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Abstract 

The potential of thymoquinone, an active component of Nigella Sativa, in lowering chemotherapeutic-

associated toxicity of cyclophosphamide in the testis, epididymis and sperm DNA of adolescent male mice 

was investigated. Cyclophosphamide and thymoquinone were administered intraperitoneally by a single 

injection at 200 mg/kg and 10 mg/kg on alternate days, respectively. Effects were observed on days 5, 32 

and 53. Results show that thirty-two days following exposure to cyclophosphamide, the spermatogonia cells 

was reduced by 52% than that in the control group, p<0.05. Treatment with cyclophosphamide also induced 

significant toxicity as shown by hypertrophy in the mean diameter of seminiferous tubules and tubular lumen 

(p<0.05), vacuolization of spermatogonial layers and destruction of interstitial tissues. Administration of 

thymoquinone exhibited significant reduction in overall toxicity caused by cyclophosphamide. The integrity 

of the seminiferous tubule was well preserved and the numbers of total DNA damaged cells were reduced 

from 49% to 4% at 32 days. 

 

Keywords: Cyclophosphamide, Thymoquinone, Mouse Spermatogenesis, DNA Fragmentation, Comet 

assay. 
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1. Introduction 

The advancement in the field of oncology and the increase in treatment modalities improved the survival 

rates of both adult and childhood cancers. The impact of cancer treatments on the quality of life especially 

fertility is greater than generally perceived. A report from the National Cancer Registry Malaysia and 

Ministry of Health Malaysia showed a total of 21,773 cancer cases diagnosed among Malaysians in 

Peninsular Malaysia in the year of 2006; 48.9% of males and 65.5% of females were under age 60 years 

(Ministry of Health, 2006).  In a National Childhood Cancer Survey, the crude incidence rate of paediatric 

malignancies in Malaysia was 77.4 per million children aged less than 15 years old , with leukaemia (35%) 

being the most common childhood tumors (Lin, 1999). Based on the types of cancers seen in these young 

age groups, many of them still of reproductive age and approximately half of them may have received 

cancer treatment that would have a major impact on their future reproductive capacity. 

Anticancer agents are potent mutagens since they are intended to interfere with DNA metabolism 

(John & Timothy, 2007). Cyclophosphamide (CPA), a commonly used anticancer drug, remains one of the 

best studied examples of male-mediated developmental toxicant with clear, stage-specific effects on male 

germ cells (Trasler, Hales, & Robaire, 1986). It is an alkylating agent which can produce adducts and cross-

links in the DNA associated with dose-dependent prolonged azoospermia (Nomura, 1994). The genotoxic 

effects of cyclophosphamide on male germ cells showed chromosomal aneuploidy (Barton, Wyrobek, Hill, 

Robaire & Hales, 2003), increased preimplantation loss as well as increased incidence of malformations and 

growth retardation in foetuses (Trasler, Hales, & Robaire, 1987). Cyclophosphamide treatment causes 

significant systemic toxicity due to the overproduction of reactive oxygen species (ROS) that cause 

oxidative stress (Mitchell, Niu, & Litman, 2003). 

The seed of Nigella Sativa known as black seed or ‘Habbah as-Sawda’ in Arabic is a promising 

medicinal plant used in the Middle East as a traditional medicine for a wide range of illnesses. Much of the 

biological activity of the seed has been shown to be due to thymoquinone (TQ) which is the active 

component of the essential oil (Alenzi, El-Bolkiny Yel, & Salem, 2010) and the pharmacological properties 

of the seed have been reported to exhibit antioxidant activity (Badary, Taha, Gamal el-Din, & Abdel-Wahab, 

2003) which is known to reduce cancer risk, also anti-inflammatory properties which are related to the 

chemopreventive action (Hoque, et al., 2005; Seth, Ahn, & Aggarwal, 2008) and the re-establishment of 

spermatogenesis following testicular injury (Kanter, 2011). 

A lot of studies have been done on the effects of cyclophosphamide on mouse spermatogenesis. 

There is yet very little information available in understanding the effectiveness of natural product 

specifically thymoquinone as an intervention programme (protective/remodelling) on the development of 

mouse spermatogenesis as well as the extent of DNA fragmentation before and after cyclophosphamide 

exposure. The present study may generate hypothesis to be tested in future clinical studies and useful in 

preventing infertility especially amongst cancer patients. 

 

2. Materials and Methods 

2.1 Experimental Animals 

A total of 60 male Balb/c mice, weighing about 20-30g, age 6 - 8 weeks, were obtained from the local 

laboratory (Kuala Lumpur, Malaysia), and provided with food pellets and water ad libitum. Work done in 

this study received the ethical approval from the Ethics Committee of the Faculty of Medicine of the 

International Islamic University Malaysia (Ref: IIUM/305/20/4/10). 

2.2 Treatment Protocols 

Cyclophosphamide, CPA (Sigma-Aldrich) and Thymoquinone, TQ (Santa Cruz) were dissolved in normal 

saline.  Cyclophosphamide and thymoquinone were administered intraperitoneally by a single injection at 200 
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mg/kg and 10 mg/kg on alternate days, respectively. Mice (n=6/group) were assigned randomly into 4 

experimental groups: (i) Vehicle-treated control, (ii) CPA alone, (iii) TQ alone and (iv) TQ six hours post 

CPA treatment. Observations of the effects were done on days 5, 32 and 53.  

2.3 Histological Technique 

At the specified periods, mice were weighed and sacrificed by cervical dislocation. The testis and 

epididymis were excised, trimmed free of fat and each organ were weighed separately before immersion in 

fixative solution, embedded in paraffin and serially sectioned at 5-7µm for histological processing. Tissues 

were stained with Haematoxylin & Eosin (H&E). 

2.4 Morphometrical Evaluation 

The quantitative information on the variations observed in relation to the seminiferous tubules and tubular 

lumen diameters were recorded. For each tissue sample, minimum of 200 tubules was analyzed using 

digitalized microscopic images (10X) with the Olympus Analysis Image Processing. The number of 

spermatogenic cells and Sertoli cells was counted in every testis from 10 cross-sections of seminiferous 

tubules at stages II-V and VII-VIII (spermatogonia type B, pachytene spermatocytes and round spermatids) 

and stages IX-XI (elongating spermatids, leptotene/zygotene and pachytene/diplotene). Sertoli cells were 

used as a reference system and data are expressed as the number of spermatogenic cells per 100 Sertoli cells 

(Toppari et al., 1990). 

   

2.5 Comet Assay Protocol: 

2.5.1 Sperm Preparation: A small piece of testicular tissue was placed into 1-2ml of ice cold 1X PBS. The 

tissue was minced into very small pieces and let stand for 5 minutes. The cell suspension was recovered by 

avoiding the transfer of debris. The cell was centrifuged at 200 x g for 10 minutes at 4˚C. The cell was re-

suspended in ice cold 1X PBS.  

 2.5.2 Assay Protocol: Alkaline comet assay was performed. Reagents prepared included 1X PBS (Ca2+ and 

Mg2+ free) which were stored at room temperature, and a 40 ml lysis solution which was chilled at 4°C,  for 

at least 20 minutes before use. Comet LMAgarose (Trevigen Inc.) was melted when ready for use by 

initially loosening the cap to allow for expansion then by heating the bottle in a 90 -100°C water bath for 5 

minutes, or until the agarose melted. The agarose was then left in a 37°C water bath for at least 20 minutes 

to cool. Alkaline Solution of pH>13 was prepared immediately before use by combining NaOH Pellets 0.6g, 

200mM EDTA 250µl and  dH2O 49.75ml in each 50ml batch. The solution was stirred on a warm plate until 

NaOH was fully dissolved. Preparation was allowed to cool to room temperature before use. Sperm 

preparations and controls were combined with molten LMAgarose (at 37°C) at a ratio of 1:10 (v/v) and 

immediately pipetted in aliquots of 50µl onto CometSlide (Trevigen, Inc). Assay positive control cells were 

treated with 100µM H2O2 for 20 minutes at 4˚C. Slides were placed flat at 4°C in the dark for 10 minutes 

and later immersed in pre-chilled lysis solution and placed in 4°C for up to 60 minutes. Excess buffer was 

drained from the slides and samples were then immersed in freshly prepared alkaline unwinding solution in 

the dark for up to 60 minutes at room temperature. This was followed by electrophoresis in the alkaline 

electrophoresis solution at 21volts for 30 minutes. After gently draining the excess electrophoresis solution, 

the slides were immersed twice in distilled water for 5 minutes each, then in 70% ethanol for 5 minutes. 

Samples were later dried in the dark at ≤ 45°C for 10-15 minutes. Staining was carried out with SYBR 

Green by placing 100µl of diluted stain onto each circle of dried agarose and then placing slides in the 

refrigerator for 5 minutes. The excess SYBR solution was removed and slides were left to dry completely at 

room temperature in the dark. A fluorescence microscope was used to view slides at 494 nm/521 nm. 

Images of 100 randomly selected cells from each animal were analysed. According to the method of 

Anderson, Yu, Phillips and Schmezer (1994), cells were graded by eye into 5 categories corresponding to 
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the following amounts of DNA in the tail: 0 = no damage (<5%); 1 = low level damage (5-20%); 2 = 

medium level damage (20-40%); 3 = high level damage (40-95%); 4 = total damage (>95%). 

2.6 Statistical Analyses 

All the values of the diameters of seminiferous tubule and tubular lumen were expressed as mean ± 

standard deviation (S.D). Inter-group variation was measured by student t-test to evaluate the significant 

differences between the groups. Significance was set at p≤0.05. The distribution of spermatogenic cells and 

Sertoli cells in control, cyclophosphamide alone and cyclophosphamide co-treated with thymoquinone 

groups were compared by one-way analysis of variance (ANOVA) and Tukey’s test. P ≤0.05 was 

considered to be statistically significant. 

 

3. Results 

3.1 Morphometric Results: 

Figure 1 (A and B) showed the morphometrical changes in the diameter of seminiferous tubules and their 

tubular lumen at day 53. At the end of the treatment, animals treated with cyclophosphamide showed a 

significant increase (p<0.05) in the diameter of seminiferous tubules (418.63 ± 76.82) and their tubular lumen 

(190.98 ± 61.35) when compared to the control group (390.86 ± 86.32 and 177.69 ± 68.19 respectively). 

On the other hand, animals treated with cyclophosphamide and thymoquinone showed a significant 

reduction (p<0.05) in the diameter of seminiferous tubules (370.38 ± 69.48) and tubular lumen (167.69 ± 

63.49).  

A slight increase was observed in the diameter of the tubules and tubular lumen in thymoquinone-

treated animals (402.82 ± 80.78 and 189.73 ± 67.57 respectively) compared with the control animals.  

 

3.2 The total numbers of spermatogonial cells: 

A one-way between groups analysis of variance was conducted to explore the impact of cyclophosphamide 

and thymoquinone on levels of spermatogenic cells per 100 Sertoli cells. There was a statistical significant 

difference in the level of spermatogonial cells (B-type cells) in the control and treatment groups: F (9, 20) = 

9.635, p<0.001. Post-hoc comparisons using the Tukey HSD test indicated that the mean ± SD score for 

spermatogonial cells in mice testes exposed to cyclophosphamide at 5 (166.00 ± 71.55) and 32 (153.00 ± 

108.97) days were reduced than that in the control group (319.33 ± 26.31), a reduction of 48% and 52% 

respectively. However, the mean number of spermatogonial cells in groups of cyclophosphamide treated 

with thymoquinone at 5 (189.00 ± 9.64) and 32 (140.33 ±6.66) days did not differ significantly from groups 

that were exposed to cyclophosphamide alone. There were no statistical significant differences between 

groups of mice exposed to cyclophosphamide alone as well as cyclophosphamide treated with 

thymoquinone to the control groups at 53 days (Figure 2).  

 

3.3 The total numbers of different spermatogenic cells: 

At 5 days, the number of pachytene spermatocytes was significantly decreased in the cyclophosphamide-

exposed groups (268.33 ± 121.68) in comparison to the controls (635.33 ± 76.74), p<0.05. Similarly, at 32 

days, the morphometric analysis showed a decrease of 47.65% in the number of elongating spermatids 

(878.67 ± 256.69) in the cyclophosphamide-exposed group than that in the control group (1678.33 ± 178.23), 

p<0.05. Thymoquinone supplementation to cyclophosphamide-exposed groups showed no significant cell 

recovery at 5 and 32 days as compared to the cyclophosphamide alone group. The disruption of 

spermatogenesis was also not apparent in cells stages II-V, VII-VIII and IX-XI in all groups at 53 days 

(Table 1). 
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3. 4 Histological Observations: 

Figure 3A showed testis of control mouse. No histological alterations were observed in animals treated with 

thymoquinone for 5, 32 and 53 days. Testis of animals administered with cyclophosphamide for 5 days 

(Figure 3B) exhibited a distinct histological difference when compared with control. These testes showed 

large numbers of irregular seminiferous tubules with degeneration of the spermatogenic layers. 

Vacuolization of the spermatogonia was observed.  

 These histopathological alterations were more obvious in animals treated with cyclophosphamide for 

32 days (Figure 3C). In these testes, the seminiferous tubules were more affected with a marked decrease of 

spermatozoa with degenerated interstitial tissues when compared to control.  

 Examination of animals’ testes treated for 5 days with cyclophosphamide and thymoquinone (Figure 

3D) revealed less prominent histopathological changes when compared with the group treated with 

cyclophosphamide for the same period. The seminiferous tubules were compact with each other. The 

spermatogenic layers appeared somewhat normal. Advanced degree of improvement was seen in testes of 

animals treated for 32 days with cyclophosphamide and thymoquinone (Figure 3E). Most of the 

seminiferous tubules restored its normal structure with the presence of all spermatogenic layers. Histological 

sections of seminiferous tubules of cyclophosphamide alone at day 53 (Figure 3F) showed the reinstating of 

spermatogenic layers compared to the tubules of groups 5 and 32 days. 

Figure 4A showed the section of the epididymis of control animal. Epididymis of animals exposed to 

cyclophosphamide alone for 5 days (Figure 4B) exhibited low sperm concentration when compared to 

control. A marked decrease in the concentration of mature sperm of the epididymal lumen was observed in 

animals treated with cyclophosphamide alone at day 32 (Figure 4C). Cyclophosphamide group that were co-

treated with thymoquinone for 5 days (Figure 4D) showed similar sperm concentration to the control group. 

However, examination of the epididymis of animals treated with cyclophosphamide and thymoquinone for 32 

days (Figure 4E) revealed a slight reduction of sperm concentration. Spermatozoa were present in the 

epididymal lumen of animals treated with cyclophosphamide alone at 53 days (Figure 4F), indicating a 

recovery of the testicular cells.  

 

3. 5 Comet Assay Analysis: 

Photomicrographs of typical spermatozoa in control samples are presented in Figure 5. Under the 

electrophoretic conditions used, no fragmentation of DNA occurred among the majority of the control 

spermatozoa including that in sample from mice treated with thymoquinone alone at day 5. A significant 

increase in DNA fragmentation occurred in spermatozoa after exposing to cyclophosphamide alone at day 5 

(Figures 6 and 7) comparable to the positive control. Similarly, significant DNA fragmentation was also 

observed in spermatozoa taken 32 days after cyclophosphamide exposure (Figure 8). Apart from the 

occasional comets seen in some samples, the combination of cyclophosphamide and thymoquinone 

indicated an absence of DNA fragmentation on day 5 and 32 (Figure 9). Spermatozoa from testes exposed to 

cyclophosphamide alone as well as after the combination treatment of thymoquinone and cyclophosphamide, 

at day 53, were comparable to the controls where no comets were seen. 

In Figure 10, the percentage of visual scoring of comets (on a scale of 0-4) is presented. The negative 

control data showed good quality of the spermatozoa with a low level of background damaged cells. 

Treatment with hydrogen peroxide, H2O2 (positive control) showed about 50% of medium level damage. 

There were no effects on the induction of DNA fragmentation after 5 days exposure of thymoquinone. 

However, thymoquinone produced DNA fragmentation on its own at 32 days. DNA fragmentation was 

optimum in samples exposed to cyclophosphamide at day 32 compared to at day 5. Thymoquinone in 
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combination with cyclophosphamide was seen to diminish the effects of the anticancer drug at 5 days and 

significantly lowered the numbers of totally damaged cells from 49% to 4% at 32 days. 

 

4. DISCUSSION 

Previously, the association between cyclophosphamide and testicular impairment has been established 

(Aguilar-Mahecha, Hales & Robaire, 2001; 2002; 2005) but the role of antioxidant, specifically 

thymoquinone, in the suppression of DNA fragmentation induced by the anti-cancer agent on mouse 

spermatogenesis has not been elucidated. Cyclophosphamide is a drug which is often associated with 

testicular toxicity resulting in sterility and infertility (Becker & Schoneich, 1982). An oxidative mechanism 

may be involved in the reproductive toxicity of cyclophosphamide and its metabolite acrolein which was 

found to cause inactivation of microsomal enzymes resulting in an increased reactive oxygen species 

generation and lipid peroxidation (Lear, Nation & Stupans, 1992).  

In the present study, treating mice with cyclophosphamide revealed significant histological and 

morphometrical alterations including hypertrophy of the seminiferous tubules and tubular lumen, 

degeneration of the interstitial tissue as well as loss and degeneration of the spermatogenic cells. These 

alterations were more prominent in animals treated for 32 days. These results are in agreement with many 

studies which reported that a period of 3 to 6 weeks of cyclophosphamide treatment leads to testicular study 

(Sakr, Mahran & Abo-El-Yazid, 2011). Several studies have reported that the administration of 

cyclophosphamide once a week for 5 weeks caused oligospermia, azoospermia, testicular damage (Elangovan, 

Chiou, Tzeng & Chu, 2006) and germ cell toxicity in mice (Tripathi & Jena, 2008).  

Morphometrical parameters such as diameters of the seminiferous tubules and tubular lumen can also 

give information about the testicular damage degree as a consequence of germ cell death. In general, massive 

germ cell loss caused by anticancer drugs is followed by significantly greater tubular and lumen diameters. 

These variations might be associated with an adaptation process in which seminiferous tubules increase their 

diameter by hypertrophy to compensate for the spermatic activity against the histological and degenerative 

damage evidenced by vacuolization and tubular atrophy (Bustos-Obregon, Carvallo, Hartley-Belmar, Sarabia 

& Ponce, 2007). 

Morphometrical analysis of spermatogenic cells at different stages of the seminiferous tubules 

provides information about the sensitivity of different cell types to cytotoxic agents. It is laborious and time 

consuming but the most sensitive method of detecting cell degeneration. The present data showed that 

cyclophosphamide at 32 days kills up to 52% of type B spermatogonia and 47.65% in the number of 

elongating spermatids. Toppari et al. (1990) reported that administration of cyclophosphamide at 20 days 

caused the numbers of haploid spermatids at stages VII-VIII to decrease to 48%. A study on testicular 

toxicity of cyclophosphamide in rats by quantitative morphometry of spermatogenic cycle stage indicated that 

the toxic effect of cyclophosphamide on spermatogenesis was detected from day 7 after single administration 

(Matsui et al., 1995). The particular sensitivity of the reproductive tissues to cyclophosphamide is due to the 

high proliferating activity (Jarrell, Bodo, YoungLai, Barr & O'Connell, 1991). The development of mature 

spermatozoa from diploid spermatogonial cells completes in 35 days in mice (Clermont, 1963). 

Differentiating spermatogonia are the most sensitive testicular cells to many cytotoxic agents. Therefore they 

serve as indicators of hazard to germ cells. It has no effect on the histopathological changes in advanced germ 

cells. 

Chemotherapy can result in long-term or permanent azoospermia, the mechanism of which is most 

likely the death of spermatogonia. The duration of azoospermia appears to be related to the proportion of 

stem cells killed; if all stem cells are killed, the azoospermia will be irreversible (Meistrich, 1986). In our 

study, the sperm concentration in the epididymis declined in the 32-day group of mice. This process is 
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critical which may be due to the damage in spermatogonia and hence the decrease in sperm concentration. 

Spermatogenesis fails to recover not because stem spermatogonia are killed, but rather because surviving 

stem spermatogonia fail to differentiate (Kangasniemi, Huhtaniemi & Meistrich, 1996). When the sperm 

concentrations in 5-days, 32-days and 53-days groups were compared; there was a recovery of sperm 

concentration in all 53-day groups signifying a temporary interference of the male reproductive organs. The 

presence of stem cells is a pre-requisite for being able to stimulate recovery. However, recovery is usually 

slow and often incomplete.   

Histological observation demonstrated morphological alterations in the seminiferous tubules such as 

tubular obstruction, vacuolization, degeneration of the interstitial cells, degeneration of spermatogenic stages 

and atrophy in the groups exposed to cyclophosphamide. A study by Sakr et al. (2011) indicated that 

cyclophosphamide-treated mice showed many histological changes including the appearance of irregular 

seminiferous tubules, reduction in the number of spermatogenic cells, degeneration of Leydig cells and 

appearance of intertubular hemorrhage. Interstitial tissue plays an important role in the testis as it contained 

the Leydig cells which are the main testosterone producer. When the testosterone levels are diminished, the 

Sertoli cell activity becomes reduced. Therefore, may affect the metabolism and differentiation of spermatids 

and spermatocytes, thus causing alterations in the spermatogenic process (Bustos-Obregon et al., 2007). El-

Seedy, Taha, El-Seehy & Maklouf (2005) reported that a marked increase in sperm abnormality induced by 

cyclophosphamide in mice proved the ability of this drug to interfere with different stages of spermatogenic 

cells. They concluded that these abnormalities may be resulted directly from DNA damage or at specific 

levels of differentiation of spermatozoa.  

The present study also examined the effect of cyclophosphamide on DNA fragmentation using the 

comet assay. A visual scoring system was used in order to get a semi-quantitative analysis of the data by 

classifying comets into five categories based on perceived length of migration and the relative proportion of 

DNA in the tail as described by Anderson et al. (1994). The visual scoring system could be used as a valid 

method for categorizing damaged cells as in all cases. Visual scores and computerized image analysis 

parameters demonstrated high correlations (Heaton et al., 2002). This method would allow a large through-

put of samples in a short time. 

The exposures of mice to cyclophosphamide have resulted in DNA strand breaks comparable to 

positive controls indicating damage which may be associated to effect on sperm production (Meistrich, 

2009). An increased in DNA fragmentation was observed in group of 32 days reinforcing the association of 

cyclophosphamide with increased production of reactive oxygen species (ROS). Overproduction of ROS can 

tip the oxidant/antioxidant balance resulting in the destruction of cell membranes, proteins and DNA (Park, 

Lee & Cao, 2010). The findings in this study are related to a recent work by Grenier, Robaire, & Hales 

(2011) on rats which have shown that cyclophosphamide exposure resulted in micronuclei formation of 

paternal origin in the cleavage stage of embryos. Exposure to cyclophosphamide clearly induces DNA 

damage and this may play a role in the progeny outcome thus becoming a concern for previously treated 

cancer survivors wanting to pursue parenthood. Therefore, dietary antioxidants become critical under 

conditions of increased oxidative stress in maintaining a desirable oxidant-antioxidant balance.   

In this study, when thymoquinone was administered to the animals together with cyclophosphamide, 

it improved the histopathological and morphometrical changes induced by cyclophosphamide in the testis. It 

may also protect rapidly dividing spermatogonia from the alkylating effects of cyclophosphamide as the 

amount of spermatozoal DNA damage observed at day 32 after cyclophosphamide exposure was minimal 

and the numbers of totally damaged cells was lowered from 49% to 4%. The results obtained further indicate 

that the protection conferred may be by maintaining the balance of excess free radicals and enhanced 

antioxidant activity. Sperm DNA integrity has been reported to increase with the use of antioxidants (Greco 
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et al., 2005) and since the genetic material in the cells of the testis contain an abundance of polyunsaturated 

fatty acids which are known substrates for ROS (Aitken & Roman, 2008; Lewis & Agbaje, 2008), the results 

of this study indicated that the oxidative actions of cyclophosphamide may have been counteracted by 

thymoquinone. Therefore a possible protection of DNA damage may be presumed. The observation 

suggested that thymoquinone had significantly high antioxidant activity in testicular tissue. This is in line 

with previous studies which reported thymoquinone as an efficient scavenger and a quencher of ROS lipid 

bilayers (Ali, & Blunden, 2003; Kanter, Coskun, Korkmaz, & Oter, 2004; Yaman, & Balikci, 2010). The 

comets observed at day 32 of the experiment with thymoquinone treatment alone may be linked with the 

theory of testicular DNA damage termed as ‘abortive apoptosis’ whereby apoptosis or programmed cell 

death in the testes may occur to prevent the overproduction of germ cells including the destruction of germ 

cells which have been damaged (Sinha & Swerdloff, 1999). The administration of thymoquinone on 

alternate days for the period may have induced an increased production of germ cells that could have 

triggered cell death and fragmentation of genetic material. A concurrent assessment of the results of the 

comet assay is recommended to ascertain whether the comet patterns are supported with actual in vivo 

cytotoxicity (Hartmann et al., 2003).  

Other studies have also demonstrated the antioxidant effects of thymoquinone on the reproductive 

organs following toxicity exposure. A study by Kanter (2011) on the protective effects of thymoquinone on 

spermatogenesis demonstrated that pre-treatment of 50mg/kg of thymoquinone was effective in improving 

the histological appearance in chronic toluene exposure in rats as well as preventing mitochondrial 

degeneration, dilatation of smooth endoplasmic reticulum and enlarged intercellular spaces in both Sertoli 

and spermatid cells. Administration of thymoquinone in male albino rats was also found to limit the changes 

in haemoglobin, blood sugar, liver function, serum lipid profile and hepatic lipid peroxidation induced by 

cyclophosphamide treatment (Alenzi et al., 2010). Therefore, antioxidant can be used as a supplement to 

reduce the risk of oxidative stress and subsequent DNA damage. Thymoquinone injected at a daily dose of 

10 mg/kg in mice was also found to protect testicular tissue against the damaging effects of methotrexate 

(Gokce, Oktar, Koc, & Yonden, 2011). 

Collectively, thymoquinone treatment offered beneficial effects against cyclophosphamide-induced 

injury in testicular tissue. The observed effect of thymoquinone at 10mg/kg dose on antioxidant status was 

reflected by a major protection against morphological alterations and DNA fragmentation. These findings 

were essential to properly address the usage of thymoquinone as a nutritional therapy to minimise the toxic 

effects induced during treatment with anticancer drugs. To further elucidate the mechanisms involved in the 

protective responses elicited by thymoquinone against DNA damage, it is important to document the DNA 

repair capacity and the expression profiles of the repair genes involved. 
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Figure 1: Effect of cyclophosphamide and thymoquinone on (A) diameter and (B) tubular lumen of 

the seminiferous tubules. 

The values are expressed as mean ± S.D., n=6 in each group. 

*Significantly different from control group, p<0.05. 

†Significantly different from CPA-treated group, p<0.05. 

 

 

 

 

 

 

 



European International Journal of Science and Technology               ISSN: 2304-9693         www.eijst.org.uk 

 
 

130 

 

 
 

Figure 2: Effect of cyclophosphamide and thymoquinone on the number of spermatogonial cells/100 

sertoli cells. 

The values are expressed as mean ± S.D., n=6 in each group. 

*Significantly different from control group, p<0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* 
* * 

* 



European International Journal of Science and Technology                  Vol. 2 No. 7                September 2013 

 
 

131 

Plate-I 

Photomicrographs of mice testes with Haematoxylin & Eosin preparation 

              

        

  
Figure 3: H&E sections of testes of (A) control mouse, (B) 5 Days after cyclophosphamide injection, 

(C) 32 Days after cyclophosphamide injection, (D) 5 Days after cyclophosphamide injection + 10mg/kg 

thymoquinone (6hrs post CPA)  on alternate days, (E) 32 Days after cyclophosphamide injection + 

10mg/kg thymoquinone (6hrs post CPA)  on alternate days and (F) 53 Days after cyclophosphamide 

injection (Scale bar 200mm, X20).            
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Plate-II 

Photomicrographs of mice epididymides with Haematoxylin & Eosin preparation 

     
 

     
 

  
Figure 4: H&E sections of epididymides of (A) control mouse, (B) 5 Days after cyclophosphamide 

injection, (C) 32 Days after cyclophosphamide injection, (D) 5 Days after cyclophosphamide injection 

+ 10mg/kg thymoquinone (6hrs post CPA)  on alternate days, (E) 32 Days after cyclophosphamide 

injection + 10mg/kg thymoquinone (6hrs post CPA)  on alternate days and (F) 53 Days after 

cyclophosphamide injection (Scale bar 200mm, X20).            
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Plate-III 

Fluorescent images of mice spermatozoa with Alkaline Comet Assay preparation 

 

 
 

 

Figure 5:  

Control Spermatozoa (X200)  
0 - No damage <5% 

0 

Figure 6: 

 5 Days after cyclophosphamide injection (X200)  

2 = Spermatozoa with medium level of DNA damage (20-40%) 
                          

2 
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Figure 8:  

32 Days after cyclophosphamide injection (X200)  

4 - Spermatozoa with total  level of DNA damage (>95%)  
                          

4 

Figure 7:  

5 Days after cyclophosphamide injection (X200)  

1 - Spermatozoa with low level of DNA damage (5-20%). 
3 - Spermatozoa with high level of DNA damage (40-95%).  

3 

1 
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Figure 10: Evaluation of DNA damage on mouse spermatozoa treated with cyclophosphamide (CPA) 

and thymoquinone (TQ) in the comet assay.  
a Percentage cells/100 cells. 

 

 
 

Figure 9:  

32 Days after cyclophosphamide injection + 10mg/kg thymoquinone 

(6hrs post CPA)  on alternate days (X200)  

0 = Undamaged spermatozoa,  indicating DNA repair 

0 
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STAGES II-V, VII-VIII STAGES IX-XI 

Group P RS 2-5 EC 14-15 L/Z P/D EC 10-11 

Control 635.33 ± 76.74 2060.67 ± 11.72 
1678.33 ± 

178.23 
144.33 ± 

60.14 
166.33 ± 
103.65 

362.67 ± 
220.42 

CPA 5 Days 
268.33 ± 
121.68* 1723.33 ± 241.47 

1457.33 ± 
155.64 20.67 ± 25.38 

132.67 ± 
142.33 

222.67 ± 
200.25 

TQ 5 Days 458.33 ± 46.76 1553.33 ± 192.99 
952.67 ± 
116.57* 57.67 ± 57.01 88.67 ± 89.51 

110.33 
±106.70 

CPA + TQ 5 Days 424.33 ± 49.09 1581.00 ± 301.49 
1198.33 ± 

328.78 38.00 ± 40.15 
111.33 ± 
124.65 

131.00 ± 
135.18 

CPA 32 Days 471.67 ± 195.39 1379.33 ± 647.50  
878.67 ± 
256.69* 

207.00 ± 
144.05 

307.67 ± 
239.18 

497.33 ± 
321.89 

TQ 32 Days 511.00 ± 39.13 1798.67 ± 104.24 
1261.67 ± 

128.42 0 0 0 

CPA + TQ 32 Days 441.33 ± 63.22 1457.00 ± 125.77 984.33 ± 80.79* 
84.00 ± 
105.93 

122.67 ± 
164.81 

167.33 ± 
237.37 

CPA 53 Days 527.33 ± 45.65  1833.00 ± 37.24 
1310.33 ± 

12.70 20.00 ± 34.64 29.00 ± 50.23 46.33 ± 80.25 

TQ 53 Days 479.67 ± 65.53 1728.67 ± 219.73 
1330.67 ± 

274.50 18.33 ± 31.75 24.33 ± 42.15 43.33 ± 75.06 

CPA + TQ 53 Days 490.00 ±78.08 1562.67 ± 293.42 
1115.33 ± 

242.66 
88.67 ± 
111.61 

87.67 ± 
104.98 

186.00 ± 
252.93 

 

Table 1: Effect of cyclophosphamide and thymoquinone on the number of different spermatogenic cells/100 sertoli cells. 

The values are expressed as mean ± S.D., n=6 in each group. 
*Significantly different from control group, p<0.05. 
 


