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Background: Nitrate (NO3) is a common food additive used as a colour fixation and preservative in meats and 

fish. Human dietary exposure to NO2 is mostly through the inter-conversion of NO3 from vegetables, cured meat 

products, fresh meat, fish, dairy products, eggs and water intake. This experiment was designed to investigate to 

what extent exogenous testosterone (T) ameliorates the destructive effects of nitrite (NO2) on rats’ testes and sperm 

parameters.  

Methods: Thirty-five adult male Wistar rats weighed between 100g – 111g was used for the experiment. Rats were 

divided into 7 groups, for each group n =5. Group A received distilled water, group B1 C1 and D1 received 0.04mg/

kgbw, 0.06mg/kgbw and 0.08mg/kgbw of NO2 respectively in total volume of 1ml distilled water for 60 days. Groups 

B2, C2 and D2 also received 0.04mg/kgbw, 0.06mg/kgbw and 0.08mg/kgbw of NO2 respectively followed by  intra-

muscular injection of testosterone (Andriol Testocaps) at 5mg/kgbw, 7.5mg/kgbw and  10mg/kgbw respectively eve-

ry other day for 3 weeks   

Results: The quality of testicular cells was implicated by oral administration of NO2; distorted or deformed 

seminiferous tubules with loss of germinal cells were evident. Meanwhile, the NO2/T -treated testes showed normal 

tubular structures with complete spermatogenesis except at high dose of 0.08mg which showed mild vacuolation and 

arrested spermatogenesis.     Consequently, the sperm counts was reduced significantly (P>0.05) following increased 

NO2 concentrations. However, the sperm counts of NO2/T-treated testes were statistically increased (P< 0.05) at 

dose dependent manner. The number of motile sperms of the testes exposed to NO2 was decreased insignificantly, 

meanwhile, NO2/T-treated-testes were found to be increased insignificantly (P>0.05) . 

Conclusion: The reactive oxygen species tr iggered by NO 2 generated testicular oxidative stress, spermato-

genesis disruption and histological damages within the period of 60 days of ingestion. Meanwhile, these possible 

toxicological effects caused by NO2 could be effectively reversed using androgen hormone (testosterone) therapy 

within the period tested according to the present study.  
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1.0 INTRODUCTION 

Nitrate causes health hazard when it is converted to 

nitrite. Once nitrate is ingested, its conversion to nitrite 

takes place in human saliva of all ages, and in the 

gastrointestinal tract of infants. Infants convert 

approximately double or 10% of ingested nitrate to nitrite 

compared to 5% conversion in older children and adults. 

However, emphasis has not been made on how its 

conversion could possibly affects body system. Other 

sources of NaNO2 are various industries including 

agricultural, chemical, textile processing, disinfectants 

and colouring industry. Humans are constantly exposed 

to NaNO2 through food and water intake, with minor 

contribution from air[1,4].  

The common forms of nitrogen in water are nitrate, 

nitrite, ammonia and organic nitrogen (as might be 

found in plant matter). Nitrites gain access to water 

through the use of corrosion inhibitors in industrial 

process, or through the conversion from ammonia or 

nitrates. Nitrites can also be introduced into a water body 

when human or animal sewage are broken down by 

bacteria in the environment or from chemically fertilized 

land through runoff. Nitrites can be consumed directly, 

or formed after the conversion of nitrates to nitrites in 

the stomach. Babies under six months of age are 

particularly susceptible to hazard of nitrite, which leads 

to symptoms such as shortness of breath, a blue colour 

around the mouth referred to as Blue Baby Syndrome 

(methemoglobinemia), cyanosis and these could finally 

lead to death at a very high level of nitrites exposur [2,3]. 

Sodium nitrite (NaNO2) is an inorganic salt with various 

industrial applications. In blood circulation, NaNO2 

oxidizes hemoglobin to methemoglobin which is 

incapable of transporting oxygen and can cause 

hemichypoxia (insufficient oxygen). Recent studies have 

shown that hypoxia affects testicular functions[5]. Long-

term exposure to high levels of nitrites in adults can 

result in increased urine production since nitrites are 

diuretic [6]. Insufficient oxygen or hypoxia has also been 

reported to produce a great physiological stress which 

induces cellular response that results in deleterious 

effects on certain tissues [7, 8].  This has been shown to 

have an impact on male testicular functions such as 

reduction of testosterone level [9] and disturbances of 

spermatogenesis [10]. For instance, hypobaric hypoxia 

which is associated with high altitude exposure to nitrite 

is reported to induce a state of oligoasthenospermia with 

reduced motility, a reduction of the total number of 

motile sperms and an increase in abnormal or immature 

spermatozoa [11,12]. 

Testosterone is a hormone made by animal body and is 

responsible for the normal growth and development of 

male sex organs and for maintenance of other sexual 

characteristics. Specifically, it is produced in the testis, 

the male reproductive organ that also produce sperm, 

The functions of testosterone include growth and 

maturation of prostate and other male sex organs,  

changes in body muscle mass and strength and fat 

distribution, sex drive, mood and sexual function, energy 

level, bone strength and it is necessary for normal sperm 

development [13]. It also activates genes in sertoli cells, 

which promote differentiation of spermatogonia and 

maturation and fertility of spermatozoa [14].  

Exogenous testosterone has been shown to maintain or 

suppress testicular function in a variety of species, 

depending upon the dosage and has been used 

theoretically but empirically in the attempts to maintain 

or increase libido [15]. Other authors have reported that 

exogenous testosterone increase the concentration of 

testosterone in plasma obtained from whole-body 

samples of blood after decapitation. It was noted that a 

daily dosage of nearly 2mg of testosterone was required 

to elevate concentration of testosterone in plasma above 

normal in Japanese quail [16, 17].This experiment was 

therefore designed to investigate to what extent 

exogenous testosterone (T) ameliorates the destructive 

effects of nitrite (NO2) on rats’ testes and sperm 

parameters. 

 

2.0 METHODOLOGY 

2.1  Chemicals 

Nitrite (NO2) Salt (dissolved in distilled water by 

preparing stock/mother solution) and Testosterone 

(Andriol Testocaps) were obtained from Sigma-Aldrish, 

Germany. All other chemicals were of analytical grade. 

2.2 Animals and Treatment 

The rats were procured from the breeding stock of the 

Anatomy Department of Ladoke Akintola University of 

Technology, Ogbomoso. All the rats were maintained on 

a standard rat chow obtained from Ladokun feeds and 

concentrate, Ibadan and portable water was provided for 

them. The experiment involved 35 adult male Wistar rats 

weighed between 100g - 111g. The rats were divided into 7 

groups, for each group n=5. Group A (control), received 

1ml distilled water, group B1, C1 and D1 received 0.04mg/

kgbw, 0.06mg/kgbw and 0.08mg/kgbw of NO2 

respectively in total volume of 1ml distilled water for 60 

days. Groups B2, C2 and D2 also received 0.04mg/kgbw, 

0.06mg/kgbw and 0.08mg/kgbw of NO2 respectively for 

60 days followed by the intramuscular injection of 
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testosterone (Andriol Testocaps) at 5mg/kgbw, 7.5mg/

kgbw and  10mg/kgbw respectively every other day for 3 

weeks. 

2.3  Analyses 

The rats were sacrificed by dislocation of their cervical 

bones not less than four hours after the last dosing of 

both substances. The epididymides were removed for 

semen analysis (sperm parameters), and testes were also 

removed for testicular oxidative status and preserved in 

Bouin’s fluid for routing qualitative analyses of the testes  

2.4 Statistical analysis  

Data were expressed as Mean ± S.E.M. A two way analysis 

of variance (ANOVA) was employed in analyzing the data. 

Duncan’s multiple range t-tests was carried out to deter-

mine statistical significance between treatment means at 

95% confidence level. The tests were considered statisti-

cally significant when P < 0.05. The software was Prism 

Graphpad, 2009 edition . 

 

3.0 RESULTS 

3.1 Histological Features 

Histological findings in the control group depicted a 

normal cytoarchitecture of rat testes showing a normal 

shape and arrangement of seminiferous tubule with intact 

basement membrane and progressive proliferation of 

spermatogenic cells capable of producing matured 

spermatozoa (Figures 1). Group B1 showed distorted 

seminiferous tubule with broken basement membrane 

(Figure 2). Group C1 treated rats showed impaired 

spermatogenesis due to degeneration of spermatogenic 

cells, seminiferous tubules with abnormal shape, 

distorted region of tubules and wide interstitial space 

(Figure 3). Group D1 showed seminiferous tubule with 

deformed or irregular shape, wide lumen without 

spermatogenesis, and no germ cells (Figure 4). However, 

after administration of testosterone the rats in Group B2 

was shown to have normal seminiferous tubule with 

normal germ cells layer and spermatogonia cells with full 

maturation for spermatozoa production (Figures 2). Rats 

in group C2 showed normal shape and arrangement of 

seminiferous tubule with intact basement membrane and 

progressive proliferation of spermatogenic cells to 

produce matured spermatozoa (Figure 3). Group D2 

showed seminiferous tubules with several vacuolations 

and maturation arrest with some  inadequate germinal 

cells (Figure 4). 

 

Figure 1: Transverse section of the rat testes (H&Ex400), 

Group A (Control), dosed with 1ml distilled water daily. Showing normal 

seminiferous tubule with germ cells layers (spanned arrow) consisting of 

sertoli cells, spermatogonia cells (Sp), spermatocyte (Spc) with full mat-

uration to the spermatids (Spm). The general architecture appears nor-

mal. 

Figure 2: (a). Transverse section of the rat testes (H&Ex100), 

Group B1 ( dosed with 0.04mg/kgbw of NO2) daily for 60 days, showing 

distorted or deformed seminiferous tubule (Dst) with broken basement 

membrane (Bm).  (b). Transverse section of the rat testes (H&Ex400), 

Group B2, (dosed with 0.04mg NO2 + 5.0mg testosterone). Showing a 

normal  seminiferous tubule with  normal germ cells layer (Gc) consist-

ing normal sertoli cells, spermatogonia cells (Sp) with full maturation to 

the spermatids (Spm)/spermatozoa (Spt). 

Figure 3: (a). Transverse section of the rat testes (H&Ex400), 
Group C1, (dosed with 0.06mg NO2). Showing seminiferous tubules with 
abnormal shape (St), distorted region of tubules (Dst) and wide intersti-
tial space (Is). (b). Transverse section of the rat testes (H&Ex400), 
Group C2, (dosed with 0.06mg NO2 +7.5mg testosterone). Showing sem-
iniferous tubule with  normal germ cell layers (Gc) consisting of sertoli 
cells, spermatogonia cells (Sp) with full maturation to the spermatids 
(Spm). 
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Figure 4: (a). Transverse section of the rat testes (H&Ex400), 

Group D1, (dosed with 0.08mg NO2). Showing seminiferous tubule with 

deformed or irregular shape, wide lumen (L) without spermatogenesis, 

No germ cells. (b). Transverse section of the rat testes (H&Ex400), 

Group D2, (dosed with 0.08mg NO2 +10.0mg testosterone). Showing 

seminiferous tubules with several vacuolations (Vc), there is maturation 

arrest, while some show inadequate germinal cells.  

3.2 Analyses of Sperpm Parameters 

Gross observation of the testes after the administration 

of NO2 showed no apparent change in structure. The 

sperm counts reduced with increasing NO2 

concentration, the reduction was statistically significant 

(P>0.05). In the NO2/T-treated rats, the sperm counts 

was significantly increased (P< 0.05) (Table 1). The 

number of sperm cells of the rats treated with NO2 was 

insignificantly decreased while the number of moveable 

sperm of NO2/T-treated rats were found to be 

insignificantly increased (P>0.05) (Table 1). The normal 

morphology of sperm were found to be significantly 

(P<0.05) decreased in NO2 –treated rats while that of 

NO2/T-treated rats were slightly increased (Table 1). 

 

Table 1: Effects of NO2 and Testoterone on Sperm Parame-

ters 

*P≤0.05, otherwise P≥0.05  when compared with the control, values 

are expressed as mean ±SEM 

 

3.3 Testicular Oxidative Status                 

The activities of Lipid peroxidation (MDA) were insignif-

icantly (P>0.05) increased at  0.06mg/kgbw and 

0.08mg/kgbw (0.059+0.005 µmol/g protein, 

0.059+0.0110 µmol/g protein) higher than the dose of 

0.04mg/kgbw (0.050+0.005µmol/g protein) and the 

control (0.051+0.003µmol/g protein). The data showed 

that the MDA level of the testicular NO2/T-treated rats 

increased significantly (P < 0.05) which showed an indi-

cation of increase lipid peroxidation caused by oxygen 

toxicity (Table 2). However, the activities of Super Oxide 

Dismutase (SOD) was significantly decreased in NO2 

dosed-rats (P< 0.05). Meanwhile, there was significant 

increased of testicular SOD NO2/T-dosed rats (table 2).   

 

Table 2: Effects of NO2 and Testoterone  on Oxidative Status 

of Rat Testes 

*P≤0.05, otherwise P≥0.05 when compared with the control, values are 

expressed as mean ±SEM 

 

 

4.0 DISCUSSION 

The concentration of nitrite as high as the doses consid-

ered in this study with duration of 60 days produced hos-

tile condition against the well-being of the sperm cells. 

Thus, the proportion of normal sperm morphology de-

creases with increase in the nitrite doses. A number of 

other authors [18,19,20] have also shown that cellular 

metabolism of nitrite is mediated by Nitric Oxide (NO), 

an acid radical known for its role in pathophysiology 

which involves human reproduction. Excessive NO syn-

thesis from nitrite could be an important factor contrib-

uting to the morphological changes in sperm cells [20]. 

The decreased proportion of motile sperm cells reported 

here appeared to support the work of [21] which asserted 

that high nitrite and nitrate concentrations hindered 

sperm motility. The body reacts to hypoxia with adaptive 

responses, such as relaxation of smooth muscle, angio-

genesis and vasodilation, thus increasing blood supply to 

tissues, compensating for the lack of oxygen. The adap-

tive response to hypoxia also induces an increase in tes-

ticular temperature. Elevated temperature triggers apop-
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Group 

Mean Sperm 

Counts 

 (x106 cells)  

Normal 

Sperm-

Morphology 

(%)  

Motile - Sper-

matozoa 
Grading (%)  

 NO2 NO2/

Testo 
NO2 NO2/

Testo 
NO2 NO2/

Testo 
A 14.0± 13.4 83.8 65.0 95.6 57.5 

B 07.3± 14.6 67.8 65.0 89.4 65.0 

C 05.4± 16.8 28.7 66.3 84.6 70.0 

D 00.9±

0.7* 
15.4 

±6.9 * 
23.2 

±5.89* 
68.8 

±1.25 
84.6 

±2.94 
75.0 

±5.00 

  
Group 

Mean Lipid peroxi-

dation (nm MDA/ 

ml) ±SEM 

Superoxide Dismutase 

(SOD) (U/L) ±SEM 
  

  NO2 NO2/

Testo 
NO2 NO2/Testo 

A 0.051± 07.77 0.430 25.35 

B 0.050 

±0.005 
19.06 

±0.872* 
0.119 

±0.023 
25.74 

±0.060* 
C 0.059 

±0.011 
16.09 

±0.851* 
0.112 

±0.002* 
25.60 

±0.090* 
D 0.059 

±0.005 
20.40 

±1.368* 
0.097 

±0.011* 
25.90 

±0.040* 
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tosis in dividing cell population of the testis and a de-

creased output of maturing spermatids in rats [7]. It has 

also been shown to have an impact on male testicular 

functions such as reduction of testosterone level and dis-

turbances of spermatogenesis [9]. The distorted seminif-

erous tubules without germ cells and abnormal shaped 

tubules in the present study was also evident in previous 

report of increase histologic lesions recorded in seminif-

erous tubules and epithelial lining of the testes among 

the tested rats with nitrite [6, 22].The absence of sper-

matogonia cells in the wide seminiferous lumen were 

similar to the study of  Pant and Srivastava [23] that re-

ported histopathology effect of potassium nitrate exposed 

to adult male mice testes via water intake. 

Interestingly, Nitric Oxide (NO) has been linked to in-

crease in lipid peroxidation; malondialdehyde (MDA) in 

both human varicocele patients [24] and rats with experi-

mental varicocele. This implies a role for peroxinitrites in 

the oxidative stress of varicocele and specifically an in-

crease in NO subsequent to eNOS overexpression, has 

been linked to germ GCA in a mouse model of cryptor-

chidism [5] . The present study revealed non-significant 

increase MDA in dose dependent manner when only NO2 

was given to the rats. Also, significant increase MDA was 

recorded in NO2/testosterone-dosed rats.   

The activities of the oxidative markers indicated that the 

testicular cells were under oxidative challenges, this was 

evident in decreased SOD observed in the NO2-dosed rats 

which was an indication that dismutase superoxide (an 

agent of stress) is at work. However, the exogenous ni-

trite (NO2) intake exceeding the WHO recommended 

dose should be avoided, and in a case of taken above rec-

ommended dose, hormonal therapy or antioxidants 

(vitamins) are recommended as free radical scavengers to 

stop the oxidation reaction of the oxidants (NOx). Mean-

while, in this study the significant increased SOD in the 

NO2/testosterone treated testes showed that the oxida-

tive stress that was observed in NO2-treated testes has 

probably been ameliorated. The significant increase su-

peroxide dismutase (SOD) value with increased nitrite 

dose in the present study goes in similar way with the 

reported increased NO from a variety of stresses which 

decreases testosterone secretion. Also very large increas-

es in NO and formation of peroxinitrites are associated 

with oxidative stress, which may override the effects of 

Hypoxia Inducible Factor (HIF)-1α and inhibit testos-

terone production [5, 25]. 

In a survey by U.S., it was observed that approximately 

25% have used exogenous testosterone to treat low tes-

tosterone levels associated with male infertility. Induc-

tion of spermatogenesis can be achieved in immature non 

human primates by the administration of very high doses 

of testosterone although, the number of spermatozoa in 

the ejaculate remained rather low. Studies have also 

shown that testosterone can initiate precocious puberty, 

maturation of the male gonad and spermatogenic process

[2, 26]. It was also observed that the reactive oxygen spe-

cie triggered by nitrite would generate oxidative stress 

and histological damages [27] and it has also been shown 

that hypobaric hypoxia caused by excess nitrite induces 

partially reversible quantitative changes such as decrease 

in semen volume, sperm count and sperm motility [11].  

NaNO2 affects testis morphology, some weight indices 

and sperm count in mature rats and  could compromise 

fertility in man and other mammals. In conclusion, expo-

sure to the Nitrite (NO2) can predispose testes to danger 

under the dosage been considered in this study. Mean-

while, testosterone can effectively reverse the destructive 

effects caused by the intake of nitrite (NO2) at the consid-

ered doses. Efficacy of testosterone will be better appreci-

ated when rats are exposed to reduced concentration of 

nitrite . 
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