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Abstract: Background: Despite the wide use of leaves of Myrianthus arboreus (Cecropiaceae) in
several African countries including Cameroon as food and against amenorrhea and female infertility,
it has never been tested for this purpose. Methods: Using immature female Wistar rats, the impact of
M. arboreus on the sexual maturation parameters (vaginal opening, ovarian relative weight and follicle
maturation, gonadotropins and ovarian hormones serum levels) and fertility index has been evaluated
through a 30-day oral administration of aqueous and methanol extracts of leaves at the doses of 20,
110 and 200 g/kg/day. Results: Aqueous extract increased the ovarian relative weight (p < 0.001),
progesterone (p < 0.001) and gonadotropins (p < 0.001) serum levels, and induced the maturation
of ovarian follicles. The methanol extract additionally induced an early vaginal opening (p < 0.001),
uterine growth (p < 0.01) and increased estradiol (p < 0.001) serum levels. The fertility index generally
increased following treatments, while the gestation rate remained almost unaffected except at the
highest tested dose of M. arboreus extracts where lowest values were observed. Conclusion: Globally,
M. arboreus induced an early puberty onset and an increased fertility rate validating at least in part its
traditional use for female infertility.

Keywords: female infertility; folliculogenesis; gestational rate; gonadotrophins; Myrianthus arboreus;
Wistar rats

1. Introduction

Infertility, or the failure of getting pregnant after one year of regular and unprotected
intercourse [1], is sometime devastating for couples as it is very often associated with psychological
distress, low self-esteem, abuse, divorce, loss of respect from extended family and even the annulment
of rights to burial grounds [1–8]. It affects 10–15% of the world population at the reproductive age [9,10],
while the rates in parts of developing world could exceed 30% because of the higher burden of sexually
transmitted infections/diseases, the unsafe abortion and postpartum pelvic infection [7,11–14].

Female and male factors alone account for 35% and 30% of infertility, respectively, while 20%
is attributed to both male and female, and 15% to unknown factors [15]. The causes of infertility
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in women include many types of problems, such as hyperprolactinemia and ovulatory, uterine
or outflow tract and tubal factors [16]. Ovulatory dysfunction is the most common cause (25 to
50%) [17,18] and is mainly due to hormonal problems related to the dysfunction/malfunction of
the hypothalamic-pituitary-ovarian axis. Beyond the efficacy, the conventional ovulation-induction
therapies (exogenous gonadotropins or clomiphene citrate) [19,20] have been associated with
side effects, including the ovarian hyperstimulation syndrome, myocardial infarction and ovarian
cancer [20–23]. In line with this, people increasingly seek alternatives such as plant-derived medicines
thought to be safer and playing an important role in health care systems, especially in the developing
world where up to 80% of the population rely on traditional medicine for their primary healthcare.

Myrianthus arboreus P. Beauv (Cecropiaceae) is a tree widely distributed in West, Central and
East Africa where its young leaves are widely used as food/vegetables [24–27] and against various
sicknesses and diseases [25,28–30]. Aqueous extracts of leaves are traditionally used in Cameroon
against amenorrhea, female infertility (primary and secondary) and to improve lactation [25,31].
Studies published over the last decade revealed antioxidant [26,32,33], antibacterial [34], anti-infective
and wound healing properties [28], hypoglycaemic and antihyperlipidaemic activities [35], and
antidiabetic potential through cell-based bioassays [36] of this plant. In our previous study (safety
evaluation), the oral administration of an aqueous extract of M. arboreus for 28 days in young adult
(7–8 weeks old) Wistar rats increased ovarian and uterine wet weights, and the number of Graafian
follicles and corpora lutea [37] suggesting the capacity to induce the production of sexual hormones,
folliculogenesis and ovulation, and increase fertility index. In line with this, the present study was
carried out to evaluate the effects of extracts of M. arboreus on sexual maturation and some parameters
of the fertility using immature female Wistar rats, a widely used and suitable model (in vivo) for
this purpose [38–40]. Immature female rats are used because of their intact and non-functional
hypothalamic-pituitary-ovarian axis to ensure low levels of active endogenous estrogens. In line with
this, animals were also fed with a soy-free diet to minimize the occurrence of natural phytoestrogens.
As endpoints of the study, the pituitary secretion of gonadotropins, ovarian folliculogenesis and
hormones production, vaginal opening, uterine and vaginal growths, fertility index and gestation rate
have been evaluated.

2. Materials and Methods

2.1. Plant Collection, Identification and Extracts

Young fresh leaves of Myrianthus arboreus were collected in June 2013 from the cliff forest of
Dschang (West Region, Cameroon). The plant was identified and authenticated by a botanist, Mr.
Victor Nana, by comparing a botanical sample with the voucher specimen registered at the Cameroon
National Herbarium under the number 34045/HNC. Leaves were sorted to remove any contaminants,
dead matter and washed. They were air-dried for a week and the dried leaves were ground. In this
study, two methods of extraction were used. Following the traditional recommendation, 250 g of this
powder was macerated in 5 L of water for 12 h (2 times) at room temperature and triturated. After
filtration with Wattman paper Nr. 4, the filtrate was freeze-dried and 13.94 g of extract (AE) were
obtained. Another 500 g of the powder Secs was macerated in 5 L of 95% methanol for 72 h (3 times).
The filtrate was evaporated using a rotary evaporator (337 mbar at 40 ◦C) and 26 g of dried methanol
extract (ME) were obtained (yield of extraction 5.2%).

In this study, the doses of 20, 110 and 200 mg/kg/day were extrapolated according to the
recommendations of traditional healers dealing with female infertility as previously described [37].

2.2. Animals

Twenty-one-day-old immature female Wistar rats (average weight of 30 g) were used. They were
bred in the animal house of the Laboratory of Animal Physiology, University of Yaounde I (Yaounde,
Cameroon) under natural conditions (cycles of ~12 h of light and dark). They had free access to diet
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and drinking water ad libitum. Animal housing and experiments were carried out following the
guidelines of the Institutional Ethics Committee of the Cameroon Ministry of Scientific Research and
Innovation (Reg. no. FWA-IRD 0001954, 04/09/2006), which has adopted the guidelines established
by the European Union on Animal Care (CEE Council 86/609).

2.3. Experimental Protocol

Eighty-four animals were randomly allocated to the following treatment groups (n = 12): control
(distilled water), AE (20, 110 and 200 mg/kg BW/d) and MeOH (20, 110 and 200 mg/kg BW/d).
All animals received a soy-free standard diet throughout the experiment and were treated (per os)
once daily (10:00 a.m. to 11:00 a.m.) for 30 days from the postnatal day 21. The vaginal opening (a
marker for puberty onset) was daily checked until the day it occurred, and was recorded. At the end of
treatments and after a 12-h overnight fasting, five animals in each group were randomly selected and
sacrificed by decapitation after light anesthesia by diazepam–ketamine i.p. injection (10 and 50 mg/kg
BW, respectively) and separated from their wet nurse. Blood samples were collected for biochemical
analysis in dry tubes. The ovaries, uteri and vagina were dissected and weighed (except vagina). The
left ovary and uterus from each animal, as well as the vagina, were fixed in 10% formaldehyde for
histological analysis. The right ovary was homogenized in 10% sodium–phosphate buffer (pH 7.1) and
the supernatant obtained following centrifugation (3000 rpm at 5 ◦C for 15 min) was stored at −20 ◦C
for the tissue total cholesterol evaluation. Blood samples collected in dry tubes were also centrifuged
at 3000 rpm at 5 ◦C for 15 min, and the serum obtained was kept at −20 ◦C until use.

The remaining female rats (7/group) were crossbred with males (one sexually experienced
male for two females) until the appearance of a vaginal plug or a vaginal smear containing sperm
(indicators of the gestation). Vaginal plugs or vaginal smears with sperm were examined daily
(8:00 a.m. to 9:00 a.m.). The mating period was extended to the nubile age of 90 days old. During
this period, the first successful conception was determined either by vaginal plug or sperm in
the vagina and the pregnant rats were housed individually. The litter size was also recorded at
the end of the experiment. The fertility index and gestational rate were calculated as follows:
fertility index = (number of pregnant/number of mated) × 100; gestation rate = (number of females
with viable fetuses at birth/total number of gestational females) × 100 [38,41].

2.4. Measurement of Biochemical Parameters

Serum and homogenates of uterus and ovary were used for biochemical analyses.
In the serum, Follicle Stimulating Hormone (FSH), Luteinizing Hormone (LH), Estradiol and

Progesterone were measured in duplicate using reagent kits from Human Elisa test (Wiesbaden,
Germany) while total cholesterol (TC) in serum and ovaries were measured using reagent kits from
Fortress Diagnostics Limited (Antrim, UK).

2.5. Histopathological Evaluation

In addition, 5 µm thick sections of paraffin embedded tissues (uterus, vagina and ovaries) were
prepared and stained with hematoxylin–eosin. The photomicroscopic observation/analysis (uterine
and vaginal epithelial heights, identification of the ovarian follicles) was performed using a complete
set of Zeiss (Hallbermoos, Germany) equipment (microscope Axioskop 40 and the software programs
MRGrab 1.0 (Carl Zeiss, Hallbermoos, Germany, 2001) and AxioVision 3.1 (Carl Zeiss, Hallbermoos,
Germany, 2001) installed in a computer). Regarding the folliculogenesis, the tenth section from each
ovary was selected. We considered as primary the follicles composed of oocytes surrounded with one
layer of cuboidal follicular cells; secondary or preantral follicles those with more than one follicular
cell layer; and antral follicles those with present antrum of follicular fluid and graafian follicles with
one single large antrum of follicular fluid. Ruptured follicles with hypertrophied follicular cells and
cavity filled with blood were considered as corpora lutea.
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2.6. Statistical Analysis

Data were expressed as mean ± standard error of the mean (SEM). The percentage of vaginal
opening was statistically analyzed using ANOVA one-way test followed by Bonferroni’s test. Fisher’s
exact test was used for the fertility index and gestation rate and ANOVA one-way followed by
Dunnett’s test for the others data. All of these tests were performed using GraphPad Prism 5.03
software (La Jolla, CA, USA, 2009). Differences were considered significant at p < 0.05.

3. Results

3.1. Vaginal Opening

Treatment with the methanol extract of M. arboreus (ME) at the doses of 20, 110 and 200 mg/kg
advanced the age of vaginal aperture by eight, six and four days, respectively, in reference to controls
(Figure 1A). Concerning the cumulative percentage of vaginal aperture, a dose-dependent effect was
observed with ME, the dose of 20 mg/kg being the most active (100% of vaginal aperture at the day
41). This percentage was obtained at the days 50 and 51 in the group treated aqueous extract (all the
tested doses) and control animals, respectively (Figure 1B).
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Figure 1. Mean age (A) and percentage (B) of animals with vaginal aperture. Control = animals 
receiving vehicle (distilled water, 10 mL/kg BW); AE = animals treated with the aqueous extract of M. 
arboreus; ME = Animal treated with the methanol extract of M. arboreus. Results are shown as the mean 
± SEM.; *: p < 0.05; **: p < 0.01; ***: p < 0.001 in reference to control. 

3.2. Relative Weight of Ovaries and Uterus 

AE increased (p < 0.01) the ovarian relative wet weight at the doses of 20 (557.25 ± 10.69 mg/kg) 
and 110 (504.43 ± 19.91 mg/kg) mg/kg BW, while ME increased (p < 0.001) it by ~35% at all the tested 
doses (Figure 2A). 
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Figure 2. Relative weight of ovaries (A) and uteri (B) following treatments. Control = Animals 
receiving vehicle (distilled water, 10 mL/kg BW); AE = animals treated with the aqueous extract of M. 
arboreus; ME = animals treated with the methanol extract of M. arboreus. Results are shown as the mean 
± SEM; *: p < 0.05; **: p < 0.01; ***: p < 0.001 in reference to control. 

Figure 1. Mean age (A) and percentage (B) of animals with vaginal aperture. Control = animals
receiving vehicle (distilled water, 10 mL/kg BW); AE = animals treated with the aqueous extract of
M. arboreus; ME = Animal treated with the methanol extract of M. arboreus. Results are shown as the
mean ± SEM.; *: p < 0.05; **: p < 0.01; ***: p < 0.001 in reference to control.

3.2. Relative Weight of Ovaries and Uterus

AE increased (p < 0.01) the ovarian relative wet weight at the doses of 20 (557.25 ± 10.69 mg/kg)
and 110 (504.43 ± 19.91 mg/kg) mg/kg BW, while ME increased (p < 0.001) it by ~35% at all the tested
doses (Figure 2A).
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Figure 2. Relative weight of ovaries (A) and uteri (B) following treatments. Control = Animals receiving
vehicle (distilled water, 10 mL/kg BW); AE = animals treated with the aqueous extract of M. arboreus;
ME = animals treated with the methanol extract of M. arboreus. Results are shown as the mean ± SEM;
*: p < 0.05; **: p < 0.01; ***: p < 0.001 in reference to control.
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Concerning the uterus, only ME increased (p < 0.05) the relative wet weight with values of 1169.37
± 94.47 and 1028.03 ± 65.77 mg/kg at the doses of 20 and 110 mg/kg BW, respectively, in reference to
control (602.01 ± 114.41 mg/kg) (Figure 2B).

3.3. Epithelial Height of Uterus and Vaginas

After a 30-day treatment period, ME (110 mg/kg) increased the height of the uterine epithelium
by 321.72% (p < 0.01) in reference to the value in control (3.49 ± 0.71 µm) (Figure 3A). Following
treatment with extracts, no significant variation was observed in vaginal epithelial heights (Figure 3B).
On the microphotographs (Figure 3C), the uteri of controls and animals treated with AE exhibited a
thin layer of cuboidal cells. However, treatment with ME, especially at the dose of 110 mg/kg, was
accompanied by a thickening of the epithelial layer whose cubic cells were transformed into columnar
cells (pseudostratified epithelium). The stroma of controls and animals treated with AE (all tested
doses) and ME (20 mg/kg) is relatively indifferentiated, while it is differentiated with slight edema at
the doses of 110 and 200 mg/kg.
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Figure 3. Epithelial height of uteri (A) and vagina (B) as well as microphotographs of uteri sections
(C) following treatments. Control = Animals receiving vehicle (distilled water, 10 mL/kg BW);
AE = animals treated with the aqueous extract of M. arboreus; ME = animals treated with the methanol
extract of M. arboreus. Lu = lumen; Ep = epithelium; St = stroma. Results are shown as the mean ± SEM;
*: p < 0.05 in reference to control.
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3.4. Ovarian Follicles

A 4-fold increase (p < 0.01) of the number of Graafian was observed with AE at the dose 200 mg/kg
BW. Concerning ME, the number of antral follicles and corpora lutea increased (p < 0.05) by 175 and
200%, respectively, at the dose of 110 mg/kg BW (Table 1 and Figure 4).

Table 1. Number of different ovarian follicles and corpora lutea after 30 days of treatment.

Types of Follicles Control Aqueous extract of M. arboreus (mg/kg
BW/d)

Methanol extract of M. arboreus (mg/kg
BW/d)

AE 20 AE 110 AE 200 ME 20 ME 110 ME 200

Primary follicles 5.00 ± 0.83 5.40 ± 0.92 5.20 ± 0.48 6.80 ± 0.86 8.00 ± 1.14 5.80 ± 0.37 6.20 ± 0.73
Preantral follicles 9.00 ± 2.12 14.20 ± 3.08 17.60 ± 2.22 12.60 ± 1.28 16.00 ± 3.11 15.00 ± 2.81 15.40 ± 5.51

Antral follicles 1.60 ± 0.24 1.80 ± 1.11 0.80 ± 0.37 1.60 ± 0.67 3.40 ± 0.67 4.4 ± 0.74* 2.40 ± 0.50
Graafian follicles 0.40 ± 0.24 1.00 ± 0.31 0.60 ± 0,24 2.00 ± 0.31** 1.00 ± 0.31 1.40 ± 0.24 1.00 ± 0.31

Corpora lutea 0.60 ± 0.40 1.80 ± 0.86 0.50 ± 0.22 1.40 ± 0.67 1.40 ± 0.50 3.00 ± 0.89* 1.80 ± 0.20

Results are shown as the mean ± SEM (n = 5). *: p < 0.05; **: p < 0.01 in reference to control. AE = animals treated
with the aqueous extract of M. arboreus; ME = animals treated with the methanol extract of M. arboreus.
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3.5. Serum and Ovarian Total Cholesterol

Serum total cholesterol was not significantly affected following treatments (Figure 5A). In the
ovaries, ME at the doses of 20 and 110 mg/kg decreased (p < 0.05) total cholesterol by 58.33%
(Figure 5B).
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Figure 5. Serum (A) and ovarian (B) total cholesterol levels following treatments. Control = Animals
receiving vehicle (distilled water, 10 mL/kg BW); AE = animals treated with the aqueous extract of
M. arboreus; ME = animals treated with the methanol extract of M. arboreus. Results are shown as the
mean ± SEM; *: p < 0.05 in reference to control.

3.6. Hormone Levels

Treatment with AE at the dose of 200 mg/kg significantly increased (0.34%, p < 0.01) the serum
levels of LH (Figure 6A), while ME induced it at 20 mg/kg BW (0.52%, p < 0.001) and 110 mg/kg
BW (0.24%, p < 0.05). FSH serum levels generally increased following treatments. AE significantly
increased it at the only dose of 200 mg/kg BW (64.11%, p < 0.01), while ME increased it (60.99%,
p < 0.01) at the dose of 110 mg/kg BW in reference to control (1.44 ± 0.15 UI/L) (Figure 6B).

As depicted in Figure 6C, ME induced a dose-dependent increase (p < 0.001) of estradiol serum
levels with significant variations at 110 (2.43 ± 0.69 pg/mL) and 200 (13.57 ± 0.56 pg/mL) mg/kg BW.

Regarding serum progesterone levels, a U-shaped response was obtained with AE (Figure 6D). It
increased serum progesterone levels at 20 mg/kg BW (481.42%, p < 0.01) and 200 mg/kg BW (433.82%,
p < 0.01), while decreasing it at 110 mg/kg BW (52.43% induction) (Figure 6D). ME in contrast induced
a dose-dependent increase of the serum progesterone levels with significant values at 110 mg/kg BW
(327.05%, p < 0.05) and at 200 mg/kg BW (372.51%, p < 0.05).
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estradiol (C) and progesterone (D). Control = Animals receiving vehicle (distilled water, 10 mL/kg
BW); AE = animals treated with the aqueous extract of M. arboreus; ME = animals treated with the
methanol extract of M. arboreus. Results are shown as the mean ± SEM; *: p < 0.05; **: p < 0.01; ***:
p < 0.001 in reference to control.

3.7. Effects of M. arboreus Extracts on Fertility and Gestation

Fertility index generally increased following treatments (Table 2). This index exceeded 50% in
animals receiving AE at 110 mg/kg and ME at 20 mg/kg and 110 mg/kg. Regarding the gestation
rate, the lowest values of 50 and 33.33% were obtained with AE and ME, respectively, at the highest
dose of 200 mg/kg (Table 2).

Table 2. Effects of the aqueous and the methanol extracts of M. arboreus on fertility and gestation index.

Experimental Groups Fertility Index (%) Gestation Rate (%)

Control (distilled water 10 mL/kg) 14.28 100
AE 20 (aqueous extract 20 mg/kg) 28.57 100

AE 110 (aqueous extract 110 mg/kg) 57.14 100
AE 200 (aqueous extract 200 mg/kg) 28.57 50
ME 20 (methanol extract 20 mg/kg) 71.42 100

ME 110 (methanol extract 110 mg/kg) 71.42 100
ME 200 (methanol extract 200 mg/kg) 42.85 33.33

Number of rats per group (n) = 7.

4. Discussion

The present study was designed to evaluate the effects of the aqueous and methanol leaves
extracts of Myrianthus arboreus on some biological parameters of reproduction, especially on
physiological parameters of the pubertal onset (age of vaginal opening), morphological changes
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of reproductive organs (ovaries, vagina and uteri), some gonadotrophic and steroidal hormones, and
some fertility parameters.

Sexual maturation is attained during puberty of which onset requires changes in the sensitivity,
activity and function of the hypothalamic-pituitary-gonadal axis. Without these changes, the process
of sexual development remains incomplete and a functional reproductive system not fully developed.
In other words, sexual maturation or puberty is a prerequisite to being fertile. Vaginal opening is
known to be the initial and external sign of estrogenic rise that accompanies the onset of puberty [42,43].
Our results show that, in contrast to AE, the 30-day treatment with ME at the doses of 20, 110 and
200 mg/kg BW advanced vaginal opening by eight, six and four days, respectively, in reference to
the control group (postnatal day 46.44 ± 0.78). These results strongly suggest the ovarian secretion
of estrogen or the presence of estrogen-like compounds (phytoestrogens) in the methanol extract.
Interestingly, the prominent effect of ME was observed with dose of 20 mg/kg. Compared to the
aqueous extract that did not advance the vaginal opening, the methanol extract of M. arboreus may
contain active secondary metabolites missing or present in low relative abundance in the aqueous
extract to induce the advance the puberty onset. Moreover, it is known that, compared to water,
methanol extraction has a much higher yield of extraction of total phenolics as well as total flavonoids,
which are known to exhibit estrogenic activity [44].

Besides vaginal opening, reproductive maturation is associated with the activation of the
hypothalamic-pituitary-ovarian axis and an appropriate quantity along with the sequence of
gonadotropins (follicle stimulating hormone (FSH) and luteinizing hormone (LH), and of the two
ovarian hormones (estrogen and progesterone) responsible for the development and function of
estrogen sensitive organs including breast, uterus, and vagina. On this basis, the relative weight
of uterus and ovaries or the uterine and vaginal epithelial heights constitute crucial benchmarks to
evaluate the impact of chemicals on the female reproductive tract/system [45,46]. While uterine
growth (water imbibition and/or cell proliferation) is stimulated by estrogens or estrogen-like
compounds [47,48], ovarian development and function required both gonadotrophic (FSH and LH)
and estrogenic compounds [49–51]. Both AE (20 and 110 mg/kg) and ME (at the all tested doses)
induced ovarian growth while only ME at the doses of 20 and 110 mg/kg increased the uterine relative
weight. The uterus is considered as an index of estrogen secretion or estrogen-like compounds effect as
it constitutes along with vagina the estrogen primary target organs. Therefore, our results suggest that,
contrary to the methanol extract, the ovarian growth induced by the aqueous extract is not enough
to induce estrogen secretion. On the other hand, during puberty, the ovarian maturation/growth
is mainly attributed to the presence of more tertiary/antral and Graafian follicles [51]. Compared
to the control, AE increased the number of Graafian follicles by 150% and 400% at the doses of
20 and 200 mg/kg BW, respectively, while antral follicles were not affected except the decreased
number observed at 110 mg/kg BW. However, treatment with ME increased the number of antral and
Graafian follicles at all the tested doses in reference to the control, suggesting a more sustained ovarian
maturation than that observed with the aqueous extract.

Steroid hormones are derivatives of cholesterol. Therefore, decreased levels of ovarian cholesterol,
associated with elevated levels of estradiol and progesterone serum concentrations, suggest a sustained
increase in steroidogenesis [52]. Slight (not significant) decreases of ovarian cholesterol were observed
with AE at 20 and 200 mg/kg, while ME decreased it by 58.31, 58.31 and 36.13% at the doses of 20, 110
and 200 mg/kg, respectively. The production of estradiol may be stimulated by elevated levels of FSH
and LH, as these gonadotropins are known to stimulate ovarian follicle growth and the production of
estrogens [53]. However, despite the increase of FSH and LH observed with AE, especially at the dose
of 200 mg/kg, estradiol was not detected in the serum of these animals. The underlying mechanism
of such results is not known. It is possible that the basal levels of estradiol produced during puberty
were not yet reached and the low amounts produced were directly used in situ to enhance the effect
of FSH on follicle growth and maturation. However, this low and non-detectable circulating level of
estradiol corroborates or accounts for the lack of uterine growth observed, and, therefore, confirms the



Medicines 2018, 5, 73 10 of 14

uncompleted aspect of the reproductive maturation in these animals. During the second phase of the
ovarian cycle, and in response to LH, corpora lutea produces progesterone, which, in turn, inhibits LH
release by the anterior pituitary in a feedback mechanism action [50,54]. This may explain at least in
part why increased serum progesterone levels in animals treated with ME were inversely correlated
with LH serum concentrations. However, treatment with AE at the doses of 20, 100 and 200 mg/kg
induced a linear dose–response effect in the LH levels, while progesterone levels presented a U-shaped
dose response or ‘hormesis’-type response (higher effect with the first and last doses). Such response is
not yet fully understood [55–57]. However, low progesterone levels were in line with fewer corpora
lutea number observed in the ovaries of animals receiving AE at the dose of 110 mg/kg. This number
was similar to that observed in controls, hence progesterone levels were similar. These results suggest
that, in these groups, animals were in a phase of the estrus cycle during which estradiol levels are
low (e.g., early follicular phase). This hypothesis is supported by results on ovarian follicles showing
a low number of antral and graffian follicles, which are known to produce an important amount of
estrogens [53]. On the other hand, the progesterone levels obtained with AE at the dose of 20 and
200 mg/kg were globally higher than that obtained with ME, while the number of corpora lutea were
equal or higher with ME. These results suggest the presence of developing/mature corpora lutea
(characterized by the production of huge amounts of progesterone) in animals treated with aqueous
extract and of regressing corpora lutea (associated progressive withdrawal of progesterone) in animals
treated with ME. Globally, at the day of sacrifice, animals treated with methanol extract of M. arboreus
displayed all or almost all of their sexual maturation, while a very complex pattern, especially with
ovarian steroids, was observed with the aqueous extract.

The fertility test showed that both extracts of M. arboreus of the all tested doses had an increased
fertility index. After treating with AE at a dose of 100 mg/kg and with MEE at 20 and 100 mg/kg, more
than 50% of female rats were pregnant. In these respective groups, 100% of gestational female rats
had viable and healthy fetuses at birth, suggesting that, at these doses, M. arboreus induced hormonal
changes and modifications in reproductive organs (ovaries and uterus) allowed implantation and
development of embryos. However, both extracts reduced fertility index and gestational rate at the
higher dose of 200 mg/kg. Implantation, which occurs 4–8 days after fertilization in human and
rodents, is critical for the development/growth of the embryo [58]. It requires a proper or adequate
priming of the uterus by estrogen and progesterone, indicating that any disturbance of this hormonal
equilibrium would impede it and cause infertility [59]. Therefore, each treatment would have activated
the hypothalamic-pituitary-ovarian axis in immature female rats for hormone release and then induced
uterine endometrial changes indispensable for the implantation and development of the blastocyst [60].
The increase in gestational rate (ratio between the number of female rats with viable fetuses at birth
and the number of gestational female rats) [38] may rest on a sustained uterotrophic effect as observed
by Watcho et al. [61]. Although at the dose of 200 mg/kg, both extracts displayed a higher fertility
index compared to control, this higher dose has been associated with lower gestational rates with
values of 50 and 33.33% in animals receiving aqueous and methanol extract, respectively. These results
indicate that, among the gestational females, only 50% and ~66% had viable fetuses at birth. Therefore,
the higher doses of M. arboreus might be associated with an increased number of miscarriages and/or
stillborn. Moreover, based on the dose used in humans against female infertility and extrapolated
from the macerate of the traditional healer, i.e., 20 mg/kg [37], the equivalent dose in rats is estimated
to 120 mg/kg BW using allometric calculations [62], very close to 110 mg/kg BW that presented the
best profile. However, the high dose of 200 mg/kg BW in rats has an equivalent dose in humans of
32 mg/kg BW, suggesting that M. arboreus at such higher doses might be lethal for embryos or fetuses.
Therefore, these data provide a scientific background that the dose used by the traditional healers
(in Dschang) might be suitable against infertility and strongly recommended them to avoid higher
doses—for instance, 0.6-fold higher. Higher fertility index and gestation rate were obtained with ME
compared to AE, which is popular to use. Accordingly, to have the maximum therapeutic effects of
M. arboreus on female infertility, its leaves need to be macerated in an alcoholic solvent. In line with
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this, the raffia juice or palm wine known as “matango” that constitutes the most used alcoholic solvent
in folk medicine in Cameroon for plant extraction may be more appropriate.

5. Conclusions

The methanol extract of M. arboreus induced earlier sexual maturation than the aqueous extract.
It may contain active secondary metabolites missing or present in relative low abundance in the
aqueous extract. In addition, both extracts increased the fertility index and gestation rate, methanol
extract being the more active. However, the higher dose of 200 mg/kg adversely affects the fertility
index and gestation rate. Taken altogether, these results provide a substantial scientific background
of the traditional use of M. arboreus in Cameroon against amenorrhea (through the advancement of
sexual maturation) and for the improvement of fertility.

Author Contributions: Conceptualization, C.F.A., M.A.M., S.Z., and D.N.; Methodology, C.F.A., M.A.M., S.B.A.
and R.M.; Software, C.F.A., S.D. and S.B.A.; Writing—Original Draft Preparation, C.F.A., S.B.A., and M.A.M.;
Writing-Review and Editing, D.N., R.M. and D.T.N. All authors read and approved the final manuscript.

Acknowledgments: The authors wish to thank the German Academic Exchange Service (DAAD) and the
Alexander von Humboldt Foundation (Germany) for material support.

Conflicts of Interest: The authors declare that there are no conflicts of interest.

Abbreviations

FSH Follicle-stimulating hormone;
GnRH Gonadotropin-releasing hormone;
LH Luteinizing hormone.

References

1. Gnoth, C.; Godehardt, E.; Frank-Herrmann, P.; Friol, K.; Tigges, J.; Freundl, G. Definition and prevalence of
subfertility and infertility. Hum. Reprod. 2005, 20, 1144–1147. [CrossRef] [PubMed]

2. Chachamovich, J.R.; Chachamovich, E.; Ezer, H.; Fleck, M.P.; Knauth, D.; Passos, E.P. Investigating quality of
life and health-related quality of life in infertility: A systematic review. J. Psychosom. Obstet. Gynaecol. 2010,
31, 101–110. [CrossRef] [PubMed]

3. Cui, W. Mother or nothing: The agony of infertility. Bull. World Health Organ. 2010, 88, 881–882. [CrossRef]
[PubMed]

4. Greil, A.L.; Slauson-Blevins, K.; McQuillan, J. The experience of infertility: A review of recent literature.
Sociol. Health Illn. 2010, 32, 140–162. [CrossRef] [PubMed]

5. Nguimfack, L.; Newsom, K.; Nguekeu, M.R. Brief report: A Cameroonian woman’s cultural-bound
experience of infertility. J. Fem. Fam. Ther. 2016, 28, 100–110. [CrossRef]

6. Papreen, N.; Sharma, A.; Sabin, K.; Begum, L.; Ahsan, S.K.; Baqui, A.H. Living with infertility: Experiences
among urban slum populations in Bangladesh. Reprod. Health Matters 2000, 8, 33–44. [CrossRef]

7. Rouchou, B. Consequences of infertility in developing countries. Perspect. Public Health 2013, 133, 174–179.
[CrossRef] [PubMed]

8. Wiersema, N.J.; Drukker, A.J.; Dung, M.B.T.; Nhu, G.H.; Nhu, N.T.; Lambalk, C.B. Consequences of
infertility in developing countries: Results of a questionnaire and interview survey in the South of Vietnam.
J. Transl. Med. 2006, 4, 54. [CrossRef] [PubMed]

9. Deka, P.K.; Sarma, S. Psychological aspect of infertility. Br. J. Med. Pract. 2010, 3, 336.
10. Agarwal, A.; Mulgund, A.; Hamada, A.; Chyatte, M.R. A unique view on male infertility around the globe.

Reprod. Biol. Endocrinol. 2015, 13, 37. [CrossRef] [PubMed]
11. Inhorn, M.C.; Patrizio, P. Infertility around the globe: New thinking on gender, reproductive technologies

and global movements in the 21st century. Hum. Reprod. Update 2015, 21, 411–426. [CrossRef] [PubMed]
12. Boivin, J.; Bunting, L.; Collins, J.A.; Nygren, K.G. International estimates of infertility prevalence and

treatment-seeking: Potential need and demand for infertility medical care. Hum. Reprod. 2007, 22, 1506–1512.
[CrossRef] [PubMed]

http://dx.doi.org/10.1093/humrep/deh870
http://www.ncbi.nlm.nih.gov/pubmed/15802321
http://dx.doi.org/10.3109/0167482X.2010.481337
http://www.ncbi.nlm.nih.gov/pubmed/20443659
http://dx.doi.org/10.2471/BLT.10.011210
http://www.ncbi.nlm.nih.gov/pubmed/21124709
http://dx.doi.org/10.1111/j.1467-9566.2009.01213.x
http://www.ncbi.nlm.nih.gov/pubmed/20003036
http://dx.doi.org/10.1080/08952833.2016.1201381
http://dx.doi.org/10.1016/S0968-8080(00)90004-1
http://dx.doi.org/10.1177/1757913912472415
http://www.ncbi.nlm.nih.gov/pubmed/23327901
http://dx.doi.org/10.1186/1479-5876-4-54
http://www.ncbi.nlm.nih.gov/pubmed/17192178
http://dx.doi.org/10.1186/s12958-015-0032-1
http://www.ncbi.nlm.nih.gov/pubmed/25928197
http://dx.doi.org/10.1093/humupd/dmv016
http://www.ncbi.nlm.nih.gov/pubmed/25801630
http://dx.doi.org/10.1093/humrep/dem046
http://www.ncbi.nlm.nih.gov/pubmed/17376819


Medicines 2018, 5, 73 12 of 14

13. Ombelet, W. Reproductive healthcare systems should include accessible infertility diagnosis and treatment:
An important challenge for resource-poor countries. Int. J. Gynecol. Obstet. 2009, 106, 168–171. [CrossRef]
[PubMed]

14. Mascarenhas, M.N.; Flaxman, S.R.; Boerma, T.; Vanderpoel, S.; Stevens, G.A. National, regional, and global
trends in infertility prevalence since 1990: A systematic analysis of 277 health surveys. PLoS Med. 2012, 9,
1–12. [CrossRef] [PubMed]

15. Forti, G.; Krausz, C. Evaluation and treatment of the infertile couple. J. Clin. Endocrinol. Metab. 1998, 83,
4177–4188. [CrossRef] [PubMed]

16. Hall, J.E. Infertility and contraception. In Harrison’s Principles of Internal Medicine, 19th ed.; Kasper, D.,
Fauci, A., Hauser, S., Longo, D., Jameson, J.L., Loscalzo, J., Eds.; McGraw-Hill Medical: New York, NY, USA,
2015; pp. 2387–2391.

17. Templeton, A. Infertility and the establishment of pregnancy–overview. Br. Med. Bull. 2000, 56, 577–587.
[CrossRef] [PubMed]

18. Unuane, D.; Tournaye, H.; Velkeniers, B.; Poppe, K. Endocrine disorders & female infertility. Best Pract. Res.
Clin. Endocrinol. Metab. 2011, 25, 861–873. [CrossRef] [PubMed]

19. Gorthi, S.; Balen, A.H.; Tang, T. Current issues in ovulation induction. Obstet. Gynaecol. 2012, 14, 188–196.
[CrossRef]

20. Tamao, F.; Russo, G.L.; Spinelli, G.P.; Stati, V.; Prete, A.A.; Prinzi, N.; Sinjari, M.; Vici, P.; Papa, A.; Chiotti, M.S.;
et al. Fertility drugs, reproductive strategies and ovarian cancer risk. J. Ovarian Res. 2014, 7, 51. [CrossRef]
[PubMed]

21. Duran, J.R.; Raja, M.L. Myocardial infarction in pregnancy associated with clomiphene citrate for ovulation
induction: A case report. J. Reprod. Med. 2007, 52, 1059–1062. [PubMed]

22. O’Donovan, O.; Al Chami, A.; Davies, M. Ovarian hyperstimulation syndrome. Obstet. Gynaecol.
Reprod. Med. 2015, 25, 2. [CrossRef]

23. US Food and Drug Administration. Prescribing Information for Clomiphene Citrate. Available online:
http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/016131s026lbl.pdf (accessed on 15 September
2014).

24. Amata, I.A. Nutritive value of the leaves of Myrianthus arboreus: A browse plant. Int. J. Agric. Res. 2010, 5,
576–581. [CrossRef]

25. Burkill, H.M. The Useful Plants of West Tropical Africa; Families, J.L., Ed.; Royal Botanic Garden: Kew, UK,
1985; Volume 3.

26. Konan, Y.; Witabouna, K.M.; Bassirou, B.; Kagoyire, K. Antioxidant activity and total phenolic content of
nine plants from Cote d′Ivoire (West Africa). J. Appl. Pharm. Sci. 2014, 4, 36–41. [CrossRef]

27. Oyeyemi, S.D.; Arowosegbe, S.; Adebiyi, A.O. Phytochemical and proximate evaluation of
Myrianthus arboreus P. Beau. and Spargonophorus sporgonophora L. leaves. IOSR J. Agric. Vet. Sci. 2014,
7, 1–5.

28. Agyare, C.; Ansah, A.O.; Ossei, P.P.S.; Apenteng, J.A.; Boakye, Y.D. Wound healing and anti-infective
properties of Myrianthus arboreus and Alchornea cordifolia. Med. Chem. 2014, 4, 533–539. [CrossRef]

29. Okafor, J.C. Myrianthus arboreus. P. Beauv. In PROTA 2; Vegetables legumes; Grubben, G.J.H., Denton, O.A.,
Eds.; PROTA. Fountain: Wageningen, The Netherlands, 2004; pp. 31–38.

30. Olonode, E.T.; Aderibigbe, A.O.; Bakre, A.G. Antinociceptive activity of the crude extract of
Myrianthus arboreus P. Beauv (Cecropiaceae) in mice. J. Ethnopharmacol. 2015, 171, 94–98. [CrossRef]
[PubMed]

31. Adjanohoun, J.E.; Aboubakar, N.; Dramane, K.; Ebot, M.E.; Ekpere, J.A.; Enow-Orock, E.G.; Focho, D.;
Gbile, Z.O.; Kamanyi, A.; KamsuKom, J.; et al. Traditional Medicine and Pharmacopoeia: Contribution to
Ethnobotanical and Floristic Studies in Cameroon; OAU/STRC Publish House: Porto-Novo, Benin, 1996;
pp. 12–607.

32. Kasangana, P.B.; Selim Haddad, P.; Stevanovic, T. Study of polyphenol content and antioxidant capacity of
Myrianthus arboreus (Cecropiaceae) root bark extracts. Antioxidants 2015, 4, 410–426. [CrossRef] [PubMed]

33. Biapa, N.P.-C.; Agbor, G.A.; Oben, J.E.; Ngogang, J.Y. Phytochemical studies and antioxidant properties of
four medicinal plants used in Cameroon. Afr. J. Tradit. Complement. Altern. Med. 2007, 4, 495–500. [CrossRef]
[PubMed]

http://dx.doi.org/10.1016/j.ijgo.2009.03.033
http://www.ncbi.nlm.nih.gov/pubmed/19535067
http://dx.doi.org/10.1371/journal.pmed.1001356
http://www.ncbi.nlm.nih.gov/pubmed/23271957
http://dx.doi.org/10.1210/jc.83.12.4177
http://www.ncbi.nlm.nih.gov/pubmed/9851748
http://dx.doi.org/10.1258/0007142001903283
http://www.ncbi.nlm.nih.gov/pubmed/11255546
http://dx.doi.org/10.1016/j.beem.2011.08.001
http://www.ncbi.nlm.nih.gov/pubmed/22115162
http://dx.doi.org/10.1111/j.1744-4667.2012.00117.x
http://dx.doi.org/10.1186/1757-2215-7-51
http://www.ncbi.nlm.nih.gov/pubmed/24829615
http://www.ncbi.nlm.nih.gov/pubmed/18161408
http://dx.doi.org/10.1016/j.ogrm.2014.11.006
http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/016131s026lbl.pdf
http://dx.doi.org/10.3923/ijar.2010.576.581
http://dx.doi.org/10.7324/JAPS.2014.40807
http://dx.doi.org/10.4172/2161-0444.1000191
http://dx.doi.org/10.1016/j.jep.2015.05.005
http://www.ncbi.nlm.nih.gov/pubmed/26002765
http://dx.doi.org/10.3390/antiox4020410
http://www.ncbi.nlm.nih.gov/pubmed/26783713
http://dx.doi.org/10.4314/ajtcam.v4i4.31243
http://www.ncbi.nlm.nih.gov/pubmed/20161918


Medicines 2018, 5, 73 13 of 14

34. Seukep, J.A.; Ngadjui, B.; Kuete, V. Antibacterial activities of Fagara macrophylla, Canarium schweinfurthii,
Myrianthus arboreus, Dischistocalyx grandifolius and Tragia benthamii against multi-drug resistant
Gram-negative bacteria. Springerplus 2015, 4, 1–6. [CrossRef] [PubMed]

35. Dickson, R.A.; Harley, B.K.; Berkoh, D.; Ngala, R.A.; Titiloye, N.A.; Fleischer, T.C. Antidiabetic and
haematological effect of Myrianthus arboreus P. Beauv. Stem bark extract in streptozotocin-induced diabetic
rats. Int. J. Pharm. Sci. Rev. Res. 2016, 7, 4812–4826. [CrossRef]

36. Kasangana, P.B.; Nachar, A.; Eid, H.M.; Stevanovic, T.; Haddad, P.S. Root bark extracts of Myrianthus arboreus
P. Beauv. (Cecropiaceae) exhibit anti-diabetic potential by modulating hepatocyte glucose homeostasis.
J. Ethnopharmacol. 2018, 211, 117–125. [CrossRef] [PubMed]

37. Awounfack, C.F.; Ateba, S.B.; Zingue, S.; Mouchili, O.R.; Njamen, D. Safety evaluation (acute and sub-acute
studies) of the aqueous extract of the leaves of Myrianthus arboreus P. Beauv. (Cecropiaceae) in Wistar rats.
J. Ethnopharmacol. 2016, 194, 169–178. [CrossRef] [PubMed]

38. Lienou, L.L.; Telefo, B.P.; Bale, B.; Yemele, D.; Tagne, R.S.; Goka, S.C.; Lemfack, C.M.; Mouokeu, C.;
Moundipa, P.F. Effect of the aqueous extract of Senecio biafrae (Oliv. & Hiern) J. Moore on sexual maturation
of immature female rat. BMC Complement. Altern. Med. 2012, 12, 36. [CrossRef]

39. Lienou, L.L.; Telefo, P.B.; Njimou, J.R.; Nangue, C.; Bayala, B.R.; Goka, S.C.; Biapa, P.; Yemele, M.D.;
Donfack, N.J.; Mbemya, J.T.; et al. Effect of the aqueous extract of Senecio biafrae (Oliv. &Hiern) J. Moore on
some fertility parameters in immature female rat. J. Ethnopharmacol. 2015, 161, 156–162. [CrossRef] [PubMed]
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