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ABSTRACT 

Male infertility, impacting 40-50% of couples globally, encompasses various 

classifications such as azoospermia, oligozoospermia, asthenozoospermia, and 

azoospermia. The 5α-reductase Type 2 (SRD5A2) enzyme has been implicated in 

regulating spermatogenesis and androgen metabolism, but its role in male infertility 

remains unclear. This study aimed to clarify the potential role of SRD5A2 as a 

biomarker for male infertility and to explore the correlation between the SRD5A2 

enzyme and other hormones in the seminal fluid of Iraqi men with various infertility 

conditions (asthenozoospermia, oligozoospermia, and azoospermia).  A total of 90 

male participants aged 20-40 were categorized into four groups: asthenozoospermia 

(24), oligozoospermia (24), azoospermia (18), and normozoospermia (24). Serum 

and seminal plasma samples were collected for evaluation of SRD5A2 activity, 

SRD5A2 levels and some hormonal levels using ELISA.  Significantly lower 

SRD5A2 activity and levels were observed in infertile groups compared to 

normozoospermic men. A significant negative correlation was observed between 

SRD5A2 activity and DHT in the asthenozoospermia and azoospermia groups. In the 

asthenozoospermia group, a significant positive correlation was observed between 

DHT and SRD5A2 levels. This study showed that changes in SRD5A2 activity and 

levels were associated with male infertility subtypes. The SRD5A2 enzyme plays a 

crucial role in spermatogenesis and in male infertility. 
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 العراق  تكريت،في الرجال المصابين بالعقم في مدينة   SRD5A2دور مستوى ونشاط أنزيم 
 3، احمد عبد الجبار سليمان2، موسى جاسم محمد1عدنان فاضل العزاوي 

 العراق  ، تكريت، ة تكريتقسم علوم الحياة، كلية العلوم، جامع 2,1

 العراق  ، رمادي،الانبار ةقسم التقانات الاحيائية، كلية العلوم، جامع  3
 

 الملخص 
٪ من الأزواج على مستوى العالم، تصنيفات مختلفة مثل فقد النطاف، وقلة النطاف، ووهن 50-40الذي يؤثر على  الذكور،يشمل العقم عند 

المنوية واستقلاب الأندروجين، لكن  السائل في تنظيم تكوين  5α-Reductase Type 2 (SRD5A2)إنزيم  يشترك. وفقد النطافالنطافية، 

كمؤشر حيوي للعقم   SRD5A2تفاعلها في العقم عند الذكور لا يزال غير واضح. لذلك، تهدف هذه الدراسة إلى توضيح الدور المحتمل ل  

مع الهرمونات الأخرى في السائل المنوي للرجال العراقيين الذين يعانون من حالات العقم  SRD5A2عند الذكور واستكشاف العلاقة بين إنزيم 

عاما   40و 20مشاركا من الذكور الذين تتراوح أعمارهم بين  90. تم تصنيف ما مجموعه المختلفة )وهن المنوية، قلة النطاف، وفقد النطاف(

(. تم جمع عينات المصل والبلازما 24) طبيعي النطف(، 18(، وفقد النطاف ) 24(، وقليل النطاف ) 24إلى أربع مجموعات: وهن النطاف )

. لوحظ انخفاض ملحوظ في  ELISAباستخدام تقنية  اتالهرمون بعض، ومستويات SRD5A2، ومستويات SRD5A2المنوية لتقييم نشاط 

. لوحظ وجود علاقة سلبية ذات دلالة إحصائية بين النطف بمجموعة الرجال طبيعيومستوياته في مجموعات العقم مقارنة   SRD5A2نشاط 

، لوحظ ارتباط إيجابي كبير بين مستويات  وهن النطفوفقد النطاف. بينما، في مجموعة وهن النطف  ة في مجموع  DHTو SRD5A2نشاط 

DHT    ومستوياتSRD5A2  أوضحت هذه الدراسة أن التغيير في نشاط .SRD5A2   ومستوياته كان مرتبطا بأنواع فرعية من العقم عند

 دورا مهما في تكوين المنوية والعقم عند الذكور   SRD5A2الذكور. لذلك، يلعب إنزيم 

INTRODUCTION 

Male infertility is recognized as a significant public 

health concern; it results in the inability of couples 

to conceive following unprotected sexual 

intercourse for a minimum duration of 12 months 

after marriage. (1). It represents roughly 40-50% of 

global infertility instances. (2). Cases of male 

infertility can be categorized into four principal 

classifications: male-related factors, female-related 

factors, combined factors, and instances of 

unexplained infertility. (3, 4). Depending on the 

analysis of semen, male infertility is divided into 

several types, such as oligozoospermia (low sperm 

count), azoospermia (sperm absence), 

asthenozoospermia (impaired sperm motility), and 

teratozoospermia (abnormal semen morphology) (5). 

Enzymes perform important and complex functions 

in male infertility, including modifying hormonal 

pathways, lipid peroxidation, and oxidative stress.  

(6). 

The steroid SRD5A plays a central role in external 

genitalia development, male prostate and is vital for 

sperm maturation predominantly in the epididymis 

post-puberty by converting testosterone to 

dihydrotestosterone (DHT) (7, 8). SRD5A includes 

two isoenzymes: SRD5A1 type 1, which is found in 

the skin, ovary, and brain, and SRD5A2 type 2, 

which is restricted to the epididymis, seminal 

vesicles, genital skin, uterus, breast, hair follicle, 

and placenta (9). The SRD5A2 enzyme is produced 

by the SRD5A2 gene, located on chromosome 2 

(2p23). This gene comprises five exons and four 

introns and encodes a 254-amino-acid protein. 

Alterations in this gene underlie a specific subset of 

differences in sex development (DSD) observed in 

individuals with a 46, XY karyotype (10). The 

genetic difference observed within the SRD5A2 

gene can modify either the expression levels or the 

functional activity of the 5α-reductase enzyme it 
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encodes (11). The entirety of the genetic disparities 

indicates that variations in SRD5A2 are associated 

with an elevated likelihood of developing 

pathologies of the male reproductive organs and 

their functions (12). The diminished functionality of 

the SRD5A2 enzyme leads to inconsistent deficits 

in DHT production, contingent on its remaining 

activity, a condition known as 5α-Reductase type 2 

deficiency, an autosomal recessive disorder 

resulting from mutations or polymorphisms in the 

SRD5A2 gene (13).  

So, this study aims to explore the potential role of 

the SRD5A2 enzyme in three types of male 

infertility, as asthenozoospermia, oligozoospermia 

and azoospermia in men in the Tikrit population, 

Iraq. 

MATERIALS AND METHODS  

Study Population 

This study involved 90 male participants aged 20 to 

40, including 24 with asthenozoospermia, 18 with 

oligozoospermia, 24 with azoospermia, and 24 with 

normozoospermia, all of whom had demonstrated 

fertility by fathering children.  Each participant 

underwent an extensive evaluation of semen 

parameters. The exclusion criteria encompassed 

tobacco consumption, exposure to environmental or 

occupational toxins, sexually transmitted infections, 

cryptorchidism, genitourinary anomalies, and 

surgical procedures for infertility treatment. 

Sample Collection 

Two distinct sample types were obtained from each 

participant following three days of sexual 

abstinence, involving five mL of venous blood 

collected in a gel tube for serum separation to assess 

enzyme and hormone profiles. And seminal 

specimens were allowed to liquefy for 30 minutes at 

37 ℃, and subsequently processed in accordance 

with the World Health Organization's 2010 

protocols.(14). Centrifugation of seminal samples 

was performed for 10 minutes at 500 rpm, after 

which the supernatant (seminal plasma) was 

transferred to an Eppendorf tube.  

ELISA assay  

Serum and seminal samples were used to assess 

enzyme and hormonal levels using ELISA kits from 

Sunlong, China, according to the provided 

instructions. 

Statistics Analysis  

GraphPad Prism version 10. served as a tool for 

conducting a thorough statistical analysis. The 

results are expressed as mean ± standard deviation. 

To compare statistical variations across multiple 

groups, we utilized a one-way analysis of variance 

(ANOVA), ensuring reliable comparisons. 

Additionally, we employed Pearson's correlation 

analysis to calculate the correlation coefficient, 

which indicates the strength and direction of the 

linear relationship between two variables. A p-value 

of less than 0.05 reveals statistically significant 

findings. 

RESULTS AND DISCUSSION 

Serum levels of SRD5A2, FSH, and LH.  

The data presented in Figure 1 provide a 

comprehensive overview of the average levels of 

serum indicators, including SRD5A2 enzymatic 

activity, FSH, and LH, across four distinct 

categories of male subjects: asthenozoospermia, 

oligozoospermia, azoospermia, and 

normozoospermia.  

The examination of serum SRD5A2 enzymatic 

activity across various classifications of male 

fertility disclosed noteworthy disparities. The 

average SRD5A2 activity in men with 

asthenozoospermia was 55.653 ± 4.338, whereas in 

those with oligozoospermia, it was 54.178 ± 4.680. 

Men presenting with azoospermia exhibited a mean 

activity of 54.581 ± 3.414, in stark contrast to 

normozoospermic men, who showed the highest 

mean value at 57.948 ± 4.967. Statistical analyses 

demonstrated a significant difference among the 

groups (P ≤ 0.05), suggesting that SRD5A2 activity 

may influence male fertility status. 

The hormonal profiles of the four male cohorts were 

examined, revealing notable discrepancies in FSH 

concentrations. The average FSH concentrations for 

asthenozoospermia, oligozoospermia, azoospermia, 

and normozoospermia were recorded at 4.588 ± 
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0.95, 4.649 ± 0.451, 4.871 ± 0.276, and 4.573 ± 

0.354, respectively. Statistical evaluation 

demonstrated no significant differences among the 

cohorts (p = 0.363). These results imply that FSH 

concentrations may not serve as a definitive 

distinguishing factor among the various types of 

male infertility investigated in this research. 

The average levels of LH were markedly reduced in 

the asthenozoospermia cohort (45.926 ± 9.08 ng/L) 

when juxtaposed with the oligozoospermia 49.159 

± 2.842 and azoospermia cohorts 50.343 ± 3.116, as 

well as the normozoospermia cohort 50.376 ± 

4.662, yielding a p-value of ≤ 0.05. Such results 

suggest that LH concentrations may be implicated 

in the pathophysiology of male infertility, especially 

in the context of asthenozoospermia. Additional 

investigations are necessary to elucidate the 

fundamental mechanisms involved.
 

 

Fig. 1: Levels of serum biochemical parameters within the study cohort, (A) SRD5A2, (B) FSH and (C) 

LH comprising asthenozoospermia (n= 24), oligozoospermia (n= 24), azoospermia (n= 18), and 

normozoospermia (n= 24). The ANOVA test indicated significance at *: p ≤ 0.05, **: p ≤ 0.01, ***: p ≤ 

0.001. 
 

The absence of variation in follicle-stimulating 

hormone (FSH) concentrations in men with 

infertility can be attributed to several fundamental 

physiological mechanisms. Functional 

hypogonadotropic hypogonadism (FHH), a medical 

condition marked by compromised functioning of 

the hypothalamic-pituitary-gonadal axis, leads to 

diminished testosterone levels and infertility, 

frequently occurring without significant changes in 

gonadotropin levels, including FSH. (15). Excessive 

adiposity and metabolic syndrome, commonly 

observed in males with infertility, may result in 

hormonal dysregulation characterized by elevated 

estrogen levels alongside diminished testosterone, 

LH, and FSH concentrations, thereby exacerbating 

the hormonal milieu without necessarily producing 

significant changes in FSH levels. (16). Furthermore, 

the involvement of aquaporins in testicular cell 

metabolism and their relationship with sex 

hormones suggest that metabolic anomalies may 

influence testicular function and infertility 

independent of direct effects on FSH 

concentrations. (17). Genetic determinants are also of 

paramount importance, with a considerable 

percentage of male infertility instances attributed to 

genetic causes; however, numerous cases remain 

enigmatic owing to the intricate nature of gene-

disease interactions and the lag in the 

implementation of next-generation sequencing 

methodologies. (18). 

Reduced LH concentrations in men with infertility 

can be ascribed to a multitude of factors, chiefly 

perturbations in the hypothalamic-pituitary-gonadal 

(HPG) axis. Functional hypogonadotropic 

hypogonadism (FHH) represents a clinical 

syndrome marked by dysfunction of the HPG axis, 

resulting in diminished levels of testosterone and 

gonadotropins, including LH, frequently linked 
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with conditions such as obesity, diabetes, and the 

administration of specific pharmacological agents 

like opioids and glucocorticoids(19). Similarly, 

congenital hypogonadotropic hypogonadism 

(CHH), an uncommon condition attributed to a 

deficiency in gonadotropin-releasing hormone 

(GnRH), leads to diminished LH levels because 

GnRH is essential for LH synthesis (19, 20). 

Environmental determinants, including prolonged 

exposure to polystyrene microplastics, have been 

shown to reduce LH concentrations by disrupting 

the LH-mediated LHR/cAMP/PKA/StAR signaling 

cascade, which is essential for testosterone 

biosynthesis and spermatogenesis (21). Moreover, 

lifestyle determinants such as obesity and 

inadequate dietary practices may contribute to 

hormonal dysregulation, including diminished LH 

levels stemming from perturbations in the 

hypothalamic-pituitary-gonadal (HPG) axis and 

elevated estrogen concentrations, which exert 

negative feedback on LH synthesis (16). 

Seminal plasma parameters levels of the study 

group 

The data presented in Figure 2 delineate the mean 

concentrations of seminal plasma variables, 

including exosomes, DHT, protein carbonyls, Total 

antioxidant capacity, and malondialdehyde, across 

four distinct cohorts of male subjects: those 

diagnosed with asthenozoospermia, 

oligozoospermia, azoospermia, and 

normozoospermia. 

The average levels of SRD5A2 exhibited 

statistically significant variations among the four 

studied groups. Males diagnosed with 

asthenozoospermia displayed an average SRD5A2 

concentration of 735.569 ± 45.287. Conversely, 

males with oligozoospermia had a higher average 

concentration of 946.026 ± 129.024, whereas those 

with azoospermia had even higher levels at 

1244.234 ± 131.381. The normozoospermia cohort 

had the highest mean SRD5A2 concentration at 

1466.501 ± 165.255 pg/ml. A comparative analysis 

of these concentrations revealed a statistically 

significant difference (p ≤  0.05), suggesting that 

SRD5A2 levels increase as sperm quality declines, 

with individuals classified as normozoospermic 

demonstrating the highest levels. 

The hormonal assessment revealed significant 

differences in dihydrotestosterone (DHT) 

concentrations across distinct cohorts of men with 

diverse sperm characteristics. The average DHT 

levels in men with asthenozoospermia were 1.636 ± 

0.12, whereas those with oligozoospermia were 

1.735 ± 0.100. Males diagnosed with azoospermia 

exhibited a marginally lower average DHT 

concentration of 1.701 ± 0.125, while 

normozoospermic males had the lowest average at 

1.595 ± 0.150. Statistical analyses revealed a 

significant difference among the groups (P ≤ 0.05), 

suggesting a possible association between DHT 

concentrations and sperm quality parameters. 

In contrast to SRD5A2 and DHT, there were no 

statistically significant differences in free 

testosterone concentrations across the studied 

cohorts. The average free testosterone 

concentrations were 45.571 ± 1.689 pmol/L in 

males with asthenospermia, 46.853 ± 2.768 pmol/L 

in individuals with oligospermia, 47.149 ± 3.282 

pmol/L in azoospermic males, and 45.853 ± 3.119 

pmol/L in the normospermic cohort. The statistical 

analysis yielded a p-value of 0.178, indicating no 

significant differences in free testosterone 

concentrations among the groups. This observation 

implies that although SRD5A2 and DHT levels 

correlate strongly with sperm quality, free 

testosterone levels may not be instrumental in 

distinguishing these conditions. 



Tikrit Journal of Pure Science Vol. 31 (3) 2026 

 DOI: 

 

6 

 

Fig. 2: Levels of seminal plasma parameters in the study cohort, (A) SRD5A2, (B) DHT, (C) free 

testosterone, which includes asthenozoospermia (n= 24), oligozoospermia (n= 24), azoospermia (n= 18), 

and normozoospermia (n= 24). The results were analyzed using ANOVA, with significance denoted as *: p 

≤ 0.05, **: p ≤ 0.01, ***: p ≤ 0.001. 
 

SRD5A2 levels gradually increase from 

asthenozoospermia to azoospermia, with normal 

sperm samples showing the highest levels, 

suggesting a role in male infertility. Variations in 

SRD5A2, which converts testosterone to DHT, may 

impact sperm quality and quantity, and the 

significant differences across groups highlight its 

link to sperm motility and count. (8). 

Infertile men often have reduced SRD5A2 enzyme 

levels mainly due to mutations in the SRD5A2 gene, 

which can cause sexual development disorders in 

individuals with 46, XY. Conversely, higher 

SRD5A2 levels in azoospermia are usually affected 

by genetic and environmental factors.(22). 

Environmental influences, especially chemicals that 

disrupt endocrine function, are believed to affect 

how 5α-reductase type 2 deficiency presents 

clinically by altering hormonal signaling, 

potentially leading to greater differences in physical 

traits. For instance, exposure to these chemicals 

before birth has been linked to heightened estrogen 

activity, potentially impacting genital development 

and overall developmental results.(23). Additionally, 

external stressors such as oxidative harm caused by 

pollutants and chemicals can disrupt hormonal 

balance, potentially affecting the presentation and 

severity of hypogonadism and related disorders. (24). 

The consistent testosterone levels observed in 

infertile men can be attributed to several 

physiological processes, notably disruptions in the 

hypothalamic-pituitary-gonadal axis. An example 

of this is the "Exercise-Hypogonadal Male 

Condition" (EHMC), in which prolonged endurance 

exercise results in reduced testosterone without 

affecting LH levels. This pattern suggests a 

regulatory imbalance rather than a direct defect in 

testosterone production. (25). Leydig cell 

dysfunction, frequently associated with 

seminiferous tubule impairment, exacerbates 

testosterone synthesis, likely attributable to 

disrupted intratesticular signaling mediated by 

activin and inhibin. (26).  Additionally, metabolic 

syndrome, common in infertile males, exacerbates 

oxidative stress and endothelial dysfunction, 

adversely affecting testosterone synthesis and 

semen quality. (27). Moreover, pathological 

conditions like varicocele may adversely affect 

Leydig cell functionality; however, surgical 

procedures such as varicocelectomy have 

demonstrated efficacy in enhancing testosterone 

concentrations, especially in individuals with 

hypogonadism, indicating that anatomical 

abnormalities can also influence testosterone 

homeostasis. (28). 

Correlation coefficient analysis between 

SRD5A2 activity and levels with other 

parameters:  

The heat map in Figure 3 illustrates the relationship 

between SRD5A2 enzymatic activity and four 

hormonal levels (DHT, Testosterone, FSH, and LH) 
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across four categories of semen analysis 

(Asthenozoospermia, Oligozoospermia, 

Azoospermia, and Normozoospermia). A notable 

inverse relationship was found between SRD5A2 

activity and DHT in both the asthenozoospermia 

group (r = -0.4749, p = 0.0190) and the azoospermia 

group (r = -0.6158, p = 0.0065), while no significant 

associations existed for testosterone, FSH, or LH, 

suggesting that SRD5A2 activity is predominantly 

linked to DHT levels in asthenozoospermia and 

azoospermia; additionally, a significant positive 

correlation between DHT and SRD5A2 was noted 

in the asthenozoospermia group (Pearson r = 

0.5255, P = 0.0084). 
 

 

Fig. 3. Heat maps illustrating the correlation coefficients are presented. A. The correlation coefficient 

between the average SRD5A2 activity and various parameters of the study cohorts. B. The correlation 

coefficient for mean SRD5A2 levels with other parameters within the study groups. 
 

In the oligospermia cohort, a significant positive 

correlation was observed between FSH and 

SRD5A2 levels (Pearson r = 0.4449, P = 0.0294), 

while other hormones showed no notable 

associations. Conversely, in the azoospermia group, 

significant correlations with testosterone (Pearson r 

= 0.5513, P = 0.0177) and LH (Pearson r = 0.5613, 

P = 0.0154) levels were identified, indicating that 

SRD5A2 may be particularly pertinent to 

asthenozoospermia and azoospermia, thus 

necessitating further research on its implications for 

male fertility. 

The inverse relationship between SRD5A2 

enzymatic activity and dihydrotestosterone (DHT) 

levels in male infertility is fundamentally linked to 

SRD5A2's role in testosterone conversion to DHT, 

an essential androgen for male sexual maturation 

and reproductive capability, with mutations in 

SRD5A2 potentially causing 5α-reductase type 2 

deficiency and resulting in diminished DHT 

production, leading to male 

pseudohermaphroditism characterized by 

ambiguous genitalia alongside a standard male 

internal urogenital system.(22). The catalytic 

efficiency of the enzyme depends on its structural 

integrity, as evidenced by the crystal structure of 

SRD5A2, which reveals a distinctive topology 

critical to its function; mutations in pivotal residues 

such as E57 and Y91 may diminish enzyme activity 

and, consequently, lower DHT synthesis. (29). A 

deficit in DHT compromises the integrity of the 

seminiferous epithelium, leading to accelerated 

germ cell loss and diminished fertility, as evidenced 

by animal studies. (30). The expression of SRD5A2 

and the distribution of local DHT are essential for 

cell proliferation in the periurethral mesenchyme, 

with DHT acting as an inhibitory factor during 

urethral development. (31). Genetic diversity in 

SRD5A2, characterized by multiple allelic forms, 

plays a significant role in phenotypic variation in 

individuals with 5α-reductase deficiency, 

influencing external genital virilization and shaping 

sex assignment and gender identity. (32). 

CONCLUSION 

In summary, this study demonstrated a notable 

reduction in both SRD5A2 levels and functionality 
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in infertile males, along with a significant inverse 

relationship between SRD5A2 and DHT. So, 

alterations in the activity and levels of SRD5A2 are 

correlated with various subtypes of male infertility. 

These results underscore the regulatory function of 

SRD5A2 in spermatogenesis and its potential utility 

as both biomarkers and therapeutic targets for male 

infertility.  
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