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ABSTRACT

Menopause is a condition in which
menstruation ceases due to ovarian follicles
no longer producing estrogen. This
condition can reduce the quality of life by
causing physical and  psychological
disturbances. While hormone therapy is
commonly used, its side effects necessitate
alternative approaches, such as
phytoestrogens derived from purple sweet
potato anthocyanins. This study evaluates
the estrogenic activity of ethanol extract
from purple sweet potato (Ipomoea batatas
L.) on the estrous cycle of menopausal
Wistar rats. A post-test-only control group
design was employed using preserved
biological materials. The study sample
consisted of 5 rats per group, with a total of
3 groups: a negative control group
(aquadest), an intervention group with
ethanol extract of purple sweet potato at a
dose of 400 mg/kgBW/day, and another
intervention group at a dose of 600
mg/kgBW/day. Observations were
conducted using a microscope to count the
average number of cells in 10 fields of view.
Subsequently, the estrous phases were
identified to determine the duration of the
estrous cycle. The data were analyzed using
one-way ANOVA and Kruskal-Wallis tests.

The results showed p-values for the duration
of the estrous cycle, proestrus phase, estrus
phase, metestrus phase, and diestrus phase
as 0.289 (p>0.05), 0.368 (p>0.05), 0.310
(p>0.05), 0.174 (p>0.05), and 0.929
(p>0.05), respectively. Despite the lack of
statistical significance, descriptive
variations in cycle duration were observed
among groups. It can be concluded that
there is estrogenic activity from the ethanol
extract of purple sweet potato on the estrous
cycle of Wistar rats in a menopause model.

Keywords: Estrous cycle, Menopause,
Phytoestrogen, Purple sweet potato

INTRODUCTION

Women naturally experience the cessation of
their menstrual cycle, known as menopause.
The end of the menstrual cycle leads to a
decline in estrogen levels in the body during
menopause. This decrease in estrogen causes
vaginal dryness, mood changes, and vaginal
atrophy.lY Additionally, menopause can reduce
women's quality of life due to physical and
psychological disorders.!”!

Unlike humans, who experience menstrual
cycles, most other female mammals undergo an
estrous cycle. The estrous cycle is a periodic
physiological ~ process  influenced by
reproductive hormones.4 Signs of estrous in
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animals include swelling and redness of the
vulva, decreased appetite, and clear vaginal
mucus.Bl  Along with aging, female rats
experience a phase called estropause, marked
by irregular estrous cycles and prolonged cycle
duration.®] Rats can also exhibit estropause
patterns similar to human menopause when
undergoing ovariectomy, which reduces
estrogen and progesterone levels, mimicking
the hormonal changes observed in humans.[!
Therefore, using rats as a research model
facilitates  studying  the  physiological
mechanisms of menopause relevant to human
conditions.

One of the management strategies for decreased
estrogen during menopause is hormone
therapy. This therapy is the most effective
method for reducing menopausal symptoms.!
However, hormone therapy carries the risk of
uterine  hyperplasia and cancer due to
unopposed estrogen or excessive estrogen
stimulation.’®®l A safer alternative therapy for
managing estrogen decline during menopause
is the use of phytoestrogens. !

Phytoestrogens are compounds with chemical
structures similar to estrogen, exhibiting
estrogen-like activity. They have antioxidant,
antimutagenic, and antiangiogenic properties.
Phytoestrogens are a safe alternative to
hormone therapy because they do not elevate
the risk of blood clots in postmenopausal
women.’  One natural food source of
phytoestrogens is purple sweet potato, which
contains anthocyanins.!*4

Purple sweet potato (Ipomoea batatas L.) plays
an essential role in global food and energy
security. This crop is widely cultivated on 60
million hectares worldwide, yielding over 860
million tons in 2019.%1 In Indonesia, sweet
potato is a common and affordable crop found
in many markets, ranking fourth as a
carbohydrate source after rice, corn, and
cassava. It is rich in carbohydrates and calories
and contains anthocyanin compounds.™™ The
accessibility of purple sweet potato in Indonesia
makes it an economical and sustainable
alternative.

Anthocyanins are a subgroup of flavonoids
proven to have antioxidant and phytoestrogenic
activity. Sugiritama et al. investigated the

impact of ethanol extract from purple sweet
potato on the mRNA expression of estrogen
receptor alpha (ERa) and superoxide dismutase
(SOD) in a menopausal animal model, finding
that purple sweet potato  possesses
phytoestrogen and antioxidant activity.[]
Another study found that phytoestrogens in
purple sweet potato ethanol extract exhibit
estrogenic activity and have the potential to
replace estrogen hormones.l In addition to
being used for menopause therapy,
phytoestrogens from purple sweet potato can
enhance animal productivity through estrous
cycle management. Extending the estrous cycle
via phytoestrogens can increase reproductive
opportunities in animals, positively impacting
the livestock industry. Prolonged estrous cycles
and phases can be utilized for animal breeding
by extending the mating phase duration and
increasing the probability of mating success.™*!
The decline in estrogen levels during
menopause can cause physical and
psychological disorders that affect women's
quality of life. Hormone therapy carries side-
effect risks, necessitating safer alternatives such
as phytoestrogens. Purple sweet potato, which
is rich in anthocyanins, has the potential to
serve as a natural, safe, and accessible
phytoestrogen source. These compounds can
also extend the estrous cycle in female animals
and improve reproductive success. Therefore,
this study will discuss the estrogenic activity of
ethanol extract from purple sweet potato on the
estrous cycle of Wistar rats in a menopause
model.

MATERIALS & METHODS

A post-test-only control group design was
employed using Stored Biological Material
(SBM) from vaginal smears of bilaterally
ovariectomized Wistar rats. The rats were
divided into three groups: KO (negative control
with distilled water), K1 (intervention with
purple sweet potato ethanol extract at 400
mg/kgBW/day), and K2 (intervention with
purple sweet potato ethanol extract at 600
mg/kgBW/day). The research was conducted at
the Integrated Biomedical Laboratory, Faculty
of Medicine, Udayana University, between
June and November 2024.
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The observed SBM from vaginal smears
included 5 samples per group, totaling 15
samples. Observations were conducted using a
light microscope to identify the number of
cornified epithelial cells, nucleated epithelial
cells, and leukocyte cells. The estrous cycle
phase, estrous cycle phase durations, and the
total estrous cycle duration were determined
through cell count calculations. The data were
analyzed using descriptive analysis, the
Shapiro-Wilk test for normality, the Levene test
for homogeneity, and hypothesis testing with
one-way ANOVA or the Kruskal-Wallis test.

RESULT

The study was conducted from June 3,
2024, to November 11, 2024, at the
Integrated Biomedical Laboratory. The
samples consisted of 5 samples per group

(15 in total). Each research sample
comprised 4 vaginal smear SBM
preparations, labeled I, Il, 11, and V. These

labels indicated the time of vaginal smear
collection in 3-hour intervals, following

Roman numeral designations. Observations
were carried out using a light microscope on
10 fields of view per preparation. Cell
counts were performed on each preparation
to determine the estrous cycle duration.

The research results were presented through
descriptive analysis, normality testing,
homogeneity testing, and hypothesis testing.
Descriptive analysis included the duration
of estrous cycle phases and the overall cycle
duration. These data were obtained through
microscopic observations of the vaginal
smear SBM preparations. Cell counting was
performed to identify differences in the
average number of leukocytes, cornified
epithelial cells, and nucleated epithelial cells
to determine the estrous cycle phases and
their respective durations. Meanwhile,
normality testing, homogeneity testing, and
hypothesis testing were conducted to
analyze the effects of purple sweet potato
ethanol extract on the estrous cycle duration
in menopausal Wistar rats.

Table 1. Duration estimation of the estrous cycle in each group

Groups | Sample | Duration Estimation (Hour(s))
Estrus Phase Estrus Cycle
Proestrus | Estrus | Metestrus | Diestrus
Ko 1 0 0 3 9 6
2 0 0 3 6 6
3 0 3 3 3 6
4 0 3 0 6 6
5 0 6 3 3 6
K1 1 0 3 0 9 6
2 0 3 0 6 6
3 0 3 3 6 9
4 3 3 0 3 9
5 0 6 3 3 9
Kz 1 0 3 3 6 6
2 0 3 0 9 3
3 0 3 0 6 6
4 0 12 0 0 12
5 0 6 0 3 9

According to Table 1, samples in Ko
exhibited an estimated estrous cycle
duration ranging from 6 to 9 hours. In
samples 1, 2, and 3, the metestrus phase was
observed at the 3rd hour, characterized by a
higher average of leukocytes and cornified
epithelial cells compared to nucleated
epithelial cells, followed by the diestrus

phase, which showed increased leukocyte
dominance. Sample 4 displayed an initial
diestrus phase, followed by estrus, and
concluding again with diestrus. In sample 5,
the estrus phase was dominant, leading to a
longer estrous cycle duration compared to
the other samples.
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The cell morphology of the estrous cycle in
Group Ko can be observed in Figure 1. The
identified phases included estrus (E),
metestrus (M), and diestrus (D). The

proestrus phase was not detected. Cornified
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epithelial cells (green arrows), leukocytes
(yellow arrows), and nucleated epithelial
cells (blue arrows) were observed in each
phase.

Figure 1. Estrous Cycle Cells in Ko

In Group Ki (Table 1), where rats received
400 mg/kgBWi/day of purple sweet potato
ethanol extract, the estrous cycle phases
varied among samples, with an estimated
duration of 6 to 9 hours per cycle. In
samples 1 and 2, the predominant phases
indicated by

were estrus and diestrus,

Figure 2 displays the cell types observed in
Group Ki's estrous cycle. All estrous cycle
phases, including proestrus (P), were
detected. Upon observation, cornified
epithelial cells (green arrows), leukocytes
(yellow arrows), and nucleated epithelial
cells (blue arrows) were identified within
the sample.

In Group K2 (Table 1), where rats received
600 mg/kgBW/day of purple sweet potato

Figure 2. Estrous Cycle Cells in Group K1

dominance of cornified epithelial cells and
leukocytes. Sample 3 exhibited a metestrus
phase, while sample 4 showed a proestrus
phase alongside estrus. Sample 5 remained
in the estrus phase longer, as indicated by a
high average of cornified epithelial cells.

ethanol extract, the estimated cycle duration
ranged from 3 to 12 hours. In samples 1, 2,
and 3, the diestrus phase dominated the
cycle, marked by a high average of
leukocytes. The estrus phase was observed
intermittently. In sample 4, the cycle was
entirely in the estrus phase, with a high
average of cornified epithelial cells. In
sample 5, the diestrus and estrus phases
alternated.
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Figure 3 shows the estrous cycle phases
observed in Kz. The proestrus phase was not
detected, but other phases were present.
Cornified epithelial cells, leukocytes, and

nucleated epithelial cells were observed and
are indicated by green, yellow, and blue
arrows, respectively.

Figure 3. Estrous Cycle Cells in Group K2

Normality Test

Normality testing using the Shapiro-Wilk
test was performed to assess data
distribution.  Significant  values  were
obtained for each group across the
dependent variables. Normally distributed
variables included estrous cycle duration in
K2, estrus phase duration in Ko, and diestrus
phase duration across all groups. Other
variables showed a non-normal distribution.

Homogeneity Test

Homogeneity testing using the Levene test
revealed homogeneity in the estrous cycle
duration, metestrus phase duration, and
diestrus phase duration. However, the
proestrus phase duration and overall estrous
cycle duration exhibited non-homogeneous
data.

Hypothesis Test

Hypothesis testing was selected based on
the results of the normality and
homogeneity tests. The Kruskal-Wallis test
was used for estrous cycle duration,
proestrus phase duration, estrus phase
duration, and diestrus phase duration, as the
data were not normally distributed. Because
the metestrus phase duration followed a
normal and homogeneous distribution, the
one-way ANOVA test was applied.
Hypothesis testing using one-way ANOVA
was conducted on the variable of diestrus
phase duration, as shown in Table 2. The
obtained p-value was 0.929, indicating no
significant difference in the duration of the
diestrus phase between the groups because
the p-value is above 0.05.

Table 2. Hypothesis Testing with One-Way ANOVA Test

Variable

P-value

Duration of Diestrus Phase

0.929*

* = The variable data does not have a statistically significant difference.

Table 3 shows the Kruskal-Wallis test

results regarding estrous cycle duration,
proestrus phase duration, estrus phase
duration, and metestrus phase duration. The
significance values obtained were 0.289,

0.368, 0.310, and 0.174, respectively. All
values exceeded 0.05 (p > 0.05), suggesting
that there were no significant differences
among the groups for these variables.

Table 3. Hypothesis Testing with Kruskal-Wallis Test

Variable P-value
Duration of Estrus Cycle 0.289*

Duration of Proestrus Phase 0.368*
Duration of Estrus Phase 0.310*
Duration of Metestrus Phase 0.174*
* = The variable data does not have a statistically significant difference.
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DISCUSSION

Estrogenic Activity of Ethanol Extract of
Purple Sweet Potato on Estrous Cycle
Duration

The duration of the estrous cycle in rats serves
as an indicator of estrogenic activity. According
to the study, no significant variations in estrous
cycle duration were observed across the
different groups. This finding aligns with the
study by lzzati et al. which examined the
fertility effects of Hibiscus sabdariffa L. extract
on Sprague Dawley rats and found no
significant difference in the length of the
estrous cycle between groups.[€!

In contrast, the study by Wiratmini et al. found
a significant relationship  between the
administration of Leucaena leucophala (Lam.)
de Wit leaf extract and the duration of the
estrous cycle. In that study, the group receiving
a higher dose exhibited a longer estrous cycle
duration compared to those receiving a lower
dose and the control group.”! Research by
Safrida et al. also demonstrated an increase in
estrous cycle duration in ovariectomized rats
given tempeh flour. This was attributed to the
isoflavones in tempeh flour, which increase
estradiol and endogenous estrogen levels,
thereby prolonging the estrous cycle. ']

This study also found that the durations of the
proestrus, estrus, metestrus, and diestrus phases
showed no significant differences among
groups. This suggests that the treatment
administered did not have a strong enough
impact to influence the durations of these
phases in the estrous cycle. However, research
conducted by Wiratmini et al. showed different
results, indicating significant differences among
groups in the lengths of each estrous cycle
phase.["]

One sample from the intervention group
receiving 600 mg/kg body weight/day of purple
sweet potato ethanol extract experienced a
continuous estrus phase for 12 hours. This
aligns with the findings of Hidayati and
Nofianti, who noted that the estrous cycle phase
in the group given the fruit extract of takokak
was descriptively different from the negative
control group.[®!

The differing results of this study compared to
previous research may be influenced by the

observation time of the samples. This study was
conducted with a total observation time of 12
hours, which is significantly shorter than the
normal estrous cycle duration in rats, typically
lasting 4-5 days or approximately 96-120
hours. This short duration may have led to the
unidentification of some phases of the estrous
cycle.Bl The study by Wiratmini et al. reported
a total estrous cycle duration in ovariectomized
rats in the negative control group of 109.3
hours, while the intervention group with
phytoestrogens had a cycle duration ranging
from 110 to 122.66 hours.'”l Another study
found that the estrous cycle duration in
ovariectomized rats in the control group was 72
hours, while the phytoestrogen intervention
group had a cycle duration of up to 108
hours.[*"]

The dosage of phytoestrogens in the purple
sweet potato extract may also influence the
estrogenic response, resulting in increased
durations of the estrous cycle phases and the
total cycle duration. In this context, the
anthocyanins contained in purple sweet
potatoes are known to bind to estrogen
receptors, both ERa and ERPB.IY Research by
Prasetyo indicated that low doses of
phytoestrogens result in minimal binding to ER,
leading to lower estrogenic activity.™ Low
estrogenic activity can result in the absence of
the estrus phase because this phase requires
high estrogen levels. The obstruction of the
estrus phase also hinders the progression of
other phases in the estrous cycle. 5]

Excessively high doses of phytoestrogens may
also disrupt the interaction  between
phytoestrogens and their estrogen receptors.
Research by Lorenzana-Martinez et al. found
that administering 100 mg/kgBW of Hibiscus
sabdariffa extract resulted in lower levels of
ERa mRNA compared to a dose of 50
mg/kgBW. This was due to excess
phytoestrogens potentially causing a decrease in
ERa transcription regulation to prevent
excessive receptor production and inappropriate
signaling. Nevertheless, the group with the
higher dose exhibited greater ERa protein
levels in comparison to the lower dose group.
The differences in mRNA and ERa protein
levels indicate desensitization of ERa when
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overstimulated,
degradation. 2%

leading to recycling or

Estrus Phase in the Negative Control Group
The results of the study indicate the presence of
the estrus phase in the negative control group,
characterized by a relatively higher number of
keratinized epithelial cells compared to other
cell types. This contrasts with the findings of
Safrida et al., who reported that the control
group did not experience the estrus phase. The
absence of the estrus phase in ovariectomized
rats given pellets may be due to low
endogenous estrogen levels, which are
necessary for the estrus phase to occur.*®!

The emergence of the estrus phase in the
control group may be influenced by the timing
of vaginal smear sample collection post-
ovariectomy. A study using rabbits found that
vaginal smear samples taken pre-operatively,
on day 7, and day 14 post-ovariectomy did not
show significant differences in estradiol levels.
This would also affect the number of nucleated
epithelial cells and keratinized epithelial cells,
which indicate the estrous cycle. Significant
differences were observed on days 30, 60, and
90 post-ovariectomy compared to earlier
groups, resulting in the absence of keratinized
epithelial cells in that study.?Yl This indicates
that observation timing affects the identification
of the estrus phase in negative control rats.

Limitations of the Study

The limitations of this study include the
observation duration of only 12 hours, which
risks missing important phases in the estrous
cycle, especially in ovariectomized rats.
Additionally, the influence of the purple sweet
potato extract dosage needs to be tested further
to determine the appropriate dosage for eliciting
estrogenic effects.

CONCLUSION

The ethanol extract of purple sweet potato
(Ipomoea batatas L.) shows estrogenic activity
on the estrous cycle of Wistar rats in a
menopause  model.  While  descriptive
differences in the duration of the estrous cycle
among groups were observed, no statistically
significant differences were found in the

duration of the estrous cycle or its phases
(proestrus, estrus, metestrus, and diestrus)
among treatment groups. This may be due to
the short observation time (12 hours) and the
dosage of the purple sweet potato ethanol
extract being insufficient to significantly impact
estrous cycle regulation.

Based on the study results, it is recommended
that future research explore a wider range of
dosages for purple sweet potato ethanol extract
to determine the optimal dosage and extend the
observation duration to at least match the
normal estrous cycle duration (4-5 days) to
observe long-term effects on the estrous cycle
and its phases.
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