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ABSTRACT 

 

The aim of our studies was to examine (1) the effect of  environmental contaminants 

(benzene, toluene and xylen) on basic ovarian cell functions (proliferation, apoptosis, 

secretory activity) in different animal species (rabbit, pig, cow), and (2) whether gonadotropic 

hormone (FSH) and plant molecules (quercetin, resveratrol or extract of yucca) can affect 

these functions and modify effect of environmental contaminants.   

It was observed, that the culture of either porcine or bovine ovarian cells with benzene, 

toluene or xylen promote apoptosis (accumulation of apoptosis markers bax and p53) and 

proliferation (accumulation of PCNA). Furthermore, additions of these contaminants were 

able either up- or down-regulate the release of progesterone, oxytocin, insulin-like growth 

factor I (IGF-I) and prostaglandin F by cultured porcine, rabbit and bovine ovarian cells and 

their response to addition of FSH. FSH additions promoted proliferation, apoptosis and 
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release of molecules listed above by porcine granulosa cells.  Moreover, FSH was able to 

modify and to prevent. Some effects of BTEX on these cells. The effects of either quercetin or 

resveratrol on basic porcine ovarian cell functions were observed, but these plant molecules 

were not able to prevent BTEX effect. Feeding of rabbits with yucca extract caused changes 

in release of progesterone, IGF-I and prostaglandin F by their ovarian cells, as well as to 

modify and prevent the influence of benzene on ovarian hormone release.  

The obtained data suggest that (1) the negative effect of BTEX on reproduction can be 

due to their influence on ovarian cell apoptosis, proliferation, turnover and release of peptide 

and steroid hormones and growth factors, and that (2) FSH and plant molecules can regulate 

ovarian cell functions and prevent some effects of BTEX on these cells. 
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INTRODUCTION 

 

One of the most dangerous and stable environmental contaminants are products of 

petrochemical industry – hydrocarbons benzene, toluene, ethylbenzene and xylen (BTEX).  

The most dangerous effects of BTEX could be their influence on the most biological 

important process – reproduction, especially female reproduction. Female organism 

accumulate 3.7-6.8 times more xylene than males, whilst ovaries are the important 

accumulation site of this hydrocarbon (Suter-Eichenbeger et al., 1998). Contacts of female 

workers to benzene was associated with ovarian hypo- and hyperplasia, ovarian and uterine 

retardation (Maronpot, 1987) reduction in duration of luteal phase of the menstrual cycle 

(Chen et al., 2000, 2001) and with retardation in fetal growth during pregnancy (Aguilera et 

al., 2010). Exposure of cows to benzene increased incidence of odd calves (Waldner, 2008). 

Toluene in rats suppressed development of growing but not primordial ovarian follicles (Tap 

et al., 1996). Inhalation of toluene increased incidence of maternal and fetal morbidity and 

embryonal malformations in women (Kuczkowski. 2007; Hannigan and Bowen, 2010), 

cows (Waldner, 2008) and rats (Bowen et al., 2006; Jarosz et al., 2008), although other 

studies did not detect any adverse effects on implantation, number and viability of rat fetuse. 

Inhalation of ethylbenzene did not affect rat ovarian structure, function and fertility (Faber et 

al., 2006). The accessible databases do not contain publications concerning reproductive 

effects of xylens, although decreased embryobnal growth (Ungváry et al., 1981) and 
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increased prenatal mortality (Hood and Ottley,1985)  in rats exposed to xylen has been 

reported. 

Although extra- and intracellular mechanisms of BTEX action could help to explain and 

prevent their negative effects on reproduction, they have been very poorly studied yet. There 

are some evidence that BTEX can affect reproduction and fertility via  hypothalamic, pituitary 

and peripheral hormones. Inhalation of toluene by rats reduced hypothalamic level of GnRH 

and plasma level of gonadotropins, changed FSH:LH rate and increased plasma level of anti-

gonadotropin prolactin. These changes were associated with reduced blood progesterone and 

estradiol level, but not with their response to gonadotropin administration (Stepanov et al., 

1990). Inhalation of para-xylene decreased plasma progesterone and estradiol level, but not 

the release of these hormones by ovaries in rats (Ungváry et al., 1981). All these observations 

suggest BTEX can reduce output of ovarian steroid hormones via inhibition of upstream 

hypothalamic GnRH/pituitary gonadotropin production. Direct effect of BTEX on ovarian 

hormone release has not been studied yet. 

The ability of BTEX to inhibit growth and to induce cell death suggest that they can suppress 

cell proliferation and promote cell apoptosis. Nevertheless, there is only one paper 

demonstrating inhibitory effect of BTEX on markers/promoters of ovarian cell cycle yet.  In 

the experiments of Lin et al. (2011) the analogue of xylene (L¹ = α,α'-diamino-p-xylene, L² = 

4,4'-methylenedianiline) arrested cycle of cultured human cancer cells (COC1) at G2 or M 

phase, probably via dose-dependent influence on accumulation and phosphorylation of 

proliferation-related protein kinases CHK1/2, ERK1/2, and p38 MAPK. 

The analysis of the available literature shows, that the current available related 

knowledge are poor and superficial. Not all BTEX are studied in relation to the main 

reproductive processes. The majority of results were obtained on in-vivo model, therefore 

their physiological/cellular interpretation and identification the primary BTEX target is 

difficult. The endocrine and intracellular mechanisms of BTEX action, whose discovering 

could help to understand, to characterize, to predict and to modify biological effects of BTEX, 

are very poor studied. Finally, practically nothing is known about the ways, how to prevent or 

neutralize the negative effects of BTEX on reproduction at physiological level. It is known, 

that some effects of stress on ovarian functions could be prevented or neutralized by some 

plants containing antioxydants and other adaptogenes (Huang and Chen, 2008; Liang and 

Yin, 2010), hormones, growth factors (Sirotkin, 2010, 2011). Nevertheless, character of 

effect of BTEX on various ovarian functions, extra- and intracellular mechanisms of their 
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action and the molecules whose could be practically used for prevention and neutralization of 

negative effect of BTEX remain to be studied yet.  

The aim of our studies was to examine (1) the effect of  environmental contaminants 

(benzene, toluene and xylen) on basic ovarian cell functions (proliferation, apoptosis, 

secretory activity) in different animal species (rabbit, pig, cow), and (2) whether gonadotropic 

hormone (FSH.) and plant molecules (quercetin, resveratrol or extract of yucca) can affect 

these functions and modify effect of environmental contaminants. 

 

MATERIAL AND METHODS 

 

Granulosa cells isolated from bovine and porcine ovaries, as well as rabbit ovarian 

fragments were processed and cultured with- and without BTEX, FSH, plant molecules 

quercetin or resveratrol  (at different doses) and their combinations as it was described 

previously (Sirotkin, 2010, 2011; Pavlova et al., 2011).  Rabbit ovaries were isolated from 

animas fed with yukka powder at doses 0, 200 and 500 mg/kg food/day during 2 months.  

Accumulation of markers of apoptosis (bax and p53) and proliferation (PCNA) was evaluated 

by SDS PAGE-Western immunoblotting, the release of progesterone, oxytocin,  insulin-like 

growth factor I (IGF-I) and prostaglandin F by cultured porcine, rabbit and bovine ovarian 

cells was measured by RIA as it was published previously (Pavlova et al., 2011).  

 

RESULTS AND DISCUSSION 

 

It was observed, that the culture of either porcine or bovine ovarian cells with benzene, 

toluene or xylen promote apoptosis (accumulation of  apoptosis markers bax and p53) and 

proliferation (accumulation of PCNA). Furthermore, additions of these contaminants were 

able either up- or down-regulate the release of progesterone, oxytocin,  insulin-like growth 

factor I (IGF-I) and prostaglandin F by cultured porcine, rabbit and bovine ovarian cells and 

their response to addition of  FSH. FSH additions promoted proliferation, apoptosis and 

release of molecules listed above by porcine granulosa cells.  Moreover, FSH was able to 

modify and to prevent. Some effects of BTEX on these cells. The effect of FSH, benzene and 

their combination on the release of progesterone by cultured porcine granulose cells is 

illustrated by Table 1. 
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Table 1 Progesterone release (ng/106 cells/day) by porcine ovarian granulose cells cultured 

with and without FSH and benzene. 

FSH dose added (IU/ml 

media) 
No benzene addition Addition of benzene (1%) 

0 7.64±0.40 16.38±0.72 b 

0.001 10.03±0.34a 21.81±1.19 ab 

0.01 14.14±0.76 a 23.81±0.33 ab 

0.1 9.99±0.33 b 25.36±1.89 ab 
Values are means + SED. 
a – effect of FSH (significant, P<0.05 differences between cell cultured with and without (0 IU/ml media) FSH 

b - effect of benzene (significant, P<0.05 differences between corresponding cell cultured with and without 

benzene 

 

Our data are in line with previous reports concerning influence of BTEX on hormonal 

regulators of reproduction (Ungváry  et al., 1986; Stepanov et al., 1990; Tap et al., 1996; 

Burmistrov et al., 2001), although these publications demonstrated that BTEX affect gonads 

indirectly, via hypothalamo-hypophysial system.  Our observations are the first evidence for 

direct action of BTEX on ovarian functions (release of ovarian hormones, proliferation and 

apoptosis) and ovarian response to physiological upstream stimulator (FSH). Moreover, it is 

the first demonstration that FSH can modify effect of BTEX on ovarian cells.  

 The effects of either quercetin or resveratrol on basic porcine ovarian cell functions were 

observed, but these plant molecules were not able to prevent BTEX effect. Feeding of rabbits 

with yucca extract caused changes in release of progesterone, IGF-I and prostaglandin F by 

their ovarian cells, as well as to modify and prevent the influence of benzene on ovarian 

hormone release. Table 2 illustrates, that feeding of rabbits with yucca did not affect the 

ability of their ovaries to produce prostaglandin F, but prevented and even inverted 

stimulatory effect of benzene on this parameter. 
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Table 2 Prostaglandin F release (ng/106 cells/day) by cultured fragments of ovaries isolated 

from rabbits fed and not fed with yucca. 

 No yucca feeding Feeding with yucca 

No benzene addition 12.54±1.56 12.67±0.50 

Benzene addition (1%) 15.31±0.57a 7.27±1.06 ab 
Values are means + SED. 
a – effect of benzene (significant, P<0.05 differences between cell cultured with and without benzene 

b - effect of yucca (significant, P<0.05 differences between corresponding cell originated from animals fed and 

not fed with yucca 

 

This is the first demonstration of the interrelationships between BTEX and plant molecules in 

control of ovarian functions. Our observation suggest that yucca, but probably not quercetin 

or resveratrol is able to modify and even to invert the response of ovarian cells to BTEX. 

Therefore, some plants or their molecules could be potentially useful for natural prevention of 

negative effect of BTEX on reproduction. 

  

CONCLUSION 

 

The obtained data suggest that (1) the negative effect of BTEX on reproduction can be 

due to their influence on ovarian cell apoptosis, proliferation, turnover and release of peptide 

and steroid hormones and growth factors, and that (2) FSH and plant molecules can regulate 

ovarian cell functions and prevent some effects of BTEX on these cells.   

 

Acknowledgements: this study was supported from the grants of Slovak Academic Exchange 

Agency (SAIA), Slovak Research and Development Agency (APVV-0137-10 and APVV- 

0854-11; Slovak Republic) and VPP and STI (STRF10) Programs of  King Saud University, 

Saudi Arabia.   

  

REFERENCES 

 

AGUILERA, I. – GARCIA-ESTEBAN, R. – IŇIGUEZ, C. – NIEUWENHUIJSEN, M. J. – 

RODRÍGUEZ, A. – PAEZ, M. – BALLESTER, F. – SUNYER, J. 2010. Prenatal exposure to 

traffic-related air pollution and ultrasound measures of fetal growth in the INMA Sabadell 

cohort. In: Environ Health Perspectives, vol.118, 2010, p. 705-711. 



JMBFS  / Sirotkin et al. 2012 : 2 (2) 517-525 

 
 

  523  
  

API, A. M. – FORD, R. A. – SAN, R. H. 1995. An evaluation of musk xylene in a battery of 

genotoxicity tests. In Food Chemistry and Toxicology, vol. 33, p. 1039 – 1045. 

BALE, A. S. – SMOTHERS, C. T. – WOODWARD, J. J. 2002. Inhibition of neuronal 

nicotinic acetylcholine receptors by the abused solvent, toluene. In British Journal of 

Pharmacology, vol. 137, 2002, p. 375 – 383.  

BOWEN, S. E. – IRTENKAUF, S. – HANNIGAN, J. H. – STEFANSKI, A. L. 2009. 

Alterations in rat fetal morphology following abuse patterns of toluene exposure. In 

Reproductive Toxicology, vol 27, 2009, p. 161-169. 

BURMISTROV, S. O. – ARUTYUNYAN, A. V. – STEPANOV, M. G. – OPARINA, T. I. – 

PROKOPENKO, V. M. 2001. Effect of chronic inhalation of toluene and dioxane on activity 

of free radical processes in rat ovaries and brain. In Bulletin of Experimental Biology and 

Medicine, vol. 132,  2001, p. 832 – 836   

CHEN. H. – SONG, L. – WANG, X. – WANG, S. 2000. Effect of exposure to low 

concentration of benzene and its analogues on luteal function of female workers. In Wei 

Sheng Yan Jiu, vol. 29, 2000, p. 351-353. 

CHEN, H. – WANG, X. – XU, L. 2001. Effects of exposure to low-level benzene and its 

analogues on reproductive hormone secretion in female workers. In Zhonghua Yu Fang Yi 

Xue Za Zhi, vol. 35, 2001, p. 83 – 86. 

CRUZ, S. L. – BALSTER, R. L. – WOODWARD, J. J. 2000 Effects of volatile solvents on 

recombinant N-methyl-D-aspartate receptors expressed in Xenopus oocytes. In British 

Journal of Pharmacology, vol 131, 2000, p. 1303 – 1308.  

CRUZ, S. L. 2011. The latest evidence in the neuroscience of solvent misuse: an article 

written for service providers. In Substances Use and Misuse, vol. 46, 2011, Suppl 1, p. 62-67. 

DEL, Re A. M. – DOPICO, A. M. – WOODWARG, J. J. 2006. Effects of the abused inhalant 

toluene on ethanol-sensitive potassium channels expressed in oocytes. In  Brain Research, 

vol. 1087, 2006, p- 75 – 82.  

FABER, W. D. – ROBERTS, L. S. – STUMP, D. G. – TARDIF, R. – KRISHNAN, K. – 

TORT, M. – DIMOND, S. – DUTTON, D. – MORAN, E. – LAWRENCE, W. 2006. Two 

generation reproduction study of ethylbenzene by inhalation in Crl-CD rats. In Birth Defects 

Research. B Developmental and Reproductive Toxicology, vol. 77, 2006, p. 10 – 21. 

HANNIGAN, J. H. – BOWEN, S. E. 2010. Reproductive toxicology and teratology of abused 

toluene. In System Biology: Reproductive Medicine, vol. 56, 2010, p. 184 – 200. 

HOOD, R. D. – OTTLEY, M. S. 1985. Developmental effects associated with exposure to 

xylene: a review. In Drug Chemistry and Toxicology, vol. 8, 1985, p. 281 – 297. 



JMBFS  / Sirotkin et al. 2012 : 2 (2) 517-525 

 
 

  524  
  

HUANG, S. T. – CHEN, A. P. 2008. Traditional Chinese medicine and infertility. In Curentr 

Opinions in Obstetrics and Gynecology, vol. 20, 2008, p. 211 – 215. 

JAROSZ, P. A. – FATA, E. – BOWEN, S. E. – JEN, K. L. – COSCINA, D. V. 2008. Effects 

of abuse pattern of gestational toluene exposure on metabolism, feeding and body 

composition. In Physiology of Behavior, vol. 93, 2008, p. 984 – 993. 

KRISHEK, B. J. – XIE, X. – BOUCHET, M. J. – SMART, T. G. 1994. m-sulphonate benzene 

diazonium chloride: a novel GABAA receptor antagonist. In Neuropharmacology, vol. 33, 

1994, p. 1125 – 1130.  

KUCZKOWSKI, K. M. 2007. The effects of drug abuse on pregnancy. In Current Opinions 

in Obstetrics and Gynecology., vol 19, 2007, p. 578 – 585.  

LIANG, Z. H. – YIN, D. Z. 2010. Preventive treatment of traditional Chinese medicine as 

antistress and antiaging strategy. In Rejuvenation Research., vol. 13, 2010, 248 - 252.  

LIN, M. – WANG, X. – ZHU, J. – FAN, D. – ZHANG, Y. – ZHANG, J. – GUO, Z. 2011. 

Cellular and biomolecular responses of human ovarian cancer cells to cytostatic dinuclear 

platinum(II) complexes. In Apoptosis, vol. 16, 2011, p. 288-300. 

MARONPOT, R.R. 1987. Ovarian toxicity and carcinogenicity in eight recent National 

Toxicology Program studies. In Environ Health Perspectives, vol. 73, 1987, p. 125 – 130. 

PAVLOVÁ, S. – KLUCSKA, K. – VAŠÍČEK, D. – KOTWICA, J. – SIROTKIN, A.V. 2011. 

Transcription factor NF-κB (p50/p50, p65/p65) controls porcine ovarian cells functions. In 

Animal Reproduction Science, vol. 128, 2011, p. 73 – 84. 

RANA, S.V. – VERMA, Y. 2005. Biochemical toxicity of benzene. In Journal of 

Environmental Biology., vol. 26, 2005, p. 157-168. 

RIVELES, K. – ROZA, R. – TALBOT, P. 2005. Phenols, quinolines, indoles, benzene, and 2-

cyclopenten-1-ones are oviductal toxicants in cigarette smoke. In Toxicological Science, vol. 

86, 2005, p. 141-151. 

ROBERTS, L.G. – NICOLICH, M.J. – SCHREINER, C.A. 2007. Developmental and 

reproductive toxicity evaluation of toluene vapor in the rat II. In Developmental Toxicity. 

Reproductive Toxicology, vol 23, 2007, p. 521 – 531. 

SIROTKIN, A.V. Effect of two types of stress (heat shock/high temperature and 

malnutrition/serum deprivation) on porcine ovarian cell functions and their response to 

hormones. In Journal of  Experimental  Biology, vol. 213, 2010, p.2125-2130.   

SIROTKIN, A.V. 2011. Regulators of Ovarian Functions. Nova Science Publishers, Inc., New 

York, 2011, ISBN 978-1-61688-040-4, 194 p. 



JMBFS  / Sirotkin et al. 2012 : 2 (2) 517-525 

 
 

  525  
  

STEPANOV, M.G. – ALTUKHOV, V.V. – PROĬMINA, F.I. – SAVCHENKO, O.N. – 

DANILOVA, O.A. 1990. Physiologic mechanisms of the reaction of the reproductive system 

in female rats to chronic exposure to low doses of toluene. In Fiziologicheskij Zhurnal SSSR 

Imeni I M Sechenova, vol. 76, 1990, p. 1096-1102. 

TAP, O. – SOLMAZ, S. – POLAT, S. – METE, U.O. – OZBILGÏN, M.K. – KAYA, M. 

1996. The effect of toluene on the rat ovary: an ultrastructural study. In J Submicroscopical 

Cytology and  Pathology, vol. 28, 1996, p. 553 – 558.  

TSUKAHARA, S. – NAKAJIMA, D.- KURODA, Y. – HOJO, R. – KAGEYAMA, S. –

FUJIMAKI, H. 2009. Effects of maternal toluene exposure on testosterone levels in fetal rats. 

In Toxicological Letters, vol. 185, 2009, p. 79 – 84. 

UNGVÁRY, G. – VARGA, B. – HORVÁTH, E. – TÁTRAI, E, - FOLLY, G. 1981. Study on 

the role of maternal sex steroid production and metabolism in the embryotoxicity of para-

xylene. In Toxicology, vol. 19, 1981, p. 263 – 268. 

van KLEEF, R.G. – VIJVERBERG, H. P. – WESTERINK, R. H. 2008. Selective inhibition 

of human heteromeric alpha9alpha10 nicotinic acetylcholine receptors at a low agonist 

concentration by low concentrations of ototoxic organic solvents. In Toxicoogyl In Vitro, vol. 

22, 2008,p. 1568 – 1572.  

WALDNER, C. L. 2008. The association between exposure to the oil and gas industry and 

beef calf mortality in Western Canada. In Archives of Environmental and Occupatonal 

Health, vol. 63, 2008, p. 220 – 240. 

ZENG, Q. – ZHENG, L. – DENG, L. 2001. Study on frequencies of aneuploidy in mouse 

oocyte and female pronucleus of one cell zygote induced by benzene.  In Zhonghua Yu Fang 

Yi Xue Za Zhi, vol. 35, 2001, p. 87 – 89. 

 


