
Research Journal of Agriculture and Biological Sciences, 7(2): 228-233, 2011
ISSN 1816-1561
This is a refereed journal and all articles are professionally screened and reviewed

ORIGINAL ARTICLES

228

Corresponding Author: Igwe, C.U., Department of Biochemistry, Federal University of Technology, P.M.B. 1526,
Owerri, Nigeria.
E-mail: igwechidi@yahoo.com Tel:+234 8066 075 587.

Spasmogenic Activity of Ethanolic Leaf Extract of Spondias Mombin Linn on Isolated
Uterine Muscle Strips of Rat: Possible Hormonal Mechanism of Action

Igwe, C.U., Onwuliri, V.A., Onyeze, G.O.C. and Osuagwu, C.G.

Department of Biochemistry, Federal University of Technology, P.M.B. 1526, Owerri, Nigeria.

ABSTRACT

The effects of 75% ethanolic crude and neutral leaf extracts of Spondias mombin Linn on serum estradiol,
progesterone and testosterone concentrations of albino rabbits were compared with those of oxytocin. The in
vitro effects of the extracts and oxytocin drug were also studied on gravid and non-gravid uterine muscles of
12 Wister albino rats. Twenty-four female virgin rabbits, randomly distributed into 4 groups (A-D), were
intraperitoneally administered once a day normal saline, 0.14IU/ml of oxytocin and 750mg/kg of crude and
neutral extracts respectively for 14 days. The serum estradiol, progesterone and testosterone concentrations were
measured by radioimmunoassay method on the 7th and 14th days of drug/extract administration. Muscle tissues
were isolated from the gravid and non-gravid uteri of the rats and challenged with varying concentrations of
oxytocin (0.01-1.00lU/ml) and extracts (125-4000µg/ml) in a 20ml organ-bath. The results show that estradiol
and progesterone levels were significantly (p<0.05) increased in the test rabbits after 7 days of treatment, but
non-significantly (p>0.05) reduced to normal after prolonged administration of extracts for 14days. On the other
hand, the estradiol level of the oxytocin group remained significantly (p<0.05) high throughout the treatment
period. In vitro studies showed that the crude extract caused a more prolonged muscle contraction, unlike a
more forceful effect observed with oxytocin. Results indicate that, while oxytocin synergistically enhances
estrogen activity, the extract acts by a mechanism apparently dependent on competitive binding to estrogen
receptor sites.
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Introduction

Spondias mombin Linn is a fructiferous tree that belongs to the family Anacardiacae with about 14 species
worldwide. It grows in the rain forest and coastal areas of Nigeria, Brazil, and several other tropical forests
of the world. In Nigeria, the Igbos call it ijikara. Others tribes call it akika (Yoruba), tsader masar (Hausa),
Okhikghan (Bini) and Chabbuli (Fulani) Gill, (1992).

The tree grows erect, stately to a height of 15-22m, with its trunk 60-75cm in diameter, often bearing
many blunt-pointed spines or knobs up to 2cm long. Its deciduous leaves, 8 to 18cm long, have hairy often
pinkish petioles, and 9-19 odd-numbered sub-opposite ovate, pointed leaflets, 5-15cm long arranged equilateral
and oblique at the base. The leaves and flowers are at the end of the branches. The truck has deep incisions
in the bark which often produces a brown resinous substance. Before the tree starts to flower, it strips itself
of most of the leaves. The fruit, an 11/2

 inch long oval yellow plum, has a leathery skin and a thin layer of
fruit pulp with a very exotic taste. It hangs in numerous clusters of more than a dozen on the tree and is very
rich in vitamins B1 and C. The mode of propagation of the plant is by seeds and stem cutting Morton, (1987).

Crushed leaves have faint turpentine-like smell, with several reported ethnopharmacological uses. Apart
from the leaves, all the other parts of the plant are also important in traditional medicine. The fruit juice is
drunk as a diuretic and febrifuge. The decoction of the astringent bark serves as an emetic, a remedy for
diarrhoea, dysentery, haemorrhoids and treatment for gonorrhea and leukorrhea Akubue, (1983). The decoction
of the plant is also taken for severe cough with inflammatory symptoms, stomachache, toothache, sore throat,
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bronchitis, nausea and as poison antidote as well as for treatment of fungal infections. The leaf decoction is
taken in Senegal and by the Edos of Nigeria for treating dysentery and other intestinal disorders Ajao et al,
(1985). The leaves are also used in Nigeria on malignant tumours and the bark in water is administered in
Cuba for uterine cancer. The young leaves softened over a fire and mixed with some salt are given by mouth
to prevent miscarriages in women of Senegal and Ivory Coast. In Sierra Leone, young leaves or older leaves
are warmed and tied over the vagina in case of tearing in childbirth. In South America herbal system as well
as in other parts of the world including Nigeria, the leaves of S. mombin are widely useful for female
reproductive tract issues. It is a common midwives remedy to help induce labour, reduce bleeding and pain
during and after childbirth, to bring on the flow of breast milk and as a vaginal wash to prevent or treat
uterine or vaginal infections after childbirth. Most of these ethnopharmacological uses have been corroborated
by recent findings. It has been reported that the plant extract has antibacterial Abo et al (1999) antiviral
(Corthout et al., 1992), antihelminthic Ademola et al. (2005) and molluscicidal (Corthout et al., 1994)
activities. The leaves have also been shown to exhibit abortifacient Offiah VU and Anyanwu II, (1989)  and
lipid lowering Igwe et al., (2008) actions.

The reported uses of the plant’s leaf extract as an abortifacient or labour–inducing agent on one hand, and
also for prevention of miscarriages on another are mutually exclusive sides of a coin. Thus, the present study
is aimed at verifying the claimed spasmogenic (abortifacient) and spasmolytic (prevent miscarriages) activities
of the plant extract with a target of ascertaining the possible mechanism of action of the extract in comparison
with that of oxytocin.

Materials and methods

Plant Material:

Fresh leaves of S. mombin were obtained from their natural habitat in Obinze village in Imo State, Nigeria.
They were authenticated by a plant taxonomist at the Department of Plant Science and Biotechnology, Imo
State University, Owerri, Nigeria. The leaves were air-dried to a constant weight and ground into a coarse
powder with a mechanical grinder (Heman, Japan).

Crude Extraction:

A portion, 1.4kg of the powdered leaf material was weighed and soaked in 3.5L of 75% ethanol in a
beaker for 24hours with occasional stirring before filtering with Whatmann No.1 filter paper. The filtrate was
subjected to a slow but complete solvent evaporation using a Regulatory hot plate (Techmel, USA) at a
temperature of 38-40oc. The deposit obtained was weighed, labeled crude and stored at 4oc in a refrigerator[10].

Partial Purification of Crude Extract:

This was carried out by a modified method of Moore et al (1982). In brief, about 12.44g of crude extract
was dissolved in 100ml of diethylether and transferred into a 500ml glass separating funnel (Pyrex, England).
To obtain the basic components, the solution was extracted thrice with 20ml of 5% HCL and the lower layers
successively drained off into a clean sterile flask. Then 10% NaOH was gently added to the combined acid
extract until the solution became basic to an indicator paper Moore et al (1982).

For the acidic component; to the ether solution in the separatory funnel, 20ml of 10% NaHC03 was added,
the funnel swirled unstoppered to allow for CO2 evolution and the lower layer drained into a new clean sterile
flask. This process was repeated three times and the lower layers pooled together in a flask. To the combined
aqueous bicarbonate extract, 10%HCl solution was slowly added with constant shaking until the solution
became acidic to an indicator paper Moore et al (1982).

The remaining ether solution was used to obtain the neutral extract after slowly evaporating the ether at
40oC. The extract obtained was dried overnight with Na2SO4 in a dessicator (LR, England) and stored at 4oC[11].

Grouping of Animals and Collection of Sera:

A total of 24 female virgin rabbits of the same age range with mean weight (1.47± 0.17kg) were
purchased locally from Owerri, Imo State. They were randomly divided into 4 groups (A-D) of 6 animals each.
They were housed separately in well ventilated cages and fed ad libitum with water and growers mash (Guinea
Feed Nigeria Ltd), for a week to equilibrate them to laboratory conditions. Group A animals (control group)
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were administrated normal saline, the group B animals were given Oxytocin (0.14lU/kg body weight), while
groups C and D were, administered crude (750mg/kg) and neutral (750mg/kg) extracts of the plant respectively.
The animals were administered 1ml of their respective drugs/extracts reconstituted in normal saline,
intraperitoneally, once a day for a total period of 14 days.

On the 7th and 14th days of drug/extract administration, 3 fasting animals were randomly selected from each
group, anaesthetized with chloroform, and blood collected by cardiac puncture into non-anticoagulant containing
bottles and allowed to stand for 30 minutes to clot before centrifuging (Teco, USA) at 4000rpm for 3 minutes.
The serum was carefully separated into another sterile plain bottle and stored frozen until analysis Igwe et al.,
(2008).

Hormonal Assay:

Serum estradiol, progesterone and testosterone concentrations were assayed by Enzyme immunoassay
methods based on competitive binding, using kits supplied by Human, Germany based on the methods
described by Tietz, (1987).

In Vitro Studies:

A total of twelve (12) female albino rats made up of 6 non-pregnant virgin rats and 6 primigravid rats
at their 3rd week of pregnancy were used for the study. Each group of 6 rats were sub-divided into 3 groups
of 2 rats each and their uterine muscles exposed to oxytocin (0.1-0.5 lU/ml), crude and neutral extracts (1.25
-20mg/ml) of the plant respectively.

Each animal was anaesthetized in chloroform, dissected, its uterus isolated and about 2cm of uterine
muscle cut and immediately immersed in 20ml of tyrode solution. From there, the muscle tissue was transferred
and suspended with a tread in a 20ml tyrode’s solution containing organ bath, which was connected to a
Kymograph machine (10550 Kymograph, Shangai). To the organ bath, 1ml of the drug/extract was added at
1 minute intervals to a maximum of 5ml for each. The heights (cm) and widths (cm) of the peaks traced by
the machine were measured and recorded as the amplitude and extent of muscle contractions respectively
(Gwotmut and Nwafor, 2001).

Statistical Analysis:

One-way analysis of variance (ANOVA) and chi-square test were used to compare the various data
obtained. Values for p<0.05 were considered statistically significant.

Results:

The crude extraction of the S. mombin leaf yielded 27.71g while the partial purification of 12.44g of the
crude extract yielded 4.89g of neutral extract. Administration of the neutral extract to the rabbits caused
statistically significant (p<0.05) increases in the concentration of estradiol and progesterone after 7 days of
treatment. Similar effects were observed with administration of oxytocin and the crude extract of the plant.
However, their effects on estradiol concentration were not significant (p<0.05) (Table1).

The continuous administration of the extracts up to 14days, caused a non-significant (p>0.05) drop in the
concentrations of estradiol and progesterone, while prolonged administration of oxytocin maintained a
significant (p<0.05) increase in the estradiol concentration of the animals (Table1). Curiously, both 7 and 14
days treatment with oxytocin and the extracts did not statistically (p>0.05) change the testosterone
concentrations of the animals in comparison with the control group.

Figure1 presents the effect of the crude and neutral extracts on the duration of contraction (width of
response peaks) of the uterine muscles. It shows that exposure of the muscles to 125-4000µg/ml of crude and
neutral extracts caused higher percentage (p<0.05) response (duration of contraction) in gravid uteri (55.8%
and 29.3% respectively) than the non-gravid uteri (20.5% and 8.7% respectively). Similarly, the responses of
the gravid (47.1%) and non-gravid (40.0%) uterine muscles to oxytocin (0.01-0.10lU/ml) challenge (Figure 2)
were significantly (p<0.05) different from those of the extract.

A study of the amplitude or force of contractility of the muscles (height in cm of response peaks) upon
exposure to varying doses of oxytocin (0.01-1.00lU/ml) and crude extract (125-4000µg/ml) shows that the
gravid uterine muscles responded significantly (p<0.05) more forcefully (34.5% and 18.4% respectively) than
the non-gravid uterine muscles (28.6% and 15.2% respectively) (Figures 3 and 4).
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Discussion:

Many herbs and food plants contain non-steroidal, generally phenolic phytoestrogens which can act as
estrogen agonists or antagonists depending on endogenous estradiol levels (Wade et al., 1999). Some plants
also contain natural alkaloids which can increase motor activity of uterine muscles when ingested Gwotmut
and Nwafor (2001). Several phytochemicals with such activity such as alkaloids, saponins and phenolic
compounds have been reported to be present in the leaf extract of S. mombin (Corthout et al., 1994; Njoku
and Akumefula, 2007).

The results of the present study shows that the leaf extracts of S. mombin caused increases in serum
concentrations of estradiol and progesterone which decreased with increase in duration of administration. This
indicates that the extract contains phytochemicals that elicited increased biosynthesis or availability of receptor-
unbound estradiol and progesterone in the blood. However, the effect of the extracts did not affect the synthesis
and/or availability of testosterone. Considering the fact that endogenous synthesis of steroidal hormones,
generally have similar pathway with the main precursor as cholesterol (Nelson and Cox, 2005, it may be
deduced that the plant extract may not have affected the biosynthetic pathway of the steroidal hormones.
Rather, they may act by binding to the hormone’s receptor sites leading to increases in receptor-unbounded
estradiol and progesterone. 

It has been reported that when endogenous estradiol levels are low, phytoestrogens may act as estrogen
agonists, but when estradiol levels are high; they may compete with estradiol at the receptor site and block
its more potent estrogenic effect, functioning as an estrogen antagonist (Davis et al., 1998). This may explain
the observed increase in available (free) estradiol and progesterone with increased administration time of extract
and, hence increased presence of extract constituents in the blood. However, as observed in this study,
continued administration of the extract at the same dose may have led to saturation of the receptor sites by
the phytohormones, increased accumulation of the endogenous hormones and a shift of competition in favour
of the hormones causing a drop to normal of their concentrations and possibly a return to their normal level
of activity. This indicates that the extract may have short–time effect. This corroborates the reported sharp,
short duration activity traditionally observed when the plant’s leaf is fed to domestic animals having difficulty
in littering or to expel placenta after successful littering Igwe et al., (2008).

Table 1: Effect of drug/extract administration on serum sex hormones of rabbits
Parameters Groups

----------------------------------------------------------------------------------------------------------------------------------------
Control Oxytocin Crude Extract Neutral Extract

After 7 days treatment
Estradiol(pg/ml) 1.87±0.06 3.87±1.50 3.07±1.50 7.43±0.71*
Progesterone (ng/ml) 7.73±1.56 13.37±1.06* 11.13±0.57* 18.50±1.77*
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Testosterone (ng/ml) 18.60±1.60 18.50±0.15 20.27±1.56 19.30±0.20
After 14 days treatment
Estradiol (pg/ml) 3.07±1.33 6.03±0.74* 1.87±1.60 2.97±1.65
Progesterone(ng/ml) 11.37±0.61 11.50±0.26 11.20±0.46 11.86±0.55
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Testosterone(ng/ml) 18.27±2.86 21.50±2.62 20.47±2.02 20.17±1.14
Values are mean ± standard deviation. *Values are statistically significant (p<0.05) in comparison with the control. 

Fig. 1: Effect of extracts on extent (width in cm of peaks of kymograph) of uterine muscle contraction.



232Res. J. Agric. & Biol. Sci., 7(2): 228-233, 2011

Fig. 2: Effect of oxytocin on extent (width in cm of peaks of kymograph) of uterine muscle contraction.

Fig. 3: Effect of extracts on amplitude (height in cm of peaks of kymograph) of uterine muscle contraction.

Fig. 4: Effect of oxytocin on amplitude (height in cm of peaks of kymograph) of uterine muscle contraction.
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A study of the effect of oxytocin administration on the concentrations of the hormones shows that with
continued administration of oxytocin, estradiol levels increased significantly. This indicates that its effects are
highly dependent on the presence of estrogen. However, it also indicates that the mechanism of action of the
extract’s active constituent may be different from that of oxytocin. Thus, it may be hypothesized that while
oxytocin may act by synergistic activity with estrogen, the active component(s) of the extract acts by
competitive binding on estrogen receptor sites.

Meanwhile, a comparison of the in vitro response of uterine muscles to challenge with oxytocin and the
extract showed that while oxytocin caused a more forceful response, the crude extract elicited a more sustained
or prolonged contraction of the muscles. This further buttresses the difference in the mode of activity of the
two agents. However, both caused significantly less muscle response in the non-gravid uteri, probably because
their action is in one way or the other dependent on estrogen concentration or that of its receptor sites. This
is in agreement with the fact that estrogen and the number of its receptor sites is usually low in early
pregnancy and lowest in non-pregnancy conditions.

In conclusion, the study shows that the extracts of S. mombin cause the contraction of uterine smooth
muscles like oxytocin but with a mechanism probably dependent on competitive binding to estrogen receptor
sites. 
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