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Abstract
Background and Objective: Anthocleista schweinfurthii is used traditionally to manage female infertility and menopausal complaints.
This study aimed to evaluate oral acute toxicity and potential estrogenicity of aqueous extract of Anthocleista schweinfurthii in
ovariectomized rats. Materials and Methods: The acute toxicity was evaluated by administration of the extract at unique dose of
2000 mg kgG1. For estrogenic-like activity, thirty animals were sham-operated or ovariectomized. After 84 days of surgery, six groups of
five rats each were daily treated orally during 28 days with: Distilled water for group 1 (sham-operated) and group 2 (ovariectomized),
estradiol valerate (group 3) and the 3 doses of extracts [groups 4, 5 and 6 (ovariectomized)]. Evaluation of weight focused on uterus and
aorta, biochemical evaluation focused on serum and aorta supernatant and histological evaluation focused on vagina and uterus. Data
were assessed using one-way analysis of variance (ANOVA) and post hoc Tukeyʼs test. Results: No behavioral abnormality was observed
in rats treated with extract in comparison with normal animal. In relation to sham-operated control, ovariectomy induced dystrophy of
vagina and uterine, a significant increase of aorta wet weight, total cholesterol, triglycerides, LDL-cholesterol and malondialdehyde levels
(in aorta) as well as an important decrease of HDL-cholesterol and nitrites levels (in aorta). Treatment with plant extract as well with
estradiol induced differentiation of vaginal cornification in ovariectomized rats and increased vaginal epithelial cell, height of vagina and
uterine epithelia. Furthermore, Anthocleista schweinfurthii improved lipid profile and oxidative stress status in aorta. Conclusion:

Anthocleista schweinfurthii had low toxicity and shown estrogenic activity in ovariectomized rats by reducing certain post-menopausal
symptoms.
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University of Yaoundé I, Cameroon. The sample of the plant

INTRODUCTION

was identified at the National herbarium in comparison to the
Reproductive

aging

resulting

in

menopause

voucher number 9890SRF/Cam.

is

characterized by the permanent cessation of ovarian follicular
activity. The signs and symptoms resulting from estrogen

Extraction of plant material: The stem bark was washed

withdrawal can significantly disrupt womenʼs activities of daily

with tap water, cut in small pieces and dried at ambient

living and sense of well-being1. To alleviate these problems,

temperature. Dried pieces of the stem bark of A. schweinfurthii

since decades, hormone replacement therapy (HRT) has been

was pulverized and 160 g were dissolved in 4 L of tap water.

successfully used, although large clinical trials have mentioned

The mixture was boiled 45 min. Decoction obtained was

serious wrong side effects . So, women preferred to use

decanted, filtered with Watmann No. 3 filter paper and the

various forms of alternative therapies to treat menopausal

resulting filtrate was evaporated at 45EC in oven. The yield was

symptoms3. Recently, plant based compounds with estrogenic

11.49%. The extract obtained was diluted separately with

effects, known as phytoestrogens, have come to the lime

distilled water to give doses required for each experiment and

light4. Phytoestrogens can be used for the management of

kept at 4EC.

2

5

menopausal symptoms with few wrong side effects .
Epidemiological data show that a diet rich in phytoestrogens,

Animals: Females Wistar rats aged of 3 months approximately,

such as those found in soy, reduce hot flashes and the

weighting about 150 g were obtained from the Animal House

incidence of cancer in Oriental women6. Although

of the Laboratory of Animal Physiology of the University of

phytoestrogens display estrogenic effects, they are not as

Yaoundé I. Rats were housed in plastic cages at room

potent as synthetic estrogens in their estrogenic actions and

temperature under natural day/night cycle. They had free

are therefore considered to be safer alternatives.

access to tap water and commercial food pellets devoid of

Consequently, researchers are looking for phytoestrogens

soya. All the experimental protocol was undertaken in

which would be useful in preventing several symptoms of

accordance with the guidelines established by the European

menopause and therefore, improving the quality of life of

Union on Animal Care (CEE Council 86/609) adopted by the

menopausal women without the risk associated with HRT7.

Ethical Committee of the Cameroonian Ministry of Scientific

Anthocleista schweinfurthii (A. schweinfurthii) is a shrub of

Research and Technology Innovation (Reg. No. FWA-IRD

secondary forests. Stem bark decoction is used empirically in

0001954).

the treatment of female infertility, hernia and ovarian
problems8. This plant is also used to treat classic menopause

Experimental design

symptoms. However, within the limits of knowledge till date,

Acute toxicity study: Three adult female and three

it does not have any scientific data on efficiency of this plant

adult male rats were administrated orally a single dose of

on reproductive function of female reproduction. The purpose

2000 mg kgG1 b.wt., using an intragastric cannula. The control

of this study was to evaluate the degree of toxicity

group (consisting of 6 rats) was also divided like test group

of A. schweinfurthii

and to investigate the potential

and received distilled water. The maximum volume

estrogenic activities of the extract of the same plant in some

administered did not exceed 1 mL/100 g of body weight.

post-menopausal symptoms.

Animals were observed individually at least once during the
first 30 min after treatment gavage, periodically during the

MATERIALS AND METHODS

first 24 h and everyday thereafter, for a total of 14 consecutive
days for behavioural changes and mortality9.

The study was carried out in the Animal House and the
Animal Physiology Laboratory of the University of Yaoundé I,

Post-menopause

Cameroon from December, 2014-April, 2015.

ovariectomized bilaterally or sham operated under anesthesia

induction:

Thirty

adult

rats

were

with diazepam (10 mg kgG1, i.p) and ketamine (50 mg kgG1, i.p)
Plant material: Stem bark of A. schweinfurthii was collected

according to modified method of Sotiriadou et al.10.

at Foumban, Western region of Cameroon, in July, 2014. The

Ovariectomy was preceded by a midline dorsal skin incision.

voucher specimen was authenticated by Pr. Zapfack Louis,

After peritoneal cavity was accessed through two small dorsal

Botanist (systematic/ecology), Department of Vegetal Biology,

incisions between the iliac crest and the lower ribs, the ovary
10

Pharmacologia 8 (1): 9-17, 2017
Total protein levels were determined in uterus using

was found, surrounded by a variable amount of fat. After

colorimetric methods described by Gornall et al.14.

careful exposure of the ovaries, they were clamped between
two mosquito clamps in order to prevent bleeding and
removed after ligation of the surrounding tissue. Muscle and

Oxidative stress parameters investigation: Malondialdehyde

skin incisions were closed with a single stitch and treated with

(MDA) in aorta homogenate was determined using the

penicillin ointment to prevent infection for a week.

procedure described by Wilbur

Eighty four days after surgery, all rats were randomly divided

was determined using the method describe by Green et al.16.

15

while the nitrites content

into six groups of five animals.
Histomorphometry: Histomorphometry was carried out on
Animalʼs treatment: Three groups were assigned to receive

5 µm sections of vaginal and uterine epitheliums. Measures

three different preparation of the extract plant: High dose

were made on the sections with a microscope (Olympus)

400 mg kgG1/day (AS 3), middle dose 300 mg kgG1/day (AS 2)

connected to a computer and a digital camera for microscope

and low dose 200 mg kgG1/day (AS 1) based on body weight.

(DCM35 350K pixels). The uterine and vaginal epithelium

Estradiol valerate (E2) was given on 1 mg kgG1/day/b.wt., for

thicknesses were measured on 5 slides/group and the

positive control. Distilled water was used like the vehicle of the

software Image J 1.32j version, NIH, California, USA were used

extract and E2V and used for the negative control (OVX) and

for measurements. Histology process begins by dehydration

sham operated group at the dose of 10 mL kgG1 day.

of vagina and uterus in ascending grade of alcohol. The tissues

Administration was made by gastric gavage for 28 days. At

were then cleared with xylene to remove the alcohol.

end of the experiment, vaginal smears were carrying out and

Thereafter, embedding in paraffin with stainless steel block

then, animals were anesthetized and sacrificed. After sacrifice,

was done and sectioning was carried out using a microtome.

blood samples were collected and were centrifuged at 3000

Tissues were deparaffined in successive baths of xylene and

rpm for 15 min. Aorta, vagina and uterus were carefully

absolute alcohol and rehydrated before staining in

removed, cleaned and weighed (only aorta and uterus). Aorta

haematoxylin/eosin. Stained sections were observed under

was homogenized at 10% in McEven solution and centrifuged

microscope for the microarchitectural changes.

at 3000 rpm for 15 min. The serum and homogenate were
kept at-20EC for some biochemical analysis. Uteri and vagina

Statistical analysis: Values were expressed as the

were fixed in Bouinʼs fluid for histology.

mean±SEM. Data were assessed using one-way analysis of

The relative organ wet weight of each organ or organ

variance (ANOVA) and post hoc Tukeyʼs test. Software used

body weight ratio was calculated using the following formula

was GraphPad Prism 5.03 version, La Jolla, USA. Results were

according to Akhtar et al. 11:

Organ weight ratio 

considered significant at p<0.05.
Organ weight (g)
 100
Body weight (g)

RESULTS

Vaginal smears: Smears were taken from rats by flushing the

Acute toxicity: Fourteen days after the treatment, no lethality

vagina with 20 µL of 0.9% NaCl in a micropipette before

or behavioral changes were recorded in rats following single

sacrifice. A drop of smear was deposited onto a glass slide and

administration of aqueous extract of A. schweinfurthii stem

vaginal cells were observed using a light microscope. Animals

bark at oral dose of 2000 mg kgG1 b.wt.

with flat fully cornified cells were defined as being in estrus.
Effects on the vaginal smears and epithelium: The graphic

Thereafter, glass slide was dried at room temperature and

representation (Fig. 1) shows the results of vaginal cytology

12

stained according to the method of Papanicolaou .

and vaginal epithelial height after 28 days trial with our plant
cholesterol, HDL-

extract. As expected, ovariectomy induced the proliferation of

cholesterol and triglycerides were determined using a

parabasal cells on vaginal smears, sign of diestrus and

commercial diagnostic kit from Fortress diagnostics (Antrim

atrophy of vaginal epithelium due to depletion of estrogen

Technology Park-United Kingdom). Levels of LDL-cholesterol

level

were estimated from total-cholesterol, HDL-cholesterol and

Administration of E2 induced significant increase (p<0.001) of

triglycerides by using the formula of Friedewald et al.13.

the height of vaginal epithelium and persistent estrus

Biochemical analysis:

Serum

total

11

in

comparison

with

sham-operated

group.
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Fig. 1: Effects of A. schweinfurthii and E2 on vaginal cytology (a) (Papanicolaou coloration, x 400) and on vaginal epithelium
(b) (HE, x400) after 28 days trial. Cornified cells (CC), leukocytes (L), Stratum corneum (Sc), Vaginal epithelium (VE), Lumen
(L), Chorion (Ch)
total cholesterol levels (p<0.01, 60.83%) and serum LDL-

endocrine status. This status was reflected by appearance of
cornified epithelial cells smears from OVX within 28 days
relative to negative control (Fig. 1a and 1b). Some cornified
cells were observed following exposure to all the doses of
A. schweinfurthii in vaginal signs of. In the other hand, all
doses of A. schweinfurthii induced a significant increase
(p<0.001) of height of vaginal epithelium versus OVX animals.
(Fig. 1b).

cholesterol levels (p<0.01) compared to sham-operated
animals, while the HDL-cholesterol levels tended to decrease
(48.18%). This has also led to the increase (p<0.01) of the
atherogenic index calculated as the ratio of total cholesterol
on HDL-cholesterol, due to the loss of ovarian estrogens.
E2 (1

mg

kgG1

b.wt.,) and the aqueous extract of

A. schweinfurthii at all doses have significantly decreased
fasting serum triglycerides and the atherogenic index. Only

Uterotrophic bioassay: As shown in Fig. 2a, uterine wet

the dose of 200 mg kgG1 significantly decreased respectively

weight decreased significantly (p<0.001) in OVX rats treated
with distilled water compared to sham-operated rats while
treatment of OVX rats with E2 increased significantly (p<0.001)
uterine wet weight as compared to OVX rats treated with
distilled water. There was no significant increase of uterine wet
weight observed between extracts treated groups and their
control receiving vehicle but Anthocleista schweinfurthii at
all doses increased uterine wet weight respectively by 32.16,
8.40 and 6.29% comparatively to OVX rats treated with
distilled water. Ovariectomy decreased uterine total protein
levels by 20.55% in comparison with sham operated control.
A. schweinfurthii at dose of 400 mg kgG1 induced statistically
significant (p<0.01) increase of uterine total protein levels
(Fig. 2b). In the other hand, all doses of A. schweinfurthii
increased significantly the height of uterine epithelium
(p<0.001, p<0.05) (Fig. 2).

total cholesterol and LDL-cholesterol levels after 28 days of
treatment compared to OVX group. On the other hand, serum
HDL-cholesterol levels of rats treated with aqueous extract
plant at the doses of 200 and 300 mg kgG1 b.wt., were
significantly increased (Table 1).
Effects of Anthocleista schweinfurthii

on aorta: The

results of the present study showed respectively that (Fig. 3 a,
b and c) 112 days of estrogenic deprivation significantly
increased aorta weight (p<0.05), MDA levels (p<0.01) and
decreased nitrites levels (58.52%) as compared to sham
control aorta. The same graphic representations show
significant decrease of aorta weight after sub-chronic
treatment with E2 (p<0.01) and with plant extract at all doses
(respectively p<0.01; p<0.001 and p<0.001) versus OVX group.

A. Schweinfurthii at the dose of 400 mg kgG1 decreased
Effects of Anthocleista schweinfurthii

on blood lipid

significantly (p<0.001) MDA levels versus OVX group while

profiles: The OVX group showed an important increase of

both E2 and all doses of our plant extract

fasting serum triglycerides levels (p<0.001), of fasting serum

significantly nitrites levels compared to OVX group.
12

increased
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Fig. 2: Effects of A. schweinfurthii and E2 on (a) uterus wet weight and on (b) uterine total protein levels after 28 days
treatment on ovariectomized rats
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Fig. 3: Effects of A. schweinfurthii and E2 on (a) aorta wet weight, (b) malondialdehyde and (c) nitrites after 28 days treatment
on ovariectomized rats
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Table 1: Effects of A. schweinfurthii and E2 on blood lipid profiles after 28 days of treatment

Parameters

Groups
------------------------------------------------------------------------------------------------------------------------------------------------------------------------Sham-operated
OVX
E2
AS 1
AS 2
AS 3

Triglycerides levels (mg dLG1)
Total cholesterol (mg dLG1)
LDL-cholesterol (mg dLG1)
HDL-cholesterol (mg dLG1)
Atherogenic index

51.12±4.80
46.32±4.97
33.09±4.80
2.84±0.13
18.46±2.09

103.30±12.49###
93.92±2.85##
71.04±9.26##
1.47±0.16
61.95±14.18##

61.5±7.78**
65.75±5.86
50.2±0.90
2.61±0.33
27.50±2.11*

45.59±4.42***
56.81±7.90*
34.70±3.51**
5.370±0.80##, ***
11.33±2.11***

61.84±1.97**
63.67±4.47
44.08±5.32
4.68±0.34#, ***
13.99±1.99***

68.07±3.95*
64.93±10.01
39.95±6.27*
3.19±0.06 a
20.32±3.11**

Values are presented as means±SEM. ### p<0.001, ## p<0.01, # p<0.05 statistically significant compared with sham-operated, ***p<0.001, **p<0.01, *p<0.05
statistically significant compared with OVX, a p<0.05 statistically significant compared AS 1 versus AS 3: The extracts of A. schweinfurthii stem bark induced significant
dose dependent HDL-cholesterol levels in OVX rats. (n=5/group)

Uterus is a primary target organ for estrogen. The
uterotrophic assay is a standard tool for determining the
estrogenic activity of a given substance in vivo20. The
investigation has shown a small but remarkable increase of
the uterine wet weight, uterine total protein levels and
stimulation of the height of the uterine epithelium after oral
administration of A. schweinfurthii during 28 days. These
results are consistent with Diel et al.21, who showed that
certain phytoestrogens in contrast to estrogens, failed to
stimulate increased tumour growth or estrogen-sensitive gene
expression. The data have to be interpreted in favour of
mechanistic differences in the action of A. schweinfurthii as
compared to other compounds with affinity to the estrogens
receptors like genistein22.These data could demonstrate that
the molecular mechanisms involved in the uterine activity of
A. schweinfurthii are very complex and may be distinct from
those of endogenous estrogens.
Ovariectomy increased triglycerides; total cholesterol,
LDL-cholesterol and artherogenic index and decreased
HDL-cholesterol in serum after 112 days. The data are in
accordance the study of Lj et al. 23, who prove that women in
physiological menopause have much higher levels of total
cholesterol, LDL cholesterol, triglycerides and lower levels of
HDL-cholesterol. These variations may be responsible for
cardiovascular diseases. Indeed, the decrease in endogenous
estradiol as a result of ovariectomy may affect lipoprotein
concentrations24 like lipoprotein (a) which has been found to
be a new independent factor associated with cardiovascular
diseases25. In fact, several studies have shown a significant
rising in lipoprotein (a) levels with menopause, as well as the
risk of cardiovascular diseases independently of LDL levels26-27.

DISCUSSION
In the present study, the evaluation of acute oral
administration of a single dose of 2000 mg kgG1 of the
aqueous extract of A. schweinfurthii indicated that this plant
did not induced any mortality or change of behaviour in
female and male young Wistar albino rats. According to the
recommendations of OECD guideline 4239, any substance can
be considered as low toxic if its LD50 is greater than
2000 mg kgG1. So our extract can be considered as low
toxic because administration of 2000 mg kgG1 did not induced
any mortality or change of behaviour. In fact, herbal medicines
have received greater attention as alternative to clinical
therapy of many diseases and the demand for these remedies
has currently increased17. Because many published studies
have reported potential toxic effects of natural products, it is
necessary to characterize the effects of plant on biological
systems, including its toxicological effects.
Study of the estrogenic effects of plant extracts can be
realized on estrogenic organs target such as uterus and
vagina. Vagina is a musculo-membranous channel formed of
a non-keratinized stratified squamous epithelium. Vaginal
smears allow the determination vaginal epithelial cells status18.
The duration of estrus cycle in rats is normally 4-5 days. During
a normal rat estrus cycle, there are three cell types: Parabasal,
intermediate and cornified cells. Presence or absence of these
types of cells and their relative proportions determine the
stage of estrus cycles phase. Estrus cycle is controlled by the
synthesis of estrogen in the ovary19. Absence of cornified cells
and affluent proportion of parabasal cells observed on vaginal
smear of OVX group in this study is due to estrogen
deficiency caused by ovariectomy. Oral administration of
A. schweinfurthii allowed apparition of intermediate and
cornified cells indicating that treated animals were in the
estrus phase and a significant increase of the vaginal epithelial
height, proof of his estrogen like activity. The same results
were obtained with another suspected phytoestrogen, Citrus
medica in ovariectomized rats by El-Alfy et al.19.

It is likely that age plays a significant role in developing
dyslipidemia. Furthermore, according to Park et al.28, decrease
of the synthesis of estrogens stimulates lipoprotein lipase
which hydrolyses triglycerides and consequence is
accumulation of fatty acids, responsible of cardiovascular
diseases. The data can also be explained by the fact that
depletion of estrogen inhibits cholesterol 7"-hydroxylase.
14
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Deficiency in this enzyme leads to increase cholesterol

CONCLUSION

biosynthesis in liver but also to stimulate expression of various
genes

involved

in

biosynthesis

of

A. schweinfurthii had low toxicity by oral route.
Ovariectomy has deleterious effects on vagina, uteri, lipid
parameters and on aorta. A. schweinfurthii like oestradiol
valerate, induced vaginal and uteri epithelial thickening. It also
prevented menopause associated high lipid profiles indicating
that A. schweinfurthii may be useful in preventing some of
menopausal symptoms. More study is still to be carried out in
order to determine the mechanism of action of the plant
extract on disturbances related to oestrogen deficiency.

associated

29

hypertriglyceridemia . Treatment with plant extract and E2
decreased significantly
LDL-cholesterol,

triglycerides,

artherogenic

index

total cholesterol,
and increased

HDL-cholesterol. This beneficial effect of A. schweinfurthii on
lipid metabolism may be due to its ability to activate estrogen
receptors and induce the transcription of genes involved in
lipid metabolism. Therefore, A. schweinfurthii may be used
like Pueraria mirifica, a Thai herb rich in phytoestrogens with
a beneficial effect on lipid metabolism in postmenopausal

SIGNIFICANCE STATEMENTS

women, which may result from the activation of gene
transcription through selective binding of phytoestrogens to

This study discovers the low toxicity of Anthocleista
schweinfurthii and it estrogenic effect that can be beneficial

ER " and ER $30.
Ovariectomy increased significantly the weight of aorta as

for dyslipidemia induced by ovariectomy of Wistar Rats. This
study will help the researcher to uncover the critical
area of postmenopausal cardiovascular disorder that many
researchers were not able to explore. Thus, a new theory on
these phytoestrogen and possibly others phytoestrogens, may
be arrived at.

well as the level of MDA in that organ, increase that was lower
after sub-chronic treatment to E2 and to plant extract at all
doses. Surgery also decreased nitrites levels in aorta. All effects
on aorta weight after ovariectomy can be explained by
depletion of estrogen. In fact, estrogen is known to induce
rapid vasodilatory response in isolated arteries31. The lack of
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