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Introduction
Accumulating evidence indicates that the prevalence of human 
infertility has increased over the past decades [1]. Female 
infertility can be caused by failures at various steps, including 
ovulation, fertilization, embryo development, embryo transport, 
and implantation [2]. The different responses of environment 
toxicity include reduced fertility, spontaneous abortions, low birth 
weight, impaired folliculogenesis, and even damage to the ovaries 
[3]. Oxidative stress induces infertility in woman through a variety 
of mechanisms [4], having a direct effect on the oocyte, embryo, 
and implantation by causing cell membrane lipid peroxidation, 

cellular protein oxidation, and DNA damage [5]. Excess ROS in the 
follicle may overwhelm follicular fluid antioxidant defense and 
hinder the endometrium which normally functions to support 
the embryo and its development [4]. Appropriate development 
of embryo and receptive endometrium are crucial factors for 
successful implantation [6]. 

The human race is blessed with vast amount of plants which are 
consumed for their nutrients or for their medicinal purposes and 
in recent years have been shown to possess valuable antioxidants 
of great nutritional and therapeutic values. Antioxidants are 
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Abstract
Infertility, a couple’s inability to conceive after one year of unprotected regular 
intercourse, is an important issue in the world. The use of natural products in 
the treatment of infertility has been considered as a possible alternative to 
conventional therapies. This study was carried out in order to determine the 
curative effect of Adansonia digitata pulp extract on ovarian damage induced by 
carbon tetrachloride on the histology, level of hormone and the level of oxidative 
stress in the ovary of adult female Wister rats. Twenty adult female Wister rats 
were used as subjects for the experiment. The rats were then grouped into four (A, 
B, C, and D groups) containing five rats each. Group A (control) were given animal 
feed and distilled water, Group B rats were treated with 500 mg/kg of Adansonia 
digitata pulp extract, Group C rats received 2.5 ml/kg of carbon tetrachloride 
(CCl4), and Group D rats were treated with both Adansonia and CCl4. Their ovaries 
were then removed and processed for histological examination, while their sera 
were taken for biochemical analysis and the supernatant from the homogenized 
tissues were used to analyse the level of oxidative stress. There were observable 
improvement in the structural appearance of the ovary of rats treated with 
Adansonia digitata pulp extract (Group B) while the ovary of rats treated with CCl4 
(Group C) showed extreme damage to the structural outlook of the tissue. The 
ovaries of rats treated with both CCl4 and Adansonia digitata pulp extract showed 
an improvement in the damaged areas of the tissue. There was also an increase in 
the level of progesterone in rats treated with CCl4 compared to the control (Group 
A) and also an increase was observed in the level of eostrogen in the rats treated 
with CCl4 compared to control (Group A). The level of oxidative stress in the rats 
treated with CCl4 also increased when compared with the control group which 
indicates that damage has occurred to the tissue.
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substances which when present at low concentration compared 
to those of an oxidizable substrate [7], significantly delay or 
prevent the oxidation of that substrate. They are capable of 
preventing or attenuating damages such as lipid peroxidation, 
oxidative damage to membranes, glycation of proteins and 
inactivation of enzymes caused by free radicals. Some areas 
of human well-being and some forms of life depend on plants 
directly or indirectly [8]. The medicinal properties of some plants 
used locally have been scientifically proven over the years to be 
potent in managing different prevailing diseases and ailments [9]. 

Adansonia digitata (Baobab) is a tropical plant of African origin 
belonging to the Malvaceae family and is important to the 
livelihood of the people in arid zones of Africa [10]. Baobab is the 
common name of a genus (Adansonia) containing eight species of 
trees, Adansonia digitata is the most widespread of the Adansonia 
species on the African continent, found in the hot, dry savannahs 
of sub-Saharan Africa. It also grows, having spread secondary to 
cultivation, in populated areas and in neighbourhood villages. Its 
English common names include baobab, dead-rat tree (from the 
appearance of the fruits), monkey-bread tree (the soft, dry fruit is 
edible), upside-down tree (the sparse branches resemble roots) 
and cream of tartar tree it usually grows as solitary individuals, 
and are large and distinctive trees in the scrub on the savannah, 
and near settled areas, with some large individuals living to 
well over a thousand years of age [11]. Adansonia digitata fruit 
pulp has a very high vitamin C content which is ten times that 
of orange, and can be used in seasoning, as an appetizer and 
to make juices. Seeds contain appreciable quantities of crude 
protein, digestible carbohydrates and oil, whereas they have high 
levels of lysine, thiamine, calcium and iron. They can be eaten 
fresh or dried, ground into flour and thus added to soups and 
stews. Processing eliminates a number of anti-nutritional factors 
present in the seed [12]. 

Free radicals react with polyunsaturated fatty acids to propagate 
a chain reaction leading to lipid peroxidation or bind covalently 
to lipids and proteins, resulting in the destruction of membranes 
[13]. Peroxidation of the polyunsaturated fatty acids in biological 
membranes is believed to be the mechanism of toxicity for some 
chemicals such as carbon tetrachloride, ethanol, etc. Carbon 
tetrachloride was formerly widely used in fire extinguishers, as a 
precursor to refrigerants, and as a cleaning agent. It is a colourless, 
clear non-flammable liquid with a characteristics odour [14] that 
can be detected at low levels. It is a non-polar solvent suited for 
dissolving other non-polar compounds, fats, and oil and iodine. It 
is volatile giving off vapours with a characteristics smell of other 
chlorinated solvents. Exposure to high concentration of carbon 
tetrachloride can affect the central nervous system, degenerate 
liver, reproductive system and kidneys and it may also result into 
coma after a prolonged exposure to it cancer and even death 
in human and experimental animals [15]. Carbon tetrachloride 
is frequently used as a chemical inducer of experimental tissue 
damages and as a result of its molecular characteristics CCl4 
does induce oxidative stress with the production of free peroxy 
radicals and lipoperoxides thereby damaging protein, DNA, and 
lipids [16]. There are several evidences that show that oxidative 
stress resulting from reactive oxygen species including free 

radicals such as Hydroxyl (OH), Superoxide (O-
2), Nitric Oxide 

(NO), Nitrogen Dioxide (NO2), Peroxyl (ROO) and non-free radical 
like hydrogen peroxide and singlet oxygen play an important role 
in the development of several pathological conditions such as 
lipid peroxidation, protein oxidation, DNA damage and cellular 
degeneration. These have been implicated in the aetiology of 
these pathological conditions related to cardiovascular diseases, 
diabetes, cancer, Alzheimer and Parkinson disease, inflammatory 
diseases and infertility [17-19]. The present study was carried out 
to access the effect the pulp extract of Adansonia digitata will 
have on CCl4 induced ovarian damage in adult Wistar rats.

Materials and Methods
Experimental animals
Twenty (20) adult female Wistar rats weighing between 120-160 
g were obtained from Ladoke Akintola University of Technology, 
Ogbomosho. The rats were housed at the animal house of the 
College of Health Sciences, University of Ilorin, Nigeria, kept 
in wooden cages at room temperature of 24 ± 3°C under a 12 
h dark/light cycle. They were fed with standard rat pellets and 
allowed access to water. Study was performed in accordance with 
the ethical guidelines stipulated by the ethical committee of the 
College of Health Sciences, University of Ilorin, Nigeria. These 
guidelines were in accordance with the internationally accepted 
principles for laboratory animal use and care. The rats were 
randomly divided into four (4) groups with five (5) rats in each 
group. The groups are as follows: A (Control, distilled water), B 
(Adansonia digitata), C (CCl4) and D (CCl4 and Adansonia digitata).

Plant collection and the extraction
Adansonia digitata pod was plucked from College of Health Science, 
University of Ilorin premises. Identification and authentication 
was done at the Department of Plant biology, University of Ilorin, 
Nigeria. A voucher with specimen number was deposited at the 
herbarium in the department of plant biology, University of Ilorin, 
Nigeria. The outer white fruit pulp coating the seeds was separated 
from the seeds by soaking the seeds in mild water for 5 minutes. 
The suspension of pulp and seeds was subsequently filtered using 
filter paper and beaker the substrate was handpicked to remove the 
shaft and seed from the fruit pulp. The fruit pulp is now air dried 
for 72 hours after which it was grinded with mortar and pestle and 
dissolved in distilled water.

Standard dose of Adansonia digitata fruit pulp=500 mg/kg.

Each rat in group B and D were given extract solution according to 
their weights.

Experimental design
The rats were fed twice a day and Adansonia digitata extract 
was administered to the rats in groups B and D through oral 
administration using 2 ml calibrated syringe and cannula every day 
for 14 days. Carbon tetrachloride (2.5 ml/kg) was administered orally 
to the rats in group C and D for 3 days. 

Animal sacrifice and collection of blood
The rats in each group were sacrificed by anaesthetizing them with 
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CCl4 and  Adansonia 
digitata pulp extract

369.55 ± 10.95 0.070 ± 0.010 

Note: Value expressed as mean ± SD; *P<0.05
Table 2: Effect of Adansonia digitata pulp extract and CCl4 level of 
oestrogen and progesterone in the rats.

Groups Malondialdehyde (MDA)
Control 0.002 ± 0.001 

Adansonia digitata pulp extract 
only CCl4 only

0.004 ± 0.002
0.015 ± 0.003

CCl4 and  Adansonia digitata pulp 
extract

0.005 ± 0.005

Note: Value expressed as mean ± SD; P<0.05 (compared with control 
group)
Table 3: Effect of Adansonia digitata pulp extract and CCl4 level of 
Malondialdehyde (MDA).

chloroform after which the limbs were pinned to board and medial 
incision was done using a surgical blade, scalpel and forceps and the 
organ of study (ovary) was removed and it was immediately fixed in 
a labelled bottle containing fixative (10% formal saline) for 24 hours 
before tissue processing.

Blood samples were collected from the rats through the apex of 
the heart for biochemical analysis. Serum levels of progesterone, 
oestrogen was done using Enzyme Linked Immunosorbent Assay 
(ELISA). 

Assessment of Malonaldehyde (MDA) level
To analyse lipid peroxidation, ovarian tissues were transferred into 
5 ml ice-cold sucrose solution (0.25 M) and homogenized. The 
homogenates were further centrifuged at 3000 rpm for 15 min 
to obtain the supernatant, which was then aspirated with Pasteur 
pipette into sample bottle, stored overnight at 4°C before being used 
for assays. Tissue activities of MDA were determined by the method 
of [20].

Statistical analysis
Data were analyzed by Graph pad prism software, 8.0.25. Results 
were expressed as mean ± Standard Deviation (SD) and subjected 
to statistical analysis using one-way Analysis of Variance (ANOVA) 
followed by Duncan’s post-hoc test. The significant level considered 
was p<0.05 [21].

Results and Discussion
According to the data obtained (Tables 1-3 and Figures 1-6) it 
was discovered that the rats treated with Adansonia digitata 
pulp extract showed no significant effect on oestrogen level 
but there is moderate decrease in progesterone level when 
compared with the rats in the control group. Treatment with CCl4 
was discovered to extremely increase the level of progesterone 
when compared with control group. This could be as a result 
of damage to the corpus luteum which is responsible for the 
production of progesterone in the ovary which may be as a result 
of haemorrhage due to the fragility of the blood vessels [22].

Groups Initial mean 
weight

Final mean 
weight

Weight 
differences

Control 128.42  ± 4.73  150.00 ± 4.07 21.58
Adansonia 

digitata pulp 
extract only

157.26 ± 19.80 160.94 ± 19.72 3.68

CCl4 only 127.10 ± 5.56 129.84 ± 5.39 2.74
CCl4 and  

Adansonia 
digitata pulp 

extract  

123.12 ± 2.46 138.60 ± 4.74 15.48

Note: Value expressed as mean ± SD; *P<0.05

Table 1: Effect of Adansonia digitata pulp extract and CCl4 on mean 
weight of rats.

Groups Oestrogen Progesterone 
Control 759.15 ± 160.25 0.118 ± 0.008

Adansonia digitata 
pulp extract only

603.90 ± 191.20 0.087 ± 0.004

CCl4 only 316.05 ± 12.55 0.901 ± 0.2498*

Figure 1: Initial weight of rats before treatments.

Figure 2: Final weights of rats after treatments, just before sacrifice.

Figure 3: Serum oestrogen level in rats after treatment.
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Female infertility can be caused by failures at various steps, 
including ovulation, fertilization, embryo development, embryo 
transport, and implantation [2]. Oxidative Stress induces infertility 
in woman through a variety of mechanisms [4], having a direct 
effect on the oocyte, embryo, and implantation by causing cell 
membrane lipid peroxidation, cellular protein oxidation, and DNA 
damage [5]. Excess ROS in the follicle may overwhelm follicular 
fluid antioxidant defense and hinder the endometrium which 
normally functions to support the embryo and its development 
[4]. Oxidative stress has been implicated in a number of different 
reproductive scenarios such as endometriosis, folliculogenesis, 
oocyte maturation, hydrosalpingeal fluid, necrozoospermia, 
asthenozoospermia and sperm DNA damage [23]. In the context 
of female infertility, oxidative stress has been poorly characterized 
[24]. Nevertheless, oxidative stress in the female reproductive 
system has been demonstrated to correlate with fertility. Markers 
of oxidative stress in follicular fluid such as lipid peroxidation, 
total antioxidant capacity and superoxide dismutase activity are 
strongly correlated with oocyte fertilization and pregnancy rates 
following IVF [25]. A decrease in their total antioxidant capacity 
may lead to oxidative stress. The rats that were exposed to 
carbon tetrachloride showed a significant increase in the level 
of Malonialdehyde (MDA) which is an oxidative stress marker. 
The increase in the level of oxidative stress could be as a result 
of injury caused by exposing the ovary to high concentration 
of carbon tetrachloride. The rats treated with both CCl4 and 
Adansonia digitata pulp extract decreases the stress that has 
been caused by exposure to CCl4. But there is no significant 
difference between the rats treated with Adansonia digitata pulp 
extract and the rats in the control group.

Numerous studies have shown that CCl4 exposure causes 
morphological and functional reproductive disorders through 
oxidative toxicity [26]. Many antioxidants have been used to 
overcome these reproductive disorders [27-29]. Oxidative stress 
results from the free oxygen radicals, which include superoxide 
anion (O⁻₂), H2O2 and the Hydroxyl Ion (OH), in excess of the 
enzymatic and non-enzymatic antioxidants of the stressed tissue. 
Free radicals have high affinity to cell membrane lipids, especially 
PUFAs, leading to tissue damage due to the LPO [30]. According 
to Manibusan, Manjrekar and others [31,32,28] shown that 
CCl4 causes structural and functional damages in other organs 
of body such as kidney, lung, reproductive organs and brain. 
The free radicals initiate Lipid Peroxidation (LPO) by attacking 
Polyunsaturated Fatty Acids (PUFAs) in membranes, setting off 
a free radical chain reaction sequence. LPO is known to cause 
membrane disruption, resulting in the loss of membrane integrity 
and the leakage of microsomal enzymes. By products of LPO can 
form protein and DNA adducts and may contribute to toxicity and 
carcinogenicity [28,31,32]. The Histological findings in this study 
observed a collapse of the ovarian follicles which comprises of 
granulosa cells in the animals treated with carbon tetrachloride, 
and resulted in a degree of cytoarchitectural distortion when 
compared with the Control group. The cytoarchitecture of 
the ovary of rats treated with Adansonia digitata pulp extract 

Figure 4: Serum progesterone level in rats after treatments.

Figure 5: Serum Malondialdehyde (MDA) level in rats after treatment.

Figure 6: Photomicrograph of an ovary of a rat in the control stained 
with H and E ( × 160) the oocyte, corpus luteum, theca, ovarian follicle 
and blood vessels are intact without any alteration, rat treated with 
Adansonia digitata pulp extract stained showed that Oocyte (O), Corpus 
Luteum (CL), Theca (T) and Ovarian Follicle (OF) are intact without any 
alteration, rat treated with CCl4  stained with H and E showed damages 
in the Oocyte (O), Corpus Luteum (CL), rapture of the Theca (T) and 
Ovarian Follicle (OF), rat treated with CCl4 and Adansonia digitata pulp 
extract showed that Oocyte (O), Corpus Luteum (CL), Theca (T) and 
Ovarian Follicle (OF) damages are being restored. Blood vessels (BV), 
Group A (Control), Group B (Adansonia digitata), Group C (CCl4), Group 
D (CCl4 and Adansonia digitata).
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remained unchanged when compared with the rats in the 
control group, but there is improvement in the cytoarchitecture 
of the ovary of rats treated with both carbon tetrachloride and 
Adansonia digitata pulp extract when compared with the rats 
treated with carbon tetrachloride. 

Conclusion
In conclusion, the observations from this study showed that 
Adansonia digitata pulp extract attenuated the effect of the 
damage caused by carbon chloride on the ovary which can lead 
to infertility through causing a decline in lipid peroxidation and 
ameliorated the damage on the histology of the testes.
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