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ABSTRACT 

Hexaconazole is a systemic triazole fungicide used in agricultural practices. The aim of the present investigation is to 
study the toxic effect of Hexaconazole on the epididymal spermatozoa.  
The adult male rats were exposed to Hexaconazole at the dose of 25 mg/kg body weight, orally daily for 60 days. The 
control group received corn oil alone as vehicle. Third group of rats were administered with Hexaconazole for 60 days 
and left untreated for further period of 60 days. Hexaconazole treatment resulted in a significant decrease in the 
epididymal sperm count, motility and viability  and increased incidence of sperm abnormalities. However, the toxic effect 
of Hexaconazole was reversible in the withdrawal group. Thus, the present investigation suggests that the chronic low 
dose treatment of Hexaconazole is capable of inducing epididymal sperm toxicity. 
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INTRODUCTION 
Hexaconazole(α-butyl-α-(2,4-dichlorophenyl)-1H-1,2,4-triazole-1-ethanol) (HC) is a systemic Triazole 
fungicide used in crop protection. Triazole fungicides are used agriculturally to control rust and mildew of 
fruit, vegetables, cereals and seeds, residential and commercial turf, and in pharmaceutical applications 
for the treatment of  local and systemic fungal infections. 
Triazoles inhibit the biosynthesis of ergosterol, an essential component of fungal cell membranes, via. 
inhibition of cytochrome P450 dependent enzyme lanosterol 14α-demethylase [1]. Cyp51 is 
evolutionarily conserved between plants, fungi and animals and in animals is critical for cholesterol 
synthesis and therefore steroid biosynthesis [2].Besides Cyp51, triazoles also modulate the gene 
expression and enzyme activity of multiple cytochrome P450 (CYP) and other metabolic enzymes in 
mammalian liver and other tissues [3-7]. CYPs are phase I metabolizing enzymes that increase 
hydrophilicity and facilitates subsequent elimination of xenobiotics. CYP enzymes also necessary for 
biosynthesis and catabolism of sterols, vitamin D and other endogenous biochemistry  [2,8]. 
Numerous reports have focused on various aspects of adverse trends in reproductive health, such as low 
and probably declining semen quality, sexual behavior, fertility, gestation, parturition,lactation, 
premature reproductive senescence or modification in other functions that are dependent on the 
integrity of the reproductive system [9,10].To the best of our knowledge, little is known about the effects 
of Hexaconazole on the epididymal spermatozoa. Therefore, the present investigation was undertaken to 
determine the spermatotoxic effect of Hexaconazole in the adult rats. 
 
MATERIALS AND METHODS 
Animals 
Male albino rats (Rattus norvegices) weighing 200-210 gms were used in the present study. They were 
obtained from Ragavendra Enterprises, Bangalore. The animals were housed in a clean polypropylene 
cages under controlled conditions of temperature 28 ± 2 °C and 50 ± 5 % humidity with constant 
12h/12h dark and light cycle. They were fed with standard rat pellet diet and water ad libitum.The 
animals were maintained and handled as per the guidelines given by the Committee for the Purpose of 
Control and Supervision of Experiments on Animals (CPCSEA), Government of India (845/ac/04/2004) 
and Institutional Animal Ethic Committee (IAEC).  
Hexaconazole (Technical grade - 93.39 %) was obtained as a gift from Tagros Chemicals India Ltd., 
Cuddalore, Tamil Nadu. 
Experimental Design 
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Rats were divided into three groups and each group consists of six animals. 
Group I  -Control : Rats were given corn oil as vehicle orally, daily for 60 days. 
Group II -Hexaconazole treatment (HC): Rats were treated with Hexaconazole dissolved in    
Corn oil at a dose of 25 mg/kg body weight orally, for 60 days. 
Group III-  Hexaconazole Withdrawal treatment (HC-WD): Rats were treated with  
Hexaconazole in corn oil at a dose of 25 mg/kg body weight, orally, for 60 days and  
left  untreated for another 60 days to observe the withdrawal effect. 
Spermatological studies 
The sperm collected from epdidiymis were used for the determination of sperm viability, sperm motility 
and sperm counts. Sperm viability test was done by the method as described in the WHO Laboratory 
Manual [11]. An aliquot of 100µl of epididymal sperm was mixed with 100µl of 0.5% eosin solution. A 
drop of the above mixture was put on a micro-slide covered with a cover slip and examined after 30 sec at 
200 x with a help of  light microscope. Randomly two hundred spermatozoa were counted. The live 
spermatozoa were unstained and dead sperm were stained. The sperm viability was expressed in 
percentage as the number of viable sperms of the total sperms counted. 
Sperm motility was evaluated by the method of Joshi and Sharma [12]. The known weight of cauda 
epididymis was gently teased in a specific volume of physiological saline (0.9 % Nacl) to release the 
spermatozoa from the tubules. The sperm suspension was examined within five minutes after their 
isolation form epididymis. The results were determined by counting both motile and immotile sperms in 
at least ten separate and randomly selected fields. The results were finally expressed as percent motility 
[13]. 
Epididymal sperms were counted by the method as described in the WHO Laboratory manual [11]. An 
aliquot of 5 µl of epididymal sperm was diluted with 95µl of dilutes (Addition of 50 g sodium bicarbonate, 
10 ml 35% formalin and 0.25 g trypan blue in a volumetric flask and made up to a final volume of 1 L with 
distilled water). A cover slip was placed on the counting chambers of the improved Neubauer type 
Haemocytometer.  Approximately 10 µl of thoroughly mixed diluted specimen transferred to each of the 
counting chambers of the Haemocytometer and allowed to stand for 5 min in a humid chamber to prevent 
drying out. Sperm cells sedimented during this time and were then counted with the help of light 
microscope at 200x. Complete spermatozoa, head with tail, were counted. 
Statistical Analysis 
Single way Analysis of Variance (ANOVA) was followed to analyse the data according to Zar[14]. If the ‘F’ 
ratio was significant, Student-Neuman-Keul’s (SNK) test was followed. 
 
RESULTS AND DISCUSSION  
Impaired spermatogenesis is a common feature under the most pesticides and fungicides toxicities. 
Hexaconazole, a triazole fungicide widely used in crop protection. The variations in the body weight, 
reproductive organs weights of animals subjected to Hexaconazole treatment (25 mg/kg body weight, 
orally for 60 days) are shown in Figs. (1-3). Based on 48 days as the period of spermatogenic cycle and 9-
14 days for sperm passage through epididymis the maximum exposure period of 60 days was chosen in 
the present investigation. There was a significant decrease (P < 0.05) in the body weight and weights of 
testis, epididymis, seminal vesicle and ventral prostate as compared to control group. However, 
withdrawal of Hexaconazole restored the normal weight in the body and reproductive organs. The 
reduction in the body weight may be due to high rate of protein breakdown which might be needed to 
fulfill energy requirement during detoxification. Testicular mass is a valuable index of reproductive 
toxicity in male animals [15]. The reduction in testicular weight in Hexaconazole treated rats may be due 
to reduced tubule size, spermatogenic arrest and inhibition of steroid biosynthesis [16]. 
The structural and functional integrity of male accessory sex organs (epididymis, seminal vesicle and 
prostate) are androgen dependent [17]. Atrophy of accessory sex glands in the hypo androgenism was 
also reported by Ortiz et. al., [18] and Menjivar et.al., [19].  In the present study, the weight of male 
accessory sex organs were significantly reduced, which might be due to lowered bioavailability of 
androgens [20]. Similar results were obtained by Ravikumar et al [10], who reported that Hexaconazole 
at the dose level of 55 and 110 mg/kg body weight for 30 days and 60 days decreased significantly the 
weight of testis and accessory sex organs. 
The effect of Hexaconazole on the sperm count, motility, viability and abnormalities in adult rats have 
been presented in Figs (4-6). The present study reveals that the Hexaconazole (a triazole fungicide) 
significantly (P <0.05) decreased the sperm count, motility and viability. Further, the dead and abnormal 
sperm proportions in the epididymal sperm reserves were found to be significantly increased by 
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Hexaconazole.The sperms acquire motility and fertilizing ability only during their epididymal transit; 
Testosterone (T) and Dihydrotestosterone (DHT) are involved in the maturation of sperm within the 
epididymis as well as the transit of sperm through the duct  [21,22]. Any alteration in epididymal sperm 
count and motility provides a direct measure of fertility [23].  Decreased sperm count is an indicator of 
reduced spermatogenesis as a result of the toxicity of any agent [24,25]. 
 

Fig: 1 Effect of Hexaconazole treatment on the body weight in adult male rats. 

 
Each value is Mean ± SEM of 6 animals       
a and b represent statistically significant at P< 0.05 level - Control Vs. Hexaconazole; Hexaconazole 
Vs.Withdrawal respectively. 
 
Fig: 2 Effect of Hexaconazole treatment on the testicular weight and epididymal weight in adult male rats. 

 
Each value is Mean ± SEM of 6 animals 
a and b represent statistically significant at P< 0.05 level - Control Vs. Hexaconazole; Hexaconazole 
Vs.Withdrawal respectively. 
 
Fig: 3 Effect of Hexaconazole treatment on the seminal vesicular and prostatic weight in adult male rats. 

 
Each value is Mean ± SEM of 6 animals 
a and b represent statistically significant at P < 0.05 level - Control Vs. Hexaconazole; Hexaconazole 
Vs.Withdrawal respectively. 
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                               Fig: 4 Effect of Hexaconazole on epididymal sperm count in adult rats.    

     
Each value is Mean ± SEM of 6 animals    
a and b represent statistically significant at P< 0.05 level - Control Vs. Hexaconazole; Hexaconazole 
Vs.Withdrawal respectively.  
 

Fig: 5 Effect of Hexaconazole on epididymal sperm motility and sperm viability in adult rats 

 
     
Each value is Mean ± SEM of 6 animals 
a and b represent statistically significant at P< 0.05 level - Control Vs. Hexaconazole; Hexaconazole 
Vs.Withdrawal respectively.       
 

Fig: 6 Effect of Hexaconazole on epididymal normal and abnormal sperms in adult rats 

 
     
Each value is Mean ± SEM of 6 animals  
a and b represent statistically significant at P< 0.05 level - Control Vs. Hexaconazole; Hexaconazole 
Vs.Withdrawal respectively. 
 
In the present study, the reduction in the sperm count, motility and viability observed in the 
Hexaconazole treated rats indicates the impaired spermatogenic activity in the testis and maturation 
process of the sperms in the epididymis. Our findings are in agreement with the earlier report of 
Ravikumar et. at., [10]; Their studies on adults  rats (aged 10-12 weeks) treated with Hexaconazole at 55 
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and 110 mg/kg body weight for 30 and 60 days revealed that this fungicides significantly decreased the 
sperm count and motility with an increase in the dead and abnormal sperm proportions in the epididymal 
sperm reserves. They suggested that the high levels of intra testicular testosterone are necessary for the 
process of spermatogenesis and the reduced testosterone levels induced by Hexaconazole might have 
contributed to these adverse effects; High circulating testosterone concentration is required for androgen 
dependent sperm maturation process in epididymis [26];  Alterations in sperm morphology and motility 
appear to be associated with the androgen deprived maturational anomalies as well as the modified 
epididymal milieu due to possible presence of Hexaconazole and or its metabolites. It has also been 
reported that the decreased serum testosterone levels in the Hexaconazole treated rats indicated the 
ability of Hexaconazole impair testosterone synthesis; Since, testosterone synthesis involves the active 
role of cytochrome P450 containing enzymes, their inhibition by Hexaconazole might have resulted in 
altered circulating testosterone levels [10]. In the present study also the reduction in sperm count, 
motility and viability in the Hexaconazole treated rats may be due to the direct action of Hexaconazole or 
due to an indirect, manifestation through altered epididymal function. 
The present study also reveals that there was an appreciable increase in the epididymal sperm count, 
motility and viability observed in the withdrawal group showing that the rats had recovered from the 
deleterious effect of Hexaconazole. Thus the present investigation suggests that the treatment of 
Hexaconazole is capable of inducing adverse effects on the epididymal spermatozoa in adult rats. 
However, all the parameters that were affected by Hexaconazole were restored to normalcy upon 
withdrawal of Hexaconazole treatment indicating that these effects are transient and reversible.          
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