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humans one way or the other get exposed 
to cadmium through their environment 
and diet. The major sources of cadmium to 
the environment include battery industry, 
nickel-cadmium battery manufacturing,[3] 
plastic industries, smelting and refining 
of metals (e.g. Zinc refining/Cadmium 
smelting and production,[4] lead smelting and 
refining, iron and steel production, cadmium-
containing pigment production,[5] dry color 
formulating, cadmium-based stabilizer 
production, coal-fired electrical utilities and 
garbage incineration,[6] fertilizers,[7-9] metal 
plating with cadmium-containing materials,[5] 
production of cadmium alloys. Cigarettes are 
also a significant source of cadmium exposure.

Cadmium exposure has been reported to 
be a risk factor for infertility. Studies have 
shown that exposure to cadmium causes 
lipid peroxidation, which is associated with 
cadmium toxicity in testes.[10] Cadmium can 

INTRODUCTION

Cadmium (Cd), a heavy metal, is toxic to 
both humans and animals. Cadmium in 
its elemental form occurs naturally in the 
earth’s crust and it is unusual to find it 
in its pure form. It is commonly found in 
combination with other element such as 
oxygen (cadmium oxide), sulfur (cadmium 
sulfate), chloride (cadmium chloride), and 
carbon (cadmium carbonate).

It has been well established that excess 
cadmium exposure produces adverse health 
effects on human beings. At sufficiently 
high exposure, virtually all chemicals have 
adverse health effects. For certain elements 
such as copper and zinc, which are essential 
to human life, a deficiency, as well as an 
excess can cause adverse health effects. [1] 
However, cadmium is not regarded as being 
essential to human life.[2] Nevertheless, 

Testicular toxicity and sperm quality following 
cadmium exposure in rats: Ameliorative potentials of 

Allium cepa

ABSTRACT

AIMS: This study was carried out to investigate the effect of Allium cepa crude extract on 
cadmium-induced testicular toxicity in rats. MATERIALS AND METHODS: Adult male 
Sprague-Dawley rats were randomized into 4 groups (n = 6). Group 1 was used as control, 
group 2 was administered 0.3 mg/kgBW of cadmium sulfate (CdSO4) intraperitoneally 
for 3 days, group 3 was pretreated with 1 ml/100 g BW of Allium cepa (AcE) for 8 weeks 
followed by intraperitoneal administration of 0.3 mg/kgBW of CdSO4 in the last 3 days 
of experiment, and group 4 was administered 1 ml/100 g BW of AcE throughout the 
experiment. Testicular weight and semen analysis revealing the sperm count, sperm 
motility, and sperm morphology was carried out. Superoxide dismutase (SOD), catalase 
activities, and lipid peroxidation status were also carried out in testes. RESULTS: The 
study demonstrated that Allium cepa ameliorated CdSO4–induced alteration in testicular 
weight, sperm count, sperm motility, and sperm morphology. It also showed that Allium 
cepa attenuated the derangement of lipid peroxidation profile in testicular tissues caused 
by CdSO4 exposure. CONCLUSIONS: The findings in the study showed that pre-treatment 
of rat model with Allium cepa extract prevented CdSO4–induced reproductive toxicity by 
improving sperm quality and enhancing testicular lipid peroxidation status.
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directly damage the testis. Its effects on the testis appear 
to be manifested mainly in the sertoli cells, which present 
more morphological changes under scanning electron 
microscopy. It also causes derangement in spermatogenesis 
and spermiogenesis.[11]

Allium cepa (AcE), popularly known as onion, has been 
reported to have protective properties such as reduction of 
the risk of rectal carcinoma,[11] antiplatelet activity,[12,13] and 
antioxidant properties.[14-17]

Studies have shown that since humans are inseparable 
from their environment, and almost entirely not free from 
cadmium exposure, there is a risk of cadmium toxicity 
associated with potential testicular dysfunction.[10] Several 
studies have also reported the inhibitory effects of quercetin, 
and other flavonoids on in vitro lipid peroxidation.[18-22] The 
effect of AcE on cadmium-induced testicular toxicity was 
thus investigated in this study.

MATERIALS AND METHODS

Animals
24 adult male Sprague-Dawley rats weighing between 160 
and 200 g were used for this research. They were maintained 
under standard laboratory conditions and were fed with 
normal rat chow and water ad libitum.

The animals were divided into 4 groups (6 rats per 
group). Group 1 served as the control group. Group 2 
were administered 0.3 mg/kgBW of cadmium sulfate 
(CdSO4) intraperitoneally for 3 days. Group 3 animals were 
pretreated with 1 ml/100 gBW of AcE for 8 weeks before 
intraperitoneal administration of CdSO4 (0.3 mg/ kgBW) 
for 3 days while group 4 was given 1 ml/100 g of AcE 
throughout the experiment.

Study was approved by the Department Ethical Committee 
on Experimental Study. All animals received humane care 
in compliance with the institution’s guideline and criteria 
for humane care as outlined in the National Institute of 
Health Guidelines for the Care and Use of Laboratory 
Animals.

Extraction of Allium cepa
AcE was prepared following procedures from previous 
study.[23] Briefly, fresh Allium cepa (common onion) bulbs 
were rinsed thoroughly in distilled water, air-dried, and 
200 grams were then blended. The resulting paste was 
allowed to stand for 24 hours. Juice was then filtrated 
and squeezed out of it using a tight sieve. The filtrate/
juice was prepared on weekly basis following the same 
procedure and kept at 4°C. This is to prevent it from 
losing its potency.

Determination of sperm characteristics
The caudal epididymis was minced in pre-warmed normal 
saline (37°C). 1 drop of sperm suspension was placed on 
a glass slide to analyze 200 motile sperm in 4 different 
fields. The motility of the epididymal sperm was evaluated 
microscopically within 2 - 4 minute of their isolation from 
the epididymis, and data were expressed as percentage 
motility.[24]

Epididymis sperm was obtained by mincing the epididymis 
in normal saline, and filtering through a nylon mesh (80-µm 
pore size). The sperm were counted using a hemocytometer. 
The number of sperm in 5 squares (4 corners and the center) 
in the center grid of both sides were counted and averaged 
following the method of Freund and Carol.[25]

Sperm morphology was done using 2 drops of Walls and 
Ewas stain, air-dried, and examined under the microscope. 
The normal sperm cells were counted and the percentage 
calculated.

Determination of testes enzymes activities
Testes were excised and weighed. They were then 
homogenized in phosphate buffer and then stored in ice for 
catalase and superoxide dismutase (SOD) activities assay 
and estimation of lipid peroxidation index, malondialdehyde 
(MDA). The catalase activity was determined following at 
560 nm the consumption of exogenous H2O2 measured 
according to previous study.[26] The level of SOD activity 
in supernatant was determined by method of Fridovich.[27] 
Estimation of lipid peroxidation based on the reaction of 
MDA with thiobarbituric acid (TBA) forming a MDA-TBA2 
that absorbs strong at 532 nm was followed according to 
the method of Varshney and Kale.[28]

Testicular histology
This was done as described by Akpantah et al.[29] The organs 
were cut in slab of about 0.5 cm thick transversely and fixed 
in Bouin’s fluid for a day after which it was transferred 
to 70% alcohol for dehydration. The tissues were passed 
through 90% alcohol and chloroform for different durations 
before they were transferred into moisten paraffin wax for 
20 minutes each in an oven at 57°C. Serial sections were cut 
at 5 microns. Slides were prepared from these tissues. The 
slides were dewaxed and passed through absolute alcohol 
(2 changes); 70% alcohol and then to water for 5 minutes. 
The slides were then stained with hematoxylin.

Statistical method
All results are expressed as mean ± SEM. Differences 
between means were tested for statistical significance 
using unpaired t-test complemented with one way analysis 
of variance (ANOVA). P-values <0.05 were considered 
statistically significant.
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RESULTS

Effect of CdSO4 and AcE on sperm quality
Figure 1 shows that CdSO4 caused significant decrease 
in testicular weight when compared with the control. 
Administration of AcE prevented testicular weight decrease 
as observed in rats pre-treated with AcE. Similarly, rats 
treated with AcE only had comparable testicular weight 
with those of the control and pre-treated AcE groups.

CdSO4 also induced significant reduction in sperm count 
when compared to other groups. Rats pre-treated with 
AcE and AcE only showed a significant increase in sperm 
count when compared to the control and CdSO4-treated 
rats [Figure 2].

Furthermore, administration of CdSO4 caused significant 
reduction in sperm motility when compared with the 
control and AcE-treated rats. Pre-treated with AcE protected 
against CdSO4-induced reduced sperm motility [Figure 3].

CdSO4 significantly reduced sperm morphology. 
Pretreatment with AcE abolished this effect. There was no 
significant difference in the sperm morphology of animals 
treated with AcE and the control group [Figure 4].

Effect of CdSO4 and AcE on sperm oxidative stress markers
Figures 5 and 6 shows the effect of AcE on testicular 
SOD and catalase activities. CdSO4 significantly reduced 
testicular SOD and activities while rats treated with AcE-
only showed significant rise in testicular SOD and catalase 
activities when compared with the control. Testicular 
SOD and catalase activities were comparable in animals 
pre-treated with AcE and the control.

Correspondingly, CdSO4 significantly increased testicular 
MDA concentration while AcE led to a significant fall 

in MDA. There was no significant difference in testicular 
MDA concentrations of animals pre-treated with AcE and 
control [Figure 7].

Effect of CdSO4 and AcE on sperm histomorphology
Figure 8 shows the histomorphology of the testes of the 
animals. Control rat shows the seminiferous tubules lined 
with stratified epithelium, composed of 2 major cells, which 
are the supporting cells (sertoli cells) and spermatogenic 
cells. The spermatozoa are arranged in rows between and 
around the cells of sertoli. Seminiferous tubules of the CdSO4 
treated shows degeneration of the spermatogenic cells, 
occlusion of the lumen and hypertrophied seminiferous 
tubules. There was increase in the spermatogenic cells of 
the AcE pre-treated rats compared with the control. There 
were matured spermatozoa in the seminiferous tubules of 
animals treated with AcE only.

DISCUSSION

The results of this study revealed that CdSO4 administration 
significantly decreased sperm count, sperm motility, and 
sperm morphology of the rats. The changes observed in the 
above agree with the previous reports, which demonstrated 
that cadmium impairs testicular function.[30,31] The significant 
reduction in sperm count, motility and morphology 
observed in this study following CdSO4 administration may 
be associated to impairment of spermatogenesis consequent 
to reduced secretion of testosterone (from testes) caused 
by administration of CdSO4.[32] This also conforms to the 
cigarette smoking-induced impairment of steroidogenesis 
and spermatogenesis documented in previous study.[33]

Studies have described that exposure to cadmium causes 
lipid peroxidation, which leads to oxidative stress.[10] SOD 
is an enzymatic antioxidant that converts superoxide 
radicals into hydrogen peroxide and oxygen, which is 

Figure 2: Effect of Allium cepa on sperm count after the induction 
of testicular toxicity

Figure 1: Effect of Allium cepa on testicular weight after testicular 
toxicity
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Figure 6: Effect of Allium cepa on catalase activity after induction 
testicular toxicity

Figure 5: Effect of Allium cepa on superoxide dismutase activity after 
induction of testicular toxicity

Figure 7: Effect of Allium cepa on malondialdehyde concentration on 
testicular tissue after testicular toxicity

Figure 3: Effect of Allium cepa on sperm motility after testicular toxicity Figure 4: Effect of Allium cepa on sperm morphology after induction 
of testicular toxicity

further converted into water. This study shows that there 
was a significant reduction in the activities of both SOD 
and catalase, but significant rise in MDA levels in testicular 

tissues of rats administered with CdSO4. The derangement 
in the lipid peroxidation and anti-oxidant status of testicular 
tissues might be a contributing factor to the reduction of 
testosterone secretion with resultant poor sperm quality. 
AcE significantly increased SOD and catalase activities, thus 
enhancing the antioxidant system in the testicular tissues. 
This is in agreement with previous study.[34] This study 
shows that AcE improved sperm quality in rats. Pre-treated 
with AcE also prevented CdSO4- induced poor sperm quality 
by inhibiting lipid peroxidation.

The results of this study show a significant reduction in 
lipid peroxidation (MDA levels) in testes of AcE-pretreated 
rats and AcE-only treated rats in consonance with previous 
study.[35] Several studies have reported the inhibitory 
effects of catechin, quercetin, and other flavonoids on 
in vitro lipid peroxidation generally assessed by measuring 
colorimetrically the formation of thiobarbituric acid-reactive 
substance.[17-21] This study also agrees with the studies on 
several flavonoids (flavonoid being one of the constituent of 
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allium cepa) that reported the protective potentials of Allium 
cepa on lipid peroxidation.[36-38] The improvement of lipid 
peroxidation profile seen in AcE-treated groups explains 
the enhanced sperm quality seen in the groups.

The findings in this study showed that AcE enhances 
testicular oxidative status. The study also shows that 
AcE pre-treatment prevents cadmium sulfate-induced 
testicular toxicity by increasing the tissue enzymatic 
antioxidant activities (SOD and catalase) and reducing lipid 
peroxidation (MDA).
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