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Abstract. Environmental pollution with toxic metals is a serious problem all over the world, due to their increasing 

accumulation in the food chain and prolonged circulation in the ecosystem. A large number of substances alien to humans 

and animals circulate in the biosphere - xenobiotics, which have a high toxicity. Heavy metal salts affect the spermatogenic 

and steroidogenic functions of the testicles, impair male fertility, sperm quality and cause testicular degeneration, 

ultimately leading to infertility. Exposure to xenobiotics leads to abnormalities of the reproductive tract, testicular cancer 

and infertility in men, called testicular dysgenesis syndrome. Although the mechanism of this syndrome is still unclear, 

since exposure to toxicants on the fetus can permanently cause male infertility in adulthood. 

Key words: xenobiotics, heavy metal salts, testicles, hematotesticular barrier, cumulation, infertility, spermogram. 

Introduction. Due to the intensive growth and development of industry, transport, industrialization and 

chemicalization of agriculture, acceleration of scientific and technological progress, in recent years, the intake of heavy 

metals of technogenic origin into the environment has significantly increased and continues to increase (Teplaya G.A. 

2013). 

According to the World Health Organization (WHO), among pollutants that have a negative impact per person, 

heavy metals occupy the second place, second only to pesticides and significantly ahead of such well-known environmental 

pollutants as carbon dioxide and sulfur (Titov A. F., 2014). 

Pollution of water, soil and air with toxic metals is an environmental problem that affects hundreds of millions of 

people around the world. Contamination of food products with heavy metals is another problem for human and animal 

health. In this regard, the concentration of heavy metals in water resources, air and food products is estimated (Luo et al., 

2020). Metals among other environmental pollutants can also occur in nature and remain in the environment. According to 

Tchounwou et al., 2012 xenobiotics often react with biological systems by losing one or more electrons and forming metal 

cations with affinity for nucleophilic sites of vital macromolecules. 

Xenobiotics enter the body in different ways, through water, air, food, sometimes through the skin. After absorption, 

the toxicants are delayed and accumulate in the human and animal bodies. Bioaccumulation of toxic metals leads to a 

variety of negative effects on different tissues and organs of the body (Balali-Mood M., 2021). 

The organs of the mammalian reproductive system include testicles (testes, testicles) – their main function is the 

formation of spermatozoa and the release of sex hormones (testosterone) into the bloodstream. The hematotesticular barrier 

is one of the densest hematotecular barriers in the mammalian body (Yan C. et al., 2012). 

Some heavy metals, due to acute and chronic toxic effects, affect various organs and systems of the body. 

Gastrointestinal and urinary tract dysfunction, nervous and endocrine system disorders (Fernandes Azevedo et all., 2012), 

skin lesions (Cobbina et all., 2015), vascular damage (Costa, 2019), immune system dysfunction (Gazwi et all., 2020), birth 

defects of reproduction and cancer They are examples of complications of the toxic effect of heavy metals (Gazwi et  al., 

2020). Simultaneous exposure to two or more metals can have a cumulative and negative effect (Gazwi et al., 2020). Lead 
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pollution is a consequence of industrialization and human activity. It was found that children living near lead factories in 

Idaho (USA) had blood lead levels of about 25 mg/dl and suffered from severe anemia. As a result, lead poisoning for a 

long time can cause reproductive dysfunction (Giuliani R., 2005). 

According to the Agency for Toxic Substances and Disease Registry, (2020), lead is on the list of the most 

dangerous environmental poisons. Lead is widely distributed in nature, presented in the form of lead sulfide or chloride.  

Exposure to high doses of lead can cause serious complications such as abdominal pain, bloody diarrhea and kidney 

failure (Tsai et al., 2017). However, low doses of heavy metals pose a subtle and hidden threat, in the form of 

neuropsychiatric disorders, fatigue, anxiety and a detrimental effect on the intelligence quotient and intellectual function in 

children (Mazumdar et al., 2011). 

Studies on experimental animals (rats and rabbits) have shown that lead is toxic to testicular function and tissue. 

Lead can interfere with the mitosis of spermatogenic cells and cause a change in the proliferation of Sertoli cells. As a 

result, reducing the number of spermatozoa in the testes and further reducing the number of spermatozoa in the appendages 

of the testicles. Corpas et al. (2002) mentions that lead acetate poisoning during spermatogenesis can delay spermiation and 

release of immature spermatogenic cells in the seminal tubules of the testicles.  

According to Koedrith et al. (2013), some metals have become carcinogens to humans, such as cadmium, can 

disrupt DNA synthesis and repair. 

According to Wang et al., (2006) lead can cause apoptosis of spermatogenic cells in testicular seminal tubules and 

has a toxic effect on testicular spermatogenic cells. But Mariola et al., (2004), Patrick, (2006) have a different opinion, who 

believes that the toxic effect of lead on the testicles is due to the formation of excess reactive oxygen species. There is a 

positive correlation between an increase in reactive oxygen species and a higher level of caspase-3 detected during 

apoptosis of testicular cells (Wang et al., 2003).  

Vigeh et al. (2011) describe the ability of lead to increase the amount of reactive oxygen species and inhibit 

antioxidant enzymes and damage to deoxyribonucleic acid (DNA). These changes are consistent with the data of Khaki and 

Khaki (2010), which showed that there is a significant correlation between reactive oxygen species with increased DNA 

damage and apoptosis of liver cells of Wistar rats exposed to lead acetate. 

With the widespread use of cadmium-related products in industrialized countries, its dangerous effects are 

increasing. Cadmium accumulates in the human body in large doses, acts on osteomalacia, has hepatotoxicity, renal 

toxicity, neurotoxicity and also leads to infertility and cancer (Benoff S., 2000).  

The most frequently manifested effects of cadmium exposure on reproductive organs are degenerative atresia of 

primordial and growing follicles, the formation of large, functionally active yellow bodies or rare ones in the regression 

stage, the formation of cyst–like structures (Kolosova I. I. 2013). 

According to Zhu Q. (2020) in humans and mammals, cadmium causes damage to the testicles of males. It causes 

serious structural damage to the seminal tubules of Sertoli cells and the hematotesticular barrier, which leads to the loss of 

sperm. It prevents the development of Leydig cells, inhibits the function and causes tumors of these cells, also disrupts the 

vascular system of the testicle 

In experimental studies, Yang H.S. (2006) proved that the morphology of the testicles depends on the dose of the 

toxic effect of cadmium. According to the author, the dose of cadmium intersiceal cells were destroyed, which lead to 

irreversible loss of spermatogony and destruction of the basement membranes.  

According to A. F. Titov (2011), aluminum is the most common metal in the lithosphere, accounting for 8% of the 

earth's crust. Aluminum gets into food from various environmental objects – water, household items (bags, dishes), 

aluminum containing food additives. In unprocessed foods, the aluminum content is less than 5-7 mg/kg. 
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Studies conducted in Germany, France, Great Britain, Ireland and Spain have shown that most unprocessed foods 

contain aluminum (Xue Z.C. 2013). Higher concentrations of aluminum are observed in bread, confectionery bakery 

products, some vegetables (spinach, radish, lettuce, mash salad), mushrooms, glazed fruits, dairy composite products, 

boiled sausages, offal, seafood. The highest aluminum content was found in leaf and packaged tea, herbs, cocoa and cocoa 

products, spices (Teplaya G.A. 2013). 

In the scientific works of Makutin V.A. (2014) it is indicated that aluminum, with a slight effect on the body of 

laboratory animals, leads to a gonadotropic effect in the testes: reduces the production of free testosterone, increases the 

content of immobile and morphologically pathological forms of sperm, increases the proportion of aberrant divisions and 

sperm with DNA fragmentation, reduces antioxidant/oxidant activity in homogenate 

According to Mahshid S., et al. (2007) titanium dioxide (TiO2) as a food additive is widely used in food, cosmetics 

and hygiene products, is part of the shells of medicines. In nature, titanium dioxide is in solid form in the form of minerals. 

To date, there is very little information about the quantitative content of food additives in the shells of medicines 

(Zachariadis G.A. 2011).  

The negative effect of titanium dioxide nanoparticles on the morphological parameters of rat testicles affects key 

characteristics for this structure, such as the proliferative activity of cells and their ability to differentiate organs of the male 

reproductive system (Morgan A.M. 2017). 

Infertility is one of the urgent problems of our time, according to statistics, 15% of married couples apply due to the 

absence of pregnancy for 1 year. It must be admitted that in the structure of infertility, the male factor occupies 40%. This 

indicates the vulnerability of men in the modern world. Many times the WHO revised the norms of the spermogram, 

deviating towards the pathological characteristics of spermatozoa. For reasons such as allergization of the population, an 

increase in the frequency of inflammatory diseases, congenital pathologies, social and man-made impacts (Khairutdinov 

K.N. et al. 2018). The causes of male infertility are complex, and the etiology of about 50% of cases remains unknown 

(Kilchevsky and Honig, 2012).  

Studies by Skakkebaek et al. (2001) male rats are exposed to pollutants throughout their life cycle, including the 

embryonic period. Environmental pollutants enter directly into the testes of adult mammals and suppress spermatogenesis, 

male insufficiency/infertility. 

In a study by Loebenstein et al. (2019), exposure to xenobiotics leads to reproductive tract abnormalities such as 

cryptorchidism and hypospadias, testicular cancer and hypofertility/infertility in men, called testicular dysgenesis 

syndrome. Although the exact mechanism of testicular dysgenesis syndrome is still unclear, epigenetic regulation is 

involved, since exposure to toxicants on the fetus can permanently cause male infertility in adulthood (Skinner et al. 2015). 

According to El-Neweshy M.S. (2013), these changes were associated with a decrease in testosterone levels.  

According to Pandya C. et al. (2012), heavy metal salts affect the spermatogenic and steroidogenic functions of the 

testicles, worsen male fertility, sperm quality and cause degeneration of the testicles, ultimately leading to infertility. 

Intoxication with heavy metal salts, according to Manal M. Sayeda (2014), leads to histopathological lesions of the 

testicles, interstitial edema, degeneration and formation of intracalcular giant cells. 

Physical, biological and chemical methods are widely used in the purification and removal of organic pollutants. 

New objects for the treatment of chronic diseases are being actively studied, as well as chelators – potentially useful agents 

that help in detoxification of toxic elements. Chelation is the formation of multiple coordination bonds between organic 

molecules and metals (Sears M., 2013).  

The ways of enhancing the natural detoxification pathways of chelators – Chlorella and Fucus sp. (José J.M. et all. 

2019) are considered, According to Morgan A.M. (2017), the cost of correction with the above methods for research and 

for executors is expensive, and the influence of detoxifiers often causes undesirable effects. 
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It is known that herbal treatment with biological detoxifiers is one of the reliable methods of reducing the chronic 

and acute toxic effects on the body of organic pollutants, including heavy metals. For example, a medicinal plant like 

Nigella sativa (black cumin), thanks to its effective component thymoquinone (2-isopropyl-5-methyl-1,4-benzoquinone), 

has a protective effect and chelating activity of organs and tissues. 

Thus, the literature data on the effect of xenobiotics on organisms are contradictory, they cannot fully disclose the 

problems of the effect of xenobiotics on the reproductive systems of male rats in the hypodynamic state of animals. 

REFERENCES 

1. Теплая Г.А. Тяжелые металлы как фактор загрязнения окружающей среды (обзор литературы)// 

Астраханский вестник экологического образования № 1 (23) 2013. с. 182-192. 

2. Титов А. Ф., Казнина Н. М., Таланова В. В. Тяжелые металлы и растения. Петрозаводск: Карельский 

научный центр РАН, 2014. 194 с. 

3. Luo, L., Wang, B., Jiang, J., Huang, Q., Yu, Z., Li, H., et al. (2020). Heavy metal contaminations in herbal 

medicines: determination. comprehensive risk assessments. Front. Pharmacol. 11, 595335. 

doi:10.3389/fphar.2020.595335 

4. Tchounwou, P. B., Yedjou, C. G., Patlolla, A. K., and Sutton, D. J. (2012). Heavy metal toxicity and the 

environment. Mol. Clin. Environ. Toxicol. 101, 133–164. doi:10.1007/978-3-7643-8340-4_6 

5. Balali-Mood M, Naseri K, Tahergorabi Z, Khazdair MR and Sadeghi M (2021) Toxic Mechanisms of Five Heavy 

Metals: Mercury, Lead, Chromium, Cadmium, and Arsenic. Front. Pharmacol. 12:643972. doi: 

10.3389/fphar.2021.643972 

6. C. Yan Cheng and Dolores D. Mruk, The Blood-Testis Barrier and Its Implications for Male Contraception, 

Pharmacological Reviews Copyright © 2012 by The American Society for Pharmacology and Experimental 

Therapeutics  Pharmacol Rev 64:16–64, 2012     Vol. 64, No.1 2790/3710024 

7. Fernandes Azevedo, B., Barros Furieri, L., Peçanha, F. M., Wiggers, G. A., Frizera Vassallo, P., Ronacher 

Simões, M., Fiorim, J., Rossi de Batista, P., Fioresi, M., Rossoni, L., Stefanon, I., Alonso, M. J., Salaices, M., & 

Valentim Vassallo, D. (2012). Toxic effects of mercury on the cardiovascular and central nervous systems. Journal 

of biomedicine & biotechnology, 2012, 949048. https://doi.org/10.1155/2012/949048  

8. Samuel J. Cobbina, Abudu B. Duwiejuah, Reginald Quansah, Samuel Obiri   and Noel Bakobie. Comparative 

Assessment of Heavy Metals in Drinking Water Sources in Two Small-Scale Mining Communities in Northern 

Ghana. August 2015 International Journal of Environmental Research and Public Health 12:10620-10634. 

DOI:10.3390/ijerph120910620 

9. Gazwi, H. S. S., Yassien, E. E., and Hassan, H. M. (2020). Mitigation of lead neurotoxicity by the ethanolic 

extract of Laurus leaf in rats. Ecotoxicol. Environ. Safe 192, 110297. doi:10.1016/j.ecoenv.2020.110297 

10. Giuliani R., Bettoni F., Leali D., Morandini F., Apostoli P., Grigolato P., Cesana B.M. Aleo M.F. Focal adhesion 

molecule as potential target of lead toxicity in NRK-52E cell line. //FEBS Lett. –2005. - № 579 - Р. 6251-6258. 

11. 1 Agency for Toxic Substances and Disease Registry (ATSDR) Toxicological. Profile for Mercury. Public 

Health Service, Atlanta, GA (2007). 

12. Ильясов, А. С., & Бабажанов, Т. Ж. (2021). СВЕДЕНИЕ ОБОТРИЦАТЕЛЬНОГО ВЛИЯНИЯ 

ЭНЕРГЕТИЧЕСКИХ НАПИТКОВ (REDBULL) И ОБ ВОЗДЕЙСТВИИ ПРОИЗВОДСТВЕННЫХ 

ТОКСИКАНТОВ НА СТРУКТУРУ СЛИЗИСТОЙ ОБОЛОЧКИ ПРЯМОЙ КИШКИ КРЫС (ОБЗОРНАЯ). 

Academic research in educational sciences, 2(12), 1347-1355. 



 

Vol. 24 (2022): Miasto Przyszłości 

222 
Miasto Przyszłości 

Kielce 2022 

13. Tsai, M.-T., Huang, S.-Y., and Cheng, S.-Y. (2017). Lead poisoning can be easily misdiagnosed as acute 

porphyria and nonspecific abdominal pain Case reports in emergency medicine 2017. Case Rep. Emerg Med. 2017 

(2), 1–4. doi:10.3109/10408444.2013.768596 

14. Mazumdar, M., Bellinger, D. C., Gregas, M., Abanilla, K., Bacic, J., and Needleman, H. L. (2011). Low-level 

environmental lead exposure in childhood and adult intellectual function: a follow-up study. Environ. Health 10 (1), 

24. doi:10.1186/1476-069x-10-24 

15. Corpas I., Castillo M., Marquina D., and Benito M.J. 2002. Lead intoxication in gestational and lactation periods 

alters the development of male reproductive organs. Ecotoxicology and Environmental Safety, 53: 259-266. 

16. Koedrith, P., Kim, H., Weon, J.-I., and Seo, Y. R. (2013). Toxicogenomic approaches for understanding 

molecular mechanisms of heavy metal mutagenicity and carcinogenicity. Int. J. Hyg. Environ. Health 216 (5), 587–

598. doi:10.1016/j.ijheh.2013.02.010 

17. Джумаева, Х. Ш., & Ильясов, А. С. (2021). Строение Анального Канала Прямой Кишки Крысы И Их 

Реактивные Изменения При Воздействии Ксенобиотиков. CENTRAL ASIAN JOURNAL OF MEDICAL AND 

NATURAL SCIENCES, 2(5), 65-71. 

18. Wang C., Zhang Y., Liang J., Shan G., Wang Y., and Shi Q. 2006. Impacts of ascorbic acid and thiamine 

supplementation at different concentrations on lead toxicity in testis. Clinica Cimica Acta, 370: 82-88. 

19. Mariola M., Michalska T., and Wiszniewska B. 2004. Detection of lead-induced oxidative stress in the rat 

epididymis by chemiluminescence. Chemosphere, 57: 1553-1562. 

20. Patrick L.N.D. 2006. Lead toxicity part II: the role of free radical damage and the use of antioksidan in the 

pathology and treatment of lead toxicity. Alternative Medicine review, 11: 114-127. 

21. Wang X, Sharma R, Sikka S, Thomas A, Falcone T, Agarwal A. 2003. Oxidative stress is associated with 

increased apoptosis leading to spermatozoa DNA damage in patients with male factor infertility fertility and 

sterility. Fertil Steril 80:531–5. 

22. Эргашов, А. Р. (2021). Характеристика острой травмы грудопоясничного отдела позвоночника. central 

asian journal of medical and natural sciences, 150-153 

23. Vigeh M., Smith D.R., and Chi-Hsu P. 2011. How does lead induce male infertility. Iranian Journal of 

Reproductive Medicine, 9: 1-8. 

24. Khaki A.A., and Khaki A. 2010. Antioxidant effect of ginger to prevents lead-induced liver tissue apoptosis in 

rat. Journal of Medicinal Plants Research 4: 1492-1495. 

25. Benoff S, Jacob A, Hurley IR. Male infertility and environmental exposure to lead and cadmium. Human 

Reproduction Update 2000; 6: 107-21. 

26. Колосова И. И. Влияние ацетата свинца, солей тяжелых металлов на репродуктивную функцию (обзор 

литературы). Вісник проблем біології і медицини – 2013 – Вип. 3, Том 2 (103). С. 13-18. 

27. Zhu Q, Li X and Ge R-S (2020) Toxicological Effects of Cadmium on Mammalian Testis. Front. Genet. 11:527. 

doi: 10.3389/fgene.2020.00527. 

28. Yang H.S., Han D.K., Kim J.R., Sim J.Ch. Effects of -Tocopherol on Cadmium-Induced Toxicity in Rat Testis 

and Spermatogenesis. J Korean Med Sci 2006; 21: 445-51. ISSN 1011-8934. 

29. Титов А. Ф., Казнина Н. М., Таланова В. В. Тяжелые металлы и растения. Петрозаводск: Карельский 

научный центр РАН, 2014. 194 с. 

30. Xue Z.-C., Gao H.-Y., Zhang L.-T. Effects of cadmium on growth, photosynthetic rate, and chlorophyll content 

in leaves of soybean seedlings// Biol. Plant. 2013. V. 57, N 3. P. 587–590. 



 

Vol. 24 (2022): Miasto Przyszłości 

223 
Miasto Przyszłości 

Kielce 2022 

31. Макутина В.А., Балезин С.Л., Слышкина Т.В., Пашнина И.А., Лихачева Е.И. Экспериментальная оценка 

сочетанного действия стресса и металлов (кадмия и алюминия) на репродуктивную функцию самцов крыс// 

ISSN 1026-9428. Медицина труда и промышленная экология, № 6, 2014. С. 30-34. 

32. Эргашов, А. Р. (2022). Отдаленные Результаты Хирургического Лечения при Острой Травме 

Грудопоясничного Отдела Позвоночника. Central asian journal of medical and natural sciences, 3(2), 256-260. 

33. S. Mahshid a, M. Askari a, M. Sasani Ghamsari Synthesis of TiO2 Nanoparticles by Hydrolysis and Peptization 

of Titanium Isopropoxide Solution July 2007Journal of Materials Processing Technology 189(1-3):296-300 

DOI:10.1016/j.jmatprotec.2007.01.040 

34. Effect of traffic pollution on seed quality characteristics of Pinus brutia. P. Ganatsa, M. Tsakaldimi, G. A. 

Zachariadis , Environmental and Experimental Botany, 2011, 74, 157-161 

35. Хайрутдинов К.Н., Ситдыкова М.Э., Зубков А.Ю. Мужское бесплодие — проблема XXI века. 

Практическая медицина. 2018. Том 16, № 6, С. 185-189.  DOI: 10.32000/2072-1757-2018-16-6-185-189 

36. Kilchevsky A, Honig S. Male factor infertility in 2011: semen quality, sperm selection and hematospermia. Nat 

Rev Urol. 2012 Jan 17;9(2):68-70. doi: 10.1038/nrurol.2011.234. PMID: 22249183. 

37. Сайидович , Р. Ф. (2022). Морфологические Аспекты Ободочной Кишки Человека И Белых 

Лабораторных Крыс. CENTRAL ASIAN JOURNAL OF MEDICAL AND NATURAL SCIENCES, 3(2), 243-

247. https://doi.org/10.17605/OSF.IO/KCU8V 

38. N.E.Skakkebæk, E.Rajpert-De Meyts and K.M.Main. Testicular dysgenesis syndrome: an increasingly common 

developmental disorder with environmental aspects: Opinion June 2001Human Reproduction 16(5):972-8 

DOI:10.1093/humrep/16.5.972 

39. Moshe Loebenstein, Jorgen Thorup, Erik Clasen-Linde. Cryptorchidism, gonocyte development, and the risks of 

germ cell malignancy and infertility: A systematic review July 2019Journal of Pediatric Surgery 55(7) 

DOI:10.1016/j.jpedsurg.2019.06.023 

40. Skinner, A., Khan, S.J., Smith-Bolton, R.K. (2015). Trithorax regulates systemic signaling during Drosophila 

imaginal disc regeneration.  Development 142(20): 3500--3511. DOI 10.1242/dev.122564 

41. El-Neweshy, M.S. El-Shemey, T.M., Youssef, S.A. Pathologic and immunohistochemical findings of natural 

lumpy skin disease in Egyptian cattle  2013. ISSN : 0253-8318 

42. Rajul E Pandya. A framework for engaging diversecommunities in citizen science in the US. Front Ecol 

Environ2012; 10(6): 314–317, doi:10.1890/120007 

43. Manal M. El-Sadaawy & Ghada F. El-Said (2014) Assessment of Fluoride inThree Selected Polluted 

Environments along the Egyptian Mediterranean Sea: Effects on LocalPopulations, Human and Ecological Risk 

Assessment: An International Journal, 20:6, 1643-1658, DOI:10.1080/10807039.2013.858561  


