Journal of Reproduction and Development, Vol. 60, No 3, 2014

—Original Article—

Improvements of Vaginal Atrophy without Systemic Side Effects after
Topical Application of Pueraria mirifica, a Phytoestrogen-rich Herb, in
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Abstract. The estrogenic efficacy of topical vaginal application of Pueraria mirifica extract (PM) on the restoration of
vaginal atrophy, and the presence of any systemic side effects, were investigated in postmenopausal cynomolgus macaques.
Twelve postmenopausal cynomolgus macaques, with complete cessation of menstruation for at least 5 years before start of
this experiment, were divided into three groups. They received a topical vaginal application daily of 0.1 or 1% (w/w) PM
cream or a conjugated equine estrogen (CEE) cream (a mixture of estrone, equilin, 17B-dihydroequilin, 17a-estradiol and
17a-dihydroequilin at 0.625 mg total estrogen/g cream) for 28 days. Estrogenic efficacy was assessed weekly by vaginal
cytology assay and vaginal pH measurement, whilst the plasma luteinizing hormone (LH) and sex skin coloration levels
were determined at the end of each treatment period to evaluate the systemic side effects. PM significantly increased the
proportion of superficial cells in a dose-dependent manner, with a similar efficacy between 1% (w/w) PM and CEE. Together
with increased vaginal maturation, PM decreased the vaginal pH to acidic levels, as observed in the CEE group. PM induced
no detected systemic side effects, whilst CEE decreased the plasma LH level and increased the reddish color of the sex skin
during the posttreatment period. Topical vaginal treatment with PM stimulated the maturation of the vaginal epithelium
without causing systemic side effects in postmenopausal monkeys. The implication is that PM could be a safer alternative to

treat vaginal atrophy in postmenopausal women.
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Vaginal atrophy, a thinning and shrinking of the vaginal tissues
and a decreasing in lubrication, is a common symptom found in
postmenopausal women. Together with vaginal atrophy, a decrease in
vaginal secretion and increase in vaginal pH also occurs, which leads
to an increased incidence of vaginitis [1], vaginal dryness, itching,
burning and irritation [ 1-4]. Most vaginal atrophic patients complain
of dyspareunia during sexual intercourse. The etiology in most cases
of vaginal atrophy is a decline in the circulating endogenous estrogen
levels. Therefore, several estrogen formulations have been used to
relieve the symptoms of vaginal atrophy, such as estradiol rings,
tablets and creams [5]. Conjugated equine estrogens (CEE) cream,
which contained a mixture of estrone, equilin, 17p-dihydroequilin,
17a-estradiol and 17a-dihydroequilin at 0.625 mg/g cream, is currently
the most common choice of vaginal product for the treatment of
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vaginal atrophy [4-6]. However, the reported side effects of CEE
cream include an increased occurrence of endometrial hyperplasia,
endometrial stimulation, breast tenderness and uterine bleeding
[5]. Therefore, the use of synthetic phytoestrogens or an extract of
phytoestrogen containing plants for the treatment of vaginal atrophy
has become attractive as a potentially safer alternative [7].

Pueraria mirifica (PM) is an endemic herb of Thailand, and its
tuberous root contains a high amount of phytoestrogens [8]. The
estrogenic activity of PM has been established in animal experiments
and clinical trials, especially that association with vaginal proliferation
[9-14]. Rats fed with PM at a dose of 50 to 1,000 mg/kg/day elicited
a dose-dependent vaginal cornification [9—12,14]. Oral administration
0f 20 to 50 mg/day of PM for 24 weeks in healthy postmenopausal
women resulted in increased vaginal proliferation, ablation of vaginal
dryness symptoms and dyspareunia and a reduction in vaginal pH
to acidic levels, but these also elicited adverse side effects, such as
urticaria, in some patients [13].

It is well known that estrogens and phytoestrogens exhibit estro-
genic activity in vaginal tissues after binding with estrogen receptors
(ERs)[15, 16]. Although both the ERa and ERp subtypes of estrogen
receptors are expressed in vaginal tissues, a three-fold higher level of
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ERP expression than ERa was noted in premenopausal or estrogen
replacement therapy postmenopausal women [17]. Therefore, PM
may be helpful in the management of postmenopausal vaginal atrophy
in women because its phytoestrogens have a higher affinity to the
ERp subtype [18].

Since there is no information on the effect of vaginal application
of PM on the restoration of vaginal atrophy and its systemic side
effects, we performed this evaluation in postmenopausal monkeys.
Cynomolgus macaques (Macaca fascicularis) were selected for this
study because they have broadly similar reproductive organs and
sex hormone profiles to those of humans, and they undergo natural
menopause [19-22]. The advantage of using cynomolgus macaques
over humans is that the systemic estrogenic activity of synthetic
estrogens or phytoestrogens can be detected by the noninvasive
method of visual observation of the external changes in the color of
the sex skin, which is the skin at the anogenital and rump surrounding
the ischial callosity [23-26]. Cynomolgus macaques exhibit cyclical
changes in the red color of their sex skin in relation to the changes
in their serum estrogen levels during the menstrual cycle. Thus, sex
skin reddening was found to be greatest during the late follicular
phase or before ovulation when the serum estrogen levels were
highest [23, 25].

Here, we investigated (i) if daily topical application of a vaginal
cream containing PM extract showed a similar efficacy to that of
CEE cream using vaginal tissue proliferation and the vaginal pH as
markers, (ii) if vaginally administered PM and CEE creams could be
absorbed through the vaginal mucosa into the blood circulation and
have a systemic side effect using the decrease in plasma luteinizing
hormone (LH) as an indicator and (iii) if changes in sex skin reddening
in postmenopausal cynomolgus macaques can reflect the systemic
effects of vaginal application of CEE and PM.

Materials and Methods

Animals

Twelve postmenopausal cynomolgus macaques over 20 years of
age and weighing 4.5 to 7.0 kg were selected from the colony of
the Primate Research Unit, Chulalongkorn University, Bangkok,
Thailand. All monkeys had exhibited a complete cessation of menstrual
bleeding for at least 5 years before start of this study (Table 1). In
humans, onset of vaginal atrophy occurs in postmenopausal women
(progressive estrogen deficiency) approximately after 10 years of
menopause, and this occurs later than other menopausal symptoms
[27]. Thus, monkeys at least 5 years postmenopause, which are
roughly equivalent to women 15 years postmenopause [28], were
selected for this study, as they were thought to be a reasonable
(representative) model for humans.

The animals were trained to turn their back, bend their body and
show their rump for topical vaginal treatment and vaginal smears.
Monkeys were housed in individual cages under standard housing
conditions of controlled lighting (12 h light/12 h dark cycle). They
were fed daily a monkey chow (Perfect Companion Group, Samut
Prakarn, Thailand) in the morning (0900—1000 h) and given fresh
fruits in the afternoon (1400—1500 h). The experimental protocol
was approved by the Animal Care and Use Committee of the Faculty
of Science in accordance with the guide for the care and use of

Table 1. Age and menopausal period in each monkey used in the three
treatment groups

e Nokeym, Agetoeary | Mnepaual
0.1% (w/w) PM 77 29 516
612 27 6
801 24 7.66
104 29 8.16
1% (w/w) PM 624 23 5
102 29 5.41
616 27 750
99 29 9.50
CEE 627 21 6.66
70 30 7.91
610 28 10
628 21 11.25

laboratory animals prepared by Chulalongkorn University (Protocol
Review No. 0923002).

Experimental design

The twelve monkeys were divided into three groups (four monkeys/
group) that were topically treated once daily with 0.5 g of 0.1 or 1%
(w/w) PM extract or CEE vaginal cream (Premarin Vaginal Cream®,
Wyeth, Montreal, Canada), respectively. The treatment schedule was
separated into the three periods, the pretreatment, treatment and
posttreatment periods, each with a duration of 28 days. Monkeys were
assessed weekly for vaginal cytology and vaginal pH. Blood samples
were collected from the femoral vein under ketamine hydrochloride
anesthesia (10 mg/kg BW, i.m.) between 0830-0930 h for the LH
assay at the end of the pretreatment, treatment and posttreatment
periods. Collected blood samples were immediately centrifuged
(1,700 x g, 30 min, 4 C), and the plasma was harvested and stored
at —20 C until used for the LH assay. The sex skin color was also
determined after blood collection (see below).

Vaginal cytology

A sterile cotton swab soaked in sterile normal saline was introduced
into the posterior vagina [29]. The material collected from the vaginal
wall was immediately smeared on a glass slide, which was then wet
fixed in 95% (v/v) ethanol and stained using Papanicolaou’s method
[30]. The vaginal smears were collected between 0900—-1000 h
weekly. The smears were examined under an Olympus compound
light microscope, and 100 epithelial cells were randomly counted to
determine the maturation index. The epithelial cells were classified by
the following morphological criteria: (i) superficial cells containing
a pyknotic nucleus of less than 5 pm in diameter and an orange-red
(or eosinophilic) cytoplasm, (ii) intermediate cells having vesicular
nuclei and a pale blue cytoplasm, and (iii) parabasal cells having a
nuclear diameter of greater than one-third the diameter of the cell
and a blue-green cytoplasm [29].

Vaginal fluid pH

Vaginal fluid pH measurements were taken once a week before
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vaginal smears throughout the study. Vaginal pH was determined
using a pH indicator strip (Whatman® Panpeha™; Sigma-Aldrich,
St. Louis, MO, USA), which was inserted into the vagina and left for
10 sec (until moistened). The pH was read after the color stabilized
by comparison with a standard colorimetric chart (sensitivity of 0.5
pH) ranging from pH 0 to 14. If the color fell between two values
on the chart, the average of the two pH readings was used.

Plasma LH levels

Plasma LH levels were measured using the heterologous radioim-
munoassay system described previously [20] using iodinated rat
NIDDK-rat LH-I-5 and anti-ovine LH antiserum (YM#18; NIH,
Torrance, CA, USA). The results are expressed in terms of NIDDK
rat LH-RP-2 start (NIH, Torrance, CA, USA), and the intra- and
inter-assay coefficients of variation were 5.7% and 7.1%.

Sex skin coloration

Sex skin color was quantitatively determined using a color
reflectometer (Color Analyzer Model CR-200, Minolta, Japan)
and expressed by the three parameters, L* (lightness, ranging from
darkest (value 0) to lightest (value 100)), a* (the hue of green ranging
from (—60) to red (+60)) and b* (the hue of blue ranging from (—60)
to yellow (+60)) [31]. Since the sex skin reddening indicated the
serum estrogen levels, only the a* value was analyzed in this study.
The color of the sex skin around the vagina was measured at four
areas, the upper and lower areas of the ischial callosities on both
the left and right sides (Fig. 1), after blood collection at the end of
the pretreatment, treatment and posttreatment periods.

Preparation of PM extract and phytoestrogen analysis

The PM cultivar SARDI 190, from Kasetsart University,
Kampangsan campus (lot no. 0070317), was used as the source
material. Tuberous roots of 3-year-old plants were harvested in March
2007. The fresh tubers were chopped into small pieces and dried
at 60 + 5 C. The dried material (100 g) was ground and macerated
three times in 300 ml of 70% (v/v) ethanol each [14]. The ethanol
extracts were pooled, filtered through filter paper (Whatman No.
4) and evaporated in a rotary evaporator to produce 17.8 g ethanol
extract of PM. The dried extract was stored at —20 C until used, at
which time it was first homogeneously mixed at 0.1 or 1% (w/w)
into K-Y jelly (Johnson & Johnson, Bangkok, Thailand).

To determine the phytoestrogen content in the PM extract, the
extract was analyzed using HPLC as previously described [14] with
minor modifications. Briefly, 1 mg of dried extract was dissolved
in 1.5 ml of absolute ethanol and diluted with 0.5 ml of 0.1% (v/v)
phosphoric acid in deionized water. The extract was injected (10
ul) into an HPLC system (model Agilent 1000; Agilent, Waldbronn,
Germany) equipped with a reverse phase Symmetry C18 column
(250 mm x 4.6 mm, 5 pm; Phenomenex). The mobile phase consisted
of 0.1% (v/v) phosphoric acid in deionized water and 0.1% (v/v)
phosphoric acid in acetonitrile with gradient elution at flow rate of
1 ml/min. The isoflavone contents in the sample were identified
and quantified by comparison of their retention time and peak areas
with reference to known standards and concentrations, respectively,
resolved under the same conditions. The isoflavone standards used
were puerarin (LK T Laboratories, Inc., St. Paul, MN, USA), daidzin
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Fig. 1.  Approximate location of the four areas of the sex skin around the

vagina where the color was measured in each postmenopausal
monkey: left side upper ischial callosity (LU), right side upper
ischial callosity (RU), left side lower ischial callosity (LW), and
right side lower ischial callosity (RW). A, V and the grey areas
indicate the anus, vagina and ischial callosities, respectively.

(Sigma-Aldrich), genistin (Fluka, Buchs, Switzerland), daidzein
(Sigma-Aldrich) and genistein (LC Laboratories, Woburn, MA,
USA), each calibrated at four different concentrations over the range
of 0.05-50 pg/ml for daidzin, genistin and genistein and 0.07-70
pg/ml for puerarin and daidzein.

Statistical analysis

The results are expressed as the mean + 1 standard error (SE).
Statistical analyses were performed using the Statistical Package
for the Social Sciences (SPSS) version 13.0 (SPSS, Chicago, IL,
USA). Differences among the treatment periods were evaluated
by one-way analyses of variance (ANOVA) followed by the least
significant difference post hoc test when the distribution of the
variables was normal. Statistical significance was accepted at a P
value of less than 0.05.

Results

Isoflavone contents in PM

The retention time of the five isoflavone standards, puerarin, daidzin,
genistin, daidzein and genistein, were 13.38, 17.88, 24.17, 33.98 and
42.92 min, respectively (Fig. 2). The obtained calibration curve for
each standard isoflavone had a high linearity (R? = 1.000) over the
assayed range, whilst the detection sensitivity for the established
HPLC analysis of isoflavones in the PM sample was approximately
0.005 pg. The total concentrations of the isoflavones in the PM
cultivar SARDI 190 extract, as analyzed by HPLC, were found to
be 76.27, 14.71, 17.44, 3.23 and 12.01 mg/100 g of PM dry powder
for puerarin, daidzin, genistin, daidzein and genistein, respectively.



PM TREATMENT IN POSTMENOPAUSAL MACAQUES 241

0.014+
0.012-
£

—_ ©

) 0.010 §

< g

0.008-

g v

o

_‘.!’ 0.006 =

™ ‘N

[+] ° c £

0n — = F

8 0.004 8 7] <

< s 2

v @ <
° o
0.002 \A\ v v
0.000-
000 500 1000 1500 2000 2500 3000 3500 4000 4500
Time (min)

Fig.2. HPLC chromatogram of the P. mirifica extract revealing its
principal isoflavone contents as puerarin, daidzin, genistin,
daidzein and genistein.

Vaginal cytology

During the pretreatment period, the proportion of superficial cells
in all monkeys remained at levels of 10-55% (31.7 + 1.5%), with
the majority being intermediate cells (range 45-89%; 68.3 + 1.5%)
and very few parabasal cells (Figs. 3 and 4). Although the monkeys
had different durations for the postmenopausal period (Table 1), the
patterns of response to the treatments were essentially the same.
Topical vaginal treatment with the 0.1% (w/w) PM cream stimulated
a slight proliferation of vaginal epithelium cells to superficial cells
in postmenopausal monkeys, but this was not significantly higher
than that in the pretreatment period until day 21 of the treatment
period (Fig. 4A). In contrast, treatment with the 1% (w/w) PM or
CEE both markedly (~1.8- to 2-fold) and significantly increased the
proportion of superficial cells above that in the pretreatment period
from day 7 of the treatment period, and the proportions remained
higher than those in the untreated monkeys until the end of the
treatment period. The proportion of the superficial cells then declined
to the pretreatment levels within 7, 21 and 28 days after withdrawal
of the 0.1% (w/w) PM, 1% (w/w) PM and CEE treatment groups,
respectively (Fig. 4A). Congruent with the increased proportion of
superficial cells in the 1% (w/w) PM and CEE groups, the levels
of intermediate cells in these groups were significantly decreased
from day 7 of the treatment period and returned to the pretreatment
levels within 21 and 28 days of the posttreatment period, respectively
(Fig. 4B). Although the proportion (%) of intermediate cells in the
0.1% (w/w) PM treated group decreased by 21 to 28 days of the
treatment period, the proportion was not significantly lower than
the pretreatment level.

Vaginal fluid pH

All monkeys had a slightly basic vaginal pH of 7-7.5 (7.2
0.05) throughout the pretreatment period (Fig. 5). Topical treatment
with PM and CEE significantly decreased the vaginal pH to slightly
acidic levels of 6-7 (6.4 + 0.14) after 28 days of treatment in a
potentially dose-independent manner. The vaginal pH increased
to the pretreatment levels within 7 days after withdrawal of the

Treatment

Pretreatment

1% PM

CEE N

Fig. 3. Vaginal cytology for postmenopausal macaques before and after

treatment with 0.1 or 1% (w/w) P. mirifica (PM) or conjugated
equine estrogens (CEE) vaginal cream for 28 days. Pretreatment
vaginal cytology: a low proportion of superficial cells (S; orange-
red-stained cytoplasm), a high proportion of intermediate cells (I;
pale blue-stained cytoplasm) and very few parabasal cells (P; a
nuclear diameter (arrow) of greater than one-third the diameter of
the cell). Posttreatment vaginal cytology: an increased proportion
of superficial cells (S) in all treatment groups. Images shown are
representative fields of vaginal smears from the four monkeys.
200 x magnification, Papanicolau’s stain.

respective PM or CEE treatment.

Plasma LH levels

Due to the magnitude of the interindividual variation in the
pretreatment levels of LH in plasma (Fig. 6A), in addition to the
limitation of a small sample size (four monkeys per treatment group),
the plasma LH levels at the end of the treatment and posttreatment
periods were adjusted to percentage changes of the pretreatment
levels (Fig. 6B). Compared with the pretreatment levels, the plasma
LH levels did not significantly change throughout the treatment and
posttreatment periods in either PM-treated group of monkeys (0.1%
(w/w) and 1% (w/w) PM). Although the plasma LH levels were
unchanged at the end of the treatment period in the CEE group,
a large significant decrease was found (P <0.01) at the end of the
posttreatment period.

Sex skin color

Because the sex skin color (a* value) was measured in four areas,
the upper and lower areas of the ischial callosities on the left and
right sides (separate analyses) were compared to determine whether
or not they were statistically equivalent. No significant differences
between the left and right areas were detected during the three treat-
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and posttreatment periods. The values for sex skin color were

Fig.5. The vaginal pH in postmenopausal monkeys topically treated

daily with 0.1 or 1% (w/w) P. mirifica (PM) or conjugated equine
estrogen (CEE) vaginal cream during the pretreatment (day 0, 7,
14, 21, and 28), treatment (grey area; day 7, 14, 21, and 28) and
posttreatment (day 7, 14, 21, and 28) periods. Data are shown as
the mean + 1 SE of four animals. *P< 0.05 vs. pretreatment period.

expressed only for areas below the ischial callosities. Data
are shown as the mean + 1 SE of four animals. **P< 0.01 vs.

respectively.

of the red hue in the lower ischial region was numerically higher

ment periods in each of the three treatment groups, and so the values than in the upper region, with statistically significant differences
for the left and right upper areas, and separately those of the lower being found in two (the 0.1% (w/w) PM posttreatment and CEE
areas, of the ischial region were pooled. As expected, the intensity pretreatment groups) treatment groups (Table 2). Given the small
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Table 2. The sex skin color (a* value) in the upper and lower areas of
ischial callosities in each monkey used in the three treatment

groups

Treatment! Pretreatment®> Treatment>®  Posttreatment®?
0.1% (w/w) PM

Upper (U) 2023+£1.59  2096+087  18.68=2.67

Lower (W) 24.85+2.27 2590+1.75 28.81 £0.652
1% (w/w) PM

Upper (U) 1224155 12654120  13.19+1.80

Lower (W) 16.51 £1.68 1596 +£2.71 17.50 £ 1.66
CEE

Upper (U) 15.28 £2.09 16.75+1.04 19.78 £2.24

Lower (W) 21.16 +£1.952 1891+ 1.46 2427 +0.82F

! The locations of the areas used to measure the color of the upper (U)
and lower (W) areas of the ischial are shown in Fig. 1. 2 Data are shown
as the mean + 1 SE of the two upper or lower areas of the ischial in the
four monkeys in each group. ® P<0.05 vs. upper. ¥ P<0.05 vs. treatment
period. * At the each end of the 28-day pretreatment, treatment and
posttreatment periods.

sample size and relatively large variance within each group, it is
plausible that other numerical differences between groups could be
significant, and so the values for the colors of the upper and lower
ischial regions were not pooled but compared separately between
the treatment periods and groups.

Similar to the plasma LH levels, the sex skin color of the macaques
varied between individuals in the pretreatment period. Therefore, to
validate the results, the a* values were adjusted to the percentage
change relative to those of the pretreatment values. The only significant
increase (P <0.05) in the a* value of the upper ischial region in the
CEE group was observed during the posttreatment period (Fig. 6C).

Discussion

The present study demonstrated that daily topical vaginal treatment
of the PM extract significantly improved the vaginal atrophy of
postmenopausal cynomolgus macaques with efficacy comparable to
that of the CEE, as shown by the increased ratio of superficial cells
to intermediate cells in the vaginal cytology smears. These vaginal
applications of PM extract and CEE creams elicited similar effects to
those found with oral administration of PM in humans, cynomolgus
monkeys and rodents [9—-14, 32, 33]. In general, the increased
proportion of superficial cells (karyopyknotic or eosinophilic index)
correlated well with the estrogen peak before the time of ovulation
in women and female cynomolgus macaques with regular menstrual
cycles [13, 34]. The vagina of premenopausal and postmenopausal
women and cynomolgus macaques is covered by a mucosa with a
pluristratified Malpighian epithelium [33, 35] that expresses both
ERa and ERB [15, 17, 36] and is markedly sensitive to sex steroids,
particularly to estrogens [37]. As expected, genistein and puerarin,
the key phytoestrogen components in PM, were reported to stimulate
vaginal proliferation in postmenopausal women and ovariectomized
rats [12, 38, 39]. Regarding the comparable recovery times between
the 1% (w/w) PM and CEE treatments, this suggested that a 1%
(w/w) PM extract cream (~4.69 pg of puerarin plus genistin per

application; 6.18 pg of total phytoestrogens per application) could
be used as an alternative to the CEE cream (313 pg mixed estrogens
per application) in postmenopausal women.

An important rationale for the use of the macaque model in this
study is the high degree of similarity in the pathophysiology and
responses to hormonal agents between the human and macaque
vaginal tissues [17, 32-34, 40]. Together with the increased propor-
tion of vaginal superficial cells, treatment with the PM extract also
resulted in a decrease in vaginal pH to a slightly acidic level similar
to that observed in the CEE-treated group. Indeed, estrogens and
phytoestrogens stimulate vaginal epithelial maturation and subsequent
glycogen production. Glycogen-consuming Lactobacilli can then
colonize the vagina and lower the vaginal pH by catabolism of
glycogen into lactic acid [41, 42]. With a decline in estrogen levels,
as found in menopause, the pH in the vagina rises because of a loss
of Lactobacilli and overgrowth of other pathogenic bacteria [42, 43].
With respect to the finding that estrogen replacement therapy can
restore the Lactobacillus microbiota in the vagina of postmenopausal
women [44], the decreased vaginal pH after the PM and CEE treat-
ments observed in this study (-1 to —1.5 pH) would potentially be
indirectly due to the increase in Lactobacilli numbers. Judging from
the steps required for the formation and maintenance of an acidic
environment in the vagina, it is not surprising that the significant
decrease in vaginal pH after topical application of the PM extract
and CEE occurred beginning about three weeks after the vaginal
proliferation (based upon the observed vaginal keratinization and
pH drop from day 7 to day 28 of the treatment period, respectively).
In agreement with the results of this study, postmenopausal women
vaginally treated with 0.3 mg CEE cream were observed to exhibit a
decrease in vaginal pH (—1.6 pH) from the baseline after 12 weeks
of treatment [40].

Estrogen induces feedback inhibition of pituitary synthesis and
secretion of LH [45]. The decline in estrogen levels in menopause
is the predominant cause for the increase in serum LH levels, and
so the decline in LH levels observed after oral administration of
PM in ovariectomized rats [10] and postmenopausal monkeys
[20] represents the systemic estrogenic activity of PM. Although
intravaginal formulations were developed to avoid systemic exposure
to estrogens, several studies have demonstrated that all intravaginal
estrogen formulations led to increased serum estrogen levels [6, 46].
Thus, lack of an increase in serum LH levels after vaginal CEE or PM
treatment could be used to indicate the resultant systemic estrogenic
activity of the topically applied chemicals. With regards to the
present study, significant suppression of the plasma LH levels was
found in the CEE-treated group but not in either of the PM-treated
(0.1% (w/w) or 1% (w/w) PM) groups. In addition, suppression of
the plasma LH levels in the CEE-treated group was observed later
than expected at the end of the posttreatment period and not at the
end of the treatment period. One possible explanation for this is
that the localized topical application of CEE to the vagina resulted
in slow absorption through the atrophic vaginal mucosa into the
blood circulation [40, 47, 48], and so it took some time to reach
the threshold level for the suppression of pituitary LH synthesis
and secretion. In the present study, suppression of the plasma LH
levels in the CEE-treated group was observed only at the end of the
posttreatment period; however, the vaginal cytology and pH were
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similar to those in the pretreatment state. These different responses
may result from a reduced sensitivity of vaginal tissue due to prolonged
estrogen exposure in the postmenopausal monkey. Taken together,
the present findings indicate that systemic absorption is greater with
the CEE cream compared with the PM cream.

Systematic changes in the sex skin color have been found in
several species of Old World nonhuman primates, such as Japanese,
rhesus and cynomolgus macaques, which all have a multi-male/
multi-female social systems in which one male can copulate with
many females and vice versa [24, 49, 50]. Generally, these color
changes can be discriminated with the naked eye. Sex skin reddening
during the ovulation period, induced by a high serum estrogen level,
is used as an external sign for male monkeys to approach females for
copulation [23, 49]. For example, ovariectomized rhesus macaques
injected daily with estradiol benzoate or estrone for 10 days showed
a significant increase in the intensity of their sex skin reddening and
were then approached and mounted by males and received ejaculates
from them more frequently than females not treated with hormones
(control) [51]. However, use of seasonal breeding animals, such
as rhesus or Japanese macaques, to detect the estrogenic activity
of exogenous chemical treatments on sex skin reddening could be
difficult because the changes are subtle during the nonbreeding
season [50, 52]. Thus, cynomolgus macaques, nonseasonal breeders,
should be a better nonhuman primate model in this sense [21, 24].
Interestingly, congruent with the reduction in the plasma LH levels,
topical vaginal treatment with CEE increased the intensity of the
redness of the sex skin, while topical vaginal treatment with either
dose of PM did not. This is consistent with previously reported
results in which oral administration of 100 to 1,000 mg/day of
PM increased the reddish color of the sex skin of postmenopausal
cynomolgus macaques due to the lack of an increase in serum LH
levels [20, 25]. Thus, measurement of the intensity of sex skin
reddening, which is a noninvasive, inexpensive, convenient and
quick method, may provide a simple and reliable way of estimating
the likely short-term systemic estrogen effect of topical application
of vaginal estrogenic chemicals.

A 28-day topical vaginal treatment with PM extract could stimulate
maturation of the vaginal epithelium and lead to an acidic vaginal
pH in cynomolgus macaques at least 5 years postmenopause. By
using topical vaginal application, PM did not induce any discernible
systemic side effects, as indicated by the absence of detected changes
in the plasma LH levels and sex skin coloration. With respect to
previous findings in postmenopausal women, the oral consump-
tion of PM was reported to also ameliorate other postmenopausal
symptoms, such as hot flushes, frustration, sleep disorder, skin
dryness, high blood cholesterol levels and dyspareunia [13, 53].
In addition, oral administration of PM also maintained the bone
mass [54] in ovariectomized rats and had beneficial cardiovascular
effects in ovariectomized rabbits [55]. Taken together, these results
suggest that PM should be a safer alternative choice for treatment of
vaginal atrophy in postmenopausal women. However, to ensure the
absence of systemic side effects in long-term use, suitable studies
on long-term vaginal treatment with PM need to be performed. In
addition, since a daily vaginal application of PM cream might result
in low patient compliance, especially for postmenopausal women
with busy daily live or reduced memory levels, slow release and

better vaginal adherence forms of PM extract should be developed.

In conclusion, these results clearly demonstrate that topical vaginal
treatment with PM plays a key role in the maturation of the vaginal
epithelium in postmenopausal monkeys. Additionally, PM should be
applicable to treatment of vaginal atrophy and reduce the incidence
of related symptoms in menopausal women.
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