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Abstract. To investigate the estrogenic effect of Pueraria mirifica (PM), a Thai herbal plant that contains
many phytoestrogens, sexual skin coloration was studied in cynomolgus monkeys. Aged menopausal
monkeys were divided into three groups. Each group (n=3) was fed 10, 100, or 1,000 mg of PM daily.
The treatment schedule was divided into three periods, a 30-day pre-treatment period, 90-day
treatment period, and 60-day post-treatment period. The results show that the sexual skin exhibited
reddish coloration within 24 h after PM-treatment and remained this way for the first half of the PMfeeding period. The changes in sexual skin coloration were not dose-dependent. The present results
indicate that PM had estrogenic action by increasing reddish sexual skin coloration in aged
menopausal monkeys.
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t has been recognized that the roots of Pueraria
mirifica (PM), a Thai herbal plant, contain many
kinds of phytoestrogens, such as genistein,
daidzein, and coumestrol, which are also found in
soy plants and soy products, and miroestrol,
deoxymiroestrol, peurarin, and mirificin [1–4]. The
phytoestrogens from soys [5, 6] and PM roots [7–9]
have been reported to have estrogenic actions in
both in vivo and in vitro studies. The estrogenic
effect of PM was examined in vitro using MCF-7 cell
proliferation and HepG2 cell transient transfection
assay [7, 8]. PM had a dual effect on the growth of
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MCF-7 human mammary adenocarcinoma cells
after 4 days of incubation, i.e. stimulating growth at
a low dose and suppressing it with a high dose [8].
PM also showed estrogenic activity on a human
hepatoma cell line, HepG2 cells, containing
estrogen receptor and luciferase reporter gene [7].
Administration of PM produced cornified cells,
growth of the endometrium gland, and
proliferation of spiral arteries in ovariectomized
rats [9]. Furthermore, we reported in a recent
investigation that daily feeding of PM had an
estrogenic effect by suppressing gonadotropin and
estrogen secretions in aged female cynomolgus
monkeys [10].
The influence of estrogen on the sexual skin area
around the perineum to the base of the tail has been
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reported for the nonhuman old world primates [11,
12]. The color of the skin of rhesus monkeys
(Macaca mulatta) has been shown to be correlated
with high concentrations of estrogen before
ovulation, whereas the skin shows its palest
coloration at menstruation [13, 14]. In addition, the
sexual skin of cynomolgus monkeys (Macaca
fascicularis) [15], pig-tailed macaques (Macaca
nemestrina) [16], and mangabey monkeys
(Cercocebus atys lunulatus) [11] display maximal
edema and swelling associated with estrogen
fluctuation during the menstrual cycle.
Administration of estrogen caused increasing
redness of the sexual skin area of ovariectomized
rhesus monkeys [13, 16] and intact male rhesus
monkeys [12]. The sexual skin is thus considered to
be an external indicator of estrogenic effect in
monkeys. The coloration of the sexual skin of
female cynomolgus monkeys has been related to
estrogenic level and has been observed more
clearly than sexual swelling as an indicator of
estrogenic action. The aim of the present study
was, therefore, to investigate the estrogenic effect of
PM on the changes in sexual skin of aged female
cynomolgus monkeys.

guide for care and use of laboratory animals
prepared by Chulalongkorn University.

Protocol of the study
The nine monkeys were randomly divided into
three groups. Each monkey group (n=3) was fed
daily a suspension of 10, 100, or 1,000 mg of PM in 5
ml of distilled water per monkey, henceforth
referred to as PM-10, PM-100, and PM-1,000,
respectively. The experiment term was divided
into 30-day pre-treatment, 90-day treatment, and
60-day post-treatment periods. Each monkey was
fed 5-ml distilled water daily during the pre- and
post-treatment periods and PM-10, PM-100, or PM1,000 during the treatment period between 0800 to
0830 h. A change in sexual skin color was observed
daily between 0830 to 0900 h throughout the study.
The coloration of the sexual skin of cynomolgus
macaques varies between individuals as shown in
the pre-treatment period in Fig. 1. Therefore, to
validate the results, the changes in sexual skin color
of each monkey after the PM treatment were
compared with their own sexual skin color during
the pre-treatment period.

Preparation of the PM suspension
Materials and Methods
Animals
Nine aged menopausal cynomolgus monkeys
(Macaca fascicularis) over 20 years of age and
weighing 4.0 to 6.0 kg were selected from the
colony of the Primate Research Unit,
Chulalongkorn University. All monkeys had
completed cessation of menstrual cyclicity at least
one year before the start of this study. The
monkeys were monitored for menstruation and
vaginal discharge daily by the vaginal swabbing
method before and throughout the experiment. In
addition, monkey health and behavior were also
observed throughout the study period. Monkeys
were housed in individual cages, fed a monkey
feed daily (Pokphand Animal Feed Co., Ltd.,
Bangkok, Thailand) in the morning (0900 to 1000 h),
and given fresh fruit in the afternoon (1400 to 1500
h). The lighting conditions of the animal house
were controlled with a 12 h light/12 h dark cycle.
Temperature and humidity fluctuated slightly
depending on the season. The experimental
protocol was approved in accordance with the

Fresh tuberous PM roots from Cultivar-Wichai
III collected in Chiang Mai, Thailand, were sliced,
desiccated in a hot air oven at 70 C, and
subsequently ground into powder. The PM
powder was kept in dark desiccators before
preparation of the PM suspension. The dried PM
root powder was suspended in 5 ml of distilled
water and kept in a dark bottle at 4 C prior to
feeding.

Investigation of sexual skin coloration
Visual observation of the coloration of the sexual
skin, the area around the perineal area to the base
of the tail, was conducted by comparing with a
reference marker. The skin coloration was graded
as 1 (palest), 2 (red), or 3 (dark red), as shown in
Fig. 1.

Statistical analysis
The changes in sexual coloration of monkeys
during the PM-treatment and post-treatment
periods compared with the pre-treatment periods
were evaluated by Wilcoxon two-related sample
test. The criterion for significance was set at P<0.05.
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Fig. 1.

Fig. 2.
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Sexual skin coloration of monkeys showed their palest color, grade 1 (panel A), during the pre-treatment
period and a reddish color, grade 3 (panel B), within 24 h of treatment with PM-10, PM-100, or PM-1,000.

The coloration of the sexual skin of each aged menopausal monkey treated with PM-10, PM-100, or PM-1,000. The
horizontal bars show the 90-day PM-feeding period. The dashed vertical lines show each 30-day period of the
treatment period.

Results
Menstruation and vaginal discharge were not
observed throughout the study period. Moreover,
no changes in monkey activity were detected. As

shown in Fig. 2, although we could not find any
statistically significant differences in sexual skin
coloration between the pre-treatment, treatment,
and post-treatment periods, the aged menopausal
monkeys had their palest sexual skin coloration,

540

TRISOMBOON et al.

graded between 1 and 1.5, throughout the pretreatment period. After PM feeding, a reddish
coloration of the sexual skin was observed within
24 h for all the PM-treated groups. In PM-10, the
reddish sexual skin coloration was observed for 24
to 26 days in two monkeys and for 62 days in the
other monkey. Likewise, the sexual skin of one
monkey treated with PM-100 exhibited a reddish
coloration for 24 days and the other two exhibited a
reddish coloration for 54 to 60 days. Two monkeys
trea ted wit h PM -1,000 exhibited a reddish
coloration for 16 to 24 days and the other monkey
exhibited a reddish coloration for 54 days.
Although some monkeys in all the dose groups
showed a longer period of reddish coloration,
grade 2 (62 days in the PM-10 group, 54 to 60 days
in the PM-100 group, and 54 days in the PM-1,000
group), a darker reddish coloration, grade 3, was
only exhibited for 2 to 21 days in the PM-10 group,
11 to 17 days in the PM-100 group, and 7 to 19 days
in the PM-1,000 group. Therefore, the changes in
sexual skin color varied in each monkey and did
not depend on the PM dose.

Discussion
In the present study, daily feeding of PM
containing phytoestrogens produced an estrogenic
effect on the sexual skin by increasing its reddish
coloration and pigmentation, but not in a dosedependent manner. Increased redness of the sexual
skin has long been considered an external indicator
of estrogenic effect in nonhuman primates [11, 13].
Administration of estrogen and testosterone for 4
days induced an increasing reddish coloration of
the sexual skin in intact male rhesus monkeys,
while there was no effect in monkeys treated with
either dihydrotestosterone or fadrozole, an
aromatase inhibitor [12]. These results indicate that
estrogen had a direct effect on the sexual skin,
while testosterone had an indirect effect by acting
through aromatization [12]. The effect of estrogen
administration on the reddish coloration and
swelling of the skin has also been similarly found in
both intact and ovariectomized rhesus monkeys
[14, 18].
Pigmentation of the skin is modulated by
estrogen. Estrogen modulates cell proliferation and
melanogenesis of normal human skin cultures [19–
21]. Estrogen-treated ovariectomized guinea pigs

increased production of melanin and produced
increased skin pigmentation [22, 23]. Furthermore,
PM administration induced the proliferation of
human mammary adenocarcinoma cells in vitro [8]
and proliferation of the endometrium and spiral
arteries in ovariectomized rats [9].
Previous studies have shown cytosol and nuclear
estrogen receptors (ERs) in the sexual skin of
Japanese monkeys (Macaca fuscata fuscata) [24].
Daily injection of mestranol, a synthetic estrogen,
induced an increase in both cytosol and nuclear
ERs positively correlated with sexual skin swelling.
Furthermore, the nuclear ERs increased
approximately by 4-fold from the early to late
follicular phases [24]. Hence, from these evidences,
estrogen may influence the sexual skin via ERs in
the sexual skin and produce the reddish coloration.
Although phytoestrogens are the nonsteroidal
compound, their phenolic structures are closely
related to those of estrogens, and the distances
between the hydroxyl groups are also identical [25].
Therefore, based on structural similarities,
phytoestrogens can exhibit estrogenic effect by
binding both ERα and ER β [26]. Genistein and
daidzein showed agonist activity on rat ERα and
ERβ in vitro and were more potently bound to ERβ
than ERα [27–29], while both ERs have been found
in animal and human skins, especially ERβ [23].
Thus, it can be presumed in the present study that
PM phytoestrogens bound to ERs and reddened the
sexual skin.
Moreover, the menopausal monkeys had a
highly sensitive reddish coloration response to all
PM doses (10, 100, and 1,000 mg/day) by
producing a reddish coloration within 24 h.
Nevertheless, the increasing redness of the sexual
skin in the monkeys returned to the palest color in
the second half of the PM-treatment period. The
decreasing redness of the sexual skin may be due to
the high concentration of phytoestrogens in the
circulation leading to an apparent down-regulation
of ERs and reduced responsiveness. A high dose of
phytoestrogen genistein induced down-regulation
of ERα mRNA and protein levels in human breast
cancer cell lines [29]. Changes in ER seem to be
very rapid, since down-regulation of ER occurred
within 6–12 h in endometrium cells of prepubertal
lambs treated with estrogen [30]. This report
supports our presumption that PM phytoestrogens
may bind and modulate ER in sexual skin.
However, the change in sexual skin coloration
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was not concomitant with the change in
endogenous estradiol level in serum [10]. Serum
estradiol levels were unchanged, but tended to
decrease in three monkey groups in a previous
study [10]. This evidence suggests that the
appearance of sexual color changes do not result
from endogenous estrogen and are probably a
direct influence from PM phytoestrogens. In
summary, PM containing phytoestrogens may
have an estrogenic effect on sexual skin coloration
in menopausal cynomolgus monkeys.
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