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A B S T R A C T                            A R T I C L E  I N F O 
 
 

Background: Studies show that gasoline inhalation has severe damage on certain tissues in body. 
This study aimed to determine the effects of gasoline vapor inhalation on serum testosterone level 
and testes tissue in male rats. 
Methods: Male Wistar rats were randomly divided into control and experimental groups exposed 
to gasoline vapor for 1, 2 or 3 h/day of 5 rats in each group. After 12 weeks, blood samples were 
collected using the cardiac puncture method. Serum testosterone was measured using the 
radioimmunoassay method. Testes tissue was examined histologically using Hematoxylin and 
Eosin staining method. Data were analyzed using one way- ANOVA. 
Results: Serum testosterone level significantly increased in rats exposed to gasoline vapor for 1, 
2, 3 hours/day compared with control group. The number of spermatogonia cells significantly 
decreased in experimental groups compared to control rats; However, the number of 
spermatocytes and Sertoli cells, and the seminiferous tunnel diameter did not significantly change 
in groups exposed to gasoline vapor compared with control rats. 
Conclusion: Inhalation of gasoline vapor had deleterious effects on testis tissue, resulting in 
decreased number of spermatogonia cells and increased serum testosterone level. 
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Introduction 
Testes are the main reproductive organs in males that play 
the role of producing sperm and sex hormones. The testes 
secrete several male sex hormones, including testosterone, 
dihydrotestosterone and androstenone, which are called 
androgens. Testosterone is higher than the others and is 
considered the main testicular hormone (1). On average, 
each male produces 20 times more testosterone than a 
female, butdue to increased metabolism, plasma levels of 
this hormone in men are only seven times higher than in 
women (2). Testosterone is the most important male 
hormone and is very crucial in the growth and development 
of sexual organs and the occurrence of secondary sexual 

traits such as facial hair growth, hoarseness, male hair loss, 
and anabolic properties such as muscle growth, and bone 
mass. This hormone causes growth spurts in adolescents and 
stops growth by closing growth plates at both ends of the 
bones and also builds tissues (3-5). At the onset of puberty, 
testosterone secretion is rapidly increased under the 
influence of anterior pituitary gonadotropic hormones. This 
secretion persists throughout life. But after half-life, it 
decreases rapidly, reaching a maximum of 20% of its 
maximum secretion during elderly (6). It has recently been 
established that testicular tissue is very sensitive to toxins, 
and chemicals. At least 2 million workers die each year as a 
result of work-related injuries, and about 160 million suffer 
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from work-related illnesses. About $ 1.25 trillion a year is 
spent on workplace problems. Exposure to toxic gasoline 
vapors is one of the work-related problems (7). 
Epidemiological data show that the petrochemical industry 
has increased the vulnerability of workers in the workplace. 
Toxic chemicals from these industries, in addition to workers, 
threaten the health of other people in large, busy cities (8).  
Crude oil gasoline contains more than 500 aliphatic, 
aromatic, and other types of saturated and unsaturated 
branched hydrocarbons with 3 to 12 carbon atoms. These 
hydrocarbons include n-pentane, and n-hexane. These 
hydrocarbon elements from gasoline disrupt the endocrine 
system of animals. These compounds are often present in 
the environment but are not seen due to volatility (9). 
Benzene, toluene, and xylene have been reported to be the 
most dangerous aromatic hydrocarbon compounds in 
gasoline (10). The result of burning gasoline in vehicles is 
carbon dioxide, nitrogen oxides, and carbon monoxide (11). 
Organic volatile compounds from gasoline vapors (VOCs) 
pose a risk to human health that will have a variety of 
effects depending on how they come into contact with 
different parts of the human body. Research shows that 
excessive respiration of this substance causes an irregular 
heartbeat, and abnormalities in central nervous system 
stimulation such as dizziness, headache, nausea, and some 
other disorders which in the wore condition will cause death 
(12). Frequent inhalation of gasoline has many 
pathophysiological effects on the endocrine glands, 
cardiovascular system, nervous system, liver, kidneys, and 
reproductive system (11, 12). Exposure to high concentrations 
of benzene vapor will cause non-lymphocytic leukemia (13), 
abortion in the implantation stage, and congenital anomalies 
(14). On the other hand, it has been shown that the effects of 
inhaling gasoline vapors on hormones depend on sex, and the 
females are more at risk (15). Despite many studies on the 
physiological effects of fuels on the reproductive system, 
studies on the effect of fuels, especially gasoline on the 
reproductive system have been very limited and sometimes 
the results are contradictory (16). As far as we know, there 
are few reports on the effect of gasoline vapor on testicular 
tissue in animal model. In this study we investigated the 
effect of inhaling gasoline vapor on serum level of 
testosterone and testicular tissue in male rats. 
 
Methods  

Animals 
In this experimental-laboratory experiment study, 20 Wistar 
male rats with an average weight of 100-110 g were 
purchased from the Pasteur Institute of Iran. The animals 
were kept in special glass cages (200 × 75 × 100 cm3). The 
cages were covered with a metal net and a mesh frame. The 
room temperature was about 22 ± 2ºC, and the 12-hour 
lighting program started at 8 am. Water and food (mouse-
prepared pellets) were purchased from Pars company 
(Teharn, Iran) and were available to animals ad libitum. This 
study was conducted according to guidelines of the Ethics 
Committee on the use and care of laboratory animals (17). 
 

Gasoline vapor exposure 
The animals were randomly divided into control (untreated) 

group and experimental groups exposed to gasoline vapor 
for 1, 2, 3 hours/day of 5 rats in each group. A total 
voulume of 500 ml liquid gasoline was supplied every day 
from the gas station.  One hundred ml liquid gasoline was 
aliquoted into a test tube and placed in the cage of each 
group. The cages were covered to prevent air exchanging 
inside the cages. 
  

Blood sampling 
After 12 weeks, the rats were anesthetized using ether for 
blood sampling.  Blood samples were collected at 8 am – 
8:30 am. The blood samples were collected through cardiac 
puncture using a 1ml syringe (Nipro Syringe, 26G) and 
transfered to a 1.5 ml microcentrifuge tube (Eppendorf) and 
allowed to coagulate for 30 minutes in room temperature. 
The coagulated blood samples were centrifuged at 3000 rpm 
for 10 minutes and serum samples were separated and kept 
in refrigerator until hormon assay. 
 

Testosterone measurements 
The serum level of testosterone was measured by ELFA 
(enzyme-linked fluorescence immunoassay) by VIDAS in 
biolabroty of Islamic Azad University of Hamedan. This 
procedure involves a two-stage enzymatic reaction with a 
sandwich method that produces a fluorescent product 
instead of a colored product, at the end of the experiment.  
 

Histological studies 
The testes were carefully removed from the scrotal sac and 
fixed in Bowen solution to prepare tissue for staining and 
routinely processed for paraffin embedding. Slices of 5 μm 
were obtained with rotary microtome, stained with 
hematoxylin-eosin and examined under a light microscop. 
To measure the diameter of the seminiferous tubes and the 
number of spermatogonia, spermatocyte and Sertoli cells, 
images of testes histology were prepared and analyzed using 
a computer.  
 

Statistical analysis 
The data were analyzed using SPSS software (PASW 
Statistics 19). Kolmogorov-Smirnov test was used for 
normal distribution assessment and. Analysis of variance 
(ANOVA) and Benferroni post-hoc test were used to 
compare groups. A P-value less than 0.05 were considered 
as sugnicant. 
 
Results 

Serum testosterone level 
Serum testosterone level significantly increased in rats 
exposed to gasoline vapor for 1, 2, and 3 hour/day compared 
to the control group (Figure 1).  
 

Testes histology  
There was no significant difference between seminiferous 
tubules diameters, spermatocyte and Sertoli cell count in 
rats exposed to gasoline vapor and control group. The 
number of spermatogonia cells was significantly lower in 
animals exposed to gasoline vapor for 1, 2, and 3 hours/day 
compared to control group (Table 1). Figure 2 (a-c) shows 
histology of testes from control animals and rats exposed to 
gasoline vapor for 1h/day, 2h/day, and 3h/day, respectively.  
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Table 1. Diameter of the Seminiferous Tubules and Spermatogonia Cells, Spermatocytes, and Sertoli Cells Count in Tubular Tunnel in Control 
and Experimental Groups 

P-
value 

Number of 
Sertoli cells 

P-
value 

Number of 
spermatocyte cells 

P-
value 

Number of 
spermatogonia cells 

P-
value 

Seminiferous tubules 
diameter (µm) 

Groups 

- 
NS 

25.3 ± 9.47 - 
NS 

128.2 ± 45.25 - 
0.001 

 

60.7 ± 11.40 - 
NS 

26.83 ± 4.03 Control 

 23.2 ± 5.9  148.2 ± 38.6 36.5 ± 8.2* 27.64 ± 3.21 1h/day 
 25.7 ± 3.9  126.5 ± 28.9 44.3 ± 15.4* 27.04 ± 2.99 2h/day 
 26.1 ± 4.5  109.7 ± 38.3 52.7 ± 11.2* 27.64 ± 4.33 3h/day 

NS; Non-significant. *Represent Significant Differences with the Control Group 
 

 
Figure 1. Serum Levels of Testosterone (µmol/L) in Male Rats by 
Study Group.  
The Symbols ** and *** Represent Significant Differences with the 
Control Group (P-value < 0.01 and P-value < 0.001 respectively). 
 
The more exposure period to gasoline vapor in animlas was 
associated with higher destructive effects on testes tissue 
and destructive effects of testes tissue was observed in rats 
exposed to gasoline vapor.  
 

 

 
Figure 2. Micrographs (400X) of Testes from Control Animals (a) 
and Rats Exposed to Gasoline Vapor for 1h/day (b), 2h/day (c) and 
3h/day (d). 
 
Discussion  
Although many studies have shown that inhaling gasoline has 
detrimental effects on male fertility, the type and mechanism 
of this effect are still challenging. The present study, aimed to 
investigate the alteration in testosterone levels and testicular 
tissue in rats exposed to daily gasoline vapor for a long period 
(12 weeks). The results of this study shows that exposure to 

gasoline vapor has destructive effects on testicular tissue and 
the destruction magnitude is proportionally associated with 
the period of exposure to gasoline vapor. Although 
Spermatogina cells decreased in animals exposed to gasoline 
vapor, spermatocytes and Sertoli cells count did not 
significantly changed. Serum testosterone level increased in 
rats exposed to gasoline vapor. 
Testosterone in the testes is regulated by a negative pituitary 
feedback mechanism, so that an increase in serum 
testosterone levels decreases serum LH (luteinizing 
hormone) levels, while a decrease in serum testosterone 
leads to an increase in serum LH. In this study, it seems that 
inhalation of gasoline damages LH receptors in the pituitary 
gland, so increasing testosterone no longer reduces LH and 
therefore does not reduce testosterone secretion (18). 
 Elevated testosterone resulting from exposure to gasoline 
vapor or other environmental pollution can lead to baldness 
as well as the risk of heart disease and prostate cancer and 
other problems including sleep apnea, acne, breast 
enlargement in men, and even testicular shrinkage (19). 
Decreased spermatogonia also causes male infertility. In 
line with our findings, a study on 40 albino mice found that 
exposure to liquid gasoline for six hours a day for 12 weeks 
reduced sperm motility as well as increased the number of 
abnormal sperms (no head, twisted tail, damaged head) (20). 
It was also shown that oral exposure to gasoline, decreased 
daily sperm production, sperm number in the caput/corpus 
epididymis, progressive motility, mitochondrial activity, and 
acrosomal membrane integrity (21). In this regard, another 
research suggests that exposure to gasoline vapors in 
workers working at gas station stations can affect the profile 
of sex hormones (22). Research findings suggest that 
inhaling diesel vapors, which have very similar gasoline 
compounds, can cause disorders in the reproductive system 
(23). A tissue study was performed on the carcinogenicity of 
gas-emitted gases on various tissues of the mouse body. In 
this study, it was shown that exposure to 10 g/m³ of gasoline 
vapor for 5 hours per day for 104 weeks caused significant 
tissue changes in the testicles and malignant mesothelioma 
tumors (24). Previous research also shows that exposure to 
gasoline vapors can disrupt other tissues, which can 
indirectly affect the functioning of the reproductive system. 
In this regard, it has been suggested that inhaling gasoline 
vapor can affect the kidneys (25) as well as the nervous 
system (26). The compounds in gasoline, including benzene 
and lead, have cytotoxic effects on many organs (27). The 
benzene compounds that enter the blood easily pass through 
the blood-brain and blood-testicular barriers, causing the 
destruction and degeneration of testicular tissue cells (28). 
Exposure to toluene and benzene can kill spermatogonia 
cells and reduce spermatocyte cells in the testicles. These 
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compounds also reduce spermatogenic cells by damaging 
the sodium-potassium pump, causing them to die (35). 
Reducing the expression level of two genes: “α6 ‐integrin 
and β1 - integrin” has been shown to play a regulatory 
mechanism for reducing spermatogenesis in gasoline 
inhaling subjects (29). In contrast to our findings there are 
studies suggesting that exposure to gasoline vapors can 
reduce spermatocytes and Leydig cells count (30).  
Due to some limitations this study was unable to examine the 
tissue alteration at molecular level including evaluation of 
proteins and gene expression levels in testicular tissue. Further 
research is required to reveal molecular alterations in testicular 
tissue following exposure of animals to gasoline vapor.  
 
Conclusion 
The results of the present study show that inhalation of 
gasoline vapor has significant destructive effects on 
testicular tissue resulting in decreased spermatogonial cells 
and increase in serum levels of the testosterone. Considering 
the gasoline vapor as testicular damaging environmental 
pollutant, further research is needed to perform for 
evaluating the effect of gasoline vapor in high-risk 
occupational groups.  
 
Acknowledgements 
We would like to thank Islamic Azad University, Hamadan 
Branch, BioLaboratory staff for their help and support. 
 
Ethical consideration 
The current study was approved by the Ethics Committee of 
Islamic Azad University, Hamadan Branch, Hamadan, Iran. 
 
Conflicts of interests 
Authors declared no conflict of interest. 
 
Funding  
The project did not receive any financial supports.  
 
References 
1. Bahrke MS, Yesalis CE, 3rd, Wright JE. Psychological and 

behavioural effects of endogenous testosterone and anabolic-
androgenic steroids. An update. Sports medicine (Auckland, 
NZ). 1996;22(6):367-390. doi: 10.2165/00007256-199622060-
00005. 

2. Zitzmann M, Nieschlag E. Testosterone levels in healthy men 
and the relation to behavioural and physical characteristics: 
facts and constructs. Eur J Endocrinol. 2001;144(3):183-197. 
doi: 10.1530/eje.0.1440183. 

3. Ashby J, Lefevre PA, Tinwell H, Odum J, Owens W. 
Testosterone-stimulated weanlings as an alternative to 
castrated male rats in the Hershberger anti-androgen assay. 
Regul Toxicol Pharmacol. 2004;39(2):229-238. doi: 
10.1016/j.yrtph.2004.02.001. 

4. Bassil N, Alkaade S, Morley JE. The benefits and risks of 
testosterone replacement therapy: a review. Ther Clin Risk 
Manag. 2009;5(3):427-448. doi: 10.2147/TCRM.S3025. 

5. Reed WL, Clark ME, Parker PG, Raouf SA, Arguedas N, 
Monk DS, et al. Physiological effects on demography: a long-
term experimental study of testosterone's effects on fitness. Am 
Nat. 2006;167(5):667-683. doi: 10.1086/503054. 

6. Park JD, Habeebu SSM, Klaassen CD. Testicular toxicity of 
di-(2-ethylhexyl)phthalate in young Sprague-Dawley rats. 

Toxicology. 2002;171(2-3):105-115. doi: 10.1016/S0300-
483X(01)00567-4. 

7. Interrnational Labor Organization. Project on economic dynamics 
of international labour standards. Geneva: International Labour 
Office. 2007. 

8. Cezar-Vaz MR, Rocha LP, Bonow CA, Da Silva MRS, Vaz JC, 
Cardoso LS. Risk perception and occupational accidents: a study 
of gas station workers in southern Brazil. Int J Environ Res Public 
Health. 2012;9(7):2362-2377. doi: 10.3390/ijerph9072362. 

9. Anderson D, Yu TW, Schmezer P. An investigation of the 
DNA-damaging ability of benzene and its metabolites in 
human lymphocytes, using the comet assay. Environ Mol 
Mutagen. 1995;26(4):305-314. doi: 10.1002/em.2850260406. 

10. Adami G, Larese F, Venier M, Barbieri P, Lo Coco F, 
Reisenhofer E. Penetration of benzene, toluene and xylenes 
contained in gasolines through human abdominal skin in vitro. 
Toxicology in vitro. 2006;20(8):1321-1330. doi: 
10.1016/j.tiv.2006.05.008. 

11. Brugnone F, Perbellini L, Romeo L, Cerpelloni M, Bianchin 
M, Tonello A. Benzene in blood as a biomarker of low level 
occupational exposure. Sci Total Environ. 1999;235(1-3):247-
252. doi: 10.1016/s0048-9697(99)00197-7. 

12. Ahmed K, Jaakkola M, Pukkala E, Jaakkola JJK. Exposure to 
benzene at work and the risk of leukemia: a systematic review 
and meta-analysis. Environ Health : a global access science 
source. 2010;9(1):31. doi: 10.1186/1476-069X-9-31. 

13. Smith MT. Advances in understanding benzene health effects 
and susceptibility. Annu Rev Public Health. 2010;31:133-148. 
doi: 10.1146/annurev.publhealth.012809.103646. 

14. Medinsky MA, Wolf DC, Cattley RC, Wong B, Janszen DB, 
Farris GM, et al. Effects of a thirteen-week inhalation exposure 
to ethyl tertiary butyl ether on fischer-344 rats and CD-1 mice. 
Tox Sci. 1999;51(1):108-118. doi: 10.1093/toxsci/51.1.108. 

15. Chu I, Poon R, Valli V, Yagminas A, Bowers WJ, Seegal R, et 
al. Effects of an ethanol-gasoline mixture: results of a 4-week 
inhalation study in rats. J Appl Toxicol. 2005;25(3):193-199. 
doi: 10.1002/jat.1051. 

16. Garte S, Taioli E, Popov T, Bolognesi C, Farmer P, Merlo F. 
Genetic susceptibility to benzene toxicity in humans. J Tox 
Environ Health Part A. 2008;71(22):1482-1489. doi: 
10.1080/15287390802349974. 

17. Bayve AC, Cross N. Animal welfare: a complex domestic and 
international public-policy issue0-who are the key players? J 
Vet Med Edu. 2010;37(1):3-12. doi: 10.3138/jvme.37.1.3. 

18. Rosenfield RL, Jones T, Fang VS. The Relationship Between 
Plasma Testosterone and Mean LH Levels in Men. J Clin 
Endocrinol Metab. 1977;45(1):30-34. doi: 10.1210/jcem-45-1-30. 

19. Asthana S, Bhasin S, Butler RN, Fillit H, Finkelstein J, 
Harman SM, et al. Masculine vitality: pros and cons of 
testosterone in treating the andropause. J Gerontol. 
2004;59(5):M461-M465. doi: 10.1093/gerona/59.5.M461. 

20. Owagboriaye FO, Dedeke GA, Aladesida AA, Bamidele JA, 
Olooto WE. Assessment of the effect of gasoline fume on 
stress hormones, antioxidant status and lipid peroxidation in 
albino rat. Journal of King Saud University - Science. 
2018;30(3):393-399. doi: 10.1016/j.jksus.2016.11.002. 

21. de Melo Tavares Vieira KC, Fernandes AA, Silva KM, Pereira 
VR, Pereira DR, Favareto APA. Experimental exposure to 
gasohol impairs sperm quality with recognition of the 
classification pattern of exposure groups by machine learning 
algorithms. Environ Sci Pollut Res. 2019;26(2):3921-3931. 
doi: 10.1007/s11356-018-3901-2. 

22. Saadat M, Bahaoddini S, Saadat I. Alteration of serum sex 
hormonal profile in male gasoline filling station workers in 
respect to their polymorphism of glutathione S-transferase M1. 
Environ Tox Pharmacol. 2013;35(2):265-269. doi: 
10.1016/j.etap.2013.01.003. 

23. Benson JM, Gigliotti AP, March TH, Barr EB, Tibbetts BM, 



Ahmadi et al 

Caspian J Health Res. 2020;5(2):34-8     |   38  

Skipper BJ, et al. Chronic carcinogenicity study of gasoline 
vapor condensate (GVC) and GVC containing methyl tertiary-
butyl ether in F344 rats. J Toxicol Environ Health. 
2011;74(10):638-657. doi: 10.1080/15287394.2011.538837. 

24. Kisin ER, Yanamala N, Farcas MT, Gutkin DW, Shurin MR, 
Kagan VE, et al. Abnormalities in the male reproductive 
system after exposure to diesel and biodiesel blend. Environ 
Mol Mutagen. 2015;56(2):265-76. doi: 10.1002/em.21915. 

25. Clark CR, Schreiner CA, Parker CM, Gray TM, Hoffman GM. 
Health assessment of gasoline and fuel oxygenate vapors: 
subchronic inhalation toxicity. Regul Toxicol Pharmacol. 
2014;70(2 Suppl):S18-S28. doi: 10.1016/j.yrtph.2014.07.003. 

26. Kinawy AA, Ezzat AR, Al-Suwaigh BR. Inhalation of air 
polluted with gasoline vapours alters the levels of amino acid 
neurotransmitters in the cerebral cortex, hippocampus, and 
hypothalamus of the rat. Exp Toxicol Pathol. 2014;66(5-

6):219-224. doi: 10.1016/j.etp.2014.02.001. 
27. Spanò M, Pacchierotti F, Uccelli R, Amendola R, Bartoleschi 

C. Cytotoxic effects of benzene on mouse germ cells 
determined by flow cytometry. J Toxicol Environ Health. 
1989;26(3):361-372. doi: 10.1080/15287398909531259. 

28. Singh R, Bansode F. Benzene-induced histopathological 
changes and germ cell population dynamics in testes of 
Sprague Dawley rats. J Environ Biol. 2011;32(6):687-694. 

29. Luo L, Li E, Zhao S, Wang J, Zhu Z, Liu Y, et al. Gasoline 
exhaust damages spermatogenesis through downregulating α6-
integrin and β1-integrin in the rat model. Andrologia. 
2018;50(7):e13045. doi: 10.1111/and.13045. 

30. Xiao G, Pan C, Cai Y, Lin H, Fu Z. Effect of benzene, toluene, 
xylene on the semen quality and the function of accessory 
gonad of exposed workers. Ind Health. 2001;39(2):206-210. 
doi: 10.2486/indhealth.39.206.  

 


