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Abstract. The role of polymorphisms was analyzed Ile462Val of the CYP1A1 

gene, C6310T of the CYP1A1 gene, G681A of the CYP2C19 gene, and G636A of 

the CYP2C19 gene in the formation of male infertility. The work was carried out on 

samples of 140 patients with various clinical manifestations of male infertility and 

155 conditionally healthy fertile Uzbek men. It was found that the proportion of 

carriage of unfavorable allelic variants of the Ile462Val polymorphisms of the 

CYP1A1 gene and G636A of the CYP2C19 gene among patients was significantly 

higher than in individuals without reproductive system disorders, and these loci were 

associated with an increased risk of developing infertility in men. The results of the 

analysis of the C6310T polymorphisms of the CYP1A1 gene and G681A of the 

CYP2C19 gene did not reveal any significant differences in the distribution of allele 

and genotype frequencies between the studied samples. 

Keywords: male infertility, locus, Ile462Val polymorphisms of the CYP1A1 

gene, C6310T of the CYP1A1 gene, G681A of the CYP2C19 gene, G636A of the 

CYP2C19 gene , mutation, reproductive system. 
 

Relevance 

Infertility is a common condition affecting about 70 million people worldwide, 

with male infertility accounting for approximately 50% 1. In recent years, more and 

more attention of researchers has been directed to the study of the genetic basis for 

the development of male infertility [2, 3]. Among reproductive scientists, studies that 

are devoted to finding a connection between genotypic variants of gene 

polymorphisms with various reproductive disorders are becoming especially relevant 
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[4, 5, 6, 7]. Much attention in such studies is focused on the genes of cytochrome 

P450, which plays an important role in the metabolism of polycyclic aromatic 

hydrocarbons, which has potential reproductive toxicity in males, exposure to which 

may have a negative impact on male fertility 8, 9. Great attention is paid to the 

study of polymorphic variants of “predisposition” genes, which lead to the 

appearance of metabolic products with altered physicochemical properties and 

functional activity parameters [10, 11, 12]. Some authors proved that the body's 

susceptibility to harmful environmental influences depends on the activity of 

xenobiotic detoxification enzymes [13, 14]. 

For the cytochrome P4501A1 (CYP1A1) gene, a key enzyme in the 

extrahepatic metabolic activation of lipophilic xenobiotics, increased frequencies of 

two genetically related polymorphisms have been found among infertile men [9] . It 

can be assumed that the correct regulation of the level of CYP1A1 is essentially 

important for the optimal functioning of the enzyme. Of the cytochrome genes, the 

CYP19A1 gene encodes the aromatase enzyme, which catalyzes the conversion of 

androgens to estrogens [15, 16, 17, 18] . Its high expression will disrupt the hormonal 

balance in the male body, and excessive conversion of androgen to estrogen in the 

body will further damage testicular spermatogenic function, affect normal sperm 

development, and cause spermatogenic disorder [19] . 

However, despite this, to date, the genetic mechanisms of the formation of a 

violation of the reproductive system in men, including the role of genetic loci of 

xenobiotic biotransformation in the development of male infertility, have not been 

fully elucidated. Particularly little studied are the individual characteristics of the 

cytochrome P450 genes in the development and clinical course of male infertility, 

which justifies the relevance of this work. 

Materials and methods 

The work was carried out on samples of 140 patients with various clinical 

manifestations of male infertility. Of these: 35 (25.0%) were patients with 

azoospermia, 105 (75.5%) - patients without azoospermia. The control sample was 

formed from 155 unrelated healthy individuals of Uzbek nationality without any 

violation of the reproductive system. Isolation of genomic DNA from peripheral 

blood was carried out using the standard kit AmpliPrime RIBO-prep (NextBio, 

Russia). The concentration and purity of the isolated biomaterial was determined 

using a NanoDrop 2000 (Thermo Fisher Scientific, USA). Genotyping of 

polymorphisms Ile462Val of the CYP1A1 gene, C6310T of the CYP1A1 gene, 

G681A of the CYP2C19 gene, and G636A of the CYP2C19 gene was performed by 

allele-specific PCR on the Rotor instrument Gene Q (Quagen , Germany) using the 

diagnostic kits of SPF "Litekh" and "Synthol" (Russia) according to the 

manufacturer's instructions. Estimation of the deviation of the genotype distributions 

of the studied loci from the Hardy–Weinberg distribution was carried out using the 

online program “Hardy – Weinberg equilibrium calculator". Statistical analysis of the 

results was carried out using the statistical software package OpenEpi 2009, Version 

9.3. 

Results and discussion 
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Distribution of genotypes of polymorphisms Ile462Val of the CYP1A1 gene, 

C6310T of the CYP1A1 gene, G681A of the CYP2C19 gene, and G636A of the 

CYP2C19 gene corresponded to the expected, i.e. in all cases, the Hardy–Weinberg 

equilibrium is satisfied in both groups. 

To clarify the role of the Ile462Val locus of the CYP1A1 gene in the 

mechanism of infertility formation, we performed a comparative analysis of 

differences in allele and genotype frequencies for this polymorphism between the 

studied groups and subgroups. Thus, in a comparative aspect with the control, in the 

main group of men with infertility, the unfavorable allele G was statistically 

significantly more frequently recorded (22.1% vs. 13.2%, respectively). The 

calculated relative chance of detecting this allele in the group of patients compared 

with the control was 1.9 times (χ 
2 

= 8.1; p < 0.05; O R = 1.9; 95% CI: 1.22-2.96). 

Moreover, significantly significant differences were also established for the 

heterozygous genotype A/G, the proportion of which among the subjects of the main 

group was 1.8 times higher compared to the control (35.7% versus 23.9%; χ 
2 

=5.0; p 

=0.03; O R =1.8 ; 95%CI: 1.08-3.01). For the functionally unfavorable G / G 

genotype , despite the presence of a difference, it did not differ in statistical 

significance, but at the same time there was a clear high trend towards its increase 

among the men of the main group compared to conditionally healthy men (4.3% vs. 

1.3%; χ 
2 
= 2.5; p = 0.1; O R = 3.4; 95% CI: 0.75-15.5) (see figures 1 and 2, table 1). 

 
Figure 1. Differences in the frequency of alleles of the polymorphic locus Ile 462 

Val of the CYP 1 A 1 gene in the main groups of male patients with infertility 

and controls 
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Figure 2 . Differences in the frequency of genotypic variants of the Ile 462 Val 

polymorphism of the CYP 1 A 1 gene in the main groups of male patients with 

infertility and controls 
Table 1 

Differences in the frequency of allelic and genotypic variants of the Ile 462 Val 

polymorphism of the CYP 1 A 1 gene in the main groups of male patients with 

infertility and controls 

A
ll

el
es

 a
n

d
 

g
en

o
ty

p
es

 Number of examined 

alleles and genotypes 

χ 
2
 R RR 95%CI OR 95%CI Main 

group 

Control 

group 

n % n % 

A 218 77.9 269 86.8 8.1 <0.05 0.9 0.63-1.29 0.5 0.31-0.81 

G 62 22.1 41 13.2 8.1 <0.05 1.1 0.67-1.8 1.9 1.22-2.96 

A/A 84 60.0 116 74.8 7.4 <0.05 0.8 0.51-1.27 0.5 0.3-0.82 

A/G 50 35.7 37 23.9 5.0 0.03 1.5 0.94-2.39 1.8 1.08-3.01 

G/G 6 4.3 2 1.3 2.5 0.12 3.3 1.45-7.5 3.4 0.75-15.5 

 

A comparative analysis of the results of differences in the distribution of allele 

and genotype frequencies according to the Ile462Val polymorphism of the CYP1A1 

gene , depending on the presence and absence of azoospermia in men with infertility, 

showed the presence of some features. Compared with the comparative control group, 

in the group of men with azoospermia, both for the A and G alleles and for the A/A, 

A/G and G/G genotypes, practically no significant differences were found. On the 

contrary, compared with the control group, very significant differences were found in 

the group of men with infertility without azoospermia. So, the proportion of the allele 

G was statistically significantly higher than that in the subgroup without azoospermia 

(23.8% versus 13.2%, respectively). The calculated relative chance of detecting this 

allele in this subgroup of patients compared with the control was 2.1 times (χ 
2 

=9.7; 

p< 0.05; O R =2.1; 95%CI:1.32-3.35 ).  

A / G genotype was 2.0 times higher than the control values (38.1% vs. 23.9%; 

χ 
2 

=6.1; p =0.01; O R =2.0; 95% CI: 1.15-3.47). Although the frequency of the G / G 

mutant genotype was 3.8 times higher than in the control group, this genotype 

0% 20% 40% 60% 80% 100%

Main group

Control group

60.0% 

74.8% 

35.7% 

23.9% 

4.3% 

1.3% 

A/A A/G G/G

% 



Art of Medicine           Volume-3 

International Medical Scientific Journal       Issue-1 

69 

showed only a clear upward trend (4.8% versus 1.3%; χ 
2 

=2.9; p =0.09; O R =3.8; 

95%CI:0.8-17.7) respectively (see figures 3 and 4) . 

 
Figure 3. Differences in the frequency of alleles of the Ile 462 Val 

polymorphic locus of the CYP 1 A 1 gene in groups of patients without 

azoospermia and controls 
 

 
Figure 4. Differences in the frequency of genotypic variants of the Ile 462 Val 

polymorphism of the CYP 1 A 1 gene in groups of patients without azoospermia 

and controls 
 

Thus, our data allow us to conclude that unfavorable allelic variants of the Ile 

462 Val polymorphism of the CYP 1 A 1 gene play an important role in the 

formation of male infertility without azospermia. 

The results of the analysis of the C6310T polymorphisms of the CYP1A1 gene 

and G681A of the CYP2C19 gene did not reveal significant differences in the 

distribution of allele and genotype frequencies between the studied samples (Figure 

5). 
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Genotypic frequencies of G/G, G/A, and A/A for the C6310T polymorphism of 

the CYP1A1 gene in the control were detected in 73.6%, 23.9%, and 2.5% of cases, 

respectively. In addition, similar data were obtained in the distribution of genotype 

frequencies in the group of patients - 71.4%, 26.4% and 2.2%, respectively. As can 

be seen, the proportion of carriers of the unfavorable A/A genotype (associated with 

low cytochrome production) was slightly lower among patients compared with the 

control sample (2.5% vs. 2.2%, respectively; p > 0.05). 

 
Figure 5. Distribution of genotypes of polymorphism G 681 A of the CYP 2 C 19 

gene in groups of patients and controls 

Significant differences were not found when comparing the distribution of the 

frequency of genotypes of the C6310T polymorphism of the CYP1A1 gene in the 

studied groups of patients and controls. The level of reduction of unfavorable C/T 

and T/T genotypes in the control group compared to the group of patients was 

insignificant and statistically insignificant (table 2). 

 

Table 2. Differences in the frequency of allelic and genotypic variants of the C 

6310 T polymorphism of the CYP 1 A 1 gene in the main group of patients 

compared with the control 

A
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 a
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g
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o
ty

p
es

 

Number of examined alleles and 

genotypes 

χ 
2
 R RR 95%CI OR 95%CI Main 

group 

Control 

group 

n % n % 

C 218 77.9 255 82.3 1.8 0.19 0.9 0.6-1.3 0.8 0.6-1.1 

T 62 22.1 55 17.7 1.8 0.19 1.1 0.7-1.7 1.3 0.9-1.9 

C/C 85 60.7 104 67.1 1.3 0.26 0.9 0.6-1.5 0.8 0.6-1.2 

C/T 48 34.3 47 30.3 0.5 0.49 1.1 0.7-1.8 1.2 0.7-2.0 

T/T 7 5.0 four 2.6 1.2 0.28 1.9 0.8-4.7 2.0 0.6-6.9 
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Significant differences were also found when comparing the distribution of the 

frequency of genotypes of the G636A polymorphism of the CYP2C19 gene in the 

studied groups of patients and controls (Figure 6). 

 

 
Figure 6. Distribution of genotypic variants of the G 636 A polymorphism of the 

CYP 2 C 19 gene in the main and control groups of patients . 

Among the persons of the control group, the carriage of alleles G and A was 

determined in 97.4 % and 2.6% of cases, while among the persons of the main group 

they were detected in 93.6% and 6.4% of cases, respectively (χ 
2 
=5.2; p =0.02). Odds 

ratio for developing BT in carriers of this genotype was OR =2.6 at 95% CI: 1.14-

5.91. 

Carriage of the
 
heterozygous G / A genotype among patients also turned out to 

be significantly higher than in the control sample - 17.1% vs. =3.8; 95%CI: 1.31-

11.06). 

Meanwhile, the differences in the distribution of allele and genotype 

frequencies between the groups of men with and without azoospermia were not 

significant. 

These data allow us to conclude that unfavorable allelic variants of the G636A 

polymorphism of the CYP2C19 gene play an important role in the formation of 

susceptibility to reproductive system disorders . and is a risk factor for the 

development of male infertility in people of Uzbek nationality. The risk of 

developing this pathology in the carriage of allelic variants 636A of the CYP2C19 

gene  can increase by more than 3.6 times. 

Thus, in this study, our results were, in a sense, expected, prior to genotyping 

of these polymorphic loci . According to our data , unfavorable genotypic variants 

of the Ile462Val polymorphisms of the CYP1A1 gene and G636A of the CYP2C19 

gene among patients were significantly higher than in individuals without 

reproductive system disorders, and these loci were associated with an increased risk 

of developing infertility in men. 

The frequencies of alleles and genotypes of polymorphisms C6310T of the 

CYP1A1 gene and G681A of the CYP2C19 gene did not differ significantly in the 
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studied groups of patients and controls. These data may indicate a possible recessive ( 

less strong ) effect of functionally unfavorable genotypic variants in relation to the 

violation of the reproductive system in men. Since this is one of the few studies in the 

country on the study of the relationship between the polymorphism of the cytochrome 

P450 genes and the risk of developing male infertility, in order to finally confirm our 

findings, we consider it necessary to conduct an extended study of the entire link and 

synergistically interacting enzyme genes - biotransformation of xenobiotics. 
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