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Abstract

Background: Purslane is a widely distributed shrub used for the treatment of different ailments. The increasing
reproductive complications associated with herbal treatments have led to the need to critically evaluate the safety
and/or reproductive potentials of commonly used plant extracts. This study investigated the reproductive effect of
methanolic extracts of Portulaca oleracea (MEPO) in adult female Wistar rats.

Results: Group C showed a significant decrease both in relative ovarian weight (p = 0.000), and relative uterine
weight (p = 0.037), when compared with the control. There were no significant (p ˃ 0.05) changes in the levels of
follicle-stimulating hormone, luteinizing hormone, progesterone, and estradiol. When compared to the control,
groups B and C showed abnormal estrous cycle and cycle arrest especially at the metestrus phase with mild
congestion of a few blood vessels in the ovary and uterus.

Conclusions: MEPO may possess some anti-fertility effect, as it disrupts the estrous cycle of adult female Wistar rats;
although it has no major effect on the reproductive hormones, uterus, and ovarian histology of adult female Wistar
rats. However, high dose consumption should be taken with precaution.
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Background
Infertility is a disease of the reproductive system defined
by the failure to achieve a clinical pregnancy after 12
months or more of regular unprotected sexual inter-
course [1, 2]. It is a global phenomenon affecting an
average of 10–15% (estimates range from 48 million to
180 million) of reproductive-aged couples [3, 4]. It af-
fects both men and women with almost equal frequency
[3, 5]. The cases of increased infertility issues among

female humans seem to be on the rise; female infertility
occurs in about 37% of all infertile couples and ovulatory
disorders account for more than half of these [6]. The
use of medicinal herbs and herbal medicines is an age-
old tradition [7] and the recent progress in modern ther-
apeutics has stimulated the use of natural products
worldwide for diverse ailments and diseases [8]. Among
the most common plants found in existence, the plant
Portulaca oleracea (PO) is one that should attract atten-
tion. It belongs to the Portulacaceae family, a family of
plants that are Fleshy and commonly used as herbs [9].
It is a naturally occurring plant found in various loca-
tions and is among the most common plants in the
world [10]. Recent research demonstrates that Purslane
has better nutritional quality than the major cultivated
vegetables, with higher beta-carotene, ascorbic acid, and
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alpha-linolenic acid [11]. This plant has since been used
as medicine by practitioners of alternative and trad-
itional medicine, to act as a febrifuge, antiseptic, vermi-
fuge, and so forth [12]. It is also used in the treatment of
cardiovascular disorders, dysuria, haematuria, gonorrhea,
dysentery, sore nipples, and ulcers of mouth [9]. In some
places, this plant is consumed as food and is said to be
nutritious because of its high omega-3 fatty acid content
and other minerals [13]. This plant has been studied and
is listed by the World Health Organization as one of the
most used medicinal plants, and has been given the
name “Global Panacea” [14]. PO has been implicated in
some reproductive effects, especially in male animals.
Reproductive studies following the administration of
purslane reported a reduction in sperm motility, de-
creased testosterone (TT) levels [15], and reduced sperm
structure [16]. In some areas near Benin City (Nigeria),
the plant, along with other ingredients, is taken as an aid
to reproductive functions for males, and the develop-
ment of the fetus in females [17]; a study also found PO
to cause some alterations in the estrous cycle [10]. Fol-
lowing the known traditional and research-reported
uses, the present study was undertaken to investigate
the effects of methanolic extract of Portulaca oleracea
(MEPO) on female fertility and offer scientific evi-
dence to any claimed effect. It will further reduce the
dearth of literature on the effect of PO on the female
reproductive system and also evoke further research
into the female reproductive potential of PO.

Methods
Study setting
This study was carried out in the research laboratory of
the Department of Anatomy, Faculty of Basic Medical
Sciences, Nnamdi Azikiwe University, College of Health
Science, Nnewi Campus, Anambra State and lasted
about 5 months as part of a thesis in the Department of
Anatomy of Nnamdi Azikiwe University.

Plant collection, identification, and extraction
The aerial parts of the plant PO was obtained from
marshy areas at Awka, Anambra State, Nigeria. The bo-
tanical identification (ID/155A/P. oleracea) and authen-
tication were done in the herbarium of the Department
of Botany, Edo State University, Ekpoma, Edo State. A
large amount of the harvested plant was washed free of
soil, and roots separated from the aerial part. It was air-
dried for 2 weeks then oven-dried at 40 °C. The dried
plant was ground giving a yield of about 500 g. The sam-
ple was macerated and extracted with 70% methanol (1:
2 wt/vol.) for 72 h at room temperature (26–28 °C). The
resulting solution was filtered, sieved, and 70% methanol
was evaporated at a temperature of 40 °C to give a per-
centage yield of 10.2% of the starting material.

Sample size determination
The sample size was determined using the “resource
equation” method for animal studies which is based on
the degree of freedom of analysis of variance (ANOVA).
However, this study considered an attrition rate of 10%
for each group, thus giving a total sample size of fifteen
(15) animals (five animals per group) [18, 19].

Animal source, care, and handling
The animals were procured from the animal house of
the Faculty of basic medical sciences, College of Health
Sciences, Nnamdi Azikiwe University, Nnewi Campus,
Nnewi Nigeria. The Wistar rats were acclimatized for 2
weeks after which the animals were housed in standard
cages, five per cage in a controlled temperature room
(25 °C), with a 12 h light:12 h dark cycle; lights on at 6:
00 a.m. Standard laboratory rat chow and tap water were
made available throughout the study period. Fifteen (15)
normal cyclic female Wistar rats weighing between 150
and 200 g were used for the experiment. The experi-
mental procedures complied with ARRIVE guidelines
[20] and the National Institutes of Health guide for the
care and use of laboratory animals (2011). Animal health
status was monitored throughout the experiment
according to the federation of European Laboratory
Animal Science Associations (FELASA) guidelines [21].

Vaginal smear cytology and estrous cycle evaluation
The estrous cycle of the animals was observed by vaginal
smear cytology before grouping and was repeated at the
end of MEPO administration as only the normal cyclic
rats were included in this study. The vagina smear was
carried out consistently in the morning between 20:00
and 21:00 h throughout the smear duration. Before vagi-
nal smear, each animal is held in position by grasping
each rat on the suspended tail while fixing the animal on
a stable flat surface with a mild clampdown of the hind
using the dorsum of the hand. Vaginal secretion was col-
lected by inserting a plastic pipette filled with 10 μl of
normal saline (NaCl 0.9%) into the tip of the vagina for
a suction aspiration of the cells and vaginal mucus. The
secretion collected was then placed on the slide and
viewed under a light microscope with × 10 objective
lenses. The proportion among the three types of cells
(the round and nucleated ones—epithelial cells; the ir-
regular anucleated ones—cornified cells; and the little
round ones—leukocytes) were used for the determin-
ation of the estrous cycle phase of the animals. The
smear cytology assessment was done by two individuals
to avoid bias. Each animal was examined for two 4-day
cycles to establish the regularity of the estrous cycle be-
fore inclusion in the study. In the end, 15 normal cyclic
female Wistar rats were selected for this study. The cy-
tology protocol followed in this study was as
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documented by Long and Evans [22], Mandl [23], and
McLean et al. [24].

Experimental procedure
Female Wistar rats of proven fertility (normal cyclic)
were divided into three (3) groups of five (5) animals
each, based on their body weight. Group A served as the
control group and they received only distilled water.
Doses of 400 mg kg−1 day−1 and 800 mg kg−1 day−1 were
administered to groups B and C orally for 14 days. One
gram of the methanolic extract of PO was diluted with
20 ml of distilled water to constitute the administration
stock. The administration was based on the bodyweight
of each rat in each group and remnant of the extract
was discarded after each use. All administration was
done orally using the oral cannula. The dosage, duration
of administration, and experimental design were based
on our previous study [17].

Animal sacrifice and blood sample collection
After the last day of administration (14th day), the ani-
mals were fasted overnight and sacrificed on the next
day by cervical dislocation. Blood samples were collected
by orbital puncture into sample collection tubes with the
appropriate labels after which the animals were dissected
and the ovary and uterine tissues were harvested and
weighed. The average weight of the left and right ovaries
and uterine horns were recorded for each animal and
used to determine the organ weights.

Hormonal analysis
The collected blood was allowed to stand for 15 min in
the specimen container under room temperature before
centrifugation at 1000 g for 5 min in a refrigerated cen-
trifuge and the serum was extracted. Analysis for
follicle-stimulating hormone (FSH), luteinizing hormone
(LH), progesterone, and estradiol were carried out using
AccuBind enzyme-linked immunosorbent assay (ELISA)
microwells for FSH, LH, progesterone, and estradiol re-
spectively purchased from Monobind Inc. Lake Forest
CA USA with the respective product codes—4925-300,
4825-300, 425-300, and 625-300 respectively. AccuBind
procedure was used for the assessment of FSH, LH, Es-
tradiol, and progesterone [25]. The laboratory technician
was unaware of the treatment allocation.

Histopathological studies
Ovarian and uterine tissues were fixed in Bouin’s fluid
immediately after excising them and were passed
through ascending grades of alcohol before clearing in
xylene and embedding in paraffin. Tissues were sec-
tioned at 5 m and stained with hematoxylin and eosin to
give contrasting colors to different elements of the cells
or tissue thus making them conspicuous and easy to

study. The tissues were viewed under the light micro-
scope and the micrographs were taken using the digital
micrography system. The histopathological assessment
and procedure used in this study were based on the
study by Rowley et al. [26].

Data analysis
The data analysis was done using the IBM statistical
package for social science (SPSS) version 23.0. The data
was cleaned and tested for normality using the
Kolmogorov-Smirnov test. The animal body weights
were analyzed using the dependent t test while the
relative organ weights and serum hormonal levels were
analyzed using the one-way analysis of variance
(ANOVA) and post-hoc LSD. Tables were used for re-
sult presentation, and values were considered significant
at p < 0.05. All the data generated for each animal were
used for the analysis and each animal study group was
considered as a single experimental unit.

Results
Body weight measurement
This study showed an insignificant (p = 0.155) increase
in the body weight when the pre-administration weight
was compared to the post-administration weight in
group A. Group B had a significant (p = 0.002) increase
when the pre-administration weight was compared to
the post-administration weight. Group C had an
insignificant (p = 0.302) increase when the pre-
administration weight was compared to the post-
administration weight (Table 1).

Relative organ weight measurements
Results from the study showed a significant difference in
relative ovarian weight in group C (p = 0.000) when
compared to the control group. It also shows a signifi-
cant decrease both in the left (p = 0.037*) and right (p =
0.037*) relative uterine weight in group C when com-
pared to the control group.

Serum FSH, LH, progesterone, and estradiol level
FSH result showed an insignificant (p > 0.05) increase in
group B, with an insignificant (p > 0.05) decrease in
group C when compared to group A. The result showed
an insignificant (p > 0.05) decrease in serum LH levels
in group B and C when compared to group A. Proges-
terone result showed an insignificant (p > 0.05) increase
in group B and C when compared to group A. Result ob-
tained from estradiol analysis showed an insignificant (p
> 0.05) decrease in group B and C when compared to
group A estradiol level.
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Histopathology
Ovarian histology
Plate I (group A) served as the control group and repre-
sents the histological section of the ovary of rat adminis-
tered only distilled water throughout the experiment.
The micrograph shows a normal ovary with follicles (F)
at varying stages of development, blood vessels (BV) and
corpora lutea (CL) (indicating ovulation). The staining
was done using hematoxylin and eosin and photo-
micrography was taken at × 100. Plate II (group B)
shows the histological section of the ovary of rat admin-
istered 400 mg/kg MEPO for 14 days. The section shows
characteristic congested blood vessels (CBV), follicles (F)
at varying stages of development, and the corpora Lutea
(CL). The staining was done with hematoxylin and eosin
and photomicrography was taken at × 200. Plate III
(group C) shows the histological section of the ovary of
rat administered 800 mg/kg of MEPO for 14 days show-
ing corpora Lutea (CL), vesicular congestion (VC), and
follicles (F) at varying stages of development. Staining

was also done with hematoxylin and eosin while photo-
micrography was taken at × 100.

Uterine histology
Plate IV served as the control group (group A). It repre-
sents the uterus of a rat administered only distilled water
for 14 days. The section shows the uterine glands
(shown with arrows), myometrium (M), endometrium
(E), the lumen of the uterus (L), and blood vessels. No
abnormalities were seen. The section was stained with
hematoxylin and eosin and photomicrography was done
at × 100. Plate V (group B) represents the histological
section of the uterus of rat administered 400 mg/kg of
MEPO. The section shows normal uterine histology with
indicative uterine glands (shown with arrows), endomet-
rium (E), the lumen (L), and blood vessels. Staining was
done with hematoxylin and eosin and photomicrography
was done at × 200. Plate VI (group C) represents the
histological section of the uterus of rat administered 800
mg/kg of MEPO. Section show secreting uterine glands

Table 1 The effect of MEPO on the bodyweight of adult female Wistar rats

Groups Mean ± SEM p value t value

A (control) Pre-administration 160.67 ± 3.76

Post-administration 179.67 ± 10.20 0.155 − 1.747

B (400 mg/kg MEPO) Pre-administration 154.33 ± 3.18

Post-administration 182.33 ± 2.40 0.002* − 7.024

C (800 mg/kg MEPO) Pre-administration 143.67 ± 13.13

Post-administration 161.33 ± 7.06 0.302 − 1.185

Data were analyzed using student dependent T test and data were considered significant at p < 0.05. *p < 0.05 means significant. SEM means standard error of
the mean. MEPO means methanolic extract of Portulaca oleracea

Plate I (Group A, control): Histological section of ovarian tissue of rats administered only distilled water for 14 days. Stained by H&E (× 100). The
micrograph shows a normal ovary with follicles (F) at varying stages of development, blood vessels (BV), and Corpora Lutea (CL)
(indicating ovulation)
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(indicated with arrows), endometrium (E), the lumen of
the uterus (L), and few congested blood vessels (circled
area). The section was stained by hematoxylin and eosin
and photomicrography was done at × 200.

Discussion
Findings from this study showed an insignificant (p =
0.155) increase in the body weight when the pre-
administration weight was compared to the post-
administration weight in group A. Group B had a
significant (p = 0.002) increase when the pre-
administration weight was compared to the post-
administration weight. Group C had an insignificant (p =
0.302) increase when the pre-administration weight was
compared to the post-administration weight. This agrees
with the works of Oyedeji and Bolarinwa [16] who

reported a non-significant difference in body weight of an-
imals treated with both aqueous and methanolic extracts
of Portulaca oleracea (MEPO). It however does not align
with the findings of Ramadan et al. [27] who reported a
significant decrease in body weight following administra-
tion of a dosage of 250 mg/kg of Portulaca Oleracea (PO).
This disagreement could be a result of the longer duration
observed in that study.
Organ-body weight measurements have been used to

determine toxicity levels in tissues [28]. From the result
observed, the non-significant change in the relative
weights of ovaries of rats treated with 400 mg/kg of
MEPO compared to the control could indicate normalcy
in the activity of the stroma, the follicle, and the corpus
luteum of the ovary. This may suggest the level of tox-
icity of PO, at least at acute ingestion of the smaller

Plate II (Group B): Histological section of ovarian tissue of rat administered 400 mg/kg of methanolic extract of Portulaca oleracea for 14 days.
Stained by H&E (× 200). The section shows characteristic congested blood vessels (CBV), follicles (F) at varying stages of development, and the
corpora Lutea (CL)

Plate III (Group C): Histological section of ovarian tissue of rat administered 800 mg/kg of methanolic extract of Portulaca oleracea for 14 days.
Stained by H&E (× 100). The section shows corpora Lutea (CL), vesicular congestion (VC), and follicles (F) at varying stages of development
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dose. Our findings on the relative ovarian weight con-
firm the study by Oyedeji and Bolarinwa [16] who also
reported an insignificant difference in the ovarian weight
following 75 mg/kg administration of MEPO. Howbeit,
at a higher dose of MEPO, there was a significant de-
crease in relative ovarian weight (p = 0.000) (Table 2).
As postulated, organ weight radio is a useful marker of
cellular swelling, atrophy, or hypertrophy; reduction in

organ weight is usually due to constriction of cells in the
organ [29, 30]. Additionally, there was a decrease in the
relative uterine weight of rats treated with a higher dose
of MEPO when compared to control (p = 0.037). Our
study findings underpin the report of Oyedeji and Bolar-
inwa [16] who posited an insignificant decrease in the
uterine weight following administration of aqueous and
methanolic extracts of Portulaca oleracea. This study

Plate IV (Group A, control): Histological section of the uterus of rat administered only distilled water for 14 days. Stained by H&E (× 100). The
section shows the uterine glands (shown with arrows), myometrium (M), endometrium (E), the lumen of the uterus (L), and blood vessels. No
abnormalities were seen

Plate V (Group B): Histological section of the uterus of rat administered 400 mg/kg of methanolic extract of Portulaca oleracea for 14 days.
Stained by H&E (× 200). The section shows normal uterine histology with indicative uterine glands (shown with arrows), endometrium (E), the
lumen (L), and blood vessels
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disagrees with the findings of Londonkar and Nayaka
[31] and Nayaka et al. [32] whose report showed a sig-
nificant increase in the weight of the uterus at high dose
when compared to control and also Ahangarpour et al.
[10] who reported a non-significant decrease in the
uterus weight.
The hormonal levels (LH, FSH, PG, and E2) of the

study groups were determined in this study. However,
there was no significant change in the serum levels of
any of these hormones when compared to the control
group (Table 3). FSH is responsible for menstrual cycle
regulation, estradiol production, and ovary stimulation
for egg production. Abnormal changes of FSH could be
indicative of ovarian disease or toxicity such as dimin-
ished ovarian reserves, ovarian cancer, or polycystic

ovarian syndrome. On macroscopic examination of the
ovarian tissues excised for this study, there were no fea-
tures suggestive of a diseased ovary. The observation on
the FSH levels could explain the similar levels of E2 ob-
served in the MEPO-treated groups (Table 3). High
serum E2 levels are also reported to be associated with
ovarian tumors while low serum E2 levels signify ovarian
failure or menopause [33]. The hormonal profile ob-
served by this study is comparable to the findings of
Hosseini et al. [34] who showed that hydroalcoholic
(70%) extract (200 mg/kg) of Purslane had no significant
effect on LH, FSH, estradiol, and progesterone levels in
the serum of normal mice. Also, Ahangarpour et al. [10]
had a similar result when testing with ethanolic extract
200 mg/kg of Purslane.
PO is a high source of omega-3 fatty acid that has

been long used for medicinal purposes. Previous studies
have stated that omega-3 fatty acid tends to positively
affect the ovary by increasing the number of follicles
present during folliculogenesis, which may play a role in
increasing fertility [35]. According to Oyedeji and Bolar-
inwa [16], PO can efficiently remove water bisphenol A
(BPA), which is well known as an endocrine-disrupting
compound (EDC) having estrogenic properties [16].
In this study, the observation of the estrous cycle be-

fore and after MEPO treatment showed a dysregulated
cycle with signs of cycle arrest especially at the metes-
trus phase in both MEPO-treated groups. The vaginal
smear micrography showed an unchanging cell distribu-
tion for the period observed (result not shown). This

Plate VI (Group C): Histological section of the uterus of rat administered 800 mg/kg methanolic extract of Portulaca oleracea for 14 days. Stained
by H&E (× 200). Section show secreting uterine glands (indicated with arrows), endometrium (E), the lumen of the uterus (L), and few congested
blood vessels (circled area)

Table 2 The effect of MEPO on the relative organ weight of
adult female Wistar rats

Groups Mean ±SEM p value F value

Relative ovarian weight A 0.099 ± 0.006

B 0.076 ± 0.012 0.091 23.383

C 0.014 ± 0.005 0.000*

Relative uterine weight A 0.20 ± 0.02

B 0.19 ± 0.04 0.0835 4.222

C 0.09 ± 0.02 0.037*

Data were analyzed using one-way ANOVA and were considered significant at
p < 0.05. *p < 0.05 means significant and p > 0.05 means not significant. SEM
means standard error of the mean. MEPO means methanolic extract of
Portulaca oleracea
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cycle arrest could not be explained from our study find-
ings as the changes seen could not be deciphered
through the hormonal profile. MEPO treatment at the
given doses could have caused some tissue-based cellular
interaction. This can only be substantiated with further
biochemical and cytology studies (Table 4).
The ovarian histological assessment showed a normal

ovarian architecture across all the MEPO-treated groups,
but also not without vesicular congestion (Plates II and
III) which is one of the cardinal indications of inflamma-
tion. However, no pathologic changes were found in the
ovary which suggests the non-toxic effects of MEPO on
the ovaries. Histological findings from the uterus suggest
no damage of the uterus at 400 mg/kg of MEPO, and
mild congestion of few blood vessels in the uterus at 800
mg/kg of MEPO when compared with the control group
(Plates IV and VI). This study agrees with the findings of

Oyedeji and Bolarinwa [16] who reported that aqueous
and methanolic extracts of PO show no noticeable
pathologic lesions in the uteri of the treated rats. There
is a lot of mechanisms yet to be uncovered from the ac-
tivities of MEPO in the female fertility apparatus—the
subtle ovarian and uterine tissue effect with a dysregula-
tion of the estrous cycle but without any significant hor-
monal effects. Perhaps, a chronic toxicological study
would unfold more evidence.
One of the limitations of our study is the fact that the

blood collection for the hormonal investigations was
done at the same time point thus gave no chance for
specific time-based hormone level determination and
this may potentially affect the resulting outcome. More
so, the fertility of the animals used in this study was only
based on the normality of their estrous cycle and this
also could be limiting.
Notwithstanding, in the era of unbridled use and abuse

of crude herbal medicines and products made from nat-
ural herbs, there is a need for safety assessment and
evaluation of edible plants and herbs as regards their ef-
fects on different body functions. Hence, this study will
be useful as a preliminary lead and awareness on the ef-
fect of PO in female reproductive functions.

Conclusion
Our study shows an anti-fertility potential of PO as
showcased by the arrest of the rat reproductive cycle
and reproductive organ blood vessel congestion. How-
ever, the mechanisms behind these findings are not well
understood as the reported activities seem not to be well
substantiated by other parameters shown. Howbeit, it is
safe to conclude that excluding the arrest of the repro-
ductive cycle, and the vesicular congestions observed in

Table 3 The effect of MEPO on serum FSH, LH, progesterone, and estradiol levels of adult female Wistar rats

Hormones groups Mean ± SEM p value F value

Follicle-stimulating hormone (μIu/ml) A 1.20 ± 0.40 0.979

B 1.54 ± 0.23 0.506

C 1.91 ± 0.31 0.537

Luteinizing hormone (IU/L) A 2.17 ± 0.06 1.227

B 1.90 ± 0.05 0.367

C 1.76 ± 0.25 0.163

Progesterone (ng/ml) A 3.23 ± 0.31 0.227

B 3.53 ± 0.63 0.759

C 3.82 ± 0.72 0.523

Estradiol (pg/ml) A 11.40 ± 1.80 0.460

B 9.76 ± 0.14 0.372

C 10.72 ± 0.96 0.686

Data were analyzed using one-way ANOVA, followed by multiple comparisons using LSD, and data were considered significant at p < 0.05. *p < 0.05 means
significant and p > 0.05 means insignificant. SEM means standard error of the mean. MEPO means methanolic extract of Portulaca oleracea

Table 4 The effect of MEPO on the estrous cycle of adult
female Wistar rats

Groups R1 R2 R3

D1 D2 D3 D4 D1 D2 D3 D4 D1 D2 D3 D4

A Pre E M M D E M D D D P P E

Post M D P E M E E M E M P M

B Pre P E E M D P E M P M M D

Post M M M P M M D M M P E P

C Pre E M M D D P E M M M M P

Post M M M M M M M P D P P E

R1 first Wistar rat, R2 second Wistar rat, R3 third Wistar rat, Pre pre-
administration, Post post-administration, P Proestrus, E estrous, M Metestrus, D
Diestrus, D1 first day, D2 second day, D3 third day. Red color shows phases of
estrous cycle arrest across different animals in the study groups. A—control
group, given distilled water only; B—administered 400 mg/kg MEPO only;
C—administered 800 mg/kg MEPO only
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tissue histology, MEPO does not have any deleterious ef-
fect on both ovarian and uterine histology, and also does
not affect female reproductive hormones. Notwithstand-
ing, it is advised that PO should not be taken at higher
doses following the potentials of fertility disturbances
observed in the study. There is a need for further study
to validate these claims and to further elucidate any
therapeutic or deleterious effect which PO may possess.
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