood collection, and assays were blinded to the
group assignment.

1.2. Laboratory measurements

1.2.1. Routine laboratory and hormone serum
levels

Commercially available RIA kits (Diagnostic Prod-
uct, Los Angeles, CA, USA) were employed to mea-
sure concentrations of Ej, testosterone, insulin, FSH
and LH. Circulating SHBG was determined by double
antibody RIA, using [!2°I]-labeled hormone (Diag-
nostic Product, Los Angeles, CA, USA). The inter-
assay coefficients of variation were 7.7, 14.7, 6.3, 10.3
and 1.8% for E,, testosterone, insulin, FSH-LH, and
SHBG, respectively. Serum levels of total cholesterol
and triglycerides were measured by enzymatic tech-
niques, and HDL-cholesterol by precipitating the other
lipoproteins with heparin and manganese chloride [16].
Low-density lipoprotein (LDL) cholesterol was cal-
culated using the Friedwald equation. The results are
based on duplicated assays.

1.2.2. Isoflavones determination

Total isoflavones in plasma and total isoflavones
in soybean extract samples were analyzed by HPLC.
In the present study, total daidzein and total genis-
tein are each defined as the amount of nonconju-
gated analyte plus the amount of nonconjugated ana-
lyte that is released after treatment of the samples
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with B-glucoronidase and aryl-sulphatase (Sigma St.
Louis, MO, USA). The nonconjugated isoflavones
were extracted as previously described [17], and
isoflavones isolation was done by reverse-phase HPLC
[18]. Detection was by dual-wavelength ultraviolet
absorbance (250nm for daidzein, 262 nm for genis-
tein) and quantification by comparing the area under
the curve with reference standards of genistein and
daidzein (Sigma St. Louis, MO, USA). The effi-
ciency of each extraction was calculated by the addi-
tion of 3000dpm of [®H]-estradiol as an internal
standard.

1.2.3. Isolation of platelet for further TxA;
receptor assays

Blood samples were collected in monoject tubes
containing EDTA (5mmol/L), immediately cen-
trifuged at 200 x g for 15min at room tempera-
ture. The platelet-rich plasma was centrifuged at
400 x g for 12min to sediment the platelets. The
platelets were resuspended in fresh medium con-
taining 137 mmol/L NaCl, 5 mmol/L KCI, 1 mmol/L
MgCl,, 1 mmol/L CaCl,, 10 mmol/L glucose, 10 mmol
sodium-free HEPES, pH 7.4, and allowed to stand at
room temperature for 30 min. The platelet count was
adjusted to ~2 x 108 mI~! in a clear medium.

1.2.4. Equilibrium radioligand binding assay for
TxA; receptor determination

It was performed according to the method of Kattel-
man etal. [19]. Aliquots of platelet suspensions (0.4 ml)
were diluted to a final volume of 0.6 ml in the assay
buffer (140 mmol/L NaCl, 5 mmol/L KCl, 5.6 mmol/L
dextrose, 25 mmol/L. Tris—HCIl, pH 7.4) containing
1.0 mmol/LL aspirin and 0.1% BSA in the presence
of 8 nmol/L [3H]SQ—29548 (38 Ci/mmol; New Eng-
land Nuclear), and then incubated at 37 °C for 30 min.
The reaction was terminated by the addition of 2 ml
of ice-cold assay buffer followed by rapid filtration
under reduced pressure through Whatman GFC glass
fiber filters pre-washed with assay buffer. The tubes
and filters were rapidly washed with assay buffer (four
times with 2ml) and the radioactivity was counted.
Specific binding was defined as the amount of total
bound radioactivity minus that observed in the presence
of SQ-29548 (10 wmol/L). Saturation binding curves
were constructed using increasing concentrations of
[PH]SQ-29548 (0.1-9 nmol/L). The dissociation con-

stant (K4) and maximum receptor density (Bmax) were
calculated from Scatchard-transformed binding data
with iterative, mass action law-based curve-fatting pro-
gram LIGAND.

1.3. Statistical analysis

Based on the studies of the effect of isoflavones
on cardiovascular risk factors on monkey [20,21],
we hypothesized that isoflavone supplement would be
more effective than placebo in reducing plasma lipids
concentration. Thus, this study was designed to have
90% power to detect at least 15% total cholesterol and
LDL-cholesterol diminution in the isoflavone group.
Results are expressed as means + S.D. Significance
was considered at p<0.05. Comparison of variables
between groups at baseline was performed using Stu-
dent’s t-test. ANOVA for repeated measurements was
employed to study changes in parameters between and
within treatment groups. Statistical analyses were done
by Statistica for Windows® version 4.5.

1.4. Results

The two groups were well matched for baseline
characteristics, including blood pressure, lipids, body
weight, body mass index, subcutaneous fat (Table 1),
sex hormones (Table 2) and age (53 +3yr versus
54 £4yr). All volunteers were healthy, except for
mild hypertension detected in one woman. Hyperc-
holesterolemia (total cholesterol over 6.2 mmol/L) was
present in two cases and hypertriglyceridemia (serum
fasting triglycerides over 2.8 mmol/L) in one subject.
Women had been in amenorrhoea from 6 months to
16 years, and six reported occasional hot flashes. Vari-
ables exhibited a normal distribution, with exception
of E> and gonadotrophins. Few adverse reactions to
the soy supplement were reported, such as abdominal
bloating (one), and nicturia (one). Hot flashes remained
unchanged during the treatment.

Total isoflavones, measured in the soybean
extract capsules, contained 23.4+3.4mg daidzein
and 24.1 4.6 mg genistein; thus, subjects in the
experimental group ingested approximately 100 mg
isoflavones daily. All women assigned to isoflavones
group show a clear rise in plasma isoflavone
levels; thus, from negligible levels at baseline,
isoflavone serum levels rose 15-fold in the treat-
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Table 1
Morphological characteristics, lipid profiles and blood pressure reading in postmenopausal women treated with placebo or isoflavone for 12
weeks
Placebo group (n=14) Isoflavone group (n=15) p-Value
Baseline After treatment Baseline After treatment
Weight (kg) 67.1 £6.8 67.6 £ 6.3 63.0 £ 5.0 63.7 £ 5.8 0.70
BMI (kg/m?) 272 +£25 274 £26 26.7 £22 26.8 £ 2.5 0.70
STR 0.92 +£ 0.3 0.93 £ 0.3 093 £0.3 092 £ 0.4 0.70
Cholesterol (mmol/L) 4.8 £0.5 4.8 £0.6 55+ 1.0 58 +0.7 0.31
HDL-cholesterol (mmol/L) 1.8 £ 0.6 1.7+0.2 1.4 £0.3 1.8 £ 04 0.40
LDL-cholesterol (mmol/L) 29+ 0.3 3.1+04 34+04 3.7+03 0.70
Triglycerides (mmol/L) 1.4 +£02 1.4 +£0.2 1.3 +£0.2 1.4 £0.2 0.31
Apo A-1 (g/L) 1.3+£05 1.1 £04 12+ 0.6 1.5+05 0.32
Apo B (g/L) 1.78 £ 0.1 1.82 £ 0.2 1.86 £ 0.2 1.8 £0.2 0.41
SBP (mmHg) 124.0 £ 17 117.1 £ 18 1190 £ 8 116.2 £ 14 0.14
DBP (mmHg) 783 £ 1.3 752 £ 09 76.2 £ 0.8 784 £ 1.1 0.40

Values are given as the mean £ S.D. BMI, body mass index; STR, subscapular-to-triceps skinfold ratio. SBP, systolic blood pressure; DBP,

diastolic blood pressure.

ment group (69.2 £ 7.9-1000 % 89.2 nmol/L), remain-
ing unchanged in the placebo group.

No significant changes were observed in blood
pressure and lipoprotein serum level (Table 1) nor
insulin, glucose, sex hormones, gonadotrophins and
SHBG (Table 2), within either the placebo or the
isoflavone groups. Neither anthropometrics measure-
ments (body mass index and skinfold thickness)
revealed differences in fat distribution between the two
groups.

We evaluated binding of [*H]SQ-29548 to platelets,
where the Bnax and Kyg were analysed (Fig. 1). As
shown, [3H]SQ-29548 bound to TxA; receptors in
a saturable manner; isoflavone treatment significantly
decreased the TxA, receptor density (Bmax). In con-
trast, the Scatchard analysis of the binding reveals
that the K3 before and after treatment was similar
(1.7 nmol/L versus 1.5 nmol/L, respectively).

Platelet TxA, receptor density decreased signifi-
cantly only in isoflavone treated subjects (p <0.02),
compared to the placebo group (Fig. 2). This decrease
was not related to baseline levels, which varied amply,
and was negatively correlated with the change in
isoflavone serum levels (Pearson’s correlation coeffi-
cient=—0.74, p<0.01).

2. Discussion

The results of the present double-blind, randomised,
placebo-controlled study indicate that supplementa-
tion with soy-derived isoflavones had no significant
effect on body weight, body mass index or periph-
eral subcutaneous adipose tissue, and also was ineffec-
tive in reducing total serum cholesterol, triglycerides
in healthy postmenopausal women. In addition, there

Table 2
Hormones profile and isoflavones level in postmenopausal women treated with placebo or isoflavone for 12 weeks
Placebo group (n=14) Isoflavone group (n=15) p-Value
Baseline After treatment Baseline After treatment
FSH (IU/L) 922 £45.7 77.6 £ 35.7 83.2 +37.7 90.9 £ 26.8 0.30
LH (IU/L) 355 £ 10.6 277 £ 85 439 £+ 233 442+ 114 0.41
SHBG (nmol/L) 55.3 £ 46.3 492 £ 226 50.0 £ 15.8 51.1 £ 19.1 0.15
E> (pmol/L) 37.5 £ 149 415 £ 15.1 41.6 £ 15.7 423 +£16.3 0.53
Testosterone (nmol/L) 0.94 £+ 0.24 0.86 &+ 0.21 1.04 £ 0.22 1.14 £ 0.21 0.80
Fasting insulin (pmol/L) 714 £ 8.5 68.6 + 6.8 64.8 + 6.1 59.2 £ 5.7 0.18
Total isoflavones (nmol/L) 61 £5.1 52 + 6.1 69.2 +79 1000 + 89.2 <0.01

Values are given as the mean &= S.D.
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Fig. 1. Representative Scatchard analysis of equilibrium binding
data of postmenopausal women who received isoflavone supplement.
The two curves represent the pretreatment period (A) and the 12-
week treatment (@). The Ky values were 1.7 and 1.5 nmol/L, and
the Bmax value was 159 and 107 fmol/108 platelets for basal and
isoflavone treatment, respectively. B, bound; F, free.

were no significant differences in the lipoprotein frac-
tion (HDL or LDL cholesterol), and the isoflavones
supplementation did not alter systolic or diastolic
blood pressure. The hypothalamic—pituitary—gonadal
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Fig. 2. Graph showing changes in platelet thromboxane A, (TxA2)
receptor density. Isoflavone treatment () was associated with sig-
nificant decrease (p <0.02) in Bp,x compared with placebo (@) and
with the baseline values. Data are mean =+ S.D. Isoflavone, n=15;
placebo, n=14.

axis and production of SHBG were also unaffected
by isoflavones treatment. The only unexpected finding
relative to thrombotic cardiovascular disease risk fac-
tors concerned platelet TxA, receptor density, which
significantly decreased after 3 months of isoflavones
supplementation.

In the current study, baseline levels of serum
isoflavones were similarly low in both groups. Twelve
weeks of a soybean extract supplementation resulted in
a significant 15-fold increase in genistein and daidzein
serum concentrations, whereas, no change was noted
in the placebo group. Despite some variability demon-
strated with soybean and phytoestrogen equivalent
intake, serum isoflavone concentration is still con-
sidered a reliable reflection of dietary phytoestrogen
intake and their bioavailability.

Isoflavones have been promoted as good candidates
for the beneficial lipoprotein changes attributed to soy
protein [22]. However, our results along with previous
investigations on the effect of isoflavones supplemen-
tation in postmenopausal women, does not support this
general hypothesis [23,24]. It has been suggested that
the cholesterol-lowering effects of soy are strongly
associated with higher level of isoflavone of soy pro-
tein matrix [25]. In the present study, the subjects
were mostly normocholesterolemic, and the dose of
isoflavone used (100 mg/day) was 1.5-2 times higher
that reasonably expected with a soy-based diet. In this
aspect, the conditions of the present study should have
been optimal for the detection of any hypocholes-
terolemic effect. These results strongly suggest that
isoflavone treatment, as a supplement, probably plays a
limited role in modifying serum cholesterol in middle-
aged women.

In the present study, isoflavone supplementation had
no effect on SHBG values, unlike a previous inves-
tigation in postmenopausal women, in which a posi-
tive relationship between serum isoflavone and SHBG
concentration was found, following the consumption
of soymilk for 10 weeks [17]. Several studies have
provided evidence that isoflavones can modulate the
SHBG concentration of postmenopausal women, but
the data are not entirely consistent [26,27]. These
contradictory results could be a consequence of dif-
ferences in length of supplementation and type of
isoflavone ingested [28]; however, the mechanism
by which soy affect SHBG concentration remains
unresolved.
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Excessive platelet aggregation plays a role in the
pathogenesis of several cardiovascular diseases events,
including stroke and myocardial infarction. Evidence
of platelet involvement in these syndromes includes
increased TxA; synthesis and increased platelet TxA»
receptor density [14,29]. The significant decrease
in platelet TxA, receptor density associated with
isoflavone supplementation observed in the present
study was surprising. The incidence of myocardial
infarction is significantly greater in men than in women
who have not experienced menopause [30], but the dif-
ference disappears after menopause. Testosterone, the
principal circulating androgen in men, has been impli-
cated as one of the risk factors in this phenomenon.
Interestingly, administration of testosterone to nor-
mal volunteers also increased platelet TxA, receptor
density [31]. In experimental animals, the treatment
of rats with testosterone increased platelet and aortic
membrane TxA; receptors [32]. In those animals it
has recently been reported that genistein prevented in
vivo thrombogenesis and in vitro platelet aggregation
induced by collagen [33].

In consideration to differential distribution of TxA,
receptor in the human cardiovascular system, and the
alteration of the receptor density in cardiovascular dis-
ease, it has been suggested that TxA, receptors rep-
resent a significant target for therapeutic intervention
and highlights the importance for the development of
novel selective products for prevention of cardiovascu-
lar conditions [34]. Our observations raise the possibil-
ity that the decrease in platelet TxA; receptor density,
by isoflavone supplementation, contributes to reduce
the risk of thrombogenesis. Although we did not study
platelet function, the decrease in TxA, receptor den-
sity would imply an attenuation signal for other more
potent agonists, such as thrombin and ADP.

To our knowledge, the present study is the first
to study the relationship between the intake of an
isoflavone supplement and platelet TxA» receptors in
human. The molecular mechanism by which isoflavone
decreases platelet TxA, receptor density cannot be
elucidated by this study. However, it is unlikely to
be due to binding to estradiol receptors, as other
hormonal effects, since estradiol replacement therapy
in postmenopausal women has no effect on platelet
TxA; density receptor (unpublished observations). The
decrease in receptor density is also unlikely to be a
consequence of the action of isoflavones on andro-

gen production. Testosterone and SHBG did not dif-
fer between placebo-group and isoflavone treatment
women; in menopausal women, almost 100% of sex
steroids are synthesized in peripheral tissues from pre-
cursors of adrenal origin, except for a small contri-
bution from ovarian and/or adrenal testosterone and
androstenedione [35]. Plasmatic dehydroepiandros-
terone (DHEA) and its sulphate, DHEA-S, provide the
level of substrates required for conversion into andro-
gen and estrogen [36]. DHEA and DHEA-S were not
measured in this study, but it should be explored in
further investigations since it has been demonstrated
that isoflavones are inhibitors of steroid-metabolising
enzymes: steroid sulphatase and steroid sulphotrans-
ferase [37]. In summary, 100 mg/day of a soy isoflavone
extract for 3 months had no effect on blood pres-
sure, nor significant impact on lipid, lipoprotein and
sex hormone levels in healthy middle-aged women.
Additionally, the isoflavone supplement significantly
reduced the platelet TxA; receptor density. These
findings may be helpful in elucidating how dietary
isoflavones may modulate platelet function and explain
how phytoestrogen-rich foods are claimed to have ben-
eficial effects on the cardiovascular system.
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