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Abstract
Flubendazole, a common anti-parasitic drug, is clinically used in the treatment of intestinal 
infections. Recently, reports confirmed its anti-cancer properties. Quercetin on the other hand, has 
been reported to inhibit the oxidation of other molecules and hence is classified as an antioxidant. 
This study therefore investigated the possible testicular impairment of Flubendazole and role of 
apoptosis as well as the ameliorating effect of co-administration of onion extract and quercetin. 
Groups I, II & III were treated with vehicle (control), 10 mg/kg quercetin and 10 mg/kg onion extract 
respectively. 5 mg/kg, 10 mg/kg and 20 mg/kg doses of flubendazole were administered to mice in 
group IV, V and VI respectively. Groups VII and VIII were treated with 20 mg/kg/bwt FB+10 mg/
kg quercetin and 20 mg/kg/bwt FB + 10 mg/kg onion extract respectively. FB was administered 
intraperitoneally and consecutively for 14 days. Results showed that FB caused significant elevation 
of ROS and MDA levels whereas levels of SOD and GSH were reduced significantly in mice testes. 
Sperm head count and motility was significantly decreased with simultaneous decrease of sperm 
morphology by flubendazole treatment at doses of 10 mg/kg/bwt and 20 mg/kg/bwt. Flubendazole 
also led to compromise in sperm DNA integrity. Increased activities of Caspases 3 and 9 indicate 
that apoptosis were induced by flubendazole in the rats. However, co-administration with onion 
extract served to reverse these toxic effects of FB.

Keywords: Flubendazole; Onion extract; Quercetin; Apoptosis; DNA Integrity

Introduction
Flubendazole (FB) is a commonly used anthelmintic drug in clinical practice. FB belongs to a 

class of aromatic benzimidazoles and is pharmacologically active against a broad range of helminths. 
As such, it is used in human and veterinary medicine for evacuation of nematodes (endoparasitic 
worms) which live in the gastrointestinal tract [1,2]. FB plays this crucial role by interfering with 
microtubule formation and glucose uptake by the helminths via active binding of tubulin [3,4]. 
Previous studies have recorded that FB is a good drug for treating tumors [5]. Studies have also 
revealed that FB is capable of inducing apoptotic cell death in certain cancer cells [6]. Albendazole, 
an anthelmintic drug in the same class as FB, causes oxidative stress and DNA damage which 
plays a role in its parasiticidal property [7]. Like FB, albendazole also exhibits cytotoxic effects on 
endoparasites by binding tubulin. The hallmark of oxidative stress is a heightened production of 
free radicals which have a negative effect on membrane and DNA integrities [8]. Thus, an enhanced 
risk of oxidative stress will negatively affect production of important reproductive hormones like 
testosterone, luteinizing hormone and follicle-stimulating hormone [9]. Furthermore, oxidative 
stress also plays an indispensable role in apoptosis as reported by previous studies. Studies have 
revealed that antioxidants prevent of delay apoptosis through their antioxidant functions. 
Antioxidants from endogenous or exogenous sources are potent to reduce production of ROS at 
different levels. Examples are quercetin, glutathione, and catalase and superoxide dismutase [10]. 
Many edible plants are proven to be rich in diverse antioxidants and their benefits are relevant 
to amelioration of oxidative stress. Onion, Allium cepa, is an edible vegetable which has been 
documented to be a source of dietary quercetin. It is also rich in anthocyanins and a variety of other 
flavonoids which possess potent antioxidative and antihypertensive properties [11,12]. It is uncertain 
whether FB also causes oxidative stress as its counterpart albendazole. No records pertaining to this 
information were found from previous studies. In this study, the effects of different doses of FB on 
markers of oxidative stress, testicular function, spermatogenic parameters and apoptotic markers 
were investigated. This work also examined the influence of onion skin extract on parameters 
aforementioned here.
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Materials and Methods
Preparation of onion extracts

Onion bulbs (Allium cepa L.) were obtained from a local farm. 
The onion bulbs were cleaned and air-dried. This process was carried 
out according to the protocol of Guo-Qing Shi [13]. At 72°C, ethanol 
(50%) was used to extract 200 g of onion skin powder. The resulting 
extract was then cooled to room temperature (25°C ± 2°C) and 
filtered through filter paper. This procedure was done in duplicates.

Animal treatments
All experimental animals were used according to standard 

protocols prescribed by the Ekiti-State University Animal Ethics 
Committee (IAEC). Neat cages were used to house the animals while 
maintaining room temperature and humidity. The animals also had 
access to standard rat chow and clean water ad libitum. They were 
housed for a one-week period before induction.

Experimental procedures
40 albino mice (Swiss; weight =25 g) were used in this study. 

Eight (8) experimental groups were created with each group hosting 
five (5) rats. The weights of the rats were measured before and 
after introducing them to flubendazole. After the treatment with 
flubendazole, the mice were sacrificed and testicular tissues were 
removed and twice washed with buffer (PBS). The experimental 
design is shown in Table 1.

Reactive oxygen species (ROS) assay
50 µl of rat homogenate and sodium acetate buffer (1400 µl) 

were mixed in a cuvette. 1000 µl of standard reagent (6 mg/ml of 
N,N-diethyl-para-phenylenediamine; 4.37 µM of ferrous sulfate 
mixed with in sodium acetate buffer (0.1 M, pH 4.8) was introduced 
to the mixture for five minutes. Absorbance was read using a 
spectrophotometer (at 505 nm wavelength). Calculation for tissue 
ROS levels was done using H2O2 calibration. The values obtained 
were expressed as U/mg protein.

Malondialdehyde (MDA) assay
1 g of tissue (testes) was pulverized in phosphate buffer (0.05 M, 

pH=7.4) and the concentration of 10% (w/v). To supernatant (150 
ml), 10% trichloric acid (300 ml) was introduced and then centrifuged 
at 1000 g for ten min (4°C). The supernatant was incubated with 
0.67% thiobarbituric acid in a test tube for twenty-five min at 100°C. 
A pink coloration was observed due to the action of thiobarbituric 
acid on malondialdehyde. Absorbance was measured at 535 nm with 
the aid of a spectrophotometer. Calculation for MDA levels was 
done through the coefficient of thiobarbituric acid-malondialdehyde 
absorption complex with values presented in nmol/g of tissue (wet).

Superoxide dismutase (SOD) and Reduced Glutathione 
(GSH) assays

The activity of SOD and level of GSH were assayed according to 
standard procedure [14,15].

Sperm count and morphology
After the experiment, the animals were sacrificed and the 

epididymis was excised and kept in HBSS poured into a Petri dish 
at normal temperature. The excision of the epididymis permitted the 
sperms to flow out. The sperm-containing solutions were centrifuged 
for three min (1000 rpm). A portion of the supernatant was checked for 
sperm morphology count (using a hemocytometer) and comet assays. 
The epididymal sperm count was determined by hemocytometer. In 

sperm morphology assessment, a portion of the sperm-containing 
solution (0.5 ml) was mixed with 2% eosin (0.5 ml) and left to stand 
for an hour so as to ensure proper staining. The resulting solution 
was smeared on glass slides (2 to 3) drops, air-dried and fixed for 
three minutes with methanol. For each animal, 200 sperms were 
assessed for morphological irregularities. This was carried out in an 
oil immersion medium. The results were classified as either normal, 
slightly normal and abnormal according to the description of [18].

Motility assessment
For sperm motility assessment, semen were extracted and 

smeared on a glass slide under a lamella. At 400x magnification using 
a microscope, the movements of the sperms were assessed. The sperm 
movements were classified as rapidly progressive, slowly progressive, 
non-progressive or non-motile. The sperms were counted in several 
microscopic magnifications and the number of mobile and non-
motile sperms was recorded.

Testicular cells preparation
The protocol described by Malkov et al. [19] was employed in 

the preparation of testicular cells. After sacrificing the animals, the 
testis was obtained and decapsulated. Its contents were channeled 
into a separate tube with ice-cold buffer (PBS). The resulting solution 
was subjected to incubation and shaking. After a series of steps, the 
seminiferous tubules were collected and washed in buffer (PBS).

Caspase 3 and Caspase 9 activities assay
Colorimetric assay kits were used for determining the activities of 

Caspases 3 and 9 strictly adhering to the manufacturer’s guidelines. 
The testes were pulverized and cells were isolated. PBS buffer was used 
to wash the homogenate after centrifugation at 500 g. The resulting 
solution was further extracted and used for calculation of Caspases 3 
and 9 activities.

Spermatogenic cells viability assay
A Neubauer hemocytometer was used to count cell number. 

Cells considered as viable were detected by their non-reaction with 
the dye used for staining the cells. Every viable cell possesses a clear 
cytoplasm while non-viable cells have a blue-colored cytoplasm. To 
obtain the number of viable cells in the mixture, the total number of 
cells considered as viable was divided by the total cells which were 
non-viable multiplied by a factor of 100.

Sperm DNA integrity assay
Acridine orange test is a microscopic-based test which functions 

to determine the rate of change in fluorescence of acridine orange 
from green to red. Green color represents native DNA while red 
color represents denatured DNA. It gives an insight to the DNA 
denaturation status in a cell. Sperm cell solutions were prepared 
into smears which were fixed in Carnoy’s fixative prior to fixation. 
The slides were rinsed after a few minutes and washed with water 
(deionized). The sperms were studied under a fluorescent light 
microscope for red and green colorations. Each slide analyzed at a 
time contained 100 sperms [20,21].

Statistical analysis 
All results were subjected to one-way analysis of variance 

(ANOVA) using prism statistical package. All values were expressed 
as mean ± Standard Error of Mean (SEM). At p<0.05, values were 
statistically regarded as significant.
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Results
Effect of FB malondialdehyde levels

Significant raised level of malondialdehyde was measured in 
dose-dependent pattern (p<0.5). The level decrease in the samples co-
treated with quercetin and onion extract when compared to Group 
VI (flubendazole alone) (Figure 1).

Effect of FB on ROS levels
Flubendazole at 20 mg/kg/bwt significantly increase the ROS 

level compared to control group. When co-treated (20 mg/kg/bwt 
FB+QUC & 20 mg/kg/bwt FB + onion extract) the level of ROS was 
significantly decrease (Figure 2).

Effect of FB on anti-oxidant enzymes
5 mg/kg/bwt, 10 mg/kg/bwt and 20 mg/kg/bwt in Group IV, V 

and VI respectfully significantly (p<0.05) decreased the GSH level 
and SOD activity in a concentration-reliant pattern. Co-treatment 
with QUC and onion extract alleviates the depleting effect as seen the 

Figure 3 and 4.

Effect on sperm parameters
In Group VI (20 mg/kg/bwt) significant decrease in the level of 

sperm head count and sperm motility with simultaneous increase in 
the level of sperm morphology was measured. Co-treatment of QUC+ 
20 mg/kg/bwt FB and onion extract 20 mg/kg/bwt FB decreased 
sperm head count, sperm morphology and increase sperm motility 
(Figure 5, 6 and Figure 7).

Effect on caspases 3 and 9
Flubendazole treatment decreased the level of Caspase 3 but 

increased Caspase 9 level acting as a switch on/off activator of 
caspases as the FB dosage across the group. The effect was reversed 
in the group co-treated with quercetin and onion extract (Figure 8).

Effect on cell viability
High concentration of Flubendazole leads to a significant 

Figure 1: Protective effect of FB+O-E on FB-induced increase in MDA. All 
the values are expressed as mean ± SEM, (n=5), ***P<0.001, **P<0.01 and 
*P<0.05, ‘a’ vs. control and ‘b’ vs. FB-20.

Figure 2: Treatment of FB and co-treatment of FB+O-E on ROS. All the 
values are expressed as mean ± SEM, (n=5), ***P<0.001, **P<0.01 and 
*P<0.05, ‘a’ vs. control and ‘b’ vs. FB-20.

Figure 3: All the values are expressed as mean ± SEM, (n=5), ***P<0.001, 
**P<0.01 and *P<0.05, ‘a’ vs. control and b vs. FB-20.

Figure 4: All the values are expressed as mean ± SEM, (n=5), ***P<0.001, 
**P<0.01 and *P<0.05,’ a’ vs. control and ‘b’ vs. FB-20.

Figure 5: Protective effect of QUC and onion extract against FB on the level 
of sperm head count. All the values are expressed as mean ± SEM, (n=5), 
***P<0.001, **P<0.01 and *P<0.05, ‘a’ vs. control and’ b’ vs. FB-20.

Table 1: Experimental grouping.

Dose groups Treatment(mg/kg wgt/day)

Group I Vehicle-treated control

Group II 10 mg/kg, QUC

Group III 10 mg/kg, Onion extract

Group IV 5 mg/kg, FB

Group V 10 mg/kg, FB

Group VI 20 mg/kg, FB

Group VII 20 mg/kg, FB+10 mg/kg Onion extract

Group VIII 20 mg/kg, FB + 10 mg/kg QUC
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decrease in cell viability across the treated group. Co-administration 
of quercetin and onion extract was able to reverse this effect in a 
significant manner (Figure 9).

Effect of QUC and onion extract on FB induced sperm 
DNA damage

High concentration of Flubendazole (20 mg/kg/bwt) treatment 
lead to a significant increase in both the sperm DNA damage and 
sperm immaturity compared to the control group while co-treatment 
with QUC and onion extract (Table 2).

Discussion
The focus of this study was to determine the potential of different 

doses of Flubendazole (FB) to induce oxidative stress, and also 

to assess the effects of FB on testicular function, spermatogenic 
parameters and markers of apoptosis in testicular tissue. From 
previous research, there is no documentation of the ability of FB 
to induce oxidative stress in mice especially in testes. From this 
study, our results reveal that FB can induce oxidative stress in rats. 
This is a result of the increased levels of Malondialdehyde (MDA) 
and Reactive Oxygen Species (ROS) observed in mice treated with 
different doses of FB. ROS are natural but toxic molecular species 
which are produced as a consequence of aerobic metabolism in 
normal cells [22,23]. When ROS are produced excessively under 
certain conditions, they can cause damage to tissues. One of such 
damages includes irreversible damage to membrane components, 
which yields MDA in a cellular process called lipid peroxidation 
[24]. From this study, we propose that increasing concentrations of 
FB results in increased production of MDA as a result of increased 
oxidative stress. The highest level of ROS and MDA was produced 
by the treated mice was observed at 20 mg/kg FB. This may be linked 
to its metabolism in which oxidative species like superoxide anion, 
hydrogen radicals and hydrogen peroxide are released [25]. This 
could also indicate that FB causes depletion of antioxidant defenses 
[26]. Favorably, ROS and MDA concentrations were significantly 
lowered (p<0.05) on co-administration of FB with onion extract and 
quercetin. According to previous studies, onion extract has been 
reported to be rich in quercetin which is a potent antioxidant. This 
explains its ability to attenuate ROS and MDA levels in testicular 
tissue. Correspondingly, the levels of SOD and GSH levels in testicular 
tissue were also improved in testicular tissue of mice treated with 
onion extract following the levels observed in mice treated with FB. 

Table 2: Effect of QUC and Onion extract on FB induced sperm DNA damage 
in mice.

Note: All the values are expressed as mean ± SEM, (n=5), ***P<0.001, **P<0.01 
and *P<0.05,’ a’ vs. control and ‘b’ vs. FB-20

Dose groups Sperm DNA damage (%) Immature sperm (%)

Group I 13 ± 0.17  7.42 ± 1.26

Group II 15 ± 0.22 6.3 ± 0.12 

Group III 16 ± 0.31  9.78 ± 0.21

Group IV 10 ± 0.11***ab 11.52 ± 0.14*ab

Group V 8 ± 0.07**ab 17.77 ± 0.22**ab

Group VI 5 ± 0.27***ab 21.17 ± 0.13***ab

Group VII 11 ± 0.32*ab 12.22 ± 0.22*ab

Group VIII 12 ± 0.12*ab 10.66 ± 0.21*ab

Figure 6: Protective effect of QUC and onion extract against FB on the level 
of sperm morphology. All the values are expressed as mean ± SEM, (n=5), 
***P<0.001, **P<0.01 and *P<0.05, ‘a’ vs. control and ‘b’ vs. FB-20.

Figure 7: Protective effect of QUC and onion extract against FB on the level 
of sperm morphology. All the values are expressed as mean ± SEM, (n=5), 
***P<0.001, **P<0.01 and *P<0.05, ‘a’ vs. control and ‘b’ vs. FB-20.

Figure 8: Protective effect of QUC and onion extract against FB on casp-3 
and casp-9. All the values are expressed as mean ± SEM, (n=5), ***P<0.001, 
**P<0.01 and *P<0.05, ‘a’ vs. control and ‘b’ vs. FB-20.

Figure 9: Protective effect of QUC and onion extract against FB on the 
level of cell viability. All the values are expressed as mean ± SEM, (n=5), 
***P<0.001, **P<0.01 and *P<0.05, ‘a’ vs. control and ‘b’ vs. EP-20.
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This supports previous documentation that onion extract is a good 
source of antioxidant, especially quercetin [11]. Therefore, it may be 
safe to say that onion extract exhibits antioxidative potential against 
flubendazole-induced oxidative damage in testicular tissue.

This study also assessed the effects of FB alongside treatment with 
onion extract on sperm parameters - sperm head count, sperm cell 
motility & viability, sperm morphology, and sperm DNA integrity. 
As observed from this study, FB caused a significant reduction 
(p<0.05) in sperm head count, sperm motility, sperm morphology 
and cell viability in all mice treated with FB. FB treatment also 
increased production of immature sperm cells and affected sperm cell 
DNA integrity. Healthy spermatozoa are necessary in male fertility. 
As such, a compromise in the structure of spermatozoa may lead 
to male infertility [27]. From the findings collected from this study, 
FB caused production of reactive oxygen species while depleting 
antioxidant stores. FB metabolites, especially ROS, may have caused 
DNA damage in sperm cell mitochondria and nuclei resulting in 
decreased sperm head count, sperm morphology, motility and cell 
viability [28,29]. Damaged sperm cell membranes affect ion transport 
and membrane enzyme activity as well [28]. This could also be 
responsible for the increased number of immature sperm cells in 
FB-induced mice as compromise to DNA integrity is characteristic 
to defective sperm cells and decreased sperm cell viability. However, 
these effects were reversed in FB-induced mice treated with onion 
extract. Sperm morphology and head count assays showed that onion 
extract administered to FB-induced rats improved sperm count and 
the percentage of sperm cells with normal structure. Cell viability 
increased while sperm DNA integrity was also restored by onion 
extract treatment compared to FB-induced mice. The protective 
effects of onion extract against FB-induced oxidative damage can be 
attributed to its ability to boost antioxidant defense as observed in the 
SOD and GSH levels of FB-induced mice treated with onion extract. 
Improved levels of SOD and GSH protected the testicular tissue 
against the toxic action of ROS generation stimulated by FB on sperm 
cell membranes. Reports show that onion contains quercetin as well as 
other antioxidants like anthocyanins [26]. These antioxidants prevent 
oxidative damage to sperm cell DNA, maintaining its integrity.

Furthermore, we assessed the effect of FB on caspase 3 and 
caspase 9 activities in testes of mice testes. Both caspase enzymes 
are pro-apoptotic in nature. Activation of caspase 9 stimulates a 
chain of molecular reactions which in turn activates caspase 3 from 
its zymogen form to signal cell death through the mitochondrial 
pathway [30]. Apoptosis, programmed cell death, is required for 
maintaining cellular homeostasis in spermatogenesis so as to prevent 
overpopulation of cells against the capability of Sertoli cells [31]. 
Findings from this study revealed decreased activities of both caspase 
3 and caspase 9 in FB-induced mice. The lowest activities of caspases 
3 and 9 were recorded in the mice that received 20 mg/kg of FB. This 
indicated that FB impaired apoptosis in the testes. The reason for this 
can also be traced to the oxidative damage of testicular tissue caused 
by FB. However, treatment of FB-induced mice with onion extract 
improved activities of caspase 3 and caspase 9 in testes. This can also 
be linked with the antioxidative potential exhibited by onion extract. 
It provides antioxidant defense mechanism against testicular damage.

Conclusively, the current study proposes that FB is able to cause 
oxidative stress in mice testes. It may also to safe to project that onion 
extract exhibits attenuative potential against FB-induced testicular 
dysfunction in male mice.
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