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Introduction

Use of herbs as medicament to promote human 
health has become common globally [1,2]. Primary 
healthcare of most developing countries relies 
on the use of indigenous healing systems, mostly 
herbal medicine therapy as first line of treatment 
for common diseases [3]. In effect, several herbs 

are used to improve general health and specifi-
cally reproductive health [2,4]. Previously, folklore 
claims of Polyscias fruticosa for the treatment of 
upper respiratory disorders including asthma were 
ascertained pharmacologically [5–7]. The medicinal 
importance of Polyscias fruticosa in folk medicine 
has earned it many local names across Afro-Asian 

Contact Alex Boye  boye_alex@yahoo.com  Department of Medical Laboratory Science, School of Allied Health Sciences, College 
of Health and Allied Sciences, University of Cape Coast, Cape Coast, Ghana.

© EJManager. This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http:// 
creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, noncommercial use, distribution and reproduction in any medium, provided  
the work is properly cited.

ABSTRACT 

Background: Previously, folk claims of P. fruticosa were ascertained pharmacologically; 
and its safety studied, but its effect/safety on female reproductive system remained 
unknown.
Objective: The study assessed P. fruticosa leaf extract (PFE) on follicular development in 
non-pregnant rats; implantation and post-implantation loss in pregnant rats.
Methods: The study used healthy adult non-pregnant and pregnant female and male 
Wistar rats (150–200 g). Non-pregnant rats were randomly assigned to five groups: nor-
mal saline (5 ml/kg po), clomiphene citrate (CL) (50 mg/kg po), and PFE (100, 200, and 
500 mg/kg po) and treated once daily for 21 days. Dams were sacrificed under deep 
anesthesia on day 22. Enzyme-linked immunosorbent assay kit was used to measure 
serum estrogen, follicle stimulating hormone (FSH), and luteinizing hormone (LH). 
Uterus and ovary were histologically assessed. Dams were co-habited with fertile males 
for 1 week; confirmed day 1 pregnant rats were randomly re-assigned to five groups with 
misoprostol (200 mg/kg) as reference and treated once daily for 15 days. Implantation 
and post-implantation loss were assessed (6 and 15 gestations).
Results: PFE and CL increased follicular development at the primordial and primary folli-
cle stages compared to control. PFE improved uterine musculature compared to control. 
PFE decreased serum FSH, but increased (P < 0.05) serum estrogen and LH compared 
to control. PFE increased gravid uterine weight compared to control. Total implantation 
sites were comparable across all groups. Misoprostol and PFE (500 mg/kg) produced 
post-implantation loss compared to control.
Conclusion: PFE (≤100 mg/kg) improved follicular development in non-pregnant rats, 
but pose risk of post-implantation loss in pregnant rats at ≥500 mg/kg.
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regions of the world such as “Taiwan momiji” in 
Japanese, “cay goi ca” in Vietnamese language, 
“imba” in Sudanese language, and “ming aralia” in 
common English. Importantly, it was demonstrated 
that Polyscias fruticosa leaf extract (PFE) at 100 
mg/kg improved caudal epididymal sperm count 
in a testosterone-independent manner [8]; how-
ever, its effect on female reproductive system par-
ticularly follicular development, implantation, and 
post-implantation events remained unresolved. 
The present study investigated PFE on follicular 
development in non-pregnant Wistar rats, in view 
of the crucial role of folliculogenesis in ovulation 
and overall female fertility [9,10]. Also, pregnancy 
rate, total implantation sites, gravid uterine weight, 
and post-implantation events were monitored in 
pregnant rats.

Materials and Methods

Chemicals and drugs

Chemicals and drugs used in this study included: 
absolute ethanol (PS Park Scientific Limited, 
Northampton, UK), clomiphene citrate (CL) (Doppel 
Farmaceutici S.p.a, Via delle Ande 15, 00144 Rome, 
Italy), normal saline (NS) (Amanta Healthcare 
Ltd., Gujarat, India), silica gel (VWR International 
bvba/spr, Haasrode, Belgium, Batch: 09B200018), 
phosphate buffered saline, distyrene, a plasti-
cizer and Xylene, and chloroform (Khimprom JSC, 
Promyshlennaya STR 101, Russia), 10% Neutral 
Buffered formalin, 1% Eosin W/V (BDH Chemicals 
Ltd, England) and sodium hydrogen carbonate 
(PROLABO®, EC-EMB 45053), misoprostol (Piramal 
Healthcare UK Limited, Northumber, UK), chloro-
form (Khimprom JSC, Promyshlennaya STR 101, 
Russia), xylene (BDH Chemical Ltd, Poole, England), 
and toluidine blue (Alpha Chemika, India).

Collection, identification, and authentication of 
P. fruticosa

Fresh P. fruticosa leaves were obtained from the 
botanical gardens of Kwame Nkrumah University of 
Science and Technology (KNUST), Kumasi, Ghana. 
Identification and authentication were done at the 
Herbal Medicine Department, KNUST. A voucher 
specimen (KNUST/HM/13/W010) was deposited 
at herbaria as previously reported [6,7].

Preparation of Polyscias fruticosa leaf extract

PFE was prepared as previously described [6–8,11] 
with some modifications. Briefly, leaves of Polyscias 

fruticosa were washed, shade-dried in a well-venti-
lated area for 3 weeks and then powdered using a 
mechanical blender. A 1.8 kg quantity of the pow-
der was soaked in 4.8 L of absolute ethanol in a flat 
bottom flask and shaken manually on daily basis for 
7 days. The infusion was filtered five times using 
a funnel and a cotton wool. Absolute ethanol was 
retrieved using a rotary evaporator (Buchi Oilbath 
B-485, Switzerland) with a water bath set at 40°C. 
The residue obtained was dried with the aid of acti-
vated silica gel in a desiccator. The dried residue 
weighed 62.4 g with a percentage yield of 3.4%. The 
extract was labeled PFE and stored at 4°C n a refrig-
erator until use.

Qualitative phytochemical analysis of PFE

PFE was subjected to standard qualitative methods 
[12,13] to ascertain its phytochemical constituents. 
Also, thin layer chromatography (TLC) and gas 
chromatography coupled with mass spectrometry 
(GC–MS) analysis were conducted on PFE as previ-
ously reported [8].

Animal husbandry

Healthy 8–10 weeks old male and female Wistar 
rats weighing 150–200 g were purchased from 
Noguchi Memorial Institute for Medical Research, 
University of Ghana, Legon, Ghana and trans-
ported to the animal house of the Department of 
Biomedical Sciences, University of Cape Coast. The 
rats were allowed a period of 2 weeks to acclima-
tize with laboratory conditions before the start of 
all experiments. The rats were kept in aluminium 
cages (40 × 35 × 15 cm) with saw dust as bedding. 
The beddings of rats were regularly changed. Rats 
were kept under 12 hours light/dark cycle, nor-
mal ambient temperature, and humidity. Rats were 
fed on standard pellet diet (Essaar grower mash, 
Essaar Agro-West Africa Ltd, Ghana) and had access 
to water ad libitum. Rats were humanely handled 
and treated in accordance with standard guidelines 
as enshrined in the “Principles of laboratory animal 
care” (NIH publication No. 85-23, revised 1985) as 
well as specific national and institutional require-
ments regarding the use of animals in scientific 
studies.

Dose selection and route of administration

The selection of doses and the route of adminis-
tration of drugs were based on previous studies 
on Polyscias futicosa [6,7,11]. Body weights were 



www.jocmr.com 3

Effect of Polyscias futicosa on follicular development

measured daily and doses were adjusted to reflect 
body weight changes.

Experimental design

Non-pregnant adult (12 weeks old) female Wistar 
rats (150–200 g), with confirmed stage of estrous 
cycle, were randomly assigned to five groups (con-
trol group, NS: 5 ml/kg po, n = 5; CL: 50 mg/kg 
po, n = 5; and PFE, 100, 200, and 500 mg/kg po, 
n = 5) and treated daily with the respective drugs by 
oral gavage for 21 days. On the 22nd day, rats were 
sacrificed under general anesthesia. After care-
fully isolating Y-shaped uterus and oviduct, bilat-
eral oophorectomy was carried out as previously 
described [14] with modification. Briefly, left (L) 
and right (R) ovaries were carefully removed and 
preserved in 10% formaldehyde in buffered saline 
for 72 hours. Isolated tissues were appropriately 
labeled. Sections were prepared according to stan-
dard methods and stained with hematoxylin and 
eosin (H&E) as previously described [15]. Prepared 
slides were thoroughly studied microscopically by 
three independent researchers. Final descriptions 
of observations were made by consensus. In a sep-
arate experiment, after 2 weeks of pre-treatment of 
female Wistar rats (12 weeks old) with PFE, female 
rats were co-habited with confirmed fertile males 
(12 weeks) for a week. After confirmation of preg-
nancy [16,17], dams of comparable body weights 
were randomly re-assigned to one of five groups 
[control group (NS: 5 ml/kg po; n = 5), model group 
(misoprostol: 200 mg/kg po, n = 5), and PFE (100, 
200, and 500 mg/kg po, n = 5)] for implantation, 
resorption, and post-implantation loss assessments 
at gestational days 6 and 15, respectively.

Assessment of implantation, number of embryos, 
and post-implantation loss

Assessment of implantation and post-implan-
tation loss were done by following previously 
described methods [16,18,19] with some modifi-
cations. Briefly, at gestational days 6 and 15, num-
ber of implantation sites, number of embryos, and 
post-implantation loss were, respectively, assessed 
at the specified gestational days for each treat-
ment group. To assess the number of implanta-
tion sites, xylene was applied on the tails of dams 
to induce dilation of the tail vein making the veins 
more prominent. Each dam was then injected with 
toluidine blue (0.1 ml of 1%) through the tail vein. 
The dye was allowed 30–50 minutes of time to 
react with the uterine endometrium specifically at 

implantation sites, where molecules of the tolui-
dine blue biochemically react with the implantation 
site making it not only prominent but also easy to 
be visually identified. After a period of 50 minutes, 
dams were sacrificed by deep anesthesia using 
chloroform (99.8%). The uteri of sacrificed dams 
were isolated and wet weight of gravid uteri mea-
sured. The Y-shaped uteri were cut opened and the 
number of implantation sites determined per uteri/
four dams/group. The whole experiment continued 
to gestational day 15 with the remaining dams, but 
this time the number of implantation and the num-
ber of embryos were determined for each treatment 
group by randomly selecting four dams from each 
group. Dams were sacrificed and their gravid uteri 
isolated and weighed. Uteri were cut open and the 
number of implantation and embryos determined. 
% post-implantation loss was estimated for each 
group by using a previously described formula [20] 
as shown below:

total number of resorption sites 

total number of implantation sites
 * 100% post-implantation loss = 

Measurement of serum sex hormone levels

Serum gonadotropins [follicle stimulating hormone 
(FSH) and luteinizing hormone (LH)] and ovar-
ian estrogen were determined using rat-specific 
enzyme-linked immunosorbent assay (ELISA) kits 
(Sangon Biotech, Shanghai, Co., Ltd, 698 XiangMin 
Road, SongJiang District, Shanghai, China) by strict 
adherence to manufacturer’s instructions. After 
preparation of sera, it was stored at −20°C until 
use. Absorbance of controls (calibrators) and spec-
imens (sera from dams in each treatment group) 
were determined using an ELISA microplate reader 
(Multiskan Ascent plate reader, MTX Lab Systems, 
Inc., Brandenton, FL). The sensitivity of hormone 
detection was 0.005 ng/ml. All the samples were 
analyzed in a single assay to avoid inter-assay 
errors.

Data analysis

Data were analysed by using GraphPad Prism 
Version 6 software for Windows (Graph Pad 
Software, San Diego, CA). Data were presented in 
tables, and line and bar graphs as mean ± standard 
deviation (SD). Mean comparison between groups 
was done by one-way analysis of variance (ANOVA) 
followed by Bonferroni’s multiple comparison test. 
P ≤ 0.05 was considered statistically significant in 
all analyzes.



4 J Complement Med • 2018 • Vol 8 • Issue 1

Alex Boye, Desmond Omane Acheampong, Victor Yao Atsu Barku, Adamu Yussam, Ernest Amponsah Asiamah

Results

Phytochemical analysis on PFE

Qualitative phytochemical analysis on PFE showed 
the presence of alkaloids, saponins, cyanogenic gly-
cosides, and sterols. TLC analysis showed four  
spots, while GC–MS analysis produced 12 peaks out 
of which eight matched library compounds (unpub-
lished data).

PFE produced stage-specific effects on follicular 
development in non-pregnant rats

The number of primordial follicles of both left and 
right ovaries combined expressed in percentage 
increased in PFE-treated rats, particularly in low- 
and medium-dose PFE (100 and 200 mg/kg) and 
CL groups relative to control. Average number of 
primary follicles increased in all treatment groups 

relative to control, except PFE (200 mg/kg) group. 
Except PFE (100 mg), all other treatments groups 
did not improve the average number of secondary 
follicles compared to control. Average number of 
Graffian follicles improved in low- and medium-PFE 
(100 and 200 mg/kg) groups though lower com-
pared to control (Fig. 1).

The number of primordial follicles in left ovary 
(LO) was higher than that of the right ovary (RO) in 
low- and medium-dose PFE (100 and 200 mg/kg) 
group compared to control group, while this trend 
was also observed in misoprostol group relative to 
control. For all treatment groups, the number of 
primary follicles in the left ovary was higher than 
that of the RO compared to that of control. Although 
the number of secondary follicles in both left and 
right ovaries across all treatment groups was lower 
compared to control, the trend was similar to that 

Figure 1. Effect of treatments on follicular development. (A) Primodial follicle, (B) primary follicle, 
(C) secondary follicle, (D) graffian follicle; NS = normal saline (5 ml/kg), LD = low dose (100 mg/kg) 
of PFE, MD = medium dose (200 mg/kg) of PFE, HD = high dose (500 mg/kg) of PFE, and CL = clomi-
phene citrate (50 mg/kg). 1° = primary and 2° = secondary.
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observed with respect to primary follicles (above) 
except in medium- and high-dose PFE (200 and 500 
mg/kg) group. All but low- and medium-PFE (100 
and 200 mg/kg) increased the number of Graffian 
follicles in LO relative to control. The number of 
Graffian follicles in RO across all treatment groups 
was lower compared to that of control (Table 1).

Effect of treatments on uterine musculature and 
ovarian structure in non-pregnant rats

Generally all sections showed columnar epithe-
lium with microvilli. However, there was infil-
tration of lymphocytes and macrophages in 
intermediate endometrial layer and collagenous 
endometrium, especially in B4 and B5. There was 
presence of uterine glands in B2 and B3 compared 
to B1 (Fig. 2). Generally fimbrae with atypical 
pseudostratified ciliated columnar epithelium, 

clumped microvilli, and dilated blood vessels 
(DBVs) were observed in B3, B4, and B5 (Fig. 3). 
There were marked dilatation of blood vessels 
near growing follicles and corpus luteum, infiltra-
tion of macrophages and lymphocytes in ovarian 
stroma (ST) and corpus luteum, especially in C, D, 
and E (Fig. 4).

PFE decreased serum sex hormones in non-pregnant 
rats

Serum level of FSH decreased in PFE (100, 200, 
and 500 mg/kg)-treated rats compared to con-
trol. Except PFE (100 mg/kg)-treated rats, which 
had increased serum estrogen compared to con-
trol, all other treatment (PFE, 200 and 500 mg/kg 
and CL, 50 mg/kg) groups had significant decrease 
in serum estrogen levels compared to control. 
Serum levels of LH increased significantly in PFE 

Table 1. Effect of 21 days drug treatments on follicular development in non-pregnant rats.

Group
Primodial 

follicle 
(LO) (%)

Primodial 
follicle 

(RO) (%)

1° follicle 
(LO) (%)

1° follicle 
(RO) (%)

2° follicle 
(LO) (%)

2° follicle 
(RO) (%)

Graffian 
follicle 

(LO) (%)

Graffian 
follicle 

(RO) (%)
NS 15.00 13.69 0.00 5.00 27.50 46.27 7.50 21.71
CL 50.01 40.78 19.84 8.03 9.284 8.21 6.65 1.93
PFE (mg/kg)
 100 56.67 24.24 4.00 2.00 11.50 10.33 7.78 13.42
 200 48.07 35.96 18.74 11.49 22.43 29.34 16.97 3.21
 500 16.22 27.93 10.89 10.40 1.428 6.64 1.46 6.46

1° = primary, 2° = secondary, NS = normal saline (5 ml/kg); CL = clomiphene citrate (50 mg/kg).

Figure 2. H&E stained sections of rat uterus (A1–A5) and rat uterine endometrial layer (B1–B5) after 21 days of 
drug treatments. Generally all sections showed columnar epithelium with microvilli. However, there was infiltration 
of lymphocytes and macrophages in intermediate endometrial layer and collagenous endometrium, especially in B4 
and B5. There was presence of uterine glands in B2 and B3 compared to B1. A1 and B1 = NS (5 ml/kg), A2 and B2 = 
low-dose PFE (100 mg/kg), A3 and B3 = medium-dose PFE (200 mg/kg), A4 and B4 = high-dose PFE (500 mg/kg), 
and A5 and B5 = clomiphene citrate (50 mg/kg). US = uterine space; UG = uterine gland; EW = endometrial wall.
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Figure 3. H&E stained sections of oviduct (A1–A5) and fimbriae (B1–B5) after 21 days of drug treat-
ments. Generally fimbrae with atypical pseudostratified ciliated columnar epithelium, clumped micro-
villi, and DBVs in B3, B4, and B5. A1 and B1 = NS (5 ml/kg), A2 and B2 = low-dose PFE (100 mg/kg), 
A3 and B3 = medium-dose PFE (200 mg/kg), A4 and B4 = high-dose PFE (500 mg/kg), and A5 and B5 
= clomiphene citrate (50 mg/kg).

Figure 4. H&E stained sections of ovary after 21 days of drug treatments. There 
were marked dilatation of blood vessels near growing follicles and corpus luteum, 
infiltration of macrophages and lymphocytes in ovarian ST and corpus luteum, 
especially in C, D, and E. Normal saline (5 ml/kg) (A), low-dose PFE (100 mg/kg) 
(B), medium-dose PFE (200 mg/kg) (C), high-dose PFE (500 mg/kg) (D), and clo-
miphene citrate (50 mg/kg). ST = stroma; DBV = dilated blood vessel.

Table 2. Effect of 21-day drug treatments on serum levels of female sex hormones in non-pregnant rats.

Groups FSH (IU/L) Estrogen (pg/ml) LH (IU/L) FSH/LH ratio
NS 0.55 ± 0.50 10.63 ± 0.87 1.67 ± 0.53 0.29 ± 0.20
CL 0.59 ± 0.55 4.56 ± 0.78 0.34 ± 0.09* 1.88 ± 0.80*
PFE (mg/kg)
 100 0.41 ± 0.05 14.63 ± 0.42 48.99 ± 1.10*# 0.11 ± 0.01#

 200 0.15 ± 0.03 0.08 ± 0.01*# 0.65 ± 0.09* 0.10 ± 0.04#

 500 0.16 ± 0.02 2.31 ± 0.87*# 0.28 ± 0.08* 0.65 ± 0.02#

Each value is the mean ± SD, N = 3; P < 0.005 was considered statistically significant in all analysis; *compared with NS = normal saline 
(5 ml/kg), #compared with CL = clomiphene citrate (50 mg/kg).
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(100 mg/kg)-treated rats compared to control. PFE 
(200 and 500 mg/kg) and CL groups had low serum 
LH levels compared to control. Low-dose PFE (100 
mg/kg) had significant increase in LH compared to 
control (Table 2).

PFE produced dose-related effects on pregnancy 
rate, implantation, and post-implantation loss

Two weeks pre-treatment of rats with PFE 
and misoprostol showed that PFE (100 and 
500 mg/kg) improved pregnancy rate compared 
to control. Subsequently, post-pregnancy treat-
ment for the first 6 days produced significant 
(P < 0.05) decrease in the number of implan-
tation sites particularly in PFE (500 mg/kg)-
treated dams relative to control. Mean wet 
uterine weight was comparable across groups 
although there were differences. PFE (100 and 
200 mg/kg)-treated dams had a comparable 
though lower number of implantation sites rel-
ative to control but a significantly (P < 0.05) 
higher number of implantation sites compared 
to misoprostol-treated dams (Table 3). After 15 
days of gestational exposure, PFE (500 mg/kg) 
and misoprostol (200 mg/kg) had significantly 
(P < 0.05) lower mean number of embryos but 

higher resorption and % post-implantation loss 
relative to control group (Table 4). However, 
low-dose PFE (100 and 200 mg/kg) produced a 
decrease in both resorption and % post-implan-
tation loss comparable to control group. There 
were no significant (P > 0.05) differences in 
mean gravid uterine weight amongst groups rel-
ative to control group (Table 4).

Discussion

This study investigated follicular development in 
non-pregnant rats, and implantation and post-im-
plantation loss in pregnant rats after exposure of 
animals to three increasing dose levels of PFE. Quite 
recently, PFE (100 mg/kg) was shown to improve 
caudal sperm count in male rats [8], and also, no 
observed adverse effect level in rodents was estab-
lished to be over 1,000 mg/kg [6,7]. Conclusions 
from those two studies were that it should be 
avoided in pregnancy, since its long term effect in 
pregnancy cannot be predicted easily. Presently, 
we showed that PFE (100 mg/kg) significantly 
(P < 0.05) improved follicular development, specif-
ically at the primordial and primary follicle stages 
and that observation correlated with increase in 

Table 3. Effect of drug treatments on uterine weight and implantation at gestational day 6.

Treatment groups
No. of pregnant 

rats
Pregnancy ratea Weight of uterus 

(g)b

Total implantation 
sitesb

NS (5 ml/kg) 2 20 0.430 ± 0.042 9.50 ± 0.121
Mis (200 mg/kg) 3 30 0.267 ± 0.047ns 0.67 ± 0.077*
PFE (mg/kg)
 100 4 40 0.553 ± 0.048ns 4.25 ± 0.708*
 200 3 30 0.833 ± 0.021ns 6.33 ± 0.055ns

 500 4 40 0.295 ± 0.054ns 0.75 ± 0.057*
aNumber of pregnant rats/10 * 100/2 weeks pre-treatment; bdetermined from only the pregnant rats in each group. Each value is 
expressed as mean ± SD (n = number of pregnant rats in the respective groups). The level of significance was determined using one-way 
ANOVA followed by Bonferroni’s multiple comparison tests. P ≤ 0.05 was considered statistically significant in all analyses; ns = not 
significant; * compared with NS; Mis = Misoprostol (Cytotec).

Table 4. Effect of drug treatments on uterine weight, implantation, and post-implantation loss at gestational day 15.

Treatment 
groups

No. of 
pregnant 

rats

Wet weight of 
uterus (g)

Total implantation 
sites

No of embryos Resorptiona

% Post-
implantation 

lossb

NS (5 ml/kg) 4 13.56 ± 0.16 8.50 ± 0.03 8.50 ± 0.03 0.00 ± 0.00 0.00 ± 0.00
Mis (200 mg/kg) 2 9.72 ± 0.11ns 6.50 ± 0.71ns 4.50 ± 0.71* 2.00 ± 0.71* 30.76 ± 1.42*
PFE (mg/kg)
 100 4 15.76 ± 0.67ns 7.75 ± 0.26ns 7.75 ± 0.26ns 0.00 ± 0.00ns 00 ± 0.00ns

 200 3 19.64 ± 0.17ns 7.33 ± 0.06ns 7.33 ± 0.06ns 0.00 ± 0.00ns 0.00 ± 0.00ns

 500 2 8.85 ± 0.72ns 6.50 ± 0.56ns 1.50 ± 0.05* 5.00 ± 0.83a 76.9 ± 0.07*

Values are expressed as mean ± SD (n = 4). The level of significance was determined using one-way ANOVA followed by Bonferroni’s 
multiple comparison test. P ≤ 0.05 was considered statistically significant in all analyzes; ns = not statistically significant (P ≥ 0.05) when 
compared to NS group (control); *P ≤ 0.05 Treatments vs. NS; aTotal implantation sites—No of embryos; bresorption/total implantation 
sites * 100; NS = normal saline (control) and Mis = misoprostol (Cytotec).
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the levels of estrogen and LH (Tables 1 and 2) even 
more than CL, a known ovulation inducer [21]. 
This observation indicates that PFE at 100 mg/
kg may promote female sexual development. The 
hypothalamic–pituitary–gonadal axis of the endo-
crine system plays crucial role in sexual repro-
duction [22]. LH, one of the sex hormones crucial 
in this axis, physiologically acts on the gonads 
(testis and ovary) to enhance their development 
and function [23]. Serum levels of LH fluctuate 
to reflect the phase (follicular phase, mid-cycle, 
luteal phase, and post-menopausal phase) of nor-
mal menstrual cycle [24]. In particular, during the 
first phase of the menstrual cycle, LH stimulates 
the morphological transformation of follicles to 
Graaf ’s follicle [25]. Importantly, estrogen is pro-
duced in both males and females [26]. In females, 
it is produced by follicles upon stimulation by 
FSH. Estrogen is highly bound when in circulation, 
therefore, its physiological effect is attributed to 
the free portion which is normally about 2% [27]. 
In non-pregnant animals, it is secreted in a bipha-
sic manner, for example, high levels are detected 
prior to ovulation in humans [28,29]. In this study, 
it was observed that PFE improved primordial and 
primary follicular development but not secondary 
and Graaf ’s follicles. For instance, the number of 
primordial and primary follicles in both right and 
left ovaries increased in low-dose PFE (100 mg/
kg) group and correlated with increased estrogen 
and LH levels suggesting that the surge in LH and 
estrogen levels may have played a crucial role, 
and that at low doses (≤100 mg/kg), PFE may 
improve follicular development in non-pregnant 
mammals. Although the number of primordial 
follicles increased in CL and medium-dose PFE 
(200 mg/kg) groups; however, these observa-
tions negatively correlated with estrogen and LH 
levels, perhaps indicating that follicular develop-
ment, specifically at the primordial stage may not 
be entirely under hormonal regulation but could 
also involve other unknown factors including 
non-hormone factors. Although PFE (100 mg/kg) 
treatment in non-pregnant rats improved uterine 
musculature, particularly thickness of the endo-
metrial layer, increased uterine glands, and also 
improved ovarian microstructures such as the 
fimbriae, high-dose PFE (200 and 500 mg/kg) 
produced not only collagenous endometrial layer 
but also DBVs in the vicinity of developing follicles 
relative to control but these changes have no toxi-
cological relevance.

To ascertain whether PFE may improve preg-
nancy rate, implantation, and post-implantation 
events after gestational exposure for 15 days, 
it was observed that at gestational day 6, PFE 
(100 mg) improved pregnancy rate which cor-
related positively with weight of gravid uterus but 
negatively correlated with the number of implan-
tation sites. This observation perhaps corroborate 
an earlier observation where PFE (100 mg/kg) 
improved folliculogenesis, a crucial step for ovula-
tion [10]. At gestational day 15, PFE (100 and 200 
mg/kg) improved post-implantation loss, but the 
high-dose PFE (500 mg) group was associated with 
significant (P < 0.05) post-implantation loss com-
pared to control and misoprostol, a known abor-
tifacient agent [30,31]. The present study could 
have benefited from investigating the effect of PFE 
on pregnant rats up to delivery and post-delivery 
events such as risk of congenital malformations 
(teratogenicity) in pubs and post-partum mater-
nal toxicity, notwithstanding our results provide 
the rationale for further reproductive studies on 
PFE in view of the fact that it is been used in folk 
medicine for many indications [5–7]. The observed 
effects of PFE in non-pregnant and pregnant rats 
are attributable to the phytochemical composition 
of PFE. Interestingly, alkaloids, saponins, cyano-
genic glycosides, and sterols were detected in PFE 
corroborating an earlier study on P. fruticosa [8]. 
As indicated earlier, the observed effects of PFE are 
attributable to its phyto-constituents as reported 
elsewhere [8].

Conclusion

Put together, PFE at 100 mg/kg improved follicular 
development at the primordial and primary folli-
cle stages in non-pregnant rats, improved post-im-
plantation loss in pregnant rats, but gestational 
exposure of PFE > 100 mg/kg should be avoided in 
pregnancy despite the need to pursue translational 
application of PFE.
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