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1. Introduction

  Male infertility refers to a male’s inability to cause pregnancy in a 

fertile female. In humans it accounts for 40%–50% of infertility. It 

affects approximately 7% of all men. Male infertility is commonly 

due to deficiencies in the semen, and semen quality is used as a 

Objective: To evaluate correlation between the levels of vitamin D and male infertility as well 

as to determine the efficacy of vitamin D in improving the male fertility by up-regulating the 

levels of testosterone and spermatogenesis. Methods: In the present study, 130 male patients 

(aged 25-70 years) having fertility defects were screened and 145 healthy individuals were 

taken as control. All human subjects were screened for 4-hydroxynonenal, isoprostane-F2毩, 

8-hydroxy-2´-deoxyguanosine, vitamin D, luteinizing hormone, follicle stimulating hormone, 

testosterones, malondialdehyde, superoxide dismutase, catalase, glutathione peroxidase, 

and nitric oxide. Results: The screening analysis revealed that the levels of luteinizing 

hormone, follicle stimulating hormone, and testosterone were lower in male infertile subjects 

compared to healthy subjects. Similarly, the levels of vitamin D [(17.17 ± 2.30) ng/mL] and 

calcium[(6.29 ± 0.31) mg/dL] were significantly lower in infertile groups compared to the 

normal healthy groups. Moreover, the study revealed that the levels of superoxide dismutase, 

catalase, and glutathione peroxidase were significantly higher in healthy subjects compared 

to the infertile subjects. Conclusions: Vitamin D exhibits strong relevance to male fertility by 

maintaining the levels of sex hormones (luteinizing hormone, follicle stimulating hormone, 

and testosterone), up-regulating the antioxidant defense (superoxide dismutase, catalase, and 

glutathione peroxidase), and down-regulating the oxidative stress (malondialdehyde, nitric 

oxide, and inducible nitric oxide synthase species).
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surrogate measure of male fecundity. Male infertility is associated 

with several types of endogenous and exogenous factors which 

result in the formation of defective sperms and thus affect the 

quality of life in human[1]. Among several factors, oxidative stress 

is one of the leading factors which influence sperm characteristics 

such as seminal volume, density, sperm motility, morphological 

featuresand their viability[2]. Male reproductive endocrine system 

majorly performs its biological functions via hypothalamus, 

anterior pituitary and testes axis. Male reproductive system contains 

epididymis, ductus deferens and testis. The common function of 

male reproductive system is to produce spermatozoa by regulating 

sex hormones. The anterior pituitary gland releases two types of 

hormonesvia the hypothalamus. These hormones are luteinizing 

hormone (LH) that initiates the process of testosterone production 

in leydig cells by the metabolism of cholesterol in mitochondria and 

endoplasmic reticulum and follicle-stimulating hormone (FSH) that 

initiates the process of spermatogenesis in sertoli cells with the help 

of testosterone[3]. The process of sperm production can be divided 

into three phases including diploid spermatogenesis proliferation, 

haploid spermatids occurring through spermatocytes meiosis and 

haploid spermatids differentiation during the process of sperm 

production. At the final stage of spermatogenesis, the round form of 

spermatids differentiates into elongated spermatozoa with tail and 

mid piece. During spermatogenesis, the condensed nucleuses are 

formed by the remodeling and compacting of chromatin. After this 

process, the basal compartment of seminiferous epithelium is filled 

with spermatozoa that release into seminiferous tubules, immature 

spermatocytes and spermatogonia. The seminiferous tubules are 

the main part of testis and also the site of sperm maturation and 

production[4]. 

  Numerous studies have explored the role of vitamin D in up-

regulating the functioning of reproductive system. Their results 

presumably have a notable practical meaning in infertility 

treatment[5]. According to the National Health and Nutrition 

Examination Surveys within the North America, 36% of the 

American population is affected by deficiency of vitamin D over the 

past 10-15 years[6]. Deficiency of vitamin D (less than 20 ng/mL) 

and insufficient of vitamin-D (20-29 ng/mL) are linked with skeletal 

diseases like osteoporosis[7], reproductive disorders, osteomalacia 

and various chronic disorders such as autoimmune diseases like 

type栺diabetes or multiple sclerosis, inflammatory bowel disease, 

hypertension leading to cardiovascular disturbance, heart failure, 

coronary artery disease, cancer include breast cancer, colon cancer, 

neurocognitive disorder including Alzheimer disease[6,8,9]. Vitamin 

D belongs to the family of steroid hormone. According to the 

photolytic mechanism, 7-Dehydrocholestrol binds with vitamin 

D-binding protein, migrates into hepatocytes and converted into 

25(OH)D3 by the process of hydroxylation with the help of liver 

enzyme like 25-hydroxylase (CYP2R1). Then, finally it is converted 

into active vitamin D also known as 1, 25-dihydroxyvitamin-D with 

the action of kidney enzyme like 1-hydroxylase (CYP27B1) by 

hydroxylation process[10]. The active form of vitamin D plays its 

role in genome with the help of specific vitamin D nuclear receptor 

and may be non-genomic with the help of membrane vitamin D 

receptor  that further activates secondary messenger system to signal 

transduction. Vitamin D receptor(VDR) is present in several types 

of tissue including intestine, immune cells parathyroid hormone, 

but it is not expressed in skeleton tissue[11]. The presence of VDR in 

testis, placenta, ovary, and uterus represents that vitamin D displayed 

regulatory activity in reproductive system. After the binding of 

ligand with specific receptor, the intracellular cascade reactions 

were initiated and induced the phosphorylation of receptor that 

linked with 9-cis retinoid receptor. The VDR/ 9-cis retinoid receptor 

heterodimer complexes and some other regulatory proteins include 

VDR–interacting proteins, co-regulator and co-activator. All of these 

components are involved in the transcription of specific region of 

mRNA also known as VDR response element[12,13]. 

  Deficiency of vitamin D in serum is very common with an 

approximately 32% of healthy population in the United States. 

It has been associated with various health disorders such as 

cardiovascular diseases, cancer, bone health, neuropsycologic, 

infectious and reproductive disorders[14]. Deficiency of vitamin D 

may affect spermatogenesis indirectly because the normal levels 

of calcium have positive correlation with testosterone production 

in endoplasmic reticulum[15]. The concentration of vitamin D has 

shown positive affiliation with the concentration of androgen sex 

hormone in man[16,17]. It is suggested that deficiency of vitamin-D 

may alter the function of reproductive system by calcium-dependent 

mechanism[18]. Reactive oxygen species(ROS) also play major role 

in damaging the spermatozoa by the process of lipid peroxidation. 

In the presence of excess amount of ROS, the process of lipid 

peroxidation takes place in spermatozoa[19]. To counteract the 

action of ROS, a number of antioxidant mechanisms play important 

protective roles in spermatozoa such as glutathione peroxidase 

(GSH), catalase (CAT), vitamin E, ascorbic acid and superoxide 

dismutase(SOD)[20]. 

  The present study was performed to investigate the biochemical 

relevance of vitamin D in male infertility. For that, the levels of sex 

hormones (LH, FSH, and testosterone), antioxidant defenses (SOD, 

CAT, and GSH), and oxidative stress markers [malondialdehyde 

(MDA) and nitric oxide (NO) species] in infertile males compared to 

healthy individuals were evaluated. 

2. Materials and methods

2.1. Materials

  Enzyme linked immunosorbent assay kits were purchased from 

Sigma Chemicals Co. St. Louis, MO, USA. All other chemicals and 
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reagents were sourced from biochemical laboratories of University 

of Lahore, Pakistan. 

2.2. Experimental design

  There were two test groups of human male adults. The first group 

consisted of 145 human male adults diagnosed with male infertility. 

The second group consisted of 130 human healthy male adults used 

as control group.

2.3. Inclusion criteria

  Male adults having all biochemical tests were normal; however, 

those who were diagnosed with male infertility were included in the 

present study. 

2.4. Exclusion criteria

  Male infertile adults suffering from diabetes mellitus, hypertension, 

myocardial infarction or any other hepatic, pulmonary pancreatic or 

renal diseases were excluded from the present study.  

2.5. Collection of blood and separation of serum

  The blood samples of all human male infertile and healthy 

individuals were collected from their venous vessels, and serum 

samples were separated from the blood samples by centrifugation at 

4 000 revolutions/min for 10 min. The collected serum samples were 

then stored at -60 曟 until further biochemical analyses.

2.6. Biochemical assays 

2.6.1.Biochemical markers tested usingenzyme linked 
immunosorbent assay
  The levels of isoprostanes F 2毩α(pg/mL), 8-hydroxy-2´-

deoxyguanosine (pg/mL), 4-hydroxynonenal (µmol/L), vitamin D 

(ng/mL), calcium (mg/dL), estradiol (pg/mL), FSH (mU/mL), LH 

(mU/mL), cortisol (µg/dL) and testosterone (ng/dL) were analyzed 

using enzyme linked immunosorbent assay methods.

2.6.2.Biochemical markers tested using spectrophotometric 
methods
  To evaluate the biochemical relevance of levels of vitamin D with 

antioxidant defense and oxidative stress occurring in the infertile 

male adults compared to the healthy males, the serum samples of all 

human individuals were tested using spectrophotometric methods 

for estimation of SOD, MDA, CAT, GSH, NO, and inducible nitric 

oxide synthase (iNOS).

2.6.3.Biochemical markers tested using calorimetric method
  Moreover, the biochemical difference between the infertile human 

males and healthy individuals was also assessed by measuring the 

levels of glutathione peroxidase (GPx) and glutathione reductase 

(GRx) in the serum samples of all individuals using the calorimetric 

methods.

2.7. Statistical analysis

  Results were expressed as mean± standard deviation (mean ± 

SD). Statistical significance was determined by one way analysis of 

variance (one way ANOVA) and spearman correlation (two tailed) 

were used to correlate the different variables. The difference was 

considered significant when P<0.05.

3. Results

3.1. Relevance of oxidative stress and male infertility 

  Oxidative stress was one of the leading causes of inducing 

spermatozoa damage and male infertility. In this study, several 

critical markers of oxidative stress including MDA, NO, iNOS, 

isoprostanes F  2毩, 8-hydroxy-2´-deoxyguanosine, 4-hydroxynonenal 

were evaluated. The results demonstrated that the levels of these 

oxidative stresses inducing markers were significantly increased in 

infertile male adults compared to healthy individuals (Table 1).

Table 1

Relevance of oxidative stress to male infertility in human individuals.

Group  MDA 
(nmol/mL)

 Isoprostane-F2 毩
α (pg/mL)

         8-hydroxy-2´-deoxyguanosine
  (pg/mL)

    4-hydroxynonenal 
(µmol/L)

 NO
 (µmol/L)

 iNOS
    (µmol/L)

Healthy male adults 
(n = 145)

  1.37 ± 0.03    5.870 ± 0.001   0.160 ± 0.002   8.16 ± 1.08 11.67 ± 1.43        7.98 ± 1.88

Infertile male adults 
(n = 130)

 4.11 ± 0.24 53.500 ± 4.260  1.030 ± 0.019 21.09 ± 2.05  31.78 ± 2.56     28.16 ± 3.27

P-value  0.033   0.031   0.043    0.012    0.041       0.021 
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3.2. Relevance of antioxidant defense and male infertility 

  To prevent spermatozoa injury, human body adopted various 

physiologic anti-oxidative regulatory mechanisms including GSH, 

CAT, and SOD. These enzymes were capable of preventing damage 

to important cellular components caused by ROS such as free 

radicals, peroxides, and lipid peroxides. The study results indicated 

that the anti-oxidant defense was significantly reduced in infertile 

male adults compared to the healthy ale adults (Table 2). 

Group          SOD (U/mL)     GSH (µmol/L)       CAT (U/L)
Healthy male adults 
(n = 145)

0.110 ± 0.010  7.98 ± 0.58    3.98 ± 0.27

Infertile male adults 
(n = 130)

0.030 ± 0.007 4.67 ± 0.38    2.29 ± 0.14

P-value 0.003 0.045 0.004

Table 2
Relevance of antioxidant defense to male infertility in human individuals.

3.3. Levels of vitamin D and calcium

  The study results indicated that levels of vitamin D [(17.17±2.3) ng/

mL] and calcium [(6.29±0.31) mg/dL] were also found to be 

lowered in infertile male adults compared tolevels of vitamin D 

[(36.26±3.09) ng/mL] and calcium [(9.33±0.62) ng/mL] in healthy 

individuals.

3.4. Levels of glutathione peroxidase (GPx) and glutathione 
reductase (GRx)

  This study also estimated the levels of GPx and GRx in infertile 

male adults compared to healthy male adults. Results showed that 

the level of GPx [(5.88±0.21) µmol/L] and GRx [(2.87±0.21) µmol/L] were 

significantly lower in infertile male adults compared to the level of 

GPx [(7.87±0.48) µmol/L] and GRx [(5.53±0.15) µmol/L] in healthy 

individuals.

3.5. Relevance of steroidal hormones and male infertility 

  The levels of steroidal hormones including estradiol, cortisol, LH, 

FSH and testosterone were also measured in the present study (Table 

3). Results demonstrated that the levels of steroidal hormones were 

significantly lowered in infertile male adults compared to healthy 

individuals. 

 

4. Discussion

  Male infertility is an inability of a male to cause pregnancy in a 

fertile female. Approximately 15% of population suffer infertility 

in both male and female. Male infertility occurs due to several 

exogenous and endogenous factors[21]. Vitamin-D deficiency has 

been associated with various reproductive problems including 

hypogonadism, infertility, miscarriage as well as preterm birth. ROS 

and reactive nitrogen species (RNS) are among the major factors 

that play key roles to damage spermatozoa by the process of lipid 

peroxidation[22]. Spermatozoa consist of low levels of anti-oxidative 

defense mechanism such as GPx, CAT, vitamin E, ascorbic acid and 

SOD[23]. Toxic levels of NO cause damage to the plasma membrane 

of sperms and catalyze the membrane into small fragments that are 

called MDA by the process of oxidation of polyunsaturated fatty 

acid. Specifically, the polyunsaturated fatty acid is very sensitive to 

the action of free radicals such as RNS and ROS[24,25]. Testosterone 

synthesizes by leydig cells and plays crucial roles in primary and 

secondary sex characteristics in males. Testosterone is regulated 

by the placental human chorionic gonadotropin and the production 

of testosterones is regulated by the secretion of LH from anterior 

pituitary gland in response to gonadotropic releasing hormone from 

hypothalamus. LH is involved in steroidogenesis by increasing the 

production of cyclic adenosine monophosphate and maintaining 

the concentration of calcium for the post translation modification 

of protein in ER leydig cell[26].The supplementation of vitamin 

D might be beneficial to increase the chance of pregnancy due 

to the production of testosterone in leydig cell by the stimulation 

of LH from anterior pituitary gland[27]. According to a previous 

study, the level of sex hormone-binding globulin exhibits positive 

correlation with vitamin D in young adults but not in older men[28]. 

Calcium supplementation also restores fertility in male and female 

rats. Vitamin D regulates the homeostasis of calcium which have 

significant role in spermatogenesis in sertoli cells. Deficiency of 

vitamin D may alter the function of reproductive system by calcium-

dependent mechanism[29,30]. When the levels of calcium decreases 

in serum, mitochondrial calcium influx is increased, this may cause 

oxidative stress in mitochondria and ER. According to previous 

Table 3
Relevance of steroidal hormones to male infertility in human individuals.

Gruop Estradiol (pg/mL) FSH (mU/mL) LH (mU/mL) Cortisol (µg/dL) Testosterone (ng/dL) 

Healthy male adults (n = 145) 21.08 ± 3.65 9.57 ± 0.83 11.19 ± 1.25 11.29 ± 1.25 25.29 ± 2.53
Infertile male adults (n = 130) 67.08 ± 5.55 5.29 ± 0.51 6.29 ± 0.54 27.28 ± 2.18 14.26 ± 1.31
P-value 0.001 4 0.002 8 0.032 5 0.032 6 0.032 5
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studies, the normal sperm count, physiology, and morphology of 

sperm are regulated by the concentration of vitamin D[14]. The 

concentration of vitamin D showed a positive relationship with 

the concentration of androgen sex hormone in man by calcium 

depending mechanism[31,32]. The high levels of ROS and RNS 

induce adverse effects on the DNA and RNA as well as activate pro-

apoptotic proteins to stimulate the process of apoptosis. The process 

of apoptosis increases with age due to imbalance between the 

production of free radicals and antioxidants activity, deficiency of 

vitamin D, sex hormones (LH, FSH) and cholesterol metabolism[33]. 

  The desire level of testosterone also triggers sertoli cells for  

spermatogenesis and maintains the count of sperm, sperm motility, 

sperm density, and maintains the volume of semen[34]. Vitamin 

D exhibits a positive correlation with the level of testosterone to 

improve cholesterol metabolism, antioxidant free radical scavenging 

activity, and reduce the production of free radicals[35,36]. Vitamin D 

is also necessary to maintain the levels of calcium in the leydig cells 

in order to regulate the testosterone levels and spermatogenesis to 

prevent the male infertility[37]. 

  Conclusively, it is evident that vitamin D exhibits positive 

correlation with the male fertility by maintaining the levels of sex 

hormones (LH, FSH, and testosterone), up-regulating the antioxidant 

defense (SOD, CAT, and GSH), and down-regulating the oxidative 

stress (MDA, NO, and iNOS species) induced by ROS and RNS. 

Therefore, the levels of vitamin D are of prime importance in 

maintaining the sexual health of human.
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