
Journal of Pharmaceutical and Biomedical Analysis 41 (2006) 957–965

Concentrations of isoflavones in plasma and urine of post-menopausal
women chronically ingesting high quantities of soy isoflavones

J. Mathey a, V. Lamothe b, V. Coxam a, M. Potier b, P. Sauvant b, C. Bennetau -Pelissero b,∗
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b Unité Micronutriments, Reproduction, Santé, ENITA Bordeaux, CS 40201, 33175 Gradignan Cedex, France

Received 24 October 2005; received in revised form 23 January 2006; accepted 25 January 2006
Available online 2 March 2006

Abstract

Soy food or food supplements based on soy containing isoflavones (Isos) are increasingly available in Western countries. However, the variability
of Isos levels in urine and plasma in humans during chronic ingestion is poorly documented. Nevertheless, this is the way these compounds will most
probably be used in the future, especially if the soy-based supplements market goes on increasing. Here, glycosilated Isos in an enriched extract
of Prevastein equal to 100 mg of equivalent Isos aglycone was given daily to 27 post-menopausal women for 30 days and to 12 post-menopausal
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omen for 60 days. Volunteers were given Prevastein in a cereal bar (25 mg Isos) and in a yoghurt (25 mg Isos) both at breakfast and dinner.
lasma samples were collected after overnight fasting. Urine samples were aliquots of a 24 h collection checked on volume and creatinin excretion

evels. Genistein, daidzein and equol were measured at day 0 and every 15 days afterwards, using original specific ELISAs. Constant levels were
eached from the 15th day. About 59.2% of the volunteers were significant equol producers in the first experiment and 58.3% in the second. A
arge variability in plasma and urine levels was observed among post-menopausal women consuming 100 mg Isos per day, although remaining
elatively stable in each individual subject. This could partly account for the controversial effects of Isos recorded so far in clinical studies. So Isos
lasma levels would have to be assayed during chronic exposures, and could help to better understand the large variability of the effects classically
bserved in clinical studies. ELISA techniques could be easily exported to analytical laboratories to help physicians and nutritionists with their
rescriptions.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Soy isoflavones (Isos), and especially genistein and daidzein
rom soy extracts, are now increasingly used in Western coun-
ries as diet supplements for post-menopausal women. Indeed,

ore than 100 supplements based on soy Isos were recently
nventoried in France in April 2005 (Phytohealth CP4, WP1).
n this specific case, supplement providers sometimes indicate
two times daily intake: one in the morning and one in the

vening. However, very little data is so far available on the
lasma bioavailable fraction of soy Isos with such a dosage. Soya
s also advertised as a source of these Isos for post-menopausal
omen. These soy-based foodstuffs contain Iso amounts simi-

ar to food supplements based on soy [1]. The main claims of

∗ Corresponding author. Tel.: +33557350752; fax: +33557350759.
E-mail address: c-bennetau@enitab.fr (C.B. -Pelissero).

these foodstuffs or diet supplements are the reduction of climac-
teric symptoms [2], cardiovascular prevention and bone sparing
effects, although these commercialised preparations are still con-
troversial [3]. Indeed, for climacteric symptoms no clear dose –
response effect can be detected from the data published in the lit-
erature [2,4,5]. The preservation of bone density is a promising
issue, since, up to now, studies conducted on animals, in vitro
on human and animal bone cells and in clinical investigation all
showed a bone sparing effect either with high soy intake or with
treatment with high concentrations of Isos [6–13]. However, the
mechanisms of the action of Isos remain to be clearly determined
before Soy or Isos could be used to prevent osteoporosis. In any
case, if the bone sparing effect is conclusively proven, this effect
could be of great interest nowadays as elderly women represent
an ever-increasing percentage of the Western population. Even
though Isos are sometimes considered as a good alternative to
HRT [2], controversy still remains as to their effect on a devel-
oping breast cancer [14–17]. As long as patients and physicians
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are aware of such restrictions in usage, Isos can probably be used
safely in most cases.

In this context, and because soy-based supplements are cur-
rently taken for several weeks once or twice a day, and because
soy food as healthy food can be consumed regularly, it seemed
interesting to measure the plasma fraction of genistein and
daidzein (i.e. the main soy Isos) in such conditions of usage.
Daidzein’s main metabolite, equol, that appears now to be a very
active compound [18–20], was also investigated. Several stud-
ies performed on a unique intake [21–23] have already reported
the plasma and urinary pharmacokinetic parameters of Isos.
More recently, other studies [24–27] contributed to confirm the
pharmacokinetic parameters first obtained, although minor dis-
crepancies sometimes appeared in T1/2 and Tmax values.

Few studies so far have provided information about Isos
plasma levels during chronic ingestions [1,21,28–30]. In this
context the present work, which is a double blind clinical study,
was carried out on post-menopausal women chronically supple-
mented (for 30 or 60 days) with soy-enriched food providing
100 mg Isos/day, expressed in aglycone equivalents to assess
Isos bioavailability.

2. Experimental

2.1. Volunteers
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this restriction, all women maintained their usual feeding habits.
In the first experiment, all 27 women received 100 mg of Isos
(expressed in aglycone equivalents) per day, 50 mg in the morn-
ing at breakfast and 50 mg in the evening at dinner. Isos were
concealed in a cereal bar (25 mg) and in a yoghurt (25 mg).
This supplementation was carried out for 30 days. In parallel,
12 post-menopausal women accepted to have the same yoghurt
and cereal bars at the same rhythm for 60 days. Although they
were present in food as glycosylated forms, Isos were always
expressed in aglycone equivalents. According to the volunteers
bodyweight, the intake ranged from 1.6 to 1.4 mg/kg bw. This is
higher than the dose recently recommended by the French Food
Agency for consumers, but in this study a medical survey was
organized and the test only lasted for 60 days at the very max-
imum. In addition, in several studies scientists previously used
even higher doses of isoflavones without any trouble [32,33].

2.3. Compliance control

The Isos preparation Prevastein (Prevastein®HC, Eridania
Beghin-Say, Thumeries, France) was assayed before starting the
experiment and was determined to contain 46.19 g of total Isos
expressed in the aglycone form per 100 g of preparation. The
proportions were as follows: genistin 55–75%, daidzin 20–40%,
glycitin 1–5%. Blood sampling was performed in the morning
after over-night fasting at day 0 and every 15 days thereafter.
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Thirty-nine post-menopausal women aged 47–73 years old
median age: 59) and with a Body mass index (BMI) between
7.5 and 34.6 (median: 26.0) were enrolled in two clinical stud-
es. All were recent post-menopausal women and had their
ast menstruations one year before. Their LH levels were in
ccordance with a post-menopausal status. In the first study,
7 volunteers accepted to take Isos in yoghurt and cereal bars
or 30 days. In the second study, 12 other volunteers accepted
o take Isos in yoghurt and cereal bars for 60 days. Compli-
nce was encouraged with regular phoning and checked weekly
n remaining food items. No problem of any kind was noticed.
one of them had HRT or digestive troubles or a diet that could
ossibly interfere with the study (vegetarian, high fiber or regular
oy consumption). Dietary records were collected and analysed
hich showed that the dietary Isos intake, excepting that of the

reatment, ranged from 0.026 to 0.1 mg/day according to the
rench Isos data-base established by AFSSA [31]. This is within

he range of standard French consumption. Each volunteer was
nformed about the study. They were not involved in other stud-
es and they all agreed to consume yoghurts or cereal bars. The
comité Consultatif de Protection des Personnes se prêtant à
es Recherches Biomédicales) CCPPRB of Clermont - Ferrand
ranted ethical approval. Volunteers affected with food allergies,
r having taken antibiotic medications during the study or up to
hree months before, were excluded.

.2. Isoflavone intake

At recruitment, women were asked not to eat soy or soy prod-
cts except soy lecithin (devoid of Isos) for 3 weeks before the
tudy started and for the whole duration of the study. Except for
wenty-four hours urine samples were obtained from the vol-
nteers at the same time during the two studies. In addition, a
4 h urine collection was organized at day 5 and urine samples
ere analyzed for equol production. Checked on both volume

ollected and the levels of creatinin in the urine, the compliance
or the 24 h collection was found to be 87.8% in the first 30 days
xperiment and 84.5% in the second 60 days experiment. Blood
as taken using heparinised vacutainers and spun for 10 min at
0,000 g in order to separate the plasma and blood cells. Plasma
amples were collected and stored at −20 ◦C until analysis. The
wenty-four hours urine samples were collected onto ascorbic
cid (1 g/L) and 5 mL aliquots were collected after homogeni-
ation and before being stored at −20 ◦C. Creatinin in urine was
ssayed according to Jaffé’s reaction [34].

.4. Chemicals used

All chemicals came from SIGMA, (L’isle d’Abeau Chesne,
rance) unless otherwise mentioned. Secondary antibody was
upplied from Dako (Trappes, France). �-glucuronidase aryl-
ulfatase was supplied from Roche Diagnostique (Meylan,
rance). Ethyl acetate and ethanol came from ICS (Belin-Beliet,
rance).

.5. The ELISA technique

All assays were performed using specific ELISA techniques
or genistein, daidzein and equol. These techniques were per-
ormed as described elsewhere [1,35,36]. Briefly, samples were
ydrolysed with � glucuronidase-aryl sulfatase for 48 h at 37 ◦C,
nd extracted using ethyl acetate before assay. Enzyme activ-
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ity was checked on a genistin solution run in parallel in the
same conditions. The extraction procedure was checked on a
genistein solution extracted in parallel. Standard solutions were
prepared using phytoestrogens synthesized according to previ-
ously described methods [37] and stored at 4 ◦C when not being
used. Microtitration plates were coated with thyroglobulin-
hapten conjugates. Antibodies were raised in rabbits against the
same hapten but linked to bovine serum albumin. Serial dilutions
of the analytes were prepared as standard curves and run on each
microtitration plate in parallel with unknown samples. The sec-
ondary antibody was swine anti-rabbit immunoglobuline linked
to peroxidase. o-phenylenediamine was used as substrate for
peroxidase. The reaction was stopped with H2SO4. ODs were
read at 490 nm. The inter- and intra-assay variations as well as
the sensitivity of the technique, are reported in previous works
[1]. As validation of the ELISA technique, day 5 urine samples
were analysed using an HPLC method according to [38]. The
results obtained on urine samples treated with both techniques
fitted correctly.

2.6. Statistical analysis

Statistical analysis was performed using Jump Software fifth
version for Windows. Variance comparison was performed using
the Log-Anova test and mean comparisons were performed
using Student t-test.
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Fig. 1. Evolution of isoflavone plasma levels in menopausal women on French
habitual diet supplemented with 100 mg prevastein. Plasma samples were col-
lected 11 h post-dosing. Prevastein was delivered in yoghurt (25 mg) and cereal
bars (25 mg) taken together both on breakfast and dinner. 1a give data obtained
on a 30 days intake (n = 27) and 1b data obtained on a 60 days intake (n = 12).

plasma, the situation is inverted in urine. Indeed, the daidzein
excretion is consistently higher than that of genistein for both
experiments, according to the T and Anova tests.

3.3. Equol production

Sixteen out of the 27 women (59.2%) involved in the 30 days
study produced equol, as measured in their plasma and urine
samples. In the second experiment lasting 60 days, 7 out of
12 women (58.3%) were found to be equol producers. Equol
production does not seem to be markedly modified when Isos
consumption is maintained. Indeed, in some cases, the produc-
tion was always elevated with, plasma concentrations ranging
from 0.56 to 0.72 �M from D15 to D60 while in some other
cases it always remained low with values ranging from 0.23 to
0.29 �M from D15 to D60. All the equol producers detected
after 15 days of treatment remained producers during the whole
duration of the study. On the other hand, when a volunteer was
detected as a non equol producer at day 15, she remained a
non producer during the whole study, i.e., her equol production
remained non detectable during the study. There was only one
exception.
. Results

.1. Measurements at day 0 and day 5

Measurements were performed on plasma and urine sam-
les at day 0 before the experiment started. None of the Isos
ssayed were found to be detectable. Therefore, dispersion
nd correlation values will not be presented at day 0 here-
fter. Although no data on plasma are available at day 5,
4 h urine collection allowed Isos measurements in urine sam-
les. Values recorded for the first experiment were compared
o those measured later during the experiment and were not
ound to be significantly different. Indeed, in the first exper-
ment genistein, daidzein, equol and total Isos mean concen-
ration ± S.E.M. were respectively: 52.57 ± 7.74, 73.53 ± 7.35,
5.93 ± 2.71 and 134.37 ± 13.24 �Mole excreted per 24 h. In
he second experiment, the values for genistein, daidzein, equol
nd total Isos were 40.55 ± 6.84, 66.97 ± 10.71, 15.72 ± 5.73,
15.38 ± 17.10 �Mole excreted per 24 h, respectively.

.2. The evolution of mean concentrations with time

The evolution of mean plasma concentrations ± S.E.M. are
resented in Fig. 1a for the 30 days experiment and in Fig. 1b
or the 60 days experiment. Fig. 1a and b show that the concen-
rations measured at day 15 (D15) were maintained thereon.

Indeed, the mean plasma concentrations were not signifi-
antly different from D15 to D60. The same pattern is noticed
n urine profiles (Fig. 2a and b). It can be noted that, although
he concentration of genistein is higher than that of daidzein in
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Fig. 2. Evolution of isoflavone urine excretion in menopausal women on French
habitual diet supplemented with 100 mg prevastein. Plasma samples were col-
lected 11 h post-dosing. Prevastein was delivered in yoghurt (25 mg) and cereal
bars (25 mg) taken together both on breakfast and dinner. 1a give data obtained
on a 30 days intake (n = 27) and 1b data obtained on a 60 days intake (n = 12).

3.4. Dispersion of values

Tables 1 and 2 give the dispersion criteria, including mean,
min and max and the variation coefficients (VC) for the two
experiments. These data show that Min–Max values are some-
times very different, sustaining the idea of a great variability
in individual bioavailability of Isos. In addition, the VCs were
relatively high (from 49 to 66% for the 30 days exposure and
from 42 to 76% for the 60 days exposure). In plasma, the highest
variability was recorded for daidzein (Table 1). The pattern is
identical for urine data (data not shown).

For the second experiment, mean concentrations and disper-
sion criteria are given in Table 2. Data are in accordance with that
of Table 1 and the variability is identical at all sampling times.
The pattern is identical for data obtained on urine samples (data
not shown).

Table 1
Dispersion criteria on plasma data collected during 30 days (n = 27)

Day 15 Day 30

Genistein
Mean 2.35 2.44
Min 0.72 0.92
Max 5.00 6.08
VC 53.11 55.42

Daidzein
Mean 1.31 1.53
Min 0.58 0.43
Max 3.82 4.27
VC 56.21 65.77

Equol
Mean 0.36 0.38
Min 0.04 0.03
Max 0.73 0.87
VC 51.46 60.70

Total
Mean 3.74 4.56
Min 1.36 1.61
Max 7.02 9.96
VC 49.31 54.85

Plasma samples were collected 10 to 11 h post-dosing.

3.5. Correlation between plasma and urine levels

Table 3a presents correlation coefficients (R) calculated from
the data collected at day 15 and 30 for the first experiment and
plotted separately. Coefficients were calculated on 22 samples
for genistein, daidzein and total Isos and 14 samples for equol.
Table 3b presents correlation coefficients (R) calculated on data
from the 12 volunteers participating to the second experiment.
All data collected from day 15 to day 60 were plotted on the same

Table 2
Dispersion criteria on plasma data collected during 60 days (n = 12)

Day 15 Day 30 Day 45 Day 60

Genistein
Mean 2.35 2.53 2.70 2.42
Min 1.21 0.71 0.82 0.84
Max 5.26 4.69 5.55 4.15
VC 51.61 57.36 58.72 50.44

Daidzein
Mean 1.46 1.85 2.00 1.54
Min 0.67 0.45 0.56 0.39
Max 2.77 4.54 4.56 3.54
VC 49.28 76.72 72.24 71.14

Equol
Mean 0.44 0.40 0.34 0.34
Min 0.22 0.21 0.13 0.17

T

P

Max 0.72 0.62 0.65 0.64
VC 52.74 46.32 57.26 44.90

otal
Mean 4.03 4.58 4.90 4.16
Min 2.42 1.34 1.41 1.87
Max 8.03 9.23 10.11 7.55
VC 42.90 57.47 58.87 51.03

lasma samples were collected 10 to 11 h post-dosing.
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Table 3a
Correlation coefficient (R) between plasma concentration (�M) measured
10–11 h post-dosing and urinary excretion (�M/24 h) at 15 and 30 days of
treatment

(R) Plasma vs. Urine D15 D30

Genistein 0.56 0.81
Daidzein 0.15 0.23
Equol 0.60 0.35
Total 0.16 0.33

Table 3b
Correlation coefficient (R) between plasma concentration (�M) measured 10 to
11 h post-dosing and corresponding urinary excretion (�M/24 h) of volunteers
from 15 to 60 days of treatment

(R) Plasma vs. Urine D15–D60

Genistein 0.59
Daidzein 0.36
Equol 0.76
Total 0.31

graph in order to produce statistically significant coefficients.
These correlation coefficients were calculated on 39 samples
for genistein, daidzein and total Isos, and 31 samples for equol.
It can be observed that the correlation coefficients (R) between
Isos plasma levels and Isos excreted in urine were globally low,
ranging from 0.15 to 0.81.

Table 4 presents data obtained on 4 volunteers from the
second experiment Tho 11, Gro 4, Cub 29 and Sal 34. It can
be seen that Tho 11 presented high plasma Iso concentrations
(mean: 7.03 �M; S.D.: 3.51) and high urinary excretion (mean:
153.11 �M/24 h; S.D.: 76.55) for each sampling time. In the
meantime Gro 4 and Sal 34 respectively presented significantly
lower plasma levels (mean: 2.70 �M; S.D.: 1.35) and (mean:
3.17 �M; S.D.: 1.59). However, their urinary excretions were
not significantly different from that of Tho 11. Under the same
conditions, Cub 29 constantly presented relatively low plasma
concentrations (mean: 3.57 �M; S.D.: 1.79) not significantly dif-
ferent however from Tho 11 and high urinary excretion (mean
149.37 �M/24 h; S.D. 74.68) nearly equivalent to that of Tho

11 (p = 0.8615). Finally when Cub 29 and Sal 34 excretion val-
ues were compared, they appeared to be significantly different
(p < 0.0001) while their plasma levels were nearly equivalent
(p = 0.5006).

4. Discussion

The specific ELISA techniques used in this study were previ-
ously validated in an international ring test organised by Acatris
International [1]. It was shown that for low Iso concentrations
in food, the assay is as good as other physicochemical tech-
niques, including HPLC-MS techniques. In the present study,
the assays were validated through comparison with HPLC-UV
and HPLC-CAD [39] (data not shown). All urinary samples
collected at day 5 were doubly analysed in order to identify
equol producers and validate the ELISA technique. These assays
were shown to be reliable and sensitive enough to assess low
doses in plasma samples and in urine samples. They offer the
opportunity to assay large numbers of samples in one run with a
simple extraction procedure before assaying, thus reducing costs
[1].

At day 0 no Isos were detected in the volunteers’ urine and
plasma, which is explained by the fact that the volunteers were
asked not to eat soy-food, except soy lecithin, for at least 3
weeks before the experiment began nor during the rest of the
experiment. Day 0 represents the controlled Isos intake. The
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Table 4
Plasma and Urine Isoflavonoids concentrations in 4 volunteers from the second exper

Plasma concentrations in four volunteers (�M)

Tho11 Gro 4 Cub 29 Sal 34

D
D
D
D
M
S
S
S

G ance i
15 8.03 3.32 2.42 3.17
30 6.57 2.59 3.23 3.61
45 6.89 2.60 4.83 3.36
60 6.62 2.30 3.80 2.55
ean 7.03 2.70 3.57 3.17

D 3.51 1.35 1.79 1.59
tat group a b ab b
ignificance .0001 .0013 .0001

roup of values shearing the same letter are not significantly different. Signific
olunteers filled in the food questionnaires, and the only soy
roduct which appeared to be consumed during the experiment,
as soy lecithin. Indeed, it is known that lecithin contains only
ery low levels of Isos [1]. In addition, the AFSSA-AFSSAPS
atabase [31] gives Isos consumption from food other than soy
n the typical French diet. It reports that a traditional French diet
lobally delivers to the consumers, quantities of daidzein plus
enistein from 0.026 and 0.100 �g per day. This is below the
stimation calculated for other European countries [40–45]. It
as then found that the global Isos intake in traditional French

oodstuffs is low (below 1 mg/day) and was considered to be
egligible compared with the 100 mg of Isos delivered everyday
uring the testing periods. Therefore, the Isos delivered by the
sual diet of each volunteer should have no effect on the large
ndividual variations in plasma and urine levels registered in the
tudy.

iment

Urine excretion in four volunteers (�M/24 h)

Tho 11 Gro 4 Cub 29 Sal 34

200.20 87.31 139.60 35.82
146.59 90.03 163.22 50.69
161.01 75.71 154.35 37.84
104.63 121.02 140.29 18.06
153.11 93.52 149.37 35.60
76.55 46.76 74.68 17.80
a ab a ac

.035 .86 .0013

s given from levels measured in Tho 11.
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Blood samples were always collected between 7:00 and 9:00
am after an overnight fasting, i.e., 10–12 h after the last Isos
intake. According to previous studies [1,21,22,26], at this time
Isos concentrations in plasma are known to rapidly decline.
Although it can sound questionable to tend to correlate Isos
plasma levels from spot samples collected several hours post
dosing, many other authors have already done this [23,32,45,46].
Commonly, the other authors performed their measurements
6–8 h post ingestion of Isos since it is known that the Tmax
values for isoflavones range from 6 to 12 h [21,22,47–49]. How-
ever, in chronic administration, a steady-state level is expected
and therefore Isos plasma levels are thought not to fluctuate a
great deal around the plateau value. Therefore, the sampling time
post ingestion does not necessarily have to be at Tmax as long
as it is constant for the whole study. For urine, 24 h excretions
were measured and corrected by creatinin excretion. Because
the study was performed in a double blind pattern all samples
were initially assayed but when urine volumes and creatinin did
not match the classical physiological data, the concentrations
were not used in the analysis.

Indeed, Ritchie and collaborators have shown that samples
of 24 h urine collections are reliable for Isos excretion measure-
ments as long as they are checked with p-aminobutyric acid
(PABA) [45,50]. In this experiment, PABA could not be used
for technical reasons.

As previously mentioned, 27 volunteers participated in the
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tion is higher than that of genistein. This is also in accordance
with the half-life of the compounds as measured previously in
human subjects by Setchell and collaborators [21,54,55] and as
reported by Rowland [56]. This, with the possible conversion
of daidzein into equol, may account for the poor correlation
globally observed between the daidzein plasma levels and those
recorded in urine (see Table 3a and b). Because urine levels do
not reflect the ingested proportions of genistein and daidzein
in this study, they may not be the best markers of chronic Isos
intake.

Equol producers in this study appeared to represent between
58% and 60% of the volunteers. This proportion is higher than
that reported in other studies (40% generally) [18,20,54,57] but
it could be due to the small size of the tested population or
to the sensitivity of the ELISA technique. Indeed, some of the
equol producers exhibited constantly low plasma and urine lev-
els during the experiment. If the ELISA technique had been less
sensitive these volunteers would have been considered as non-
equol producers. It must be noticed that one of the volunteers
who participated in the second study had undetectable equol
levels at the beginning of the experiment and low detectable
levels at day 30 and after. It is known that equol is produced
by the colon microflora through the metabolic transformation of
daidzein [23,54,55,58]. Recently, Decroos et al. found a mixture
of colon bacteria able to perform this transformation [59] but this
mixture is not always present in human gut. This explains why
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rst experiment (lasting 30 days) and 12 volunteers in to the
econd (lasting 60 days). Plasma levels recorded after overnight
asting reached a plateau as early as at day 15 in both experiments
nd did not evolve thereon. The plateau may have been reached
arlier but no plasma samples were collected to verify this. As
entioned earlier, a 24 h urine collection was organized at day
initially to check equol production among the volunteers and

alidate the ELISA technique on this matrix. All classical Isos
ere measured on these samples and the levels were not found

o be significantly different from those collected later. Although
hese are urine samples and may not exactly reflect the plasma
ompartment, this may indicate that the pharmacokinetic plateau
ad already been reached at day 5. However, this information
hould ideally have been verified on plasma samples and this still
emains to be validated. These findings may be in discrepancy
ith some previous findings obtained on animals and humans,
hich reported a modification of the pharmacokinetic proper-

ies of Isos in consumers after chronic Isos ingestions. Namely,
his modification was characterized by a decrease in Isos con-
entrations in plasma and urine after several days of chronic
ngestion [47,51–53]. However, the present data (Fig. 1a and b)
hows that plasma levels remain constant overall during a 60-
ay-period in post-menopausal women chronically exposed to
00 mg of Isos per day. This suggests that the kinetic remained
nchanged. Several authors [1,21,22,26] already suspected
his.

It was shown in this chronic exposure that, although daidzein
oncentrations in plasma were lower than those of genistein and
eflected the ingested proportions, the reverse was the case in
he urine samples. This is in accordance with previous studies
ndertaken on humans and rats [26] showing that daidzein excre-
uman subjects can be either equol producers or non-equol pro-
ucers. According to this study, it appears that the bacterial flora
esponsible for equol production cannot be simply induced by
he introduction of its precursor i.e. by a daidzein supplementa-
ion. However, this ability to produce equol appears to be very
mportant from a health point of view, and according to several
uthors, this compound seems to have particularly interesting
ealth effects [20,23,60]. Equol production via the management
f human intestinal flora may be a crucial issue in the years to
ome.

The levels of genistein, daidzein and equol in volunteers’
lasma and urine were globally highly variable from one sub-
ect to another (Tables 1 and 2), although the Isos intake was
lways the same. This is confirmed by Table 4 in which statisti-
al analysis was performed on plasma or urine levels collected
rom the same volunteer at each sampling time. In this table, the
roblems of urine collection cannot explain the lack of coher-
nce between plasma and urine levels. All data obtained on
rine samples were checked for both volume and creatinin excre-
ion. Furthermore, if urine collection had been incomplete, urine
evels would have presented much larger variations from one
ample time to another for the same subject. All our results are
n accordance with previous studies first reporting high varia-
ion in women’s urine excretion after 6–10 days of consumption
f moderate to high Isos quantities [23,25,32,61]. These results
re in accordance with those given in Table 3a and b that show
oor correlations between plasma and urine Isos levels. How-
ver, there is a discrepancy between our results and those of
itchie and collaborators [45,50]. These authors found corre-

ations above 0.80 between plasma and urine levels when they
ested various Isos intakes. In their studies, they worked with
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21 volunteers, having an Isos intake via Scottish food ranging
from 1.2 to 3.7 mg/day plus a supplementation of 28 mg of Isos.
They followed urine excretion with PABA and managed to dis-
tinguish the higher from the lower Isos intake, based on the
urinary excretion of Isos. Another study by Grace et al. [46],
showed an excellent correlation between plasma and urine lev-
els with Isos intake lower than in this study (3.9 and 14 mg/day).
The discrepancy between the results cited above and ours may
then be linked to the amount of Isos used. Indeed, Slavin et
al., who checked the urinary excretion of Isos after 6–9 days
of soy protein ingestion, also found good dose–response urinary
recovery. However, in their study Isos intake was moderate, from
9 to 36 mg/day. The authors concluded only on low to mod-
erate doses suggesting that recovery may be different at high
doses [61]. Furthermore, Tsangalis et al. [62] tested Isos doses
from 20 to 80 mg, in chronic ingestion. They showed a higher
inter-individual variation in urinary recovery when Isos were
consumed in glycoside forms (which is the case here) rather than
in fermented soymilk containing Isos predominantly in agly-
cone forms. They also mentioned that the correlation between
plasma and urine Isos levels was worse with glycosylated forms,
and that urine recovery decreased when the ingested quantity
increased.

All this suggests that several enzymes involved in Isos
bioavailability and excretion may be saturated by high doses of
Isos. Indeed, in these studies Isos intakes were repeated for one
o
b
w
t
o
n
a
(
p
o
g
a
a
e
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e
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T
p
b
i

w
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i
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t

a steady-state level in chronic intakes. Therefore, plasma levels
would be of great help in interpreting the variability of a clinical
effect.

Although the rhythm of Isos ingestion applied in this study is
comparable to that possibly advertised for food supplements,
it was performed under foodstuff supplementation. It must
then be considered that the food matrix may have influenced
the bioavailability of the Isos [68]. Therefore studies are still
required to check if the same patterns are obtained with food
supplements. Nevertheless, in this study all subjects received
the same preparations in the same conditions and therefore con-
clusions on inter-individual variations are relevant.

5. Conclusion

When French post-menopausal women were exposed to
100 mg of Isos per day for 30 or 60 days, plasma levels mea-
sured after over night fasting, remained stable from D15 until
the end of the experiment and mean urine levels were glob-
ally constant from day 5 till day 60. In this study there were
between 58 and 60% of equol producers. In each case, the level
of production maintained was nearly constant (either high, or
low) for the whole of the experimentation period regardless of
the daidzein ingested. Only one person became a low producer
from D30 after being considered as a non-producer at first.
As shown in this study, Isos concentrations were highly vari-
a
c
s
d
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e
w
w
n
c
u
b
I
a
t
t
l
a
i
c
t
t

A

R
b
f
I
N

r two months with a very regular rhythm. This rhythm resem-
les that of a medical prescription. In this particular case, it is
ell known from pharmacological studies that repeated inges-

ions of the same drug can lead to a steady-state level. The range
f this steady-state level is directly influenced by the intesti-
al resorption and total clearance of the administrated drug. For
constant resorption, a subject who exhibits a high clearance

i.e., in our case a rapid renal excretion) will exhibit a lower
lasma steady-state level. Both resorption and renal elimination
f xenobiotics are influenced by enzyme activities like gut �
lycosidase, hepatic or kidney phase I and II enzymes [63,64]
s well as by phase III transporters [65]. Indeed, enzymatic
ctivities are always influenced by genetic background [66] and
nvironmental factors (other nutrients or pollutants) [67]. In this
espect large inter-individual variations in resorption and renal
limination were expected. In addition, Table 4 shows that low,
edium and high renal excretion could be observed among the

olunteers (for Sal 34, Gro 4, Tho 11 and Cub 29, respectively).
hese results explain those presented in Tables 1 and 2. The
resent results would suggest that urinary excretion might not
e the best way to evaluate plasma levels consecutive to chronic
ngestion of large amounts of Isos.

Anyway, most of the health effects demonstrated with Isos
ere shown to follow dose-response patterns. Indeed, in this
ind of situation it is much more important to consider the
ose reaching the target tissues rather than the dose excreted.
herefore, although urine excretion could help determining Isos

ntake, plasma measurements appear to be much more reliable
n helping understand the effectiveness of a treatment. Providing
hese measurements are always performed at the same point of
he kinetic curve they are a good way to evaluate the range of
ble from one subject to another in both plasma and urine after
hronic oral administration, even though all women received the
ame amount of compounds. This is in accordance with previous
ata [47]. Considering the complex pathways involved in Isos
ioavailability and leading to resorption and clearance phenom-
na, such variability was not surprising. Urine and plasma levels
ere not very well correlated when data from different persons
ere plotted together. Therefore, urine levels were considered
ot to be the best biomarkers of Isos plasma levels in these
onditions of intake. Therefore, if clinical studies are further
ndertaken to check for the activity of Isos in humans, it would
e of great interest to systematically monitor plasma levels.
ndeed, because Isos have already been found to act following
dose-response pattern, the large variability in plasma concen-

rations could then account for at least a part of the variability in
he clinical responses. This hypothesis has already been formu-
ated in the past [26] but needs to be validated in future clinical
pproaches. If it is found that plasma levels explain clinical activ-
ty, a more rational approach to the effects of Isos treatment
ould be undertaken based on the measurement of Isos concen-
rations in plasma. The ELISA techniques could help greatly in
hat respect.
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par l’alimentation. Recommandations, AFSSA,2005,439.

[32] X. Xu, H.J. Wang, P.A. Murphy, L. Cook, S. Hendrich, J. Nutr. 124
(1994) 825–832.

[33] T. Izumi, M.K. Piskula, S. Osawa, A. Obata, K. Tobe, M. Saito, S.
Kataoka, Y. Kubota, M. Kikuchi, J. Nutr. 130 (2000) 1695–1699.

[34] H.P. Seelig, Z. Klin, Chem. Klin. Biochem. 7 (1969) 581–585.
[35] C. Bennetau-Pelissero, C. Le Houerou, V. Lamothe, F. Le Menn, P.

Babin, B. Bennetau, J. Agric. Food Chem. 48 (2000) 305–311.
[36] C. Le Houerou, C. Bennetau-Pelissero, V. Lamothe, F. Le Menn, P.

Babin, B. Bennetau, Tetrahedron 56 (2000) 295–301.
[37] C. Pelissero, B. Bennetau, P. Babin, F. Le Menn, J. Dunoguès, J. Steroid.

Biochem. Mol. Biol. 38 (1991) 293–299.
[38] M. Silberberg, C. Morand, T. Mathevon, C. Besson, C. Manach, A.

Scalbert, C. Remesy, Eur. J. Nutr. (2005).
[39] C. Manach, Methods in polyphenol analysis, 2003, pp. 63–91.
[40] P.C. Pillow, C.M. Duphorne, S. Chang, J.H. Contois, S.S. Strom, M.R.

Spitz, S.D. Hursting, Nutr. Cancer 33 (1999) 3–19.
[41] S.S. Strom, Y. Yamamura, C.M. Duphorne, M.R. Spitz, R.J. Babaian,

P.C. Pillow, S.D. Hursting, Nutr. Cancer 33 (1999) 20–25.
[42] P.L. Horn-Ross, M. Lee, E.M. John, J. Koo, Cancer Causes Control 11

(2000) 299–302.
[43] M. Kiely, M. Faughnan, K. Wahala, H. Brants, A. Mulligan, Br. J. Nutr.

89 (2003) S19–S23.
[44] M.A. Van Erp-Baart, H.A. Brants, M. Kiely, A. Mulligan, A. Turrini, C.

Sermoneta, A. Kilkkinen, L.M. Valsta, Br. J. Nutr. 89 (2003) 815–821.
[45] M.R. Ritchie, M.S. Morton, N. Deighton, A. Blake, J.H. Cummings, Br.

J. Nutr. 91 (2004) 447–457.
[46] P.B. Grace, J.I. Taylor, Y.-L. Low, R.N. Luben, L.L. Mulligan, N.P.

[

[

[

[

[
[

[

[
[
[

[

[

[

[

[

[

[

[

Lentile, F. Squadrito, J. Bone Miner. Res. 17 (2002) 1904–1912.
12] K.D. Setchell, E. Lydeking-Olsen, Am. J. Clin. Nutr. 78 (2003)

593S–609S.
13] C. Atkinson, J.E. Compston, N.E. Day, M. Dowsett, S.A. Bingham, Am.

J. Clin. Nutr. 79 (2004) 326–333.
14] C.D. Allred, Y.H. Ju, K.F. Allred, J. Chang, W.G. Helferich, Carcino-

genesis 22 (2001) 1667–1673.
15] Y.H. Ju, C.D. Allred, K.F. Allred, K.L. Karko, D.R. Doerge, W.G.

Helferich, J. Nutr. 131 (2001) 2957–2962.
16] M.J. Messina, V. Persky, K.D. Setchell, S. Barnes, Nutr. Cancer 21

(1994) 113–131.
17] P. This, A. De La Rochefordiere, K. Clough, A. Fourquet, H. Magdele-

nat, Endocr. Relat. Cancer 8 (2001) 129–134.
18] M. Axelson, D.N. Kirk, R.D. Farrant, G. Cooley, A.M. Lawson, K.D.

Setchell, Biochem. J. 201 (1982) 353–357.
19] A.M. Duncan, B.E. Merz-Demlow, X. Xu, W.R. Phipps, M.S. Kurzer,

Cancer Epidemiol. Biomarkers Prev. 9 (2000) 581–586.
20] K.D. Setchell, N.M. Brown, E. Lydeking-Olsen, J. Nutr. 132 (2002)

3577–3584.
21] K.D. Setchell, N.M. Brown, P. Desai, L. Zimmer-Nechemias, B.E.

Wolfe, W.T. Brashear, A.S. Kirschner, A. Cassidy, J.E. Heubi, J. Nutr.
131 (2001) 1362S–1375S.

22] S. Watanabe, M. Yamaguchi, T. Sobue, T. Takahashi, T. Miura, Y. Arai,
W. Mazur, K. Wahala, H. Adlercreutz, J. Nutr. 128 (1998) 1710–1715.

23] X. Xu, K.S. Harris, H.J. Wang, P.A. Murphy, S. Hendrich, J. Nutr. 125
(1995) 2307–2315.

24] C.A. Lamartiniere, J. Wang, M. Smith-Johnson, I.E. Eltoum, Toxicol.
Sci. 65 (2002) 228–238.

25] K.D. Setchell, N.M. Brown, L. Zimmer-Nechemias, W.T. Brashear, B.E.
Wolfe, A.S. Kirschner, J.E. Heubi, Am. J. Clin. Nutr. 76 (2002) 447–453.

26] K.D. Setchell, M.S. Faughnan, T. Avades, L. Zimmer-Nechemias, N.M.
Brown, B.E. Wolfe, W.T. Brashear, P. Desai, M.F. Oldfield, N.P. Botting,
A. Cassidy, Am. J. Clin. Nutr. 77 (2003) 411–419.

27] L. Zubik, M. Meydani, Am. J. Clin. Nutr. 77 (2003) 1459–1465.
28] M.H. Gooderham, H. Adlercreutz, S.T. Ojala, K. Wahala, B.J. Holub, J.

Nutr. 126 (1996) 2000–2006.
29] M. Uehara, Y. Arai, S. Watanabe, H. Adlercreutz, Biofactors 12 (2000)

217–225.
Botting, M. Dowsett, A.A. Welch, K.-T. Khaw, N.J. Wareham, N.E. Day,
S.A. Bingham, Cancer Epidemiol. Biomarkers Prev. 13 (2004) 698–708.

47] K.D.R. Setchell, N.M. Brown, P.B. Desai, L. Zimmer-Nechimias, B.
Wolfe, A.S. Jakate, V. Creutzinger, J.E. Heubi, J. Nutr. 133 (2003)
1027–1035.

48] S.R. Shelnutt, C.O. Cimino, P.A. Wiggins, M.J. Ronis, T.M. Badger,
Am. J. Clin. Nutr. 76 (2002) 588–594.

49] M. Richelle, S. Pridmore-Merten, S. Bodenstab, M. Enslen, E.A. Offord,
J. Nutr. 132 (2002) 2587–2592.

50] M.R. Ritchie, M.S. Morton, A.M. Thompson, N. Deighton, A. Blake,
J.H. Cummings, C.M. Steel, Eur. J. Clin. Nutr. (2004).

51] L.J. Lu, K.E. Anderson, Am. J. Clin. Nutr. 68 (1998) 1500S–1504S.
52] L.J. Lu, J.J. Grady, M.V. Marshall, V.M. Ramanujam, K.E. Anderson,

Nutr. Cancer 24 (1995) 311–323.
53] L.J. Lu, S.N. Lin, J.J. Grady, M. Nagamani, K.E. Anderson, Nutr. Cancer

26 (1996) 289–302.
54] K.D. Setchell, Am. J. Clin. Nutr. 68 (1998) 1333S–1346S.
55] K.D. Setchell, A. Cassidy, J. Nutr. 129 (1999) 758S–767S.
56] I. Rowland, M. Faughnan, L. Hoey, K. Wahala, G. Williamson, A. Cas-

sidy, Br. J. Nutr. 89 (2003) S45–S58.
57] M. Axelson, J. Sjovall, B.E. Gustafsson, K.D. Setchell, J. Endocrinol.

102 (1984) 49–56.
58] I.R. Rowland, H. Wiseman, T.A. Sanders, H. Adlercreutz, E.A. Bowey,

Nutr. Cancer 36 (2000) 27–32.
59] K. Decroos, S. Vanhemmens, S. Cattoir, N. Boon, W. Verstraete, Arch.

Microbiol. 183 (2005) 45–55.
60] X. Xu, A.M. Duncan, B.E. Merz, M.S. Kurzer, Cancer Epidemiol.

Biomarkers Prev. 7 (1998) 1101–1108.
61] J.L. Slavin, S.C. Karr, A.M. Hutchins, J.W. Lampe, Am. J. Clin. Nutr.

68 (1998) 1492S–1495S.
62] D. Tsangalis, G. Wilcox, N.P. Shah, L. Stojanovska, Br. J. Nutr. 93

(2005) 867–877.
63] M. Hu, K. Krausz, J. Chen, X. Ge, J. Li, H.L. Gelboin, F.J. Gonzalez,

Drug Metab. Dispos. 31 (2003) 924–931.
64] H. Nakano, K. Ogura, E. Takahashi, T. Harada, T. Nishiyama, K. Muro,

A. Hiratsuka, S. Kadota, T. Watabe, Drug Metab. Pharmacokinet. 19
(2004) 216–226.



J. Mathey et al. / Journal of Pharmaceutical and Biomedical Analysis 41 (2006) 957–965 965

[65] C. Xu, C.Y. Li, A.N. Kong, Arch. Pharm. Res. 28 (2005) 249–
268.

[66] M.H. Court, S.X. Duan, C. Guillemette, K. Journault, S. Krishnaswamy,
L.L. Von Moltke, D.J. Greenblatt, Drug Metab. Dispos. 30 (2002)
1257–1265.

[67] J.A. Williams, B.J. Ring, V.E. Cantrell, K. Campanale, D.R. Jones,
S.D. Hall, S.A. Wrighton, Drug Metab. Dispos. 30 (2002) 1266–
1273.

[68] S. de Pascual-Teresa, J. Hallund, D. Talbot, J. Schroot, C.M. Williams,
S. Bugel, A. Cassidy, J. Nutr. Biochem. (2005).


	Concentrations of isoflavones in plasma and urine of post-menopausal women chronically ingesting high quantities of soy isoflavones
	Introduction
	Experimental
	Volunteers
	Isoflavone intake
	Compliance control
	Chemicals used
	The ELISA technique
	Statistical analysis

	Results
	Measurements at day 0 and day 5
	The evolution of mean concentrations with time
	Equol production
	Dispersion of values
	Correlation between plasma and urine levels

	Discussion
	Conclusion
	Acknowledgements
	References


