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ABSTRACT: Health benefits of isoflavones such as genistein and
daidzein have led to an increasing interest in consuming soybeans or
soy-containing food. However, possible adverse effects of such plant
estrogens on the male reproductive system, particularly penile
erection, have not been sufficiently evaluated. In previous research,
we observed that exposure of adult rats to daidzein could attenuate
apomorphine-induced erections. To identify the impact of daidzein
exposure in early life on erectile function, we evaluated erectile
capacity using an apomorphine-induced erectile test and determining
intracavernous pressure after exposure of juvenile rats to daidzein at
a dose of 2, 20, or 100 mg/kg for 90 days. Meanwhile, the levels of
sex hormones, including testosterone, luteinizing hormone, and
follicle-stimulating hormone, were determined. Both subtypes of the
estrogen receptor (a and b) in the corpora cavernosa were also

detected immunohistochemically. When the rats were examined at
adulthood, we observed that those animals treated with a medium
(20 mg/kg) or high (100 mg/kg) dose of daidzein, but not with a low
dose (2 mg/kg), showed lower plasma testosterone levels and
attenuated erectile parameters, including apomorphine-induced
erections and intracavernous pressure concomitant with markedly
decreased expression of estrogen receptor b in the corpora
cavernosa. However, the penis still grew to its normal size, as in
controls. Thus, these results suggested that exposure of juvenile rats
to daidzein in a relatively large amount could adversely affect penile
erection in adulthood.
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� he phytoestrogens are a large family of compounds,
of which the 3 main branches are isoflavones,

lignans, and coumestans. Two of the major isoflavones,
which are the most common form of phytoestrogen, are
genistein and daidzein. Soybeans, a principal source
of food, typically contain both isoflavones. In plants,
isoflavones are mainly present as inactive glycosides of
genistein and daidzein. However, when the sugar residue
is cleaved through deconjugation by bacteria in the gut,
these compounds become activated as genistein and
daidzein (Albertazzi and Purdie, 2002). Health benefits,
such as the possible prevention of prostate cancer, of
these plant estrogens (Strom et al, 1999) have led to
a worldwide increase in the consumption of phytoestro-
gen-rich foods and isoflavone supplements (Branca and
Lorenzetti, 2005).

Phytoestrogens can bind to the estrogen receptor
(ER), particularly ERb, and induce estrogen-like effects
in animals, humans, and cells in culture (Collins et al,
1997; Usui, 2006). Although most of these compounds
are rather weak estrogens in comparison with estradiol

or potent synthetic estrogens, phytoestrogen exposure,
at sufficiently high dietary levels, may result in biologic
responses in humans and animals, with favorable as well
as unfavorable consequences (Jefferson and Newbold,
2000). Recently ER was detected in the penis (Mowa et
al, 2006), and it is believed that ER may be involved in
erectile dysfunction (Srilatha and Adaikan, 2004). On
the other hand, it has been reported that estradiol might
play a role in causation and/or persistence of erectile
dysfunction in patients with low testosterone levels
(Srilatha et al, 2007). Furthermore, epidemiologic
surveys demonstrated that erectile dysfunction incidence
in men aged more than 20 years was nearly 10% higher
in Chinese than in Americans (28.3% vs 18.4%) (Bai et
al, 2004; Selvin et al, 2007). In consideration of the
information above, there might be an association
between impotence and dietary intake of phytoestrogens
in Asians who typically consume much more soybeans
and related products than Americans. However, there
are few reports in the literature regarding the effects of
phytoestrogens on penile erection (Srilatha and Adai-
kan, 2004). In our previous research, we observed that
exposure of adult rats to daidzein could attenuate
apomorphine-induced erections (unpublished data). The
aim of the present study was to investigate the impact of
daidzein on erectile function when rats are exposed in
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early life. To the best of our knowledge, this is the first
study to evaluate the effect of daidzein exposure in early
life on erectile capacity.

Methods

Chemicals and Reagents

Daidzein (purity $98% as determined by high-perfor-
mance liquid chromatography) was obtained from
Nanjing Rally Biochemical Inc (Nanjing, China).
Apomorphine and diethylstilbestrol (DES) were ob-
tained from Sigma-Aldrich (St Louis, Mo). Radioim-
munoassay (RIA) kits for the detection of testosterone
were obtained from Beijing Furui Bio-engineering Co
(Beijing, China). Enzyme linked immunosorbent assay
(ELISA) kits for the detection of luteinizing hormone
(LH) and follicle-stimulating hormone (FSH) were
obtained from Adlitteram Diagnostic Laboratories,
Inc (San Diego, Calif). Mouse monoclonal anti-ERa
antibody and rabbit polyclonal anti-ERb antibody were
obtained from Abcam (Cambridge, United Kingdom).
Peroxidase-labeled goat anti-mouse IgG and goat anti-
rabbit IgG antibodies were obtained from Kirkegaard &
Perry Laboratories, Inc (Gaithersburg, Md).

Animals

Prior to study initiation, the experimental protocol was
reviewed and approved by the Jinling Hospital Ethical
Committee to Animal Care and Use. Forty male
juvenile Sprague-Dawley rats of 28 to 32 days weighing
140 to 170 g were obtained from the Laboratory Animal
Center of Jinling Hospital. They were randomly
assigned based on weight into 5 groups of 8 animals
each. Room temperature was maintained at 20uC 6 1uC
under a 12-hour light/dark cycle with lights off at
1800 hours. The animals had free access to tap water
and pelleted commercial rodent chow without soybean
or alfalfa (Jiangsu Xietong Organism Engineering Co
Ltd, Nanjing, China). Body weights were measured each
week during the experiment.

Treatments

Each group was gavaged daily for 90 days with 1 mL of
distilled water containing daidzein at a dose of 2 mg/kg
(low-dose group), 20 mg/kg (medium-dose group),
100 mg/kg (high-dose group), 1 mL of distilled water
containing DES at a dose of 0.1 mg/kg (positive-control
group; this dosage of DES is known to cause erectile
dysfunction in rats [Adaikan and Srilatha, 2003]), or
distilled water only (control group). Dosages were
periodically adjusted based upon the weights of the
animals.

In Vivo Penile Erection

At the end of the study when the animals reached
adulthood, the apomorphine-induced penile erection test
established by Heaton et al (1991) was performed.
Animals were allowed to adapt to the dark, soundproof
testing room for 1 hour before the start of the experi-
ment. Apomorphine was freshly prepared with 0.1%
ascorbic acid and injected subcutaneously into the napes
of the necks of rats at a dose of 80 �g/kg. After the drug
injection, each rat was placed immediately into a trans-
parent Plexiglas cage (30 6 25 6 25 cm). Thirty-minute
observations started after the rats were placed in cages.
Penile erections were considered to occur when all of the
following behaviors presented: the animal stood upright,
bent its head down to reach the genital area, held its
engorged penis by its forepaws, and licked its glans penis.
We observed and counted penile erection episodes during
the 30-minute observation period. We measured the
latency of the first erection and the number of erections
per animal. The latency was recorded as 30 minutes if no
erection occurred during the observation period.

Electrostimulation for Penile Erection

The penile erection was also assessed by measuring the
intracavernous pressure following electrostimulation of
cavernous nerves. Considering that estrogen and daidzein
have apparent impacts on blood pressure in rats (Peng et
al, 2003; Cao et al, 2006), we did not monitor mean
arterial pressure to calculate the intracavernous pressur-
e:mean arterial pressure ratio. Under general anesthesia
with sodium pentobarbital (50 mg/kg) intraperitoneally,
each animal was placed in a supine position. A lower
abdominal incision was made, the skin overlying the penis
was incised, and the penile crura exposed. The testes were
retracted, and the scrotum was divided and packed into
the upper abdomen along loops of the bowel. The
cavernous nerve, which was seen on the postlateral surface
of the prostate arising from the major pelvic ganglion, was
exposed. For monitoring the intracavernous pressure,
a 27-gauge needle was inserted into the right crura and
connected to a pressure monitor. Electrostimulation was
performed using a delicate stainless steel bipolar hook
electrode. The magnitude of electrical voltage was 5.0 V
with a 20-Hz frequency, pulse width of 2 milliseconds, and
duration of 60 seconds. Intracavernous pressure was
measured and recorded with LabView 5.01 software (NI
Corp, Austin, Tex). The intracavernous pressure was
defined as the maximal pressure obtained by stimulation
minus the basal pressure before stimulation.

Blood Sampling

After intracavernous pressure monitoring, 3.0 mL of
blood was collected via heart from each animal. The
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smooth muscle relaxation (Burnett, 1997). Impaired
release of nitric oxide will lead to erectile dysfunction if
the mechanism of smooth muscle relaxation mediated
by nitric oxide was crimped. It has been reported that
estrogen and genistein (another common form of
isoflavone) could increase endothelial nitric oxide
synthase via an ERb-dependent mechanism (Gingerich
and Krukoff, 2005) and stimulate nitric oxide release
from endothelial cells (Yang et al, 2000; Räthel et al,
2005). The expression of ERs (mainly ERb) in the penis
(Mowa et al, 2006) would suggest that estrogen through
activation of the ER may play a role in regulation of
intracavernosal smooth muscle tone by affecting nitric
oxide production. In this study, we observed that ERb
expression was markedly decreased in the corpus
cavernosum after treatment with medium- or high-dose
daidzein or DES. Thus, it may suggest that the
significant decrease in levels of ERb in the corpora
cavernosa might result in nitric oxide reduction and
subsequently lead to the lower intracavernous pressure
levels and apomorphine-induced erections as observed
in this study. Further studies are needed to elucidate the
mechanisms involved.

The negative effects of daidzein on erectile function
observed in this study are not identical but are
qualitatively similar to those seen in the DES group.
Given this phenomena, it suggests that the estrogen-like
activity of daidzein apparently underlies the mechanism
involved in erectile dysfunction caused by daidzein.
However, daidzein was observed to result in only limited

reduction in testosterone levels and did not affect penile
size and weight. Daidzein structurally resembles estra-
diol and has estrogenic activity but with a binding
affinity to the ER 100 to 1000 times less than estradiol
(Kaldas and Hughes, 1989). This may explain that
daidzein has only a limited impact on plasma testoster-
one levels and does not lead to any gross changes in the
penis.

The estrogenic potency of daidzein may mean that it
acts as an endocrine disruptor that could affect the
endocrine system and cause reproductive disturbances if
exposed in a large amount (West et al, 2005). It has been
estimated that the dietary intake of phytoestrogen is
ordinarily 25 to 50 mg per day in some Asians
populations (Adlercreutz and Mazur, 1997). Unfortu-
nately, dietary assessment is always imprecise because of
differences in dietary habit and preferences in food
among people. Soybeans and soybean-based food are
rich in isoflavones (1 g of soybeans 5 1 mg of
isoflavones); therefore, it would be possible for a per-
son to receive significant quantities of isoflavones in
soybean foods if they were taken in excess. For these
reasons, the dose of daidzein used in the present
experiment may also be of concern for male reproduc-
tive function in humans. It has been reported that long-
term administration of the phytoestrogen genistein
could inhibit Leydig cell steroidogenesis ex vivo
(Svechnikov et al, 2005). Considering that daidzein is
similar to genistein in structure and biologic activity
(Hwang et al, 2006), it is reasonable to assume that
daidzein may also inhibit Leydig cell steroidogenesis and
cause plasma testosterone levels to be reduced, as
observed in this study.

Taken together, our novel findings of the impact of
daidzein exposure during puberty on penile erection
provide clear evidence that exposure of relatively large
amounts of daidzein in juvenile rats could adversely
affect erectile capacity in adulthood; however, penile
growth was not affected. Androgen deficiency, as well as
reduction in the expression of ERb in the corpora
cavernosa, may at least in part account for the
attenuation of erectile function. The evidence suggesting
that dietary daidzein may be a factor contributing to
erectile dysfunction represents a novel line of epidemi-
ologic thinking. Further experimental, and particularly
epidemiologic, studies are required to advance our
understanding of the impact of phytoestrogens on
erectile function.
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