Disruption of Ovarian Utilisation of Proteins by Tetrapleura tetraptera Fruit
Extract Impairs Estrous Cycle and Ovarian Functions in Female Rats
ABSTRACT
Aim: Reports that some phytochemicals interfere with reproductive functions, in both humans and
animals necessitated this study which is aimed at determining the effects of fruit extract of
tetrapleura tetraptera on oestrous cycle and ovarian
functions in females.
Methods: Adult female wistar rats weighing 160-180g with regular 4-5 days oestrus cycle were
selected into 4 groups of 6 animals each. Group 1 (control) administered 1ml distilled water;
groups II, III and IV were daily treated with the extract at doses 75mg/kg, 150mg/kg and 300
mg/kg body weight respectively, orally for 21 days. Microscopic evaluation of vaginal smear was
done daily to determine the various stages of the estrous cycle, their duration, as well as the estrous
cycle length. After 24 hours of last administration, each rat was weighed, sacrificed, and right
ovary was homogenised and the homogenate used for analyses of total protein content, superoxide
dismutase (SOD) activity, and malondialdehyde (MDA) concentration, according to standard
protocols. Results: There was significant (P < 0.05) increase in duration of diestrus phase and
estrous cycle length in all the extract-treated groups, compared to control animals. Also, there was
relative reductions in the duration for proestrus (p<0.05), estrus (p<0.05) and metestrus (p<0)
phases of the cycle, with a relative increase in duration for diestrus phase (p<0.05) in animals
treated with 150mg/kg and 300mg/kg body weight respectively. In addition, a significant (P <
0.05) increase was observed in ovarian Protein, and Superoxide dismutase (SOD) enzyme activity;
as well as significant (P < 0.05) reduction in malondialdehyde (MDA) level and in weight gain in
the test animals, compared to the control. Conclusion: Tetrapleura tetraptera fruit extract
disrupts ovarian utilisation of proteins in the ovaries, thereby impairing oestrous cyclicity, and
body weight. These could result to infertility.
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1. INTRODUCTION
Mankind, since from the early existence, have depended on medicinal plants for various health
needs including controlling physiological activities and pathological conditions. Some of these
phytochemicals interfere with reproductive functions especially, the reproductive cycle [1-3] and
ovarian secretory functions in both humans and animals. Such effects may be at different levels of
the hypothalamic-pituitary axis, or at the ovarian level, resulting in alterations in the gonadotrophic
hormones (FSH and LH) and female sex hormones (Oestrogen and Progesterone) levels.These
effects could alter ovulation and therefore fertility, which are of public health concern, hence
contributing to the increasing global attention about the use of phytomedicines[4].
Tetrapleura tetraptera plant is found in tropical Africa, especially West Africa low lands forests.
The fruits are made up of a fleshy pulp with small, brownish-black seeds. They are green when
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tender, but dark brown when fully ripe, with high nutritional value [5]. When dry, they have a
pleasant aroma, and therefore are used as spice in Central and West Africa [6,7]. In Nigeria, it is
called “Aridan or aidan” by the Yurobas, “Dawo” among the Hausas, “Oshosho” by the Igbos,
Efik call it “Edeminang”, the Ibobios call it “Uyayak” [8], while the Ijaws call it Pakipaki
[personal interviews].
The fruits are used in managing convulsions, inflammation, rheumatism, flatulence, jaundice and
fevers, as well as adult onset type 2 diabetes mellitus [9,10]. The leaf extract has antioxidant effect
[11], while the aqueous fruit extract possess hypoglycemic properties [12]. The fruits are also
used in preparing soups for mothers after delivery to prevent contraction of the uterus [13],
as well as for stimulation of lactation [14], thus suggesting its potential in altering female
reproductive functions. Literature search revealed paucity of studies on effects of the fruits of T.
Tetraptera on female reproductive functions. Therefore, this study was aimed at determining the
effects of the fruit extract of T. Tetraptera on estrous cycle and ovarian functions in females,
using wistar rats as animal models.
2. MATERIALS AND METHODS
2.1 Plant materials and extraction: Dry fruits of Tetrapleura Tetraptera purchased from a
market (oil mill market) in Port Harcourt, Rivers State Nigeria, were identified and authenticated
by taxonomist in the Department of Plant Science and Biotechnology, University of Port
Harcourt, Nigeria, (herbarium number, UPH/C/104). The fruits were washed clean, dried, sliced
into small pieces and then machine-grounded into fine, powdery particles.
Using the cold extraction method, 3000g of the finely crushed powder was stocked in 9L hydromethanol solvent (20:80) in an aspirator jar. The mixture was shaken vigorously for 30 minutes
and then left to stand for 72 hours at room temperature (23-28 0C). The resulting solution was
then filtered using a wire gauze and a sieve with tiny pores (0.25mm). The filtrate was concentrated
to dryness at 40 0C by vaporizing in an oven, and the brownish gel-like extract then stored in a
refrigerator.
2.2 Animal model: Experimental studies on the changes occurring during reproductive cycles are
often done using the female rats as suitable laboratory animal models because of their short
oestrous cycle length [15,16]. Healthy, non-pregnant adult female wistar rats (160-180g) obtained
from the animal facility of the Faculty of Basic Medical Sciences, College of Health Sciences,
University of Port Harcourt, were used for this study. The rats were housed in wire-meshed
wooden cages at natural environmental conditions of temperature (25±2°C) and natural light: dark
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cycle; and had free access to standard rat chow and water ad libitum. They were allowed to
acclimatise for 10 days. The initial body weight of all the animals were measured at
commencement of the experiment. All animals used in this study were handled in accordance with
the international, national and institutional guidelines for care and use of laboratory animals in
Biomedical Research as promulgated by the Canadian Council of Animal Care (2009).
2.3 Determination of estrous cycle: Prior to commencement of administration of the extract, the
estrous cycle of each rat was evaluated for a period of 21 days, with modifications of previously
reported procedures [15,17]. Briefly, vaginal smear was collected from each rat once daily (8:00 9:00 am) by gently inserting the tip of a plastic micropipette containing 10µl saline solution into
the vagina of the rat, flushed two to three times, and the fluid aspirated and smeared on a clean
glass slide. Light microscopic observation of the cell types obtained in each smear was done. The
proportion of the different types of cells was used in evaluating the phase and the duration of the
oestrous cycle. Animals with regular normal oestrous cycle were selected for the experiment.
2.4 Experimental design: A total of twenty-four (24) female wistar rats showing regular 4-5 days
estrus cycle were selected and assigned into four groups of six animals each. Group 1 (control)
was administered 1ml distilled water; group II, III and lV were daily treated with the extract at
doses of 75, 150 and 300 mg/kg body weight respectively. The above doses were administered by
oral gavage for 21 days (4-5 regular oestrous cycles), since the mean estrous cycle length of rats
is 4-5 days [18], starting when animals were in the proestrous phase of the estrus cycle. The various
stages of the estrous cycle and their duration, as well as the estrous cycle length were determined.
The percentage of the duration of Oestrous cycle that the animals spent in each phase of the entire
oestrous cycle within the 21 days duration of the study was calculated, from where the relative
differences in each of the test groups, compared to the control group, were determined.
2.5 Sample collection: After the last administration, and while each animal was in oestrous phase,
each rat was sacrificed using chloroform anaesthesia, after measuring the body weight. The ovaries
from each rat were dissected out, cleared of adherent tissues and weighed. One ovary from each
rat was homogenised and the ovarian tissue homogenate was used for biochemical analyses: Total
Protein content was evaluated using Biuret reagent and as described [19. The activity of
Superoxide dismutase (SOD) was evaluated using previous description [20]. Malondialdehyde
(MDA) concentration was also determined by measuring the level of formation of thiobarbituric
acid reactive substances (TBARS ) as reported [21].
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Ethical approval for this study was sought for and granted by the Research and Ethical Committee
of the University of Port Harcourt.
2.6 Statistical Analysis: The data were analysed using statistical package for social sciences
(SPSS) software (version 25.0). Differences in mean values between groups were evaluated using
Analysis of variance (one-way ANOVA) followed by Dunnett multiple comparison test. Results
were considered statistically significant at P < 0.05 and 95% confidence level. The results are
presented as mean and standard error of mean (M±S.E.M), as well as in percentages.
3. RESULTS
3.1 Effects of T. tetraptera fruit extract on estrous cycle in female wistar rats
Effects of T. tetraptera fruit extract on the different phases of estrous cycle is as presented in
figure1. The durations for the proestrus, estrus and metestrus phases of the estrous cycle in all the
test groups showed no significant difference (p>0.05), when compared to the durations in their
respective control group animals. On the other hand, there was a dose-dependent significant (P <
0.05) increase in duration of the diestrus phase in all the extract-treated groups, when compared to
the control group animals. Also, the length of the estrous cycle (figure 2) was observed to
significantly (P < 0.05) increase in a dose-dependent manner in all the extract treated test groups,
compared to the control group animals. Further analysis (figure 3) shows that in animals treated
with 150mg/kg and 300mg/kg body weight respectively, there was relative reductions in the
duration for proestrus (p<0.05), estrus (p<0.05) and metestrus (p<0) phases of the estrous cycle,
with a corresponding relative increase in that of the diestrus phase (p<0.05) of the estrous cycle,
when compared to that of the respective control group animals.
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Figure 1: Effect of Tetrapleura tetraptera fruit extract on the different Phases of oestrous cycle in rats.
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Figure 3: Relative Change in duration (%) of each phase of the oestrous cycle in female treated rats.

3.2 Effects of T. tetraptera fruit extract on ovarian tissue oxidative stress markers and
proteins
The results (Table 1), show a dose-dependent significant (P < 0.05) increase in ovarian tissue
Superoxide dismutase (SOD) enzyme activity, and in protein level; with a significant (P < 0.05)
decrease in malondialdehyde (MDA) level, in the extract-treated test animals, compared to those
in the control group. Further analyses show the percentage relative difference in levels of oxidative
stress markers and proteins in the ovarian tissues, when compared to the control group animals
(figure 4). A relative increase of 44%, 142%, and 360% in Superoxide dismutase (SOD) was
observed in the 75mg/kg, 150mg/kg and 300mg/kg extract treated test groups respectively.
Malondialdehyde (MDA), on the other hand, showed a relative decreased by 53%, 42% and 68%
in the 75mg/kg, 150mg/kg and 300mg/kg extract treated groups respectively. Testicular Protein
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level also shows a dose-dependent relative increase by 97%, 215% and 221% in the 75mg/kg,
150mg/kg and 300mg/kg extract treated groups respectively, compared to the control group
animals.
Table 1: Effects of fruit extract of Tetrapleura tetraptera on ovarian tissue proteins and
Oxidative Stress markers in female wistar rats.
Parameter
Treatment Groups
Control
75mg/kg
150mg/kg
300mg/kg
SOD (milliU/ml) 11.03±0.99
15.89±0.38
26.71±2.28*
50.76 ± 7.60**
MDA (mmol/L)
Protein (mg/ml)

21.32 ±0.51
0.65 ± 0.01

10.06 ± 0.58**
1.28 ± 0.06*

12.41±0.00**
2.05 ± 0.48*

13.09±2.49**
2.09 ± 0.22*

Data is represented as mean ± SEM (n = 5) where *p ≤ 0.05 or **p ≤ 0.01 is statistically significant
compared to control group.
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FIgure 4: Relative Change (%) in levels of ovarian tissue proteins and Oxidative Stress markers
in female treated rats, compared to control.

3.3 Effects of T. Tetraptera on body weight: Tetrapleura tetraptera was also observed to affect
body weight in female wistar rats (Table 2). To demonstrate this, we calculated the difference in
weight from the initial and final body weights in both the control and test groups. We also
calculated the relative difference in weight in the test groups. The results show that animals in both
the control and test groups increased in weight during the study period. However, there was a
significant (P < 0.05) relative reduction in weight gain in all the animals in the test groups,
compared to those in the control group; with a relative reduction of 82.86% (in 75mg/kg b.w.),
88.57% (150mg/kg b.w.) and 64.29% (300mg/kg b.w.) respectively, compared to that of the
control group.
Table 2: Effects of Tetrapleura teraptera fruit extract on body weight of female wistar rats.
Treatment Initial body Final Body Weight difference Relative Reduction
group
Weight (g) Weight (g)
(g)
(%)
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Control

168.40

182.40

14.00 ± 3.33

0.00

75mg/kg

171.40

173.80

2.40 ± 0.19*

-82.86

150mg/kg

176.20

177.80

1.60 ± 0.69 *

-88.57

300mg/kg

153.4

158.4

5.00 ± 0.21*

-64.29

Data is presented as Mean ± SEM; N = 6 in each group; *P< 0.05 when compared to the control
group.

4 Dscussion
This study evaluates the effect of fruit extract of T. tetraptera on oestrous cyclicity and ovarian
functions in wistar rats. Evaluation of the estrous cycle in laboratory rodents can be a useful
measure of the intergrity of the hypothalamic-pituitary-ovarian reproductive axis. In this study,
there was relative reduction in the durations that the extract-treated animals spent in proestrus,
estrus and metestrus phases of the cycle respectively, while prolonging the duration of the diestrus
phase and the entire estrous cycle. The relative reductions in the duration of the phases implies
reduction in the time needed for development of the follicles in the preovulatory phase of the
estrous cycle.The relative reduction in the metestrus phase in the extract-treated animals indicates
a reduction in the number of matured graafian follicles, implying that the extract possibly impaired
ovulation, thereby reducing the number of ova eventually released and fertilised. On the other
hand, the prolongation in the diestrus phase observed in this study indicates that the luteal phase
of the cycle was prolonged, with the corpora lutea retained for longer duration than normal, thereby
prolonging the cycle length, and consequently increasing secretion of progesterone. This could
hinder or impair ovulation. These results are consistent with earlier reports of the ability of plant
extracts to reduce the duration of proestrus, estrus, and metestrus phases[22,23], while prolonging
the diestrus phase and the oestrous cycle length [24,25].
Biochemical and physiological changes occur in ovaries during the estrus cycle [26]. From this
study, a significant increase in protein, superoxide dismutase (SOD) with a decrease in
malondialdehyde (MDA) was observed in the ovarian tissues. Protein, considered to be the body’s
building material is involved in alterations of almost every physiological function [27]. The
increase in total protein in the ovary of extract-treated rats suggests an increased synthesis and
secretion, but, that critical steps or enzymes activities needed for utilisation of the proteins in the
body, such as for body building, synthesis of enzymes and glycoprotein hormones, etc, may have
been impaired by the extract, hence the accumulation. The Physiological regulation of the estrus
7

cycle, ovulation and follicular growth involve neuroendocrine, and endocrine factors such as
gonadotrophic (LH and FSH) and ovarian hormones (androgen, estrogen and progesterone) [28].
Also, ovarian hormones are produced by different cells of ovary: thecal cells, corpus luteum and
granulosa cells of mature graafian follicles [29]. Therefore, the impaired ovarian utilisation of
protein observed in this study, possibly resulted to imbalances or alterations in the gonadotrophic
and hence, the sex hormones [30], and eventually resulted to the observed impairments in the
durations of estrus cycle and their phases [31,30].
Superoxide dismutase is an antioxidant enzyme that provides protection within the cell by
removing reactive oxygen species from cellular environment through catalysing the dismutation
of two superoxide radicals to hydrogen peroxide for detoxification by the enzyme catalase [32].
Malondialdehyde, on the other hand, is a marker for lipid peroxidation and is considered an
indication of cell membrane destruction by free radicals. Malondialdehyde conjugates with amino
groups of proteins to form intra- and inter-molecular cross links that inactivates the membrane
bound enzymes and receptors

[33]. Therefore, the non availability of protein impairs the

conjugative activity of MDA, thereby protecting the membrane bound enzymes and receptors from
inactivation. Therefore, the observed increase in SOD, with associated reduction in the level of
MDA in the animals treated with the extract, agrees with the reported anti-oxidant properties of
Tetrapleura tetraptera fruit extract [34], and it's capacity to prevent oxidative stress-induced
impairments in ovarian functions. These results also show that the observed alterations in estrous
cyclicity by the extract was not due to oxidative damage in the ovary. but possibly due to preovulatory endocrine factors such as impairments in the secretion of gonadotropic hormones and
estrogen which are needed for follicular growth, maturation and ovulation.
Therefore, the alteration of estrous cyclicity, absence of lipid peroxidation, as well as the relative
reduction in body weight observed in all the extract treated animals, could be attributed to the
disruptive effects of Tetrapleura tetraptera fruit extract on protein utilisation by the ovaries for
the synthesis and secretion of biomolecules required for ovarian functions.
5 Conclusion: The findings from this study show that Tetrapleura tetraptera fruit extract disrupts
protein utilisation by the ovaries as evidenced by its increase in the ovary, signifying accumulation
from non utilisation, thereby impairing oestrous cyclicity, and body weight gain. The alterations
in oestrous cyclicity indicates an impairment in follicular development and ovulation, and
eventually could result to infertility.
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