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Transdermal absorption of phytoestrogens

K. Vänttinen and J. Moravcova

The transdermal absorption of the isoflavones, daidzein and genistein, applied on the skin in olive oil was studied in vivo.
The concentrations of the isoflavones and their metabolites were monitored in plasma and urine by GC-MS methods. It
was found that the concentration of genistein in plasma was 3-fold higher than the plasma concentration of daidzein. In
contrast, daidzein excretion was 2–3-fold higher than that of genistein in urine. The excretion rate of the studied phytoes-
trogens in urine and their concentration in plasma was significantly decreased after repeated transdermal application. The
urinary recovery of administered daidzein and genistein after the first application was 15.9% and 7.7%, respectively and
this dropped to 1.6% and 0.7% after the second application. The results obtained might suggest that daidzein and genis-
tein are captured in the skin following repeated transdermal application.

1. Introduction

Phytoestrogens, isoflavones and lignans, are reported to
alter sex hormone synthesis and metabolism or modulate
events at the cellular level by influencing intracellular en-
zymes, protein synthesis, growth factor action, malignant
cell proliferation and differentiation, angiogenesis, calcium
transport, lipid oxidation and many other metabolic pro-
cesses [1–3]. It has been suggested that they play a role as
natural protective compounds in hormone-dependent can-
cers and other degenerative diseases, as such conditions
are reportedly linked to sex hormones or sex hormone me-
tabolism [4]. The recent research data and observations of
habitual lifestyle show that phytoestrogens can influence
the menstrual cycle, climacteric symptoms and osteoporo-
sis, but have little effect on fertility in humans [5–9]. The
main source of phytoestrogens in humans is food, particu-
larly processed soy products [3, 10–12], therefore the me-
tabolism of the perorally administered phytoestrogens has
been extensively studied [13–17].
Transdermal application is an alternative form of adminis-
tration, avoiding the metabolic processes associated with
the gastrointestinal system and liver (so called first-pass
metabolism). The ability of estrogens to be absorbed trans-
dermally and their profound effect on the skin is well
known. These effects include the multiplication of the mi-
totic cycle, epidermal proliferation, vascularisation, posi-
tive effect on collagen and elastin fibres and increased le-
vels of hyaluronic acid in the dermis [18–26].
Transdermal estrogen patches are very useful tools for the
hormone replacement therapy. To our knowledge, the
transdermal penetration of phytoestrogens in vivo has
never been studied.
The aim of the present study was to evaluate the ability of
the soy isoflavones, daidzein and genistein, to penetrate
skin structures by monitoring their plasma and urine le-
vels.

2. Investigations and results

Phytoestrogens were applied to the skin as a suspension in
olive oil, which is known to contain a small amount of
isoflavones. The amount of isoflavones (mg/100 g) was de-
termined in olive oil base prior to clinical experiments
(average/SD: daidzein, 0.23/0.00, genistein 0.27/0.02, bio-
chanin A, 0.21/0.04). However, the concentrations of daid-
zein and genistein were quite low, and therefore, not con-
sidered in the recovery counting. The solubility of
daidzein and genistein in the lipophilic olive oil was not

ideal and a suspension was formed. The amounts of daid-
zein and genistein remaining in the non-absorbed bases
are summarised in Table 1.
In four clinical experiments A–D, the concentrations of
transdermally applied isoflavones – daidzein and genistein,
and the end metabolites of daidzein – equol and O-de-
methylangolensin (ODMA), were monitored in both urine
and plasma. All experiments were carried out in the same
subject (premenopausal woman).
Clinical experiment A was carried out as the first experi-
ment in the sequence. Following transdermal administra-
tion of equal amounts of both isoflavones, the urinary con-
centration of daidzein was twice as high as that of
genistein (Fig. 1). ODMA was excreted more rapidly than
equol giving the peak concentration 2.5-times higher than
this of equol. Experiment B followed one month later and
peak concentrations of daidzein were consistently twice as
high as that of genistein (Fig. 2). Surprisingly, the peak
concentration of both isoflavones was approximately 10-
fold lower and reached later than in previous experiment
A. The concentration of equol was, in contrast to experi-
ment A, 3-fold higher than the concentration of ODMA,
however, both peaks were 3-fold lower compared to ex-
periment A. Experiment C was conducted after 5-months
washout. The urine level of daidzein was again twice as
high as that of genistein; the concentration of equol was
higher than ODMA (Fig. 3). The comparison of peak con-
centrations of daidzein and genistein in urine in experi-
ments A (Fig. 1), B (Fig. 2), and C (Fig. 3) shows clearly
that the urinary excretion of both studied isoflavones has
decreased significantly within the repeated applications.
A total urine sample was also collected during the experi-
ments, which enabled the calculation of total excretion.
The mean recoveries of daidzein and genistein decreased
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Table 1: Urine recovery of phytoestrogens after transdermal
absorption

Isoflavone Daidzein Genistein

Experiment A B C A B C

Sum extracted (mg) 1.647 0.159 0.019 0.800 0.065 0.008
Baseline discounted
(mg)

1.591 0.148 0.015 0.767 0.063 0.002

Residual base (mg) 0 0.606 0.803 0 0.596 0.885
Amount applied
(mg)

10.000 9.394 9.197 10.000 9.404 9.115

Recovery (%) 15.91 1.57 0.16 7.67 0.66 0.02
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Fig. 1:
The kinetic curves of the excretion
of phytoestrogens and metabolites in
urine – experiment A

Fig. 2:
The kinetic curves of the excretion
of phytoestrogens and metabolites in
urine – experiment B

Fig. 3:
The kinetic curves of the excretion
of phytoestrogens and metabolites in
urine – experiment C

Fig. 4:
The kinetic curves of the excretion
of phytoestrogens and metabolites in
urine – experiment D



significantly (Table 1). The recovery of daidzein was high-
er than that of genistein in all trials.
In the final experiment D, only genistein was applied
transdermally in ethanol solution. In this case, the rate of
the transdermal absorption was expected to be the highest,
as ethanol is a known penetration-enhancing agent [27].
This expectation was unconfirmed by the concentration
measurements of monitored compounds (Fig. 4). As genis-
tein was the only isoflavone transdermally administered in
experiment D, the concentration of genistein was about
2.5-fold higher than the concentration of daidzein and as
expected, the concentration of ODMA was very low, actu-
ally equal to baseline level. Equol was found in a 7-fold
higher concentration than ODMA.
The results obtained by monitoring the urinary excretion
of isoflavones after transdermal administration of daidzein
and genistein can be shortly summarised by the following:
� the elimination of isoflavones was completed approxi-

mately 50 h after application,
� daidzein is eliminated faster than genistein as indicated

by its higher urinary recovery,
� the concentration of daidzein in urine is about 2–3 fold

higher than the concentration of genistein,
� the excretion rate of daidzein and genistein in urine is

significantly decreased by repeated dermal application,
� the total isoflavones to metabolite ratio decreased from

3.8 (experiment A) to 1.9 (experiment C).
In experiment A, daidzein and genistein reached the blood
circulation 2 h after transdermal administration (Fig. 5). In
contrast to urinary excretion, the concentration of genis-
tein in plasma was higher than the concentration of daid-
zein. Concentrations of equol and ODMA were low and

the curves followed opposite patterns. In the experiment B,
the kinetic curves of genistein and daidzein were analo-
gous to those in experiment A (Fig. 6). The significant dif-
ference was the 3-fold lower concentrations of both isofla-
vones. The concentrations of ODMA and equol were very
low. Only the kinetics of daidzein and genistein were de-
termined in experiments C and D (Fig. 7). In both experi-
ments, the concentration of genistein in plasma was higher
than the concentration of daidzein. The concentration of
genistein in plasma was not capable of reaching the high
values of experiment A, even when enhancing the transder-
mal absorption by ethanol in the experiment D.
Based on the concentration changes of transdermally ad-
ministered daidzein and genistein in plasma, the following
conclusions can be made:
� the concentration of genistein was higher than the con-

centration of daidzein,
� an increase in concentration of both isoflavones was ob-

served during the first 2 hours following transdermal
administration,

� the concentration of genistein and daidzein in plasma
was rising after 10–20 h following transdermal adminis-
tration,

� after repeated administration of studied isoflavones a
decrease in concentration was observed in the tested
subject.

In experiment B, the faecal excretion of isoflavones and
lignans was analysed to assess the recovery of phytoestro-
gens in faeces (Fig. 8). Among the monitored compounds,
daidzein and equol were excreted in faeces, with the high-
est concentrations being found 48 h after transdermal ap-
plication. The faecal recovery of daidzein was 0.26%. In
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Fig. 5:
The kinetic curves of the excretion
of phytoestrogens and metabolites in
plasma – experiment A

Fig. 6:
The kinetic curves of the excretion
of phytoestrogens and metabolites in
plasma – experiment B



contrast, genistein and ODMA were not noticably excreted
by the faecal route. As the urine/faeces excretion ratio is
believed to be constant [28], no further analysis of faeces
was carried out.

3. Discussion

As no data on transdermal application of isoflavones are
available we are only able to compare our findings with
the results achieved by either transdermal absorption of
estradiol and flavones or by peroral administration of iso-
flavones.
The comparison of the plasma levels of estradiol, daidzein
and genistein reached by transdermal administration
proved very interesting. In women, the concentration of
estradiol in plasma varies during the menstrual phases as
well as in postmenopausal years. In premenopausal wo-
men, the estradiol levels of 65 � 10 ng � l�1 (0.25 nM),
140 � 40 ng � l�1 (0.5 nM) and 110 � 40 ng � l�1 (0.4 nM)
are considered to be normal baseline for the follicular
phase, ovulation and luteal phase, respectively [29]. In
postmenopausal women the estrogen levels drop by 60%,
to 10–20 ng � l�1. The concentration of unconjugated es-
tradiol in plasma required for physiological effect is about
40–60 ng � l�1 [24]. The dose recommended for transder-
mal administration is 1.5 mg/day and in postmenopausal
women leads to plasma levels of 50–60 ng � l�1 relieving
climacteric symptoms. In comparison, a single dose
(10 mg) of genistein in olive oil resulted in a peak concen-
tration of 32.5�103 ng � l�1 (120 nM) as shown in experi-
ment A carried out within the follicular phase. As genis-
tein is reported to exert an estrogenic effect ranging from

approximately 10�3–10�5 that of estradiol [30], the con-
centration might be sufficient for mild estrogenic effect.
A previous in vivo skin penetration pharmacokinetic study
employed the flavones; apigenin was found to exert a
higher flux than luteolin [31]. Based on the amount of
daidzein and genistein remaining unabsorbed in residual
base, it seems that the rates of skin penetration are rather
similar for both isoflavones (experiment – daidzein ab-
sorbed (%)/genistein absorbed (%): A – 100/100, B –
94.0/93.4, C – 91.2/92.0). Probably the most significant
influence of the structure on a flux could be attributed to
the lipophilicity of a single phenolic ring bearing one free
hydroxyl group in the case of apigenin, daidzein, and gen-
istein.
The epidemiological studies monitoring phytoestrogens in
human fluids after peroral intake of various diet patterns
exhibit clearly the variation in the excretion of isoflavones
and their metabolites among various ethnic groups [16,
32, 33]. This high variability is likely due to the depend-
ence of phytoestrogen absorption on the gut microflora.
Nevertheless, most of the ethnic groups excreted daidzein
in urine at a higher rate than genistein [32, 33–37]. The
substantially higher urinary recovery of daidzein compared
with genistein has been uniform observation also in the
pharmacokinetic studies on soybean isoflavones [14, 17,
37–40]. Interestingly, our results indicate the higher uri-
nary excretion of daidzein compared to genistein even
after transdermal absorption avoiding the gastrointestinal
tract. Thus, the maximum recoveries of daidzein and gen-
istein in urine were 15.9% and 7.7%, respectively, in the
first experiment A (Table 1). These values are somewhat
lower than those reported, moreover, the recoveries show
large variations between the different studies. The mean
recoveries range from 16% [28] to 66% [40] for daidzein
and from 9% [28, 37] to 22% [14, 40] for genistein de-
pending mainly on the nature of the soy food and the time
of exposure. Women were found to excrete more isofla-
vones in urine than men do [39]. Furthermore, a progres-
sive decrease in urinary recoveries of both daidzein and
genistein after repeated transdermal administration was ob-
served (Table 1). In addition, the daidzein to equol ratio
of peak concentrations dropped successively from 8.2
(Experiment A) through values of 1.3 (Experiment B) to
0.5 (Experiment C). Whilst the first dermal application of
daidzein resulted in its prevailing degradation into
ODMA, repeated treatment probably resulted in the ability
to produce and excrete larger amounts of equol. This find-
ings are consistent with those reported from chronic soy
exposure of women but not of men [39, 40]. Total amounts
excreted and peak levels were decreased over 4 weeks of
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Fig. 7:
The kinetic curves of the excretion
of phytoestrogens in plasma – ex-
periment C and D

Fig. 8: Faecal excretion of isoflavonoids and metabolites – experiment B



daily soy ingestion by 42% for genistein and 31% for daid-
zein. Simultaneously, increased production and elimination
of equol were established. Authors concluded that metabo-
lism and disposition of the ingested isoflavones are altered
during chronic soy exposure in women, perhaps from in-
creased metabolic degradation into non-isoflavone metabo-
lites. It could be assumed that the repeated dermal applica-
tion of soy isoflavones exhibit typical characterisation of a
long-term consumption in some respects. Urinary excretion
of daidzein and genistein showed two or more peaks over
48 h after transdermal application (Figs. 1–4). This bipha-
sic elimination pattern has been already observed in urine
[38], plasma, and milk [17] after soy intervention. It has
been generally accepted that this phenomenon is due to the
enterohepatic circulation. This process may be involved in
transdermal absorption of isoflavones as well although one
could expect its lower significance.
The recovery of isoflavones in faeces (0.26% of daidzein
with trace genistein) after dermal application was low in
comparison to peroral soy intake. In this case, the reported
faecal excretion varied from 1–2% [37] to 4% [38] or 6–
7% [38]. In accordance with the urinary elimination pat-
terns, faecal isoflavones peaked again indicating the pre-
sence of enterohepatic circulation (Fig. 8).
In contrast, the plasma level of genistein was found to be
higher than that of daidzein in agreement with several in-
take studies [14, 38], although other studies revealed high
variability in genistein to daidzein ratios [17] or approxi-
mately equal plasma concentrations [37]. There are several
possible conditions that may have contributed to this va-
riation: relative concentrations of isoflavones in soy food
employed, the use of processed soy food, the composition
of gut microflora, or the dosage and duration. In general,
plasma elimination patterns after peroral intake of soy iso-
flavones is similar to that form urine with peak concentra-
tions occurring 6 h [38], 6.5 h [37], 7–8 h [14], or 10 h
[17] after ingestion. As expected, the transdermal adminis-
tration of daidzein and genistein resulted in a significant
decrease of the time required to reach peak plasma con-
centrations (Figs. 5–7); they peaked 2 h after application.
This suggests that an interval between the consumption of
soy isoflavone glycosides and their gastrointestinal absorp-
tion takes several hours. In comparison, the synthetic iso-
flavone aglycone, ipriflavone, gave the peak concentration
1.3 h after peroral administration [41].
Isoflavones were completely eliminated from plasma 24 h
[37], 35 h [14], or 60 h [17] after intake of a single soy
dose. Log transformation of the plasma concentrations of
the isoflavones over ca. 40 h yielded single slopes, with
elimination half-lives for daidzein 4.7 h [14], or 6.0 h
[38], and for genistein 5.7 h [14] or 11.8 h [38]. In this
regard, a remarkable difference between peroral intake and
transdermal administration can be seen. In all our experi-
ments, an increase of the phytoestrogen levels was ob-
served during the corresponding period 10–24 h (Fig. 5
and 6) or 31–49 h (Fig. 7). Furthermore, the genistein
concentration was rising slightly faster than that of daid-
zein. This observation, as well as the low urinary and fae-
cal recoveries, might imply that the isoflavones can be
captured within the human body, probably in the skin.
The stratum corneum can act as both a reservoir and a
principal diffusion barrier [24]. This suggestion can be
supported by the investigation of the binding ability of
daidzein, but not genistein, to phospholipids [42]. Finally,
the role of enterohepatic circulation cannot be omitted as
well. However, we are aware of the fact that only one
subject was employed and the experimental data must

therefore be interpreted with caution. Care should be also
taken in generalising the present findings because target
tissue concentrations of isoflavones are still unknown.
In summary, the first in vivo study on transdermal applica-
tion of phytoestrogens implies that both daidzein and gen-
istein penetrate the skin and reach systematic circulation.
Excretion patterns seem to be analogous to those after per-
oral administration whilst plasma levels and the urinary
recoveries might indicate an accumulation of isoflavones
in skin structures followed by a slow desorption. The plas-
ma concentration of transdermally administered phytoes-
trogens, each of them in a dose of 10 mg, reached but not
maintained levels useful for therapeutic or preventive med-
icinal purposes within the experiment A only. Further
work is therefore required because of a growing interest in
the transdermal application of phytoestrogens and because
their use for the prevention and treatment of macular de-
generation [43] and spider veins [44] has been already
claimed.

4. Experimental

4.1. Clinical experiments

The design of the pharmacokinetic study was approved by the Head of the
Department of Clinical Chemistry, Meilahti Hospital, Finland and all pro-
cedures of the protocol followed were in accordance with the ethical stand-
ards of the Helsinki Declaration of 1975, as revised in 1983. The experi-
ments are named chronologically A–D and were carried out on one
subject (woman, aged 26, weight 68 kg, BMI 22.2). Prior to experiments
the “zero diet” in lignans and isoflavones was held for four days to assure
that only the transdermally administered isoflavones were excreted. During
the study, the participant maintained phytoestrogen-free diet consisting
mainly of yoghurt, quark, fat-free milk, fish, vegetables, and coffee twice a
day. The normal lifestyle including regular showering twice a day and no
protection for the application site was continued. “Zero plasma” sample
was taken prior to the experiment. The “zero urine” sample was collected
for the 24 h period prior to the initiation of the experiment, to avoid the
circadian differences in excretion of isoflavones.
On the day of application (A, 09.01.1996; B, 08.02.1996; C, 24.07.1996)
daidzein and genistein (10 mg each) suspended in extra virgin olive oil
(1 g) were applied on a marked area of the ventral forearm (5�10 cm) on
each hand. In experiment D, (29.08.1996) transdermal administration of
10.3 mg of genistein dissolved in ethanol (2 ml) was followed immediately
by rinsing of the application area with ethanol (2 ml). After 1 h, the appli-
cation site was covered with 1 g of extra virgin olive oil.

4.2. Sample collection and analysis

The urine samples were collected in bottles containing ascorbic acid (1–
2 g). 0.1% NaN3 was added immediately after collection to minimise pos-
sible bacterial degradation. The volume of urine collected was measured
and the samples were stored at –20 �C until analysed. The blood samples
were collected into the EDTA or heparin tubes. The two tubes of blood
were allowed to cool at room temperature, centrifuged twice and stored in
a freezer (�20 �C).
The determination of phytoestrogens in urine was carried out according to
the quantitative method originally developed by Adlercreutz [45, 46]. The
method included fractionation and purification by ion-exchange chromato-
graphy and analytical measurements by GC-MS in the selective ion-moni-
toring mode. The quick method employed for determination of isoflavones
in plasma was modified from the quantitative method for the determination
of phytoestrogens in plasma published by Adlercreutz et al. [47, 48].

4.2.1. Quick method for plasma analysis

To the centrifuged plasma sample (2.0 ml) radioactive recovery standard
3H-E1-Gl (about 15000 cpm) was added and the sample was incubated for
20 min at room temperature. After incubation 800 ml of 1.5 M acetate buf-
fer pH 5.0, 1200 ml of distilled H2O and 4 ml of 0.5 M triethylamine, pH
5.0 was added and the mixture incubated for a further 20 min at room
temperature. After incubation, the sample was passed through a Sep-Pak
C18 cartridge, primed by washing with 6 ml of CH3OH, and 10 ml of
distilled H2O. The cartridge was subsequently washed with 3 ml of 0.15 M
acetate buffer (pH 5.0) and the sample eluted with 4 ml of 70% CH3OH
and, under a gentle stream of nitrogen, evaporated to dryness. Ethylacetate
and conc. HCl were added to the sample in amounts of 2 ml and 2 ml,
respectively, and the sample was incubated overnight at þ37 �C. After in-
cubation the sample was evaporated to dryness under a gentle stream of
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nitrogen. The dry sample was dissolved in 1 ml of acetate buffer 0.15 M,
pH 5.0, containing the b-glucuronidase enzyme (Helix pomatia, Sigma
Chemicals Co.,) 0.1 U.ml�1, and the mixture incubated for 1 h at þ37 �C.
After incubation the sample was extracted twice with 3 ml of diethyl ether.
A suitable amount of deuterated internal standards (synthesised by Drs. T.
Hase and K. Wähälä, Department of Chemistry, University of Helsinki,
Helsinki, Finland) was added, the sample evaporated to dryness and dis-
solved in 500 ml of methanol. The 1/10 part (50 ml) was taken for radio-
active recovery counting. Before counting in the B-Counter, 3 ml of scintil-
lation liquid was added. The remaining sample (450 ml) in CH3OH was
applied on the QAE-CO3--Sephadex column (batch 4 cm placed into a
Pasteur pipette) and eluted with 1.5 ml of methanol followed by 6 ml of
80% CH3OH. The first fraction (containing estrogens) was discarded. The
second fraction (containing daidzein and genistein) was eluted with 7 ml
of 0.1 M CH3COOH in 80% CH3OH. The isoflavone fraction was evapo-
rated to dryness under a gentle stream of nitrogen, dissolved in 0.1 ml of
silylation reagent (pyridine, hexamethyldisilazan, trimethylchlorsilanen in a
9 : 3 : 1 ratio) and incubated for a minimum period of 30 min at room tem-
perature. The sample was subsequently evaporated to dryness under a gen-
tle stream of nitrogen and dissolved in 100 ml of n-hexane (containing
approximately 3% vol. of Silyl-8). The sample (1–2 ml) was then subjected
to GC-MS.

4.2.2. GC-MS analysis

A GC-MS instrument HP 5995 equipped with a quadrupole mass spectro-
meter, Autoinjector 7673A and data system HP 59970 CMS Chem Station
was used. The analyses were performed on a fused silica column (0.2 mm
I.D. � 12.5 m) with bonded phase BP-1 (SGE, Ringwood, Victoria, Aus-
tralia), film thickness 0.25 mm, and employed helium as a carrier gas.
Temperatures of the transfer line, ion source and the analyser were 310 �C,
250 �C and 250 �C, respectively. The column temperature was pro-
grammed: initial temperature 150 �C, 30 �C � min�1 up to 280 �C. The re-
lative retention times and ion pairs (nondeuterated, deuterated) used for the
selected ion monitoring mode within ID-GC-MS-SIM are standard charac-
teristics of each monitored compound [45].

4.2.3. Data evaluation

The sample was analysed twice repeatedly and the compound identified by
the comparison of relative retention time with deuterated standards. In ad-
dition, the first separation steps in the plasma method were controlled by a
radioactive recovery standard, counted afterwards in B-Counter. The cali-
bration curve together with the control samples with high and low amounts
of isoflavones were included in each sample series to determine accuracy.
As the separation of phytoestrogens from biological fluids was compli-
cated, long and quite expensive, additional statistical methods were not
considered. The quick method employed in this study was faster and more
convenient for the monitoring of the compounds in plasma. The RSD va-
lues representing the intra-assay imprecision of both methods at the differ-
ent concentration levels are summarised in Table 2. The comparable intra-
assay imprecision of the quantitative method for lower concentrations and
the quick method for higher concentrations confirm the acceptability of the
quick method for screening purposes.

4.3. Analysis of the unabsorbed transdermal base

The remaining unabsorbed transdermal base on the application spatula and
mixing vessel were rinsed twice with methanol thoroughly and the liquid
was centrifuged and stored in a freezer. The supernatant was evaporated to
dryness, the residue silylated and later dissolved in n-hexane containing
approximately 3.4% (v/v) cholestane as the internal standard. The analysis
was carried out on a Hewlett Packard 5890 Series II Gas Chromatograph
combined with a HP 7673A Automatic Sampler and coupled with a HP data

system consisting of a HP 7673A Controller, a HP 9114B Disk Station and
a HP 3396A Integrator. The instrument was equipped with a bonded phase
BP-1 (SGE, Ringwood, Victoria, Australia) column (0.22 mm I.D.� 25 m),
flame ionisation detector and operated with helium as the carrier gas.
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