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 Toluene and xylene are present in the environment because of their wild uses in various 

industries. They were reported to cause multiorgans damages in animals and human. In 
this study we aimed to evaluate the toxicity of toluene and xylene on some reproductive 

parameters in male Cuniculus lepus rabbits. Animals (6 to 7 months and 1700 ± 170 g ) 

were divided into 03 groups, the first served as control, the second and the third divided 
into 03 lots each, treated by toluene or xylene at 50, 100 and 150 ppm respectively for 

24 days. Results indicated that both toluene and xylene provoked significant decreases 

in reproductive indicators (concentration, motility, speed and vitality of spermatozoa) 
and in serum testosterone concentration compared to the controls. Histological 

examination showed pathological alterations such as a remarkable reduction in 

spermatozoa concentration and cellular malformation within seminiferous tubules and 
epithelial cells especially in groups treated by the highest dose of toluene or xylene. In 

conclusion, our study demonstrated that toluene and xylene caused toxic effect on 

reproductive function in adult male rabbits and suggested that xylene and toluene 
interfere with the function of the testes by alteration of both reproductive parameters 

and hormonal function that lead to organ injury which causes abnormalities and 

therefore complication in the function like infertility or other reproductive diseases. 
Thus further studies must be conducted to better understanding the effects of solvents 

on reproductivty. 
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INTRODUCTION 

 

 Environmental pollution coincided with the rise of widespread use of chemical compounds in different 

areas, which caused environmental systems disorders to the vital areas (soil, water and air) and also to plants 

and animals populations [01]. Solvents are used to dissolve or disperse solid materials. Aromatic solvents 

constitute benzene, xylene, toluene, and other aromatic solvents such. These are widely produced organic 

chemicals in the petroleum refining industry through fractional distillation of petroleum stocks (also known as 

feedstock). Several other manufacturing processes such as coal carbonization, steam cracking, catalytic refining, 

hydro dealkylation, and pyroforming are employed to produce aromatic solvents. Aromatic solvents are also 

employed during the drug formulation process and the synthesis of active excipients and substances in the 

pharmaceuticals end-user industry[02] Among these chemical compounds, we find pesticides, heavy metals, 

nitrates and aromatic hydrocarbons, which exist widely in our daily life because of their large uses. Toluene and 

xylene are organic solvents used in various industries and exist in some pharmaceuticals and pesticides 

composition, as well as oils and some petroleum compounds and are reported to exert toxic effects [01,03] 

These solvents are absorbed in human via the respiratory tract, 50 % for Toluene and 65 % for xylene and much 

less through the skin [04]. They bind to plasma proteins and hemoglobin to be distributed in many organs like 

brain, spinal cord, bone marrow, liver, lungs, testis, and mammary glands[05]. In addition, they have the ability 

to penetrate the placental barrier, where toluene was found in fetus blood [06] . Both toluene and xylene induced 

acute and chronic toxicity, leading to the appearance of different symptoms as: nausea, dizziness, bleeding nose, 

skin infections, sleep disturbances, difficulty in equilibrium and concentration, memory problems, fail of 

physical and neurological capacities [03,07,08]. It also experimentally demonstrated their impact on respiratory 
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system [09] and also in liver, kidney, lungs and testis injuries [10] . Renal failure can also occur, and it is 

attributed to acute tubular necrosis caused by hypotension or possibly rhabdomyolysis. Liver toxicity may also 

be a consequence of toluene exposure [11] Concerning the impact of xylene and toluene on reproductive system, 

these two compounds were classified by the European Union as toxic compounds to human male and female 

fertility and also on the embryonic development [12]. Toluene and xylene affect fetal development causing 

malformations and a decreased in body weight of rats and mice [13,1415] and also they are present in breast 

milk .Studies about xylene and toluene effects on sexual glands and reproductive hormonal system remain 

poorly documented [16]. However their impact on women ovaries, through injuries and disturbances of the 

menstrual cycle has been demonstrated [03] as well as disturbance of LH, FSH and testosterone concentrations 

in serum [17,18] . 

 This present study was designed to evaluate the impact of both toluene and xylene on some biological 

characteristics of the sperm (concentration, motility, speed and vitality of spermatozoa), and their effect on 

testosterone concentration and histology of testicular tissue in domestic male Cuniculus lepus rabbits. 

 

MATERIAL AND METHODS 
 

Animals: 

 Thirty five male adult Cuniculus lepus rabbits, aged of 6 to 7 months and weighted 1700±130 g were 

provided from local agricultural fields in Annaba at Algeria. Animals were housed in steal cages (50cm × 60cm 

×53 cm) and acclimated for two weeks for adaptation under controlled conditions of temperature (25± 1
o
C), 

humidity ( 40 -50 %) and light ( 12h day: 12h night). Food (a mixture of wheat grains, corn, barley, green plants 

and carrots) and water were available ad libitum. Rabbits were divided into three groups, the first group (C) of 

five rabbits served as control, the second (D1, D2 and D3) and the third (D’1, D’2 and D’3) groups of 15 rabbits 

divided into 03 lots each of 05, treated by toluene or xylene at 50, 100 and 150 by oral gavage respectively for 

24 days. Animals were sacrificed by decapitation after the last treatment. The experimental procedures were 

carried out according to the National Institute of Health Guide – lines for Animal Care and approved by the 

Ethics Committee of our Institution. 

 

Spermatozoa characterization: 

 Epididymis were removed and epididymis slits were realized to evaluate the sperm characteristics 

(concentration, movement, speed and vitality of the spermatozoa) by taking drops of 1μL of the milky white 

sperm in 49 µL of physiological fluid (Nacl = 0.9 %) (methods of OMS, 1993) [19].  

 

Testosterone analysis: 

 Blood samples were collected into dry tubes, centrifuged at 5000 rpm to obtain serum which served for 

testosterone concentration measure using competitive immune-enzymatic colorimetric method (ELISA) [20]. 

 

Histological analysis: 

 Testes were removed and immediately fixed in Bouin solution and processed by using a graded ethanol 

series, then embedded in paraffin. The paraffin sections were cut into 5 µm thick slices and stained with 

hematoxylin and eosin for histological examination under light microscopy. The sections were viewed and 

photographed[21]. 

 

Statistical analysis: 

 Data are expressed as means ± SD. The significance of the differences in mean values between the control 

and treated groups was evaluated following student’s-test using Minitab 13 software version 13. Differences 

were considered statistically significant at p ≤ 0.05. 

 

Results: 

Spermatozoa concentration: 

 Results showed a significant decrease in spermatozoa concentration in treated groups compared to controls 

(Tables 1, 2). This decrease was directly proportional to the concentrations of toluene and xylene, decrease of 

concentration was more significant at higher doses. 

 

Spermatozoa motility (%): 

 Results shown in (Tables 1, 2) indicated a significant decrease in motility in treated rabbits comparing to 

controls. However, this decrease was not significant in group (D'1) treated with 50 ppm of xylene. 
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Spermatozoa speed (µm/s): 

 Treatment with toluene and xylene caused a significant increase in spermatozoa speed compared to controls 

(Tables 1, 2). 

 

Spermatozoa vitality (%): 

 Results revealed a significant increase in dead spermatozoa and consequently a significant decrease in 

living spermatozoa in treated rabbits, with both toluene and xylene, compared to controls (Tables 1, 2). 

 

Testosterone concentration (ng/ml): 

  Rabbits treated with toluene and xylene produced a significant decrease in serum testosterone 

concentrations compared to controls. The reduction was the most in elevated doses of toluene and xylene (100 

and 150 ppm) respectively (figures 1, 2). 

 

Histological Changes: 

 Testis of the control group had a regular histological structure with an active spermatogenesis finding by a 

lot of spermatozoa on the lumen of somniferous tubules and normal epithelial cells (figure 3-C). Almost the 

same observations were showed in the groups treated with 50 ppm of both toluene and xylene, but with a 

reduction in spermatozoa concentration on the lumen of somniferous tubules (figure 3 - D1, figure 4 - D’1). In 

contrast, testes of toluene and xylene treated groups with 100 and 150 ppm indicated huge pathological 

alterations such as a remarkable reduction in spermatozoa concentration and cellular malformation with in 

somniferous tubules and epithelial cells (Figure 3 - D2, D3, figure - 4 D’2, and D’3).  

 

Discussion: 

 The aim of this study was to evaluate the repro-toxicity of toluene and xylene in male Cuniculus lepus 

rabbits. Our results revealed that treatment with these solvents affected the reproductive function causing 

significant decrease in spermatozoa concentrations in groups treated by both toluene and xylene compared to 

control group, which can be explained by the toxic effect of these compounds on spermatogenesis function [22] 

This disorder can be explained by the reduction in testosterone level, which it is a hormonal factor key in 

spermatogenesis and our results showed a decrease in testosterone levels in treated groups compared to the 

control. An immuno-histochimical study on rats exposed to toluene by inhalation, indicated an imbalance in heat 

shock proteins of testes and epididymis especially the heat shock 70 (HSP-70), which leaded inevitably to a 

decrease of testosterone levels [23]. Also it has been showed that the presence of xylene, benzene and toluene in 

the blood and semen of workers exposed to these compounds, indicating their penetration to blood-testis barrier 

and particularly their effect on testicular tissue, which lead to the destruction of germ and spermatogonia cells 

[17]. Toluene can affect the meiosis of spermatogonia cells, however, its mechanism of action remains unknown 

[23] . A testes histological study of rats treated by toluene showed that most cells of spermatogonia does not 

turn into spermatozoa because they stop at Pachytene stage [24]. Deficiency in germ cells or damage lead to 

decrease in spermatozoa concentrations[25] which may be caused by degradation and injury of Sertoli cells[26] 

. These cells are the source of nutrition and support for spermatozoa, changes in their morphology can prevent 

contact with spermatozoa and their implantation on Sertoli cells membranes, leading to a diminution in 

spermatozoa concentration in the lumen of seminiferous tubules [27]. Spermatozoa motility is considerate as the 

important biomarker to evaluate masculine fertility. In our study decrease in spermatozoa motility in treated 

groups compared to the controls, can be explained by the decrease in FSH concentrations, which cause 

acrosome immaturity and motility disorder [28]. Experiments on animals, noted that toluene and some organic 

solvents leaded to a disorder in dopamine, adrenaline and noradrenaline concentrations [29]. These 

neurotransmitters are necessary to regulate the secretion of FSH, LH and other hormones [30] In human, 

dopamine inhibits FSH and LH secretion [31] , and in animals, adrenaline and noradrenaline stimulate synthesis 

of FSH and LH hormones [32]. Since FSH hormone boosts Sertoli cells to nutrition and development of germ 

cells, its decrease provokes a disorder in spermatogenesis process[17]. It reported that toluene, xylene and 

benzene caused a decrease in lactate dehydrogenase C4 activity (LDH-C4) in workers exposed to these 

compounds. LDH-C4 is an enzyme responsible to provide energy to cells through the metabolism, its decrease 

lead to a reduction in spermatozoa energy and motility [33,34]. The significant decrease in spermatozoa vitality 

by toluene and xylene compared to control, can be explained by the impact of these solvents on testicular tissue 

especially Sertoli cells [24]. Also by oxidized fats provoked by these compounds[35], that caused a decrease in 

enzymes responsible of spermatozoa activity and vitality[36] there have been ether effect in the reproductive 

fanction; Xylene and toluene reported to cross the placenta in humans. Limited human developmental data are 

available, but animal studies suggest that exposure to high doses of xylene may be fetotoxic [37,38] . also There 

have been several studies in humans and animals on the interaction of xylenes with drugs, alcohol and other 

solvents.Xylene has a high potential to interact with other compounds because it increases metabolic enzymes in 

the liver and decreases metabolic enzymes in the lungs In general exposure to related solvents such as benzene, 
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toluene and ethanol (alcohol) slows the rate of clearance of xylenes from the body, thus enhancing its toxic 

effects [39]. 

. 

Conclusion: 

 In conclusion our results demonstrated that toluene and xylene solvents caused toxic damages to 

reproductive system in male rabbits by alteration of testosterone hormone concentration that lead to histological 

changes in seminiferous tubules accompanied by diminution in spermatozoa biological characteristics 

(concentration, motility, speed and vitality ). Further studies must be conducted to more understand mechanisms 

by which toluene and xylene exert their toxicity in this function especially the hormonal actions Exposition to 

these two solvents must be limited as soon as possible in the future to avoid harmful damages and also 

replacement by other compounds less toxic is suitable.  
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Table 1: Effect of toluene treatment on spermatozoa biological characteristics (concentration, motility, speed and vitality) (X±SD). 

Reproductive 
parameters 

groups 

Spermatozoa 
concentration(106/mL) 

Motility 
(%) 

Speed 
(µm/s) 

Vitality (%) 

Alivespz 

Group 1(C) 431,6±38,7 70±07,1 48,1±06,8 75,2±07,8 

Group 2 

 

D1 357,3±43,6 

** 

45±05,7 

** 

39,7±10,3 

* 

41,2±10,5 

* 

D2 277,3±59,4 

*** 

23,3±08,1 

** 

32,2±05,6 

* 

32,2±05,6 

** 

D3 168,4±40,6 

*** 

18±03,6 

*** 

13,4±01,2 

** 

13,4±01,2 

*** 

* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001. 

 

 
 

Fig. 1: Effect of toluene on serum testosterone conentration (ng/ml) (mean ± SD). Differences were statistically  

significant compared with the control value at : *** P ≤0.001 and*P ≤0.05 
 
 

Table 2: Effect of xylene treatment on spermatozoa biological characteristics (concentration, motility, speed and vitality) (X±SD). 

Reproductive parameters 

groups 

Spermatozoa 

concentration 
(106/mL) 

Motility 

(%) 

Speed 

(µm/s) 

Vitality (%) 

Alive spz 

Group 1(C) 431,6±38,7 70,0±7,1 48,1±06,8 75,2±07,8 

Group 3 D′1 374,8±62,2 65,1±03,5 35,6±04,3 68,04,2±07,9 
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 *  * ** 

D′2 291,9±60,9 

** 

43,41±1,4 

** 

25,8±03,3 

** 

52,3,0±05,7 

*** 

D′3 198,6±24,5 

*** 

24,2±04,2 

*** 

19,5±05,4 

*** 

42,0±05,9 

*** 

* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001. 
 

 
 

Fig. 2: Effect of xylene on serum testosterone conentration (ng/ml) (mean ± SD). Differences were statistically  

significant compared with the control value at : ** P ≤0.01 and * P ≤0.05. 

 

 

 
 

Fig. 03: Histological Testes of rabbits from control group and treated by toluene under the microscope 

magnification (x 400). Spz: permatozoa Lst : lumen of seminiferous tubules. bm: basal membrane. 
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Fig. 04: Histological Testes of rabbits from control group and treated by xylene under the microscope  

magnification (x 400). Spz: permatozoa Lst : lumen of seminiferous tubules. bm: basal membrane.  
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