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Annotation. Now an increasing number of studies indicate that male fertility, primarily 
spermatogenesis and ejaculate parameters, is adversely affected by an increase in environmental 
pollution with hazardous technogenic toxicants, among which heavy metals, in particular, 
cadmium, occupy a priority position.  Continuous sources of cadmium contamination are 
associated with industrial production, nickel-cadmium batteries, pigments, plastics and other 
synhetic products.   

Most research scientists believe that cadmium-associated disorders of the functional 
activity of the hypothalamic-pituitary-gonadal system in men are manifested by a violation of 
both hormonal regulation of the reproductive system and the functioning of the epitheliosper-
matogenic layer of the seminal glands, causing pathological changes in both the quantitative and 
qualitative composition of sperm.  Cadmium induces lipid peroxidation and reduces the activity 
of antioxidant enzymes, causes degenerative and destructive changes in the spermatogenic 
epithelium, abnormal changes in the morphological structure of sustentocytes, thereby creating 
favorable conditions for disturbances in the morpho-functional organization of the blood-
testicular barrier and spermatogenesis.  Cadmium disrupts the development and function of 
interstitial endocrinocytes, induces damage to their genome, enhances apoptosis of Leydig 
cells and causes degradation of the seminiferous tubules, and weakens the expression of genes 
associated with the production of male sex hormone. 
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According to world statistics, in the current century the level of infertility, which 
continues to maintain its leading position as a priority in andrology and gynecology, 
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does not show a declining trend: now in different countries around the world 8-29% of 
couples suffer from this disease, and in Ukraine the share of infertile marriages reaches 
20%. In 48-51% of cases, the cause of infertility is a pathology of the male reproductive 
system [1].

The causes of male infertility are complex, and its etiology in half of all cases 
remains unknown. Currently, an increasing number of studies indicate that male fertility, 
especially spermatogenesis and ejaculate parameters, is adversely affected by increasing 
environmental pollution [2]. Exposure to pollutants in the perinatal period leads to 
abnormalities of the reproductive tract - cryptorchidism, hypospadias (socalled testicular 
dysgenesis syndrome), which can initiate the development of subfertility or infertility in 
adulthood [3].

Therefore, the purpose of analytical research in the scientific literature is to identify 
data on changes in testicular morphology under the influence of cadmium salts.

Cadmium, along with arsenic, lead and mercury, is a class of heavy metals that 
is considered one of the most common toxicants in the environment. Permanent 
sources of cadmium pollution are associated with its industrial production, production 
of nickelcadmium batteries, pigments, plastics and other synthetic products [4]. 
Accumulation of cadmium in the human body can cause numerous adverse effects, 
including renal and hepatic impairment, pulmonary edema, osteomalacia, testicular, 
adrenal, and hematopoietic damage [5].

Cadmium-associated disorders of the functional activity of the hypothalamic-
pituitary-gonadal system in men are manifested by a violation of both hormonal regulation 
of the reproductive system and the functioning of the epitheliospermato-genic layer of 
the seminal glands, causing pathological changes in both quantitative and qualitative 
composition of sperm [6]. 

Testicles (testicles) - male gonads, in the parenchyma of which secrete tortuous 
seminal tubules, delineated by its own shell (spermatogenic compartment), and the 
interstitium located between them (steroidogenic compartment of the parenchyma). 
Representatives of the spermatogenic epithelium are Sertoli cells (CS), or sutenocytes, 
which perform a supporting, barrier, trophic, phagocytic, secretory, coordinating function 
and participate in endocrine relationships. Interstitial endocrinocytes, or Leydig cells 
(CL) in the steroidogenic compartment of the parenchyma produce male sex hormones 
(testosterone and its derivatives) and peptide hormone - insulinlike factor 3, which 
affects the differentiation of embryonic receptors in Leydig cells. inguinal region of the 
abdominal cavity and causes their initial omission [7].

Cadmium affects the development of Sertoli cells in both the fetal and neonatal 
periods. Exposure to cadmium (1-2 mg / kg) in pregnant female rodents can cause 
vacuolation of sustenocytes and loss of gametes in the spermatogenic epithelium of 
adults, inhibit proliferation, induce apoptosis and DNA damage of immature CS [8]. 
Sertoli cells in adults are also highly sensitive to cadmium: for example, rats treated with 
a single dose of 3 μmol / kg toxicant show vacuolation in the cytoplasm of sustenocytes 
and fragmentary condensation of chromatin in late spermatids [9]. The results of 
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research in the field of molecular biology indicate that cadmium causes changes in the 
cytoskeleton of KS-actin by influencing the expression of actin regulatory proteins Arp3 
and Eps8 in vitro [10]. 

The "target" of cadmium toxicity is also the hematotesticular barrier (GTB), which 
in mammalian testes delimits the area of specialized contact between neighboring Sertoli 
cells of the basement membrane in the tortuous seminal tubules. Cadmium "attacks" 
GTB, causing defragmentation of actin sustentocytes in rodents and humans, and 
disrupts its function by affecting the activity of transforming growth factor β3, which, in 
turn, induces the transmission of p38 kinase signals MAPK - an important component 
of the cascade of mitogenactivating proteins 11]. The toxic effect of cadmium on 
the hematotesticular barrier is also realized due to its effect on focal adhesion kinase 
- nonreceptor protein tyrosine kinase of GTB regulation, which alters the activity of 
proteins, in particular, occludin and ZO-1, in the testes [12]. 

Cadmium also has a negative effect on spermatogenesis. The results of research 
by the author's team under the leadership of Cupertino MS et al. (2017) showed that 
male rodents that were exposed to the toxicant daily (0.67–1.1 mg / kg) for 7 days 
demonstrated disorganization of the spermatogenic epithelium of the tortuous seminal 
tubules [13]. According to Nna V.U. et al. (2017), after four weeks of oral administration 
of cadmium at a dose of 5 mg / kg, the number of sperm, their motility and viability for 
28 days were significantly reduced [14]. 

The toxic effect of cadmium is manifested in relation to the activity of mature 
sperm: as noted by Zhao et al. (2017), after treatment of human and mouse sperm in 
vitro with this toxicant significantly reduced its motility and significantly reduced the 
rate of in vitro fertilization of the egg and delayed early embryonic development in mice, 
suggesting the epigenetic effect of the toxicant [15].

Strong evidence of a correlation between high cadmium levels in semen and male 
infertility was provided by a metaanalysis by Zhang Y. et al. (2019) [9]. Analysis of the 
causes of infertility (501 cases) in Rockville, United States, showed the presence of 
abnormally high levels of toxicant in the serum of adult men of these couples [16]. An 
assessment of urinary markers of oxidative stress, sperm quality, and arsenic, cadmium, 
and lead levels in the urine of 1,020 men was performed by He Y. et al. (2020) indicates 
that high concentrations of these toxicants adversely affect sperm quality, but show a 
positive correlation with elevated levels of oxidative stress markers [17]. 

Cadmium also causes pathological changes in the male endocrine system. Thus, 
Chen C. et al. (2016) reported that there is a positive correlation between the concentration 
of cadmium in the blood and the level of SHBG (Sex hormonebinding globulin) - a 
globulin that binds sex hormones [18]. Kresovich J.K. et al. (2015) based on the results 
of the analysis of the male population (according to the National Health and Nutrition 
Survey (NHANES) 1999-2004 on the content of cadmium and SHBG in the blood) also 
found that the concentration of this toxicant in the blood is positively associated with 
SHBG [19].

The authors of a number of experimental studies have established the mechanisms 
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of cadmium-induced endocrinocyte-damaging effects associated with the toxic effects 
of cadmium on interstitial Leydig cells (CL) in the steroidogenic compartment of the 
parenchyma. It is known about the existence of two populations of CL in rodents: Leydig 
fetal cells (FCL) and adult Leydig cells ("adult" CL, DCL). Shima Y. et al. (2015) note 
that FCLs undergo apoptosis over time and gradually disappear, although some of them 
persist in the "adult" testis [20]. 

They play an important role in the development of the male reproductive tract, 
producing male sex hormones and insulinike factor 3 (IPF3). Testosterone promotes the 
development of both internal and external genitalia of the male fetus, the development 
of the Wolffian duct and the vas deferens, and IPF3 causes the initial lowering of the 
testicles, regulating the shortening of the gubernaculum [21]. 

DCLs appear at the end of the second week after birth in mice and rats and increase 
the expression of some CL-steroidogenic enzymes, in particular the cytochrome P450 
side chain cleavage enzyme (Cyp11a1) and 3β-hydroxysteroid dehydrogenase. In 
addition, DCLs also increase the expression of luteinizing hormone receptor, highdensity 
lipoprotein receptor (Scavenger receptor class B type 1, Srb1) and steroidogenic acute 
regulatory protein (StAR) [22].

Cadmium has an adverse effect on the development and function of DCL. In 
particular, the results of research by the author's team led by Wu H. et al. (2017) showed 
that in adult male rats exposed to cadmium 0.5 or 1.0 mg / kg, there was a significant 
delay in CL regeneration, lower testosterone levels and regulated decreased expression of 
Srb1, Star, Cyp11a1 and Cyp17a1. Subsequent in vitro studies have shown that cadmium 
also reduces the synthesis of male sex hormone and DNA integrity of Leydig cells [23].

There is growing evidence that the mechanism of Cd-induced male fertility 
disorders is related to the production of reactive oxygen species (ROS) in the testes. 
ROS homeostasis is supported by the production of hydroxyl, peroxyl and hydroperoxyl 
radicals, etc. and an antioxidant defense system. Violation of this homeostasis also leads 
to oxidative stress, which interferes with the development and functioning of sperm and 
somatic cells or induces their apoptosis [24]. 

Cadmium induces ROS generation in the testis. Exposure to the toxicant at a dose 
of 6.5 mg / kg on adult rats for 5 days initiates oxidative stress, causing increased lipid 
peroxidation and decreased levels of catalase, superoxide dismutase (SOD), glutathione 
peroxidase and glutathione reductase, thus glutathione reductase, thereby associatedX-
protein and tumor necrosis factor-α and weakening the expression of the antiapoptotic 
gene Bcl2 in the testis [25]. 

Mahmoudi R. et al. (2018) noted that in rats exposed to cadmium at a dose of 1.5 mg 
/ kg for 13, 25 and 39 days, there was an increase in ROS production, narrowing of the 
tortuous seminal tubules, a decrease in spermatogonia, sustenocytes and Leydig cells, 
and also reduced motility and sperm count and inhibition of testosterone synthesis [26]. 

The effect of cadmium on adult male rats after administration of a single dose of 2 
mg / kg during the day induces ROS generation and reduces the activity of superoxide 
dismutase and catalase in the testis, thereby destabilizing the hematotesticular barrier 
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and ascorbic acid, which can cause inhibition of activation of transforming growth factor 
β3 and phosphorylation of p38 MAPK kinase. It was also shown that rats exposed to 
the toxicant 3 mg / kg once a week for 28 days developed narrowing of the tortuous 
seminal tubules and depletion of sperm, an increase in multinucleated giant cells and 
degeneration of Leydig cells on the background of abnormally low activity. superoxide 
dismutase, catalase and glutathione [27].

The in vitro system also reliably demonstrates the ability of cadmium to induce ROS 
production in various testicular cells. An in vitro study of the KS germ cell subculture 
has shown that cadmium-induced oxygen formation reduces glutathione levels, causing 
cytochrome c release, caspase-3 activation, and Sertoli cell apoptosis [28].  

Exposure of 10 –160 μM cadmium to Leydig cellderived rat R2C cell tumors also 
caused mitochondrial damage and decreased Star expression for 24 hours, after which it 
inhibited steroid secretion, presumably by increasing ROS levels and decreasing SOD2 
activity [28]. In addition, the toxicant effect on Leydig cells of TM3 mice was manifested 
by a decrease in the activity of SOD2 and glutathione in the redoxsensitive Nrf2 / ARE 
signaling system, which plays a leading role in maintaining intracellular homeostasis 
under oxidative stress, thereby inhibiting production. 

Although interesting epigenetic effects after cadmium exposure are observed 
primarily in the germ line [15], environmental-induced epigenetic changes associated 
with infertility are also described in somatic cells (including Sertoli cells and Leydig 
cells) that support spermatogenesis.

Given that the key mechanism for the development of cadmium-induced testicular 
injury is associated with the production of reactive oxygen species, all antioxidants, 
in particular vitamin C [27], vitamin E, Fragaria ananassa extract [25], cyanidin-3-O-
glucoside [28], quercetin [14] and green tea [26] should partially or completely eliminate 
gonadotoxic effects mediated by the negative effects of cadmium.

Conclusions. Thus, the connection between the accumulation of cadmium in the 
body and the state of reproductive function of men deserves special attention, because 
the problem of male infertility with each passing year acquires special medical and social 
significance around the world. The accumulation of the toxicant in the testes and prostate 
gland is manifested by a violation of both hormonal regulation of the reproductive system 
and the functioning of the epitheliospermatogenic layer of the seminal glands, causing a 
deterioration in the production of quantity and quality of sperm. 

Prospects for further research. A promising direction for the prevention and 
correction of the manifestations of Cd-induced testicular changes can also be considered 
the search and further use of cadmium bioanthogonists. A prerequisite for this assumption 
is the results of the work of a number of Ukrainian scientists, who proved the modifying 
effect of metal succinates on embryotoxicity and cardiotoxicity of cadmium salts in the 
experiment.

Given the above, experimental study, analysis and evaluation of the spectrum of 
morphological changes in the testes induced by cadmium accumulation, and the search 
for new bioantagonists to prevent and correct the manifestations of cadmium-induced 
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testicular changes, we considered relevant and promising direction of further research. 

References:

1. Bertolla RP. Sperm biology and male reproductive health. Sci Rep. 
2020;10(1):21879. 

2. Gao Y, Mruk DD, Cheng CY. Sertoli cells are the target of environmental 
toxicants in the testis - a mechanistic and therapeutic insight. Expert Opin Ther Targets. 
2015;19(8):1073-90. 

3. Loebenstein M, Thorup J, Cortes D, Clasen-Linde E, Hutson JM, Li R. Cryptor-
chidism, gonocyte development, and the risks of germ cell malignancy and infertility: A 
systematic review. J Pediatr Surg. 2020;55(7):1201-10. 

4. Genchi G, Sinicropi MS, Lauria G, Carocci A, Catalano A. The Effects of 
Cadmium Toxicity. Int J Environ Res Public Health. 2020;17(11):3782. 

5. Tinkov AA, Gritsenko VA, Skalnaya MG, Cherkasov SV, Aaseth J, Skalny AV. 
Gut as a target for cadmium toxicity. Environ Pollut. 2018;235:429-34. 

6. Kumar S, Sharma A. Cadmium toxicity: effects on human reproduction and 
fertility. Rev Environ Health. 2019;34(4):327-38. 

7. Facondo P, Delbarba A, Maffezzoni F, Cappelli C, Ferlin A. INSL3: A Marker 
of Leydig Cell Function and Testis-Bone-Skeletal Muscle Network. Protein Pept Lett. 
2020;27(12):1246-52. 

8. Zhang Y, Li S. Relationship between cadmium content in semen and male 
infertility: a meta-analysis. Environ. Sci. Pollut. Res. Int. 2019;26:1947–53. 

9. de Souza Predes F, Monteiro JC, Matta SL, Garcia MC, Dolder H. Testicular 
histomorphometry and ultrastructure of rats treated with cadmium and Ginkgo biloba. 
Biol. Trace Elem. Res. 2011;140:330–41. 

10. Xiao X, Mruk DD, Tang EI, Wong CK, Lee WM, John CM, et al. Environmental 
toxicants perturb human Sertoli cell adhesive function via changes in Factin organization 
mediated by actin regulatory proteins. Hum. Reprod. 2014;29:1279–91. 

11. Wu S, Yan M, Ge R, Cheng CY. Crosstalk between sertoli and germ cells in male 
fertility. Trends Mol. Med. 2019;26:215–31. 

12. Siu ER, Wong EW, Mruk DD, Sze KL, Porto CS, Cheng CY. An occludinfocal 
adhesion kinase protein complex at the bloodtestis barrier: a study using the cadmium 
model. Endocrinology. 2009;150(7):3336-44. 

13. Cupertino MC, Novaes RD, Santos EC, Neves AC, Silva E, Oliveira JA, Matta 
SLP. Differential Susceptibility of Germ and Leydig Cells to Cadmium-Mediated 
Toxicity: Impact on Testis Structure, Adiponectin Levels, and Steroidogenesis. Oxid 
Med Cell Longev. 2017;2017:3405089. 

14. Nna VU, Ujah GA, Mohamed M, Etim KB, Igba BO, Augustine ER, Osim 
EE. Cadmium chloride-induced testicular toxicity in male wistar rats; prophylactic 
effect of quercetin, and assessment of testicular recovery following cadmium chloride 
withdrawal. Biomed Pharmacother. 2017;94:109-23. 



Modern Science — Moderní věda 2021 № 3

114

15. Zhao LL, Ru YF, Liu M, Tang JN, Zheng JF, Wu B, et al. Reproductive effects 
of cadmium on sperm function and early embryonic development in vitro. PLoS One. 
2017;12(11):e0186727. 

16. Buck Louis GM, Sundaram R, Schisterman EF, Sweeney AM, Lynch CD, 
Gore-Langton RE, Chen Z, et al. Heavy metals and couple fecundity, the LIFE Study. 
Chemosphere. 2012;87(11):1201-7. 

17. He Y, Zou L, Luo W, Yi Z, Yang P, Yu S, Liu N, et al. Heavy metal exposure, 
oxidative stress and semen quality: Exploring associations and mediation effects in 
reproductiveaged men. Chemosphere. 2020;244:125498. 

18. Chen C, Wang N, Nie X, Han B, Li Q, Chen Y, Zhai H, et al. Blood Cadmium 
Level Associates with Lower Testosterone and Sex Hormone-Binding Globulin in 
Chinese men: from SPECT-China Study, 2014. Biol Trace Elem Res. 2016;171(1):71-8. 

19. Kresovich JK, Argos M, Turyk ME. Associations of lead and cadmium with sex 
hormones in adult males. Environ Res. 2015;142:25-33. 

20. Shima Y, Matsuzaki S, Miyabayashi K, Otake H, Baba T, Kato S, et al. Fetal 
Leydig Cells Persist as an Androgen-Independent Subpopulation in the Postnatal Testis. 
Mol Endocrinol. 2015;29(11):1581-93. 

21. Ye L, Li X, Li L, Chen H, Ge RS. Insights into the Development of the Adult 
Leydig Cell Lineage from Stem Leydig Cells. Front Physiol. 2017;8:430. 

22.Yokoyama C, Chigi Y, Baba T, Ohshitanai A, Harada Y, Takahashi F, Morohashi 
KI. Three populations of adult Leydig cells in mouse testes revealed by a novel 
mouse HSD3B1-specific rat monoclonal antibody. Biochem Biophys Res Commun. 
2019;511(4):916-20. 

23. Wu X, Guo X, Wang H, Zhou S, Li L, Chen X, Wang G, et al. A brief exposure to 
cadmium impairs Leydig cell regeneration in the adult rat testis. Sci Rep. 2017;7(1):6337. 

24. Morielli T, O'Flaherty C. Oxidative stress impairs function and increases redox 
protein modifications in human spermatozoa. Reproduction. 2015;149(1):113-23. 

25. Elmallah MIY, Elkhadragy MF, Al-Olayan EM, Abdel Moneim AE. Protective 
Effect of Fragaria ananassa Crude Extract on Cadmium-Induced Lipid Peroxidation, 
Antioxidant Enzymes Suppression, and Apoptosis in Rat Testes. Int J Mol Sci. 
2017;18(5):957. 

26. Mahmoudi R, Azizi A, Abedini S, Hemayatkhah Jahromi V, Abidi H, Jafari 
Barmak M. Green tea improves rat sperm quality and reduced cadmium chloride damage 
effect in spermatogenesis cycle. J Med Life. 2018;11(4):371-80. 

27. Chen N, Su P, Wang M, Li YM. Ascorbic acid inhibits cadmium-induced 
disruption of the bloodtestis barrier by regulating oxidative stressmediated p38 MAPK 
pathways. Environ Sci Pollut Res Int. 2018;25(22):21713-20. 

28. Khanna S, Lakhera PC, Khandelwal S. Interplay of early biochemical 
manifestations by cadmium insult in sertoligerm coculture: an in vitro study. Toxicology. 
2011;287(1-3):46-53. 


