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ABSTRACT 
 

Declining male fertility is of global concern and has been linked to the effects of endocrine 

disruptors on the modulation of oestradiol. These disruptors are also recognised to be toxic to 

the testes. Selenium and zinc play specific roles in heavy metal detoxification, testosterone 

metabolism, sperm formation and motility. This study was aimed at identifying the possible 

contribution of cadmium, lead, selenium and zinc to oestradiol modulation and sperm defects in 

Nigerian men.  

 

One hundred and twenty males (20-54 years) were recruited after informed consent. These were 

age-matched 77 dyspermics and 43 normospermics recruited from the Urology Clinics of two 

teaching hospitals in Nigeria. Demographic and anthropometric indices were obtained using a 

structured questionnaire and standard methods respectively. Semen samples were collected 

from subjects by masturbation after 3-5 days of abstinence from sexual intercourse. 

Spermiogram and sperm morphological characteristics were done using WHO guidelines and 

Tygerberg strict criteria respectively. Ten milliliters of blood was obtained from each 

participant. Serum and seminal plasma were obtained by centrifugation of clotted blood and 

semen respectively. Testosterone, oestradiol, prolactin, luteinizing hormone and follicle 

stimulating hormone were estimated in serum while testosterone and oestradiol were estimated 

in seminal plasma by enzyme immunoassay method. Cadmium, lead, selenium and zinc were 

assayed in serum and seminal plasma by atomic absorption spectrophotometry. Data were 

analysed using t-test, ANOVA and multiple regressions at p=0.05.   

 

Forty-eight (62.3%) dyspermics had reduced sperm motility and abnormal morphology while 17 

(22%) and 12 (15.6%) had oligospermia and azoospermia respectively. Seminal plasma 
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oestradiol was significantly lower in normospermics (0.7±0.04nmol/L) than dyspermics 

(1.1±0.07nmol/L) while testosterone/oestradiol ratio was significantly higher in normospermics 

(10.7±0.60) than dyspermics (7.3±0.70). Serum and seminal plasma cadmium were significantly 

higher in dyspermics (0.3±0.02µg/L; 2.0±0.07µg/L) than normospermics (0.1±0.01µg/L; 

1.2±0.07µg/L) respectively. Serum and seminal plasma lead levels were also significantly 

higher in dyspermics (34.8±0.55µg/dL; 39.2±0.61µg/dL) than normospermics (28.2±0.74µg/dL; 

31.9±0.87µg/dL), respectively. Serum and seminal plasma selenium were significantly higher in 

normospermics (0.9±0.01mg/L; 0.3±0.01mg/L) than dyspermics (0.8±0.01mg/L; 

0.2±0.01mg/L) respectively. Serum and seminal plasma zinc were significantly higher in 

normospermics (7.9±0.16mg/L; 161.9±5.16mg/L) than dyspermics (7.2±0.12mg/L; 

141.9±2.77mg/L) respectively.  

 

In dyspermic men, increased serum Cd was significantly associated with increased oestradiol in 

serum (β=0.42) and seminal plasma (β=0.52). Increased seminal plasma Cd was associated with 

decreased seminal plasma Zn (β =-0.21), decreased % motility (β =-1.03), increased % tail 

defects (β =0.08) and decreased sperm deformity index (β =-0.21). Increased serum Pb was 

significantly associated with serum FSH (β = 0.29). Increased seminal plasma Pb was 

significantly associated with increased serum FSH (β = 0.21). Increased sperm count was 

significantly associated with decreased serum oestradiol (β =-0.75) and testosterone/oestradiol 

ratio (β = -0.54); increased seminal plasma oestradiol (β =0.41) and testosterone/oestradiol ratio 

(β =0.38). Higher sperm deformity index was significantly associated with decreased serum 

Se/Pb ratio (β =-0.27). 
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Cadmium and Pb may cause depletion of Zn and Se which may account for the loss of their 

protective effect resulting in dyspermia through direct toxicity, oxidative stress, endocrine 

disruption or other yet unresolved mechanisms.  

Keywords: Oestradiol, Endocrine disruptors, Trace elements, Semen quality, Male fertility 

    Word count: 494 
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CHAPTER ONE 

1.0  INTRODUCTION 

 

Infertility is a well-known serious public health issue in Africa (Larsen, 1995), defined 

as the inability to conceive after one year of regular unprotected sexual intercourse 

(Gilbaugh & Lipshultz, 1994). It affects approximately 8 - 12% of couples worldwide 

(Rahim and Majid, 2004), 10% in Africa (Favot, Ngalula, Mgalla,  Klokke, Gumodoka 

and Boerma, 1997) and 15% in western countries (Irvine, 1998). In Nigeria, infertility 

is the most important reason for gynaecological consultations (Okonofua, 1996) with 

40 – 45% as male factor related (Ilesanmi, Omonriah, Bankole and Ojengbede, 1996; 

Ikechebelu, Adinma, Orie and Ikegwuonu, 2003). Globally, male factor infertility 

accounts for approximately 50 percent of causes of infertility (Poongothai et al., 2009).  

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Poongothai%20J%22%5BAuthor%5D
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The aetiology of male factor infertility is unknown (O‘Flynn, Varghese and Agarwal, 

2010). However, defective semen quality has been reported as a major cause of male 

factor infertility in 30% of infertile couples in the USA (Bar-Charma and Lamb, 1994). 

Low sperm count, altered morphology and low motility have also been observed by 

others (Egozcue, Blanco, Vendrell, Garcia, Veiga, Aran, Barri, Vidal and Egozcue, 

2000). Genuine decline in semen quality accompanied by increase in male 

reproductive disorders has been reported worldwide (Carlsen, Giwercman, Keiding 

and Skakkbaek, 1992; Itoh, Kayama, Tatsuki and Tsukamoto, 2001).  

 

Endocrinological (Makrigiannakis et al., 2011), immunological (Makrigiannakis et al., 

2011), nutritional (Kroon et. al., 2011), environmental (Balabanič  et al., 2011; Caserta 

et. al., 2011), anatomic (Makrigiannakis et al., 2011), chromosomal/genetic (Kroon et. 

al., 2011), molecular (Makrigiannakis, 2011), epigenetic (Zhang et al., 2011) factors, 

advanced age (Kroon et. al., 2011) and infection (Choudhury and Knapp, 2000) are 

implicated in the aetiology of reproductive failure globally. Though some of these 

factors are controversial, they are postulated to act independently or in synergy to 

cause reproductive failure through common mechanisms (Balabanič et al., 2011). 

 

Endocrine factors are established contributors to reproductive failure (Makrigiannakis 

et al., 2011). There is increasing concern about chemical pollutants that are able to 

mimic hormones called endocrine disrupting chemicals because of their structural 

similarity to endogenous hormones, their ability to interact with hormone transport 

proteins or their potential to disrupt hormone metabolic pathways (Balabanič et al., 

2011).Therefore,  they mimic or completely block the effects of endogenous 

hormones.  
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A substantial number of environmental pollutants, such as heavy metals (cadmium, 

lead, arsenic and mercury), polychlorinated biphenyls, dioxins, polycyclic aromatic 

hydrocarbons, phthalates, bisphenol A, pesticides and alkylphenols have been shown 

to disrupt endocrine function. These compounds can cause reproductive problems by 

decreasing sperm count and quality, increasing the number of testicular germ cells and 

causing cryptorchidism, hypospadias and infertility. Although they may be released 

into the environment in different ways, the main sources are industrial waste water and 

food chain (Caserta et al., 2011). Continuous and prolonged exposure to several 

endocrine disrupting chemicals has been shown as risk factor for reproductive failure 

in humans as well as trans-generational transfer of undesirable, potentially toxic 

compounds (Caserta et. al., 2011).  

 

Environmental pollution is common in Nigeria. Accumulation of cadmium and lead 

has been shown in the cat fish (Clarias gariepinus) from the Ogun River in Ogun State 

located close to six major industries in the South Western part of Nigeria (Farombi et. 

al., 2007). Environmental exposure also alters appropriate genetic programming and 

these epigenetic alterations are now being linked to several important reproductive 

outcomes (Robins et al., 2011). 
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Increased oxidative stress seems a common end-point to several endocrine disruptors 

(Caserta et. al., 2011). Oxidative stress in the male germ line is thought to affect male 

fertility and impact upon normal embryonic development (Gharagozloo & Aitken, 

2011).  Disruption of metal ion homeostasis leads to increased formation of potentially 

destructive reactive oxygen species, which overwhelms body antioxidant protection. 

The resultant oxidative stress subsequently induces DNA damage, lipid peroxidation, 

protein modification and eventual cellular damage (Tremellen, 2008; Jomova et al., 

2011).  

 

Although the overall effect of toxic metals on any cell or tissue is likely to be due to a 

synergism of several mechanisms, it is possible that one mechanism will predominate 

in a specific cell type (Thompson, Bannigan, 2008). Oxidative stress has been 

implicated as one of the main underlying mechanisms in the pathogenesis of 

reproductive failure (Ruder et. al., 2008). Loss of antioxidant defences, high levels of 

biochemical markers of ROS-induced membrane damage such as lipid peroxidation 

products and oxidant/antioxidant imbalance, oxidative damage to macromolecules and 

DNA and ROS-induced signal transduction for various genes might be associated 

(Ruder et. al., 2008; Thompson, Bannigan, 2008). 

 

Although genetics determines endocrine phenotypes, great variability and reversibility 

of the system in response to environmental changes is yet to be explained. Epigenetics 

studies of heritable but reversible changes in gene function without changes in 

nucleotide sequence, links genetics and environment in shaping endocrine function. 

Epigenetic mechanisms, including DNA methylation, histone modification, and 

microRNA, partition the genome into active and inactive domains based on 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gharagozloo%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aitken%20RJ%22%5BAuthor%5D
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endogenous and exogenous environmental changes and developmental stages, creating 

phenotype plasticity that can explain inter-individual and population endocrine 

variability (Zhang, 2011). Rapid non-genomic events might critically determine the 

functional stimulation and/or response of sex hormones in a cell-type- and 

environment-specific manner.  

 

Normal testicular development and the maintenance of spermatogenesis are controlled 

by gonadotrophins (LH and FSH) and testosterone. Testosterone is irreversibly 

transformed to oestrogen by aromatase in the testis (Carreau et al. 2007). Male 

reproductive structures have been observed to produce and respond to oestrogens 

(O'Donnell et al. 2001). In humans, both Leydig and Sertoli cells have been found to 

produce oestrogens in vitro and spermatozoa have been shown to convert 

pregnenolone to oestrogens via aromatase actions (Carreau et al. 2007). Oestrogens 

produced locally are considered as physiologically relevant hormones involved in the 

regulation of spermatogenesis and spermiogenesis (Carreau et al. 2007). 

 

Oestrogen present in the male tract regulates the expression of genes involved in water 

re-absorption mainly in the vas deferens as well as in the epididymis (Bilinska et al. 

2006). Zhang et al. (2009) suggested that local oestrogen levels might be associated 

with the current state of spermatogenesis or total number of spermatogenic cells in the 

testis. Oestrogen receptors (ERs) and the aromatase enzyme are widely expressed in 

the male reproductive tract in both animals and humans, implying that oestrogen 

biosynthesis occurs in the male reproductive tract. It is postulated that both locally 

produced and circulating estrogens may interact with ERs in an intracrine/ paracrine 

and/or endocrine fashion (Gruber et al. 2002).  

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhang%20X%22%5BAuthor%5D
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Humans are exposed occupationally and environmentally to metal aerosols including 

cadmium (Cd
2+

) and lead (Pb
2+

). Cadmium and Pb are known endocrine disrupting 

chemicals which are toxic to the testis and accumulate in both human and animal 

reproductive organs. They have been shown to have adverse effects on wildlife 

reproduction, cause testicular damage, disrupt steroidogenesis and spermatogenesis as 

well as cause irreversible infertility in laboratory animals (Thompson and Bannigan, 

2008). They are extremely potent inhibitors of human oestrogen sulfo-transferase 

(EST). Since EST regulates the excessive stimulation of testicular cells by the locally 

synthesized oestrogen through sulfation. It is strongly suggested that endocrine 

disruptors indirectly induce oestrogenic activity by increasing oestradiol bioavailability 

in target tissues (Kester et al. 2000).  

 

Trace elements such as zinc (Zn) and selenium (Se) are known to influence growth and 

reproduction. Cadmium and lead have been implicated as possible factors that interfere 

with the absorption, retention, distribution, and biologic availability of Se and Zn in 

the body (Xu et al. 2003). This results in relative deficiency of these essential 

elements, which are required for optimum activity of the important antioxidant 

enzymes, superoxide dismutase (Cu.Zn-SOD) and glutathione peroxidase (Se-GPx), 

involved in the protection of cells and DNA against oxidative damage (Pizent et al. 

2003).  

 

It has been hypothesised that Pb and Cd affect steroidogenesis by interference with the 

DNA binding zinc (Zn
2+

)-finger motif through the substitution of Cd
2+

 for Zn
2+

. 

Alternatively, they could act as endocrine disrupting chemicals (EDCs) by mimicking 

or inhibiting the actions of endogenous oestrogens. Cadmium has been demonstrated 
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to activate the oestrogen receptor (ER-α) through an interaction with the hormone-

binding domain of the receptor, in which it binds with high affinity, blocking the 

binding of oestradiol (Martin et al. 2003). The interaction of Cd
2+

 with the receptor 

appears to involve several amino acids in the hormone-binding pocket of the receptor, 

suggesting that the metal may form a coordination complex with the hormone binding 

domain and thereby activate the receptor. The involvement of Pb
2+

 in endocrine 

disruption in humans may be mediated at the hypothalamus-pituitary level similar to 

findings in animal models where the primary toxic action of Pb
2+ 

in male reproduction 

appears to be disruption of the hypothalamus – pituitary – testicular axis (Kempinas et 

al., 1994). 

 

Dyspermia is common in African males with mechanisms that are not well defined 

(Ilesanmi et al. 1996). Endocrine and environmental influences on semen quality are 

not well understood. This study is therefore, designed to identify the possible 

interactions of cadmium and lead with oestradiol and essential trace elements (Zn and 

Se) and their effects on semen quality. This will improve our understanding of the 

aetiology of poor semen quality as well as provide novel and rational approaches to 

preventing and treating endocrine-related infertility in men. 

 

1.1 Rationale of the Study 

1. The negative impact of the environment on the human reproductive ability has 

been of great concern globally (Carlsen et al. 1992; Itoh et al. 2001).  

2. Endocrine disrupting chemicals such as cadmium and lead are toxic to the testis 

and have been shown to cause testicular damage and irreversible infertility. 
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3. Epidemiological studies have been equivocal about the effects of Cd
2+

 and Pb
2+ 

on hormone concentrations, male fertility and sperm parameters (Benoff et al., 

2000; Chia et al. 2003). 

4. Changes in human and animal sperm morphology and motility have been 

associated with toxic occupational and environmental exposures which may 

relate to damage of differentiating cells or over time to stem cells (Carreau et al. 

2007).  

5. Zinc is antagonistic to toxic elements such as cadmium and lead and can play a 

role in heavy metal detoxification. Zinc also has a critical role in male sexual 

function including hormone metabolism and sperm formation and motility 

(Murray, 1998).  

6. Selenium is involved in biosynthesis of testosterone as well as in oestrogen 

sulfo-transferase. It is suggested that a deficiency of selenium can lead to 

excessive amounts of oestrogen (Behne et al. 1996). 

7. Although it is known that various toxic and essential metals are interactive, 

very little information is available on their possible combined effect on human 

male reproductive function.  

 

1.2 Aim of the Study 

 

This study aims to identify the possible interactions of heavy metals (Cd & Pb) with 

essential elements (Zn & Se) and oestradiol and their effects on semen quality. 
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1.3 Study Objectives  

1. To define the pattern of dyspermia in Nigerian males. 

2. To identify specific endocrinopathies associated with poor semen quality. 

3. To assess the role of environmental toxicants/endocrine disruptors (Cd & Pb) 

in decreasing male reproductive potentials.   

4. To determine the role of Zn and Se in improving male reproductive function. 

5. To understand the possible effects of interactions of toxic metals (Cd & Pb), 

essential elements (Zn & Se) and oestradiol on semen quality. 

 

1.4 Significance of the Study 

 

Research into the effects of the interaction of oestradiol, selected toxic and essential 

trace metals on semen quality may improve the currently limited understanding, 

delineate the aetiology of poor semen quality and male infertility as well as provide 

novel and rational approaches to prevent and treat male infertility. 

 

1.5 Hypothesis 

 

Cadmium and lead deplete zinc and selenium and modulate oestradiol levels in serum 

and seminal plasma thus adversely affecting semen quality in man. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Human Fertility 

 

The fertility of an individual, a couple or a population is referred to as the number of 

children born and the measure of fertility provides information on the rate of actual 

births in a population (Johnson & Everitt, 2000). Human fertility is complex and 

depends on the synergy of male and female reproductive competence in which 

physiological, genetic, behavioural and environmental factors interact (Ong et al. 

2002).  

 

Normal sperm production (spermatogenesis), maturation (spermiogenesis), delivery to 

and passage through the female genital tract (ejaculation and sperm transport), and 
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function (capacitation, egg penetration and de-condensation of the head) are essential 

to achieve fertilization and early embryonic development. These long and complex 

processes require an appropriate hormonal environment and well-balanced autocrine, 

paracrine and juxtacrine signalling events between the various components of the male 

reproductive system (Maduro et al. 2003). When the molecules involved in these 

signalling cascades fail, male infertility occurs. 

 

2.1.1 Infertility  

 

Infertility is the inability to naturally conceive and a couple is considered to be infertile 

if they have not conceived after 12 months of regular unprotected sex (or after six 

months in women over 35 years of age), or there is an incapability to carry a pregnancy 

to term as a result of disorders of the female tract (tubal obstruction, endometriosis), 

disorders in ovulation (anovulatory cycles), and poor quantity and quality of sperm 

(Johnson & Everitt, 2000). Infertility is common, affecting about 14% of couple‘s 

worldwide (WHO, 1991). The prevalence of infertility is high in sub-Saharan Africa 

ranging from 10 - 20% among women 20 – 44 years of age (Ericksen and Brunelte 

1996).  Larsen (2000) found 33% prevalence of infertility in Nigeria. While female 

infertility tends to be complex, the most common cause of male infertility is impaired 

sperm production and function. 

  

2.1.2 Male Infertility  

 

A male factor is considered when an alteration in sperm concentration and/or motility 

and/or morphology could be found in at least one sample of two sperm analyses which 

comply with World Health Organization (WHO) 1999 guidelines collected between 1 - 
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4 weeks apart (Cavallini, 2006). Male factor infertility may account for up to 40% of 

infertile couples (Ilesanmi et al., 1996).  A study in South-Eastern Nigeria indicated 

that male factor alone was responsible for 42.4% of the entire infertile couples 

examined (Ikechebelu et al. 2003).  

  

Despite the fact that male infertility is common, little is known about its aetiology 

(Chia et al. 2002).  It has been suggested that at least one half of the cases of human 

male infertility of unknown aetiology may be attributable to various environmental and 

occupational exposures (Gagnon, 1988). In a multi-center study, data from testicular 

biopsies show wide geographic variations in rate of hypo-spermatogenesis which may 

be caused by environmental pollutants, climate change, endemic diseases or clothing 

(Thomas & Jamal, 1995). A major portion of male infertility is thought to have an 

underlying genetic basis such as gonadotrophin releasing hormone (GnRH) deficiency, 

spermatogenic failure and both obstructive such as congenital absence of vas deferens 

and non-obstructive azoospermia e.g. Y chromosome deletions (Mak and Jarvi, 1996).  

The cause of male factor infertility could be pre-testicular, testicular and post – 

testicular originating from the hypothalamic-pituitary-gonadal axis which have adverse 

effect on spermatogenesis (Benoff et al. 2000). 

 

2.2 Spermatogenesis 

 

Spermatogenesis is a complex process by which immature germ cells undergo 

division, differentiation and meiosis to give rise to haploid elongated spermatids 

(O‘Donnell et al. 2003). This process takes place within the seminiferous tubules of 

the testis in close association with the somatic cells of the Sertoli cells. When germ cell 
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development is complete, the mature spermatids are released from the Sertoli cells into 

the tubule lumen and proceed through the excurrent duct system, known as the rete 

testis, until they enter the epididymis via the efferent ducts. During passage through 

the epididymis, the spermatids undergo a series of biochemical changes to become 

motile spermatozoa capable of fertilization (Hess et al 1997; Sharpe, 1997).  

  

2.2.1 Endocrine Regulation of Spermatogenesis 

 

The production of a normal number of spermatozoa depends on the highly specific 

regulation of gene expression in the germ cells, the paracrine and hormonal control of 

germ cell proliferation, differentiation and survival and the structural and functional 

support of the germ cells provided by the Sertoli cells. The specialized functions 

required for proper proliferation and differentiation of the spermatogonal stem cells are 

mainly provided by the neighbouring differentiated Sertoli cells. The Sertoli cells, 

together with the adjacent basement membrane, create a particular microenvironment 

which controls the renewal and differentiation of the stem cells (Spradling et al. 2001). 

 

The testis is also involved in the production of hormones that are required for various 

functions in the body, including maintenance of secondary sexual functions, and 

feedback on the hypothalamus and the pituitary to control the secretion of the 

gonadotrophins, LH and FSH (O‘Donnell et al. 2003). LH binds to membrane 

receptors in the Leydig cells to induce and maintain testosterone production, and FSH 

binds to membrane receptors in the Sertoli cells and initiates the synthesis of 

androgen-binding protein (ABP) and a polypeptide, inhibin. There is a negative 

feedback between testosterone and LH and between inhibin and FSH, such that LH 
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levels increase as testosterone decreases, and FSH levels increase when the Sertoli 

cells are damaged (Anawalt, et al. 1996).  

 

Although testosterone is a primary inhibitor of LH secretion in men, other testicular 

products including oestrogen and other androgens also inhibit LH secretion. The 

inhibitory effects of testosterone are both produced by testosterone itself and indirectly 

through aromatization to oestradiol (Morales et al. 2004). Oestrogen interferes with 

gonadotrophin secretions and the production of endogenous testosterone (Hess et al. 

2004). It inhibits some enzymes in the testosterone synthetic pathway directly effecting 

testosterone production in the Leydig cells.  The aromatisation of testosterone into 

oestradiol is therefore required for a normal gonadotrophin feedback as shown in 

figure 2.1 (Finkelstein, O‘Dea, Whitcombe et al. 1991). Testosterone acts principally 

upon the hypothalamus to regulate GnRH secretion and thereby reduces the pulse 

frequency primarily of LH release. Oestrogen acts at the hypothalamic level to 

decrease both GnRH pulse frequency and pituitary responsiveness to GnRH as shown 

in figure 2.2 (Lipschultz, Howard, 1983).
 
Through these endocrine feedback loops, 

testicular function in general and testosterone secretion specifically are maintained at a 

relatively steady state (Schrader and Lemasters, 2002). 
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Figure 2.1.Sex steroids control of gonadotrophins secretions. 
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Figure 2.2: Schematic representation of the endocrine relationships among the 

hypothalamus, pituitary and testis (+) represents positive or stimulatory effect and (-) 

represents negative or inhibitory effect. 
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2.3 Semen Quality  

 

Traditionally, the male reproductive potential is based on his capability to deliver 

spermatozoa to the female genital tract. Spermatozoa are therefore, a primary focus of 

both clinical andrology and human reproductive toxicology. Theoretically, sperm cells 

have the potential to become multipurpose biomarkers that provide a critical link 

between exposure-mediated damage to target organs and changes in fertility and other 

reproductive end points (Ong et al. 2002).  

 

Semen analysis as the first stage of evaluation of the infertile couple has been used 

routinely in infertility clinics all over the world to assess the fertility of the male (Bar-

Charma and Lamb, 1994). The biological logic for using semen analysis to evaluate 

sperm quality is based on the inherent variability in sperm number, as well as the 

conspicuous heterogeneity of spermatozoa in human semen and from existing 

knowledge of sperm transport in the female. Human males naturally produce a high 

population of morphologically abnormal sperm, i.e. as many as 50% of sperm cells can 

be non-motile and/or obviously malformed (Sharpe, 1994). Nevertheless, despite some 

of these shortcomings, semen analysis is still considered as predictive of male 

infertility and indicative of a man‘s reproductive health status in general and testicular 

function in particular (Fische et al. 1997). Recent studies in humans and animal 

models have demonstrated that the combined use of the sperm number, motility and 

morphology tend to provide a better reflection of seminal quality in bio-monitoring 

and measures of semen quality are used as surrogate measures of male fertility in 

clinical andrology (Gaur et al. 2007).  
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The volume and composition of the ejaculate are used to determine fertility. Ejaculate 

volumes less than 2.0 ml can be associated with infertility whilst the average normal 

ejaculate volume is approximately 3.5ml. Although, earlier reports of some 

investigators did not show any significant difference in semen volume between 

dyspermic and normospermic infertile men (Adejuwon et al. 1996), semen volume has 

been considered important in assessing the total sperm production by the testes (Oliva 

et al. 2001). Seminal volume, except when it is very low does not seem to be 

significantly related to fertility. However, very high volumes may reduce the sperm 

concentration considerably and prove critical when sperm output is already low (Oliva 

et al. 2001). The composition of the ejaculate is also a parameter to measure fertility. 

In normal males the seminal vesicles contribute 40-80% of the fluid; the prostate gland 

15-30%, while the testes and bulbourethral gland contribute less than 10%. If there is 

absence of a particular component in the ejaculate then there could be an abnormality 

in the tissues supplying that fluid, maybe rendering the male infertile. 

 

The commonest cause of male infertility is a low sperm count (oligospermia). 

Oligospermia is defined as a sperm count of less than 20 x10
6
 per mL and has different 

aetiologies. However, in most of the cases the cause cannot be determined, and it is 

then considered idiopathic. The concentration of spermatozoa in the ejaculate depends 

on the extent of dilution of epididymal spermatozoa by secretions of the prostate and 

seminal vesicles occurring at ejaculation and is therefore influenced by the secretory 

capacity of the accessory sex glands. Oligospermia in an infertile male strictly means 

too few sperm and is a term used to include a wide range of defects in semen quality. 

The total sperm count (number of spermatozoa per ejaculate) rather than sperm 

concentration (number of spermatozoa per unit volume of semen) is now considered as 
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the more important semen variable related to fertility since it reflects testicular volume 

and thus is a measure of total sperm output which is directly related to the chances of 

pregnancy after coitus (Cooper et al. 2007). 

 

Asthenozoospermia is reportedly the most common anomaly of semen, whether 

present alone or in combination with teratozoospermia and/or oligospermia. The 

presence of asthenozoospermia has been shown to be a very subtle early indicator of 

reduction in the semen quality of an individual, which frequently gets ignored if the 

semen sample shows adequate sperm count and normal morphology (Gaur et al. 2007). 

Asthenozoospermia has been reported to have a much stronger relationship to both 

percentage of pregnancy and conception compared to sperm concentration (Adeniji et 

al. 2003). This is however, susceptible to variations resulting from sample collection 

methods, since prolonged abstinence before collection is associated with increase in 

sperm concentration whereas more frequent ejaculation may increase motility but 

result in low sperm density (Imade et al. 2000). Severe asthenozoospermia is mainly 

the result of structural abnormalities of the tail (Chemes, 2000). 

 

Some men are infertile because of abnormal looking sperm (teratozoospermia), and 

many infertile men have semen samples which have low sperm counts, with poor 

motility and many abnormally shaped sperms, referred to as oligo-astheno-

teratozoospermia. In 30% of infertile couples, the male factor in the form of defective 

sperm quality is a major cause (Brugo-Olmedo et al. 2001).  A comprehensive study of 

apparently normal couples attempting to achieve conception showed that the 

probability of conception increased with increasing concentration up to 40 x 10
6
/mL 

and that the proportion of sperm with normal morphology was strongly related to the 
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likelihood of pregnancy, independent of sperm concentration (Bonde et al. 1998). 

Asthenozoospermia and teratozoospermia are frequently responsible for infertility in 

men, yet they are poorly understood conditions that are often unrelated to any known 

andrological disorder.  

 

Sperm morphology has been recognized as the single most important semen parameter 

to accurately predict fertility status and pregnancy outcome in an assisted reproductive 

treatment programme (Kruger et a1. 1986). Of all the semen parameters, sperm 

morphology has consistently been observed the best indicator of male fertility. It has 

been argued that sperm morphology is a reflection of sperm functional competence 

(Coetzee et al. 1998). Sperm morphology as assessed by strict criteria is an excellent 

biomarker of sperm dysfunction(s) that assist the clinician in determining the source of 

male infertility and in predicting the outcome of assisted reproductive technologies 

(Franken et al. 1990; Oehninger et al. 1997; Tasdemir et al. 1997). Severely impaired 

sperm morphology is strongly correlated with fertilization in vitro and the incidence of 

fertilization failure is significantly high in cases with severe teratozoospermia 

(Tasdemir et al. 1997). A retrospective cohort study has revealed that severe 

teratozoospermia yields lower implantation and on-going pregnancy rates compared 

with results from similar couples with normal morphology (Menkveld et al. 1996). The 

percentage of morphologically normal sperm has been found to be a much greater 

discriminator between fertile and sub-fertile men (Guzick et al. 2001).  

 

Recent reports show that when semen analysis is performed very well, impressive 

relationships between individual measures (concentration, motility and morphology) 

and the probability of conception can be found in men from the general population 
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(Pacey, 2006). Increasing probability of conception within the follow-up period has 

been reported as the concentration of sperm rising to about 50 x 10
6
/ml. Essentially, 

semen analysis tries to identify the population of sperm in an ejaculate (or a prepared 

sample) that has the potential to fertilize an oocyte and give an indication of fertility 

potential in males (Larsen et al. 2000). 

 

2.4 Factors Affecting Semen Quality 

 

Reproductive function is sensitive to changes in the physical, psychosocial and 

chemical environments. Although reproductive effects of occupational exposure to 

hazardous chemicals have been well documented in the literature, the potential effects 

of chemical contaminants at levels representative of contemporary exposures in the 

general population are much less certain (Younglai et al. 2005). Semen quality is 

generally considered to be a proxy measure of male fertility, and changes in semen 

quality can occur after exposure to toxic agents (Wyrobek, 1993). However, there are 

difficulties involved in linking exposure to putative hazardous substances in 

environmental and occupational settings to adverse reproductive outcomes in humans 

(Younglai et al. 2005). 

 

Spermatogenesis is temperature dependent as demonstrated by several experimental 

studies showing that artificial increases in scrotum or testicle temperature in fertile 

men reduce both sperm output and quality (Thonneau et al. 1998). Normal testicular 

function requires a temperature of 2 - 4
o
C below body temperature, such that a 

temperature difference between the body core and testicles exists (Mieusset & Bujan, 

1995). Testicular temperature is regulated by two mechanisms. The scrotum is 
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responsible for the first level of regulation since it has no subcutaneous fat and the total 

surface area of its skin changes with temperature so that it can dissipate heat to the 

exterior as appropriate. The second thermoregulatory system is located in the 

spermatic cord where there is a counter-current heat exchange between incoming 

arterial blood and outgoing venous blood. The temperature of the venous blood is 

lower than that of arterial blood due to loss of heat through the skin of the scrotum. 

This heat exchange system results in the pre-cooling of arterial blood arriving at the 

testis (Glad Sorensen et al. 1991).  

 

2.4.1 Endocrine Effects 

2.4.1.1 Testosterone 

 

Testosterone is the androgenic hormone primarily responsible for normal growth and 

development of male sex reproductive organs including the penis, testicles, scrotum, 

prostate and seminal vesicles. It is necessary for normal sperm development. It 

activates genes in Sertoli cells, which promote differentiation of spermatogenesis.  

A high intra-testicular concentration of testosterone is essential for spermatogenesis. 

Testosterone auto-regulates its plasma concentration by acting on the hypothalamic-

pituitary axis to inhibit LH secretion. Testosterone does not control the quality of 

sperm, but it does affect the sex drive and the growth of spermatogenic tissue in the 

testicles. Testosterone deficiency may be associated with impaired spermatogenesis. 
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2.4.1.2 Oestrogen  

 

Conversion of androgens to oestrogens is required in order to ensure the integrity of 

the gonadotrophin feedback mechanism in men, which is also essential for normal 

spermatogenesis (Rochira et al. 2001). In the human testis, oestradiol acts as a survival 

factor for round spermatids which in the absence of local production of oestrogen 

undergo apoptosis, failing to differentiate into elongated spermatids (Pentkainen et al. 

2000). Previous studies in mice have shown that oestrogen is found in high 

concentration in the rete testis fluid and oestrogen receptors are found in the efferent 

ductules (Hess et al., 1997) where it functions to facilitate the resorption of rete testis 

fluid and proteins in the efferent ductules and initial segment epididymis. Oestradiol 

also stimulates the motility of human spermatozoa, through membrane receptor 

activation which in turn acts on intracellular ATP for release of energy which results in 

the increase in sperm motility (Rangari et al. 1994). Disruption of oestrogen function 

results in the inability to reabsorb testicular fluid which logically would result in 

disruption of sperm maturation and thus a potential decrease in fertility (Hess et al., 

1997). 

 

Oestrogens are inactivated through sulfo-conjugation, catalysed by oestrogen sulfo-

transferase, which is abundantly expressed in liver (Song, 2001). Oestrogen sulfo-

transferase (EST) is discretely expressed and regulated in the male reproductive tract. 

In the male, oestrogen sulfo-transferase shows the highest concentration and specific 

organ activity in the testis (Song, 2001). In the testis, its presence is exclusive to the 

Leydig cell, but along the tract it is found in the epididymal epithelium and smooth 

muscle of the vas deferens of mice (Tong & Song, 2002).  
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Oestrogen sulfo-transferase is regulated in the testis and epididymis through pituitary 

gonadotrophins (LH) and androgens (Tong & Song, 2002). It plays a physiological 

role in maintaining the functional integrity of the epididymis by regulating luminal 

functional oestrogen homeostasis. Oestrogen sulfo-transferase catalyses the specific 

sulfonation of oestrogens including oestrone and oestradiol (Gamage et al. 2006). 

Oestrogens are considered to be hormonally inactive since sulphated oestrogens do not 

bind to ERs (Song et al. 1997). Leydig cells are characterised by a high EST activity 

(Song et al. 1997) which is under LH and androgen control (Song, 2001). Sulfo-

transferase activity increases along the epididymis as a consequence of its local 

synthesis. Since EST is involved in oestrogen metabolism, its expression in the male 

reproductive tract determines where the oestrogenic environment predominates along 

the tract (Gilles et al. 2009). Cholesterol is the major sulphated sterol in the epididymis 

of humans. During epididymal maturation the sulphated sterol accumulates in the 

plasma membrane covering the acrosome of spermatozoa. It is hypothesised that 

sulphated sterols being potent inhibitors of capacitation provide a protection against 

premature release of sperm acrosomal proteases within the male tract (Roberts, 1987). 

 

Reports show that oestrogen deficiency may have negative effect (Delbe`s et al. 2006), 

and excess oestrogen also has a direct deleterious effect on spermatogenesis in animal 

models (Goyal et al., 2003) and probably in humans (Akingbemi, 2005; Pasquali et al. 

2007). This raises the possibility that endogenous oestrogens are essential for the 

maintenance of male fertility. Some studies have found increased serum oestradiol 

levels in infertile men (Pavlovich, et al., 2001; Luboshitzky et al. 2002) whereas others 

have found normal levels (Giagulli, Vermeulen, 1988) and yet others have observed 

decreased serum oestradiol levels in infertile men (Yamamoto, Hibi, Katsuno, Miyake, 
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1995). Previously, Luboshitzky et al. (2002) also found elevated seminal plasma 

oestrogen concentrations in infertile men.   

 

2.4.1.3  Testosterone/ Oestrogen Ratio 

 

Locally produced oestrogen or the balance between androgen and oestrogen action is 

important in spermatogenesis (O‘Donnell et al. 2001). When the oestrogen molecule 

occupies a testosterone receptor site on a cell membrane, it blocks the ability of serum 

testosterone to induce a healthy hormonal signal. Oestrogen can also increase the 

production of SHBG, which binds the active free testosterone into an inactive ―bound‖ 

testosterone which cannot be picked up by testosterone receptors on cell membranes. 

This testosterone-oestrogen imbalance may have a role in human spermatogenesis 

(Luboshitzky et al. 2002). Sperm concentration, motility and normal morphology 

significantly correlate with seminal plasma testosterone/oestradiol ratio (Luboshitzky 

et al., 2002). Therefore an increased testosterone/oestradiol ratio may reflect the 

quality of the endocrinological milieu of the testis (Itoh et al. 1994). In humans, a 

decrease in testosterone/oestradiol ratio is associated with infertility. Severely infertile 

men had significantly lower testosterone and higher oestradiol than fertile controls, 

resulting in a decreased testosterone/oestradiol ratio (Pavlovich et al. 2001). It 

therefore appears that excess oestrogen has a direct deleterious effect on 

spermatogenesis. 

 

2.4.1.4  Prolactin  

Normal serum concentrations of prolactin (PRL) exert permissive roles in the male 

reproductive tract, but excessive serum PRL concentration often correlate with 
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infertility (Gonzales et al. 1989). Hyper-prolactinaemia induces hypo-gonadism by 

inhibiting gonadotrophin-releasing hormone pulsatile secretion and, consequently, 

follicle-stimulating hormone (FSH), luteinizing hormone (LH), and testosterone 

pulsatility. This leads to spermatogenic arrest, impaired motility, and sperm quality 

and results in morphologic alterations of the testes similar to those observed in pre-

pubertal testes (De Rosa et al. 2002).  

Hyper-prolactinaemia is a relatively uncommon cause of male infertility (Cunnah and 

Besser, 1991). However, there is strong evidence suggesting that serum prolactin has a 

direct effect on sperm motility (Gonzales et al. 1989). The mean PRL level has been 

found to be higher in severe oligospermia and azoospermia and increasing FSH and 

PRL levels are useful in routine investigation of azoospermic males (Al-Daghistani & 

Abdel-Dayem, 2007). Studies have related decreased or higher levels of serum PRL in 

asthenozoospermics (Pasqualotto et al. 2005). Some reports found higher levels of 

serum PRL in oligospermic and azoospermic men. However, the fact that many 

subjects with hyper-prolactinemia have normal sperm concentration makes it difficult 

to find a relevant role for serum PRL on sperm concentration (Pasqualotto et al. 2005).  

2.4.1.5  Gonadotrophins  

LH and FSH are the primary pituitary hormones secreted by gonadotrophs that play a 

prominent role in maintaining proper function of testicular somatic cells (Holdcraft and 

Braun, 2004). LH is essential in promoting spermatogenesis, while FSH has a role in 

development of the immature testis and maintenance of spermatogenesis (Orth 1993). 

The changes in LH and FSH may contribute significantly to the dysfunction of 

spermatogenesis and sperm maturation in patients with idiopathic azoospermia and 
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oligospermia (Zhang et al. 2003). Very high FSH levels, for example, with normal 

levels of other hormones indicate abnormalities in initial sperm production. However, 

when the sperm producing capacity of the testis is diminished, the pituitary makes 

more FSH in an attempt to aid spermatogenesis. Therefore, if FSH is significantly 

elevated there is a strong indication that the testicles are not producing sperm optimally 

(Luboshitzky et al. 2002).  

Follicle stimulating hormone (FSH) and androgen act to stimulate and maintain 

spermatogenesis. FSH acts directly on the Sertoli cells to stimulate germ cell number 

and acts indirectly to increase androgen production by the Leydig cells. Results show 

that in rodents (1) FSH acts to stimulate spermatogenesis through an increase in 

spermatogonal number and subsequent entry of these cells into meiosis, (2) FSH has 

no direct effect on the completion of meiosis and (3) FSH effects on Leydig cell 

number are mediated through interstitial androgen receptors (O'Shaughnessy et al. 

2010).  

Circulating FSH is a well-known marker for Sertoli cell function and spermatogenesis, 

but FSH is influenced by hypothalamic function as well as testicular factors and 

steroidal hormones (Jensen et al. 1997). Despite years of intensive study, the role of 

FSH in the regulation of spermatogenesis in the adult mammal is still unclear. It is still 

not known whether or not it is required to maintain spermatogenesis once it is 

established (Zirkin et al. 1994). A strong association has been described between 

serum and seminal plasma FSH as well as effect of seminal plasma FSH on parameters 

of seminal fluid analysis in normospermics and different groups of infertile men 

(Fakhrildin, 2007). The significance of the correlation between the levels of LH and 

FSH in seminal plasma and sperm concentration and motility is unknown. 

http://eprints.gla.ac.uk/view/author/10181.html
http://eprints.gla.ac.uk/view/author/10181.html
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In humans, quantitatively normal spermatogenesis apparently requires FSH as well as 

testosterone. The effects of FSH are mediated via enhancement of testosterone 

production or action. The latter is consistent with reports that FSH is capable of 

increasing androgen receptor mRNA and protein in vivo (Verhoeven and Cailleau, 

1988). There is abundant evidence from studies in immature hypophysectomized rats 

that FSH is able to induce proliferation of adult type Leydig cells, including positive 

effects on the volume of smooth endoplasmic reticulum (Sharpe, 1993). Similar effects 

in the adult and/or effects on the production of local regulators of Leydig cell 

steroidogenesis may therefore explain or contribute to the effects of FSH on 

spermatogenesis in the adult (Zirkin et al.1994).  

Since testosterone and FSH are always present together in the adult male mammal, it is 

reasonable to conclude that they act together under normal physiological conditions to 

maintain quantitatively normal spermatogenesis. In man and most other primates, 

testosterone alone is able to maintain qualitatively complete spermatogenesis; the role 

of FSH may be to influence the quantity of spermatozoa produced at the pre-meiotic 

and/or post meiotic levels, depending on the species (Zirkin et al. 1994). By using FSH 

and testosterone to control spermatogenesis, nature has evolved the means to separate 

the initiation and early expansion of spermatogenesis (FSH-regulated) from the 

completion of spermatogenesis and the associated development of secondary sexual 

characteristics, sex drive and behavior (testosterone-regulated). (Zirkin et al.1994). 

Luteinizing hormone stimulates spermatogenesis indirectly via testosterone. The rise in 

LH might indicate a separate feedback mechanism mediated by the early stages of 

spermatogenesis and not by testosterone alone (Gray et al. 1981). However, it has been 

suggested that spermatogenesis-related feedback factors may inhibit LH as well as 
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FSH secretion (Al-Daghistani & Abdel-Dayem, 2007). The occurrence of depressed 

spermatogenesis and elevated FSH levels seem to be relatively good indicators for the 

presence of certain disorders in the testis. Studies relating serum LH, FSH, and 

prolactin (PRL) with sperm concentration and motility are conflicting and their levels 

have been reported to be lower or higher in oligozoospermics compared to 

normozoospermics (Al-Daghistani & Abdel-Dayem, 2007).  

Elevated levels of LH have been observed in azoospermic and oligospermic males 

when compared with the levels in proven fathers and normospermic men (Khan et al. 

2005). Earlier studies also showed elevated gonadotrophins in infertile men (Anderson 

et al. 1997). However, low levels of serum LH have been reported in men with oligo-

asthenozoospermia. Decreased secretions of LH and testosterone found in 

oligospermic men may be due to prolonged half-life of LH, reduced bioactive LH 

secretary burst amplitude, lower immune-reactive ratio in the mass of LH secreted per 

burst and decreased coordinated release of bioactive LH and testosterone (Turek et al. 

1995). 

2.5 Toxic Metals 

 

The pathogenesis of male infertility is not known, but some investigators have 

suggested that the endocrinopathies and poor semen quality frequently seen in male 

infertility may be due to environmental pollutants such as toxic metals like Cd and Pb 

(Dallinga, 2002). Male reproductive function is known to be highly sensitive to many 

chemicals and physical agents generated by industrial or agricultural activities (Oliva 

et al. 2001). In medical usage, heavy metals are loosely defined as any metallic 

chemical that has a relatively high density and is toxic or poisonous at low 
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concentrations e.g. mercury, cadmium, arsenic, chromium, thallium and lead  (Duffus, 

2002). They are natural components of the earth‘s crust, which cannot be degraded or 

destroyed. To a small extent, they enter our bodies via food, drinking water and air. As 

trace elements, some heavy metals e.g. copper, selenium and zinc are essential to 

maintain the metabolism of the human body. However, at higher concentrations they 

can become poisonous. Heavy metals are dangerous because they tend to bio-

accumulate i.e. increase in the biological organism over time compared to their 

concentration in the environment. These compounds accumulate in living things any 

time they are taken up and stored faster than they are broken down or excreted.       

 

Metals established to be toxic to the testis are lead, cadmium, mercury and cobalt 

(Anderson et al., 1992). The effects of heavy metal actions and interactions on 

testicular function are of concern since occupational and/or environmental exposure to 

certain metals results in impaired reproductive function. Reproductive toxicants such 

as lead and cadmium have been associated with male infertility, since both are 

pervasive in the human environment and accumulate in the human body over a 

lifetime. Apart from numerous sources of occupational exposure to each of the metals, 

the most important non-occupational sources are food (especially seafood from metal-

polluted areas), water (Pb, mostly from Pb pipes in contact with soft and acidic water), 

air (especially from gasoline in dense traffic areas) and Pb-based paints of housing and 

smoking habits (Telisman et al. 2000).  

 

Endocrine disrupting chemicals such as heavy metals (Pb and Cd) are among the most 

complex environmental health threats known today (Anetor et al. 2005; Sikka and 

Wang, 2008).  They mimic natural hormones such as oestrogens and testosterone; 
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inhibit the action of hormones, or alter the normal regulatory function of the endocrine 

system and have potential toxic effects on male reproductive axis (Sikka and Wang, 

2008). The endocrine disrupting effect of Pb and Cd may operate through biochemical 

mechanisms such as the direct binding or blocking of hormone receptors and initiating 

or blocking receptor activated gene transcription (Cooper and kavlock, 1997). They 

may also affect hormonal homeostasis by altering steroidogenesis, hormone transport 

on binding proteins, receptor numbers on target organs, or hormone metabolism 

(Swartz and Corkern, 1992).  

   

In recent years, several investigators have examined the concentration of metals and 

other chemicals in the seminal fluid both of occupationally and non-occupationally 

exposed individuals and have attempted to correlate the concentrations of the elements 

present in human seminal fluid with conventional semen parameters, reproductive 

hormones and/or fertility levels. Relatively few data are available regarding the 

possible reproductive effects of Pb and/or Cd in men (Tas et al. 1996).  

 

The results of several studies suggest that relatively high occupational exposure to Pb, 

as indicated by blood Pb levels can reduce human semen quality (decreased number, 

motility and altered morphology of sperm), whereas reproductive endocrine function is 

either not affected or is only marginally affected (Telisman et al., 2000). Other studies 

have suggested that oestradiol is largely responsible for the enhanced toxicity of 

endocrine disruptors either due to stimulation of proliferation by oestradiol, thus 

allowing the seminiferous epithelia to become more sensitive to the effects of 

endocrine disruptors, or by directly affecting the Sertoli cell function hence 

significantly decreasing the spermatids (Telisman et al. 2000). 
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The effect of exposure to cadmium (Cd) and lead (Pb) on human health has been 

recognized for many years and recent information suggests that minimal exposure 

levels are themselves too high. Results from experimental and epidemiological studies 

indicate that diets low in iron (Fe) result in increased absorption of Pb and Cd, 

suggesting common molecular mechanisms of Cd and Pb transport. Indeed, recent 

mechanistic studies found that the intestinal transporter for nonheme iron, divalent 

metal transporter 1 (DMT1), mediates the transport of Pb and Cd. DMT1 is regulated, 

in part, by dietary iron, and chemical species of Cd and Pb that are transported by 

DMT1 would be made available through digestion and are also found in plasma. 

Accordingly, the involvement of DMT1 in metal uptake offers a mechanistic 

explanation for why an iron-deficient diet is a risk factor for Pb and Cd poisoning. It 

also suggests that diets rich in iron-containing food could be protective against heavy 

metal poisoning (Bressler et al 2006). 

Heavy metals constitute an important class of environmental contaminants that have 

been known to influence gene expression directly by binding various metal response 

elements in the target gene promoters. Recent research suggests that metals can also 

influence gene expression through epigenetic mechanisms; this adds a new twist to the 

complexity of metal-mediated gene expression. the epigenetic, gene expression, and 

biological effects of various inorganic and organic forms of heavy metals, such as 

cadmium, arsenic, nickel, chromium, methylmercury, lead, copper and organotin 

compounds are being studied Tsu-Fan Cheng, Supratim Choudhuri, Kristi Muldoon-

Jacobs
 
(2012). 

Lead, cadmium, mercury, and arsenic, often referred to as ―heavy metals‖, are toxic for 

wildlife, experimental animals, and humans. While experimental animal and human 
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occupational studies with high exposure levels generally support an adverse role for 

these metals in human reproductive outcomes, information on the effects of low, 

environmentally-realistic exposure levels of these metals on male reproductive 

outcomes is limited. In their review Wirth and Mijal (2010) discussed the effects of 

exposure to low levels of these metals on measures of male fertility (semen quality and 

reproductive hormone levels) providing supporting evidence from experimental and 

occupational studies. Overall, there were few studies examining the effects of exposure 

to low levels of these metals on male reproductive health. The evidence for the effects 

of low exposure was strongest for cadmium, lead, and mercury and less certain for 

arsenic. The potential modifying effects of genetic polymorphisms has not been fully 

explored. Additional studies on the reproductive effects of these toxic ubiquitous 

metals on male reproduction are required to expand the knowledge base and to resolve 

inconsistencies. 

 

2.5.1 Cadmium 

 

Cadmium is an ubiquitous environmental contaminant that represents hazard to 

humans and wildlife. It is found in the air, soil and water and, due to its extremely long 

half-life, accumulates in plants and animals. The main source of cadmium exposure for 

non-smoking human population is food. Cadmium is primarily toxic to the kidney, but 

has been also classified as carcinogenic to humans by several regulatory agencies 

Metka (2011). Cadmium has a long biological half-life of 15 – 30 years mainly due to 

its low rate of excretion from the body (Hensen and Anderson, 2000). It accumulates 

over time in blood, kidney, and liver (Hensen and Anderson, 2000) as well as in the 

http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Wirth%2C+Julia+J.%29
http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Mijal%2C+Ren%C3%A9e+S.%29
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reproductive organs including the placenta, testis and ovaries (Fiala et al. 2001). 

Chronic exposure to low doses of Cd has been known to impair spermatogenesis by 

capillary stasis followed by massive thrombosis, and this is highly specific to the 

testes. The primary insult appears to be an increase in permeability and a breakdown of 

the blood-testis barrier. Exposure to Cd causes an accumulation of haem within the 

Sertoli cells as a result of its ability to interfere with the haem and haemoprotein 

degradative pathway. A combination of diminished blood flow and the ability of Cd to 

compete with Zn for binding to enzymes essential for cell replication would result in 

decreased spermatogenesis (Rees, 1993).  

   

Various effects of Cd on reproductive endocrinology have been described, but 

definitive conclusions about its actions on target tissues vary depending on the 

experimental model and the dosage employed. Cadmium has a toxic effect on many 

enzymes dependent on iron as a cofactor, namely cytochrome P-450 (Hensen and 

Chedrese, 2004). The Leydig cells contain ten times more of this than the Sertoli cells, 

and are very sensitive to low levels of Cd. Since cytochrome P-450 is required for the 

functioning of 17α-hydroxylase and 17-20-lyase, its disruption interferes with 

testicular steroidogenesis (Hensen and Chedrese, 2004).  

 

The mechanisms by which Cd affects cell function and gene expression show that Cd
2+

 

can easily enter into the cells through the L-type voltage Ca
2+

 channels (Heinkle and 

Osbourne, 1994) and receptor mediated Ca
2+

 channels (Blazka and Shaikh, 1991) 

because both cations have similar radii size and charge (Ca
2+

 = 0.97Å, Cd
2+

 = 0.99Å). 

Cd
2+

 can also displace Ca
2+

 from its normal binding to calmodulin and protein kinase-
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C (PKC). Calmodulin activates several enzymes of the second messenger pathways 

that regulate gene expression, including Ca
2+

/calmodulin-dependent kinase, phospho-

diesterase, and the myosin light chain kinase (Tang and Enger, 1993). Cd
2+

 can 

activate PKC directly with a constant 5000-fold smaller than that of Ca
2+

 (Long, 1997). 

Cadmium concentrations between 0.1 and 5 µM interfere with the Ca
2+

-ATPase 

pumps, leading to an immediate, transient but substantial increase in intracellular Ca
2+

 

(Misra et al. 2002). This increase in Ca
2+

 results in the formation of inositol 

triphosphate (IP), which triggers the PKC signal cascade (Smith et al. 1989). It is 

known that an increase in the uptake of extra-cellular Ca
2+

 potentates the effects of 

FSH on transcription of the P450scc gene. Therefore, low concentrations of Cd
2+

 may 

be sufficient to mimic the effects of Ca
2+

, resulting in stimulation of the steroidogenic 

pathway (Henson and Chedrese, 2004). Cadmium may directly affect transcription of 

the P450scc gene by interfering with the DNA binding Zn-finger motif through the 

substitution of Cd
2+ 

for Zn
2+

 (Sunderman and Baker, 1988) and alter the structure of 

nucleic acids (DNA, mRNA) and certain enzymes by reacting with their sulfydryl 

groups (Henson and Chedrese, 2004).  

 

Recent reports show that Cd exerts dual effects on steroidogenesis. At low doses Cd 

stimulates DNA synthesis, cell multiplication and malignant transformation (Terracia 

and Nachtigal, 1998), whereas, at higher doses, it is toxic and can be associated with 

diminished DNA synthesis, apoptosis and chromosome aberrations (Waalkes and 

Misra, 1996). Differences in experimental methods and concentrations of Cd may be 

responsible for these variations in the effects of Cd on spermatogenesis (Mgbonyebi et 

al. 1993). Other reports have also highlighted the potential of Cd to mimic the effects 

of oestrogen in various tissues. Cadmium activates the ER-α through an interaction 
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with the hormone-binding domain of the receptor in which it binds with high affinity, 

blocking the binding of oestradiol (Henson and Chedrese, 2004). The interaction of Cd 

with the receptor appears to involve several amino acids in the hormone binding 

pocket of the receptor, suggesting that the metal may form a coordination complex 

with the hormone-binding domain and thereby activate the receptor (Martin et al. 

2003).  

   

In some studies, seminal plasma Cd concentrations were found to be increased in 

infertile compared with fertile men. In addition increases in blood plasma Cd 

concentrations have been associated with teratozoospermia (Chia et al., 1992) and an 

inverse correlation between blood plasma and seminal plasma Cd and sperm density 

have been documented (Xu et al. 1993). Cadmium in seminal plasma has also been 

associated with low semen volume and sperm motility and therefore, has been 

implicated as a cause of male infertility in Nigeria (Akinloye et al, 2006), but others do 

not support these findings (Tielmans et al., 1999). 

Current evidence suggests that exposure to cadmium induces genomic instability 

through complex and multifactorial mechanisms. Cadmium does not induce direct 

DNA damage, however it induces increase in reactive oxygen species (ROS) 

formation, which in turn induce DNA damage and can also interfere with cell 

signaling. More important seems to be cadmium interaction with DNA repair 

mechanisms, cell cycle checkpoints and apoptosis as well as with epigenetic 

mechanisms of gene expression control. Cadmium mediated inhibition of DNA repair 

mechanisms and apoptosis leads to accumulation of cells with unrepaired DNA 

damage, which in turn increases the mutation rate and thus genomic instability. This 
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increases the probability of developing not only cancer but also other diseases 

associated with genomic instability. In the in vitro experiments cadmium induced 

effects leading to genomic instability have been observed at low concentrations that 

were comparable to those observed in target organs and tissues of humans that were 

non-occupationally exposed to cadmium Metka (2011). 

Even though the importance of Cd
2+

 as environmental health hazards is now widely 

appreciated, the specific mechanisms by which it produces its adverse effects have yet 

to be fully elucidated. Cd
2+

 is known to enter cells, it binds and interacts with a 

multitude of molecules, it may indirectly induce oxidative stress and interfere with 

gene expression and repair of DNA. It also interacts with transport across cell 

membranes and epithelia and may therefore disturb the cell‘s homeostasis and 

function. However, it is not quite clear whether Cd
2+

 has primary or secondary effects 

on cell membrane transport.  

 

2.5.2 Lead 

 

Lead is the most common of the heavy elements. It is a soft metal that resists corrosion 

and has a low melting point (327ºC). It has been used extensively since Roman times, 

and as a result has become widely distributed throughout the environment (Greenwood 

and Earnshaw, 1984). Lead can be absorbed by the body through inhalation, ingestion, 

dermal contact or transfer through the placenta. In adults, approximately 10% of 

ingested Pb is absorbed into the body (US Environmental Protection Agency, 1986). 

Once Pb is absorbed, it enters either a biological pool from where it is rapidly 

distributed to the soft tissues (blood, liver, lung, spleen, and bone marrow) or is slowly 

distributed mainly to the skeleton. Various human studies focused mainly on semen 
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quality, endocrine function and birth rates in occupationally exposed subjects, and 

showed that exposure to concentrations of inorganic Pb <40µg/dl in blood impaired 

the male reproductive function by reducing sperm count, volume and density or by 

altering sperm motility and morphology without necessarily altering the endocrine 

profile (Apostoli et al. 1999).  

 

The effect of Pb on semen quality has been investigated in a study of 85 tollgate 

workers and 85 age-matched men living in the same area. The tollgate workers were 

exposed to traffic pollution and in turn had increased quantities of Pb, and poorer 

semen parameters (De Rosa et al. 2003). In the seminal fluid of non-exposed males, 

the concentrations of Pb were generally low and did not correlate with reduced sperm 

parameters. In those studies, in which the presence of Pb was measured both in blood 

and seminal fluid, a reduction in the quality of reproductive endpoints was generally 

associated with higher concentrations in blood and seminal fluids generally resulting in 

higher prevalence of poor sperm profiles. However, recent studies have found that 

exposure to concentrations generally considered to be safe are rather associated with 

reduced sperm quality and fertility (Sallmen et al. 2000b).  

 

The distribution of Pb in the male reproductive tract (testis, seminal vesicles, and 

epididymis) is not very clear; therefore, semen Pb concentration may represent an 

estimate of Pb burden to sperm after ejaculation, but not accurately reveal Pb exposure 

to spermatozoa as they develop in the male reproductive tract (Benoff et al. 2000). The 

concentration of Pb and other elements evaluated in seminal plasma and spermatozoa 

of workers exposed to Pb and subjects not occupationally exposed showed very high 

levels of Pb in sperm cells and in the seminal fluid in the exposed workers compared to 
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the control group (Benoff et al. 2000). These results suggest that, for research and 

clinical purposes, it is important to evaluate the presence of environmental 

contaminants in all appropriate matrices (blood plasma, seminal plasma, sperm cells or 

both) since the source and the toxicological significance of these elements in the 

matrices may differ. Various reports indicate that high lead concentrations are 

associated with reproductive toxicity in men: testicular tissue disruption, 

spermatogenesis alteration and increased sperm pathologies (Benoff et al. 2000). 

 

Lead-related effects on semen quality include a decrease in sperm count (Moorman et 

al. 1998), a decrease in sperm motility (Viskum et al. 1999), an increase in abnormal 

sperm morphology and the impairment of the prostate secretory function as indicated 

by a decrease in seminal plasma Zn concentration (Moorman et al. 1998). Exposure to 

Pb can decrease the absorption rate and biologic availability of Zn in the body, mainly 

because of their competition for binding to the sulfhydryl (-SH) group sites in various 

enzymes (Telisman, 1995). Occupational exposure to Pb has recently been reported to 

induce sperm DNA fragmentation (Danadevi et al. 2003) and strong evidence shows 

that Pb is an endocrine disruptor effecting changes at the hypothalamic-pituitary level 

(Anetor et al. 2005).   

 

2.6 Essential Trace Elements  

   

―An element is considered essential to an organism when reduction of its exposure 

below certain limit results consistently in a reduction in a physiologically important 

function, or when the element is an integral part of an organic structure performing a 

vital function in the organism‖.  - Expert Consultation of World Health Organization 
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(WHO)/Food and Agricultural Organization (FAO)/International Atomic Energy 

Agency (IAEA), (Mertz, 1998). The following are therefore, considered essential 

micronutrients: selenium, zinc cobalt, copper, chromium, fluorine, iron, iodine, 

manganese and molybdenum. 

 

Several trace elements such as zinc and selenium are essential for testicular 

development and spermatogenesis. Both zinc and selenium are key mineral antagonists 

to cadmium and protect the cells from cadmium induced toxicity (Shopsis, 1994). Zinc 

has a fundamental role in the structure and function of numerous proteins, including 

metallo-enzymes, transcription factors and hormone receptors, while selenium 

constitutes an essential component of glutathione peroxidase which plays a role in 

protecting cells from the harmful effects of toxic metabolites and free radicals by 

preventing lipid peroxidation of membranes (Chia et al. 2000).  

 

2.6.1 Selenium 

 

Selenium is an essential trace nutrient for humans and animals. Selenium deficiency is 

associated with reduced or impaired reproduction throughout the animal kingdom such 

that supplementation with selenium has been reported to improve reproductive 

performance in sheep and mice (Van Ryssen et al. 1992). Selenium is required for 

normal testicular development and spermatogenesis in rats, mice, and pigs (Behne et 

al. 1996). Selenium content of testes increases considerably during pubertal 

maturation. Selenium is localized in the mitochondrial capsule protein (MCP) and is 

involved in biosynthesis of testosterone (Behne et al. 1996). Serum selenium therefore, 
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is reported to be lower in men with oligospermia and azoospermia than in 

normospermia.  

   

Selenium in the form of seleno-cysteine functions as the catalytic centre in the active 

sites of at least 9 human enzymes, including 4 glutathione peroxidase antioxidant 

enzymes, 3-iodothyronine deiodinases involved in thyroid hormone metabolism, 

thioredoxin reductase involved in anti-oxidation and signal transduction and seleno-

phosphate synthetase in the seleno-protein synthesis pathway. Many other seleno-

cysteine-containing proteins have been reported in humans and animals, but their 

functions have not been established (Behne et al.. 1995). Hydro-peroxide glutathione 

peroxidase is expressed at higher levels in rat testes than in any other tissue and is 

present in the head and mid-piece of sperm cells where it protects the sperm from 

oxidative damage and serves a dual role as the mitochondrial capsule seleno-protein, 

which is one of three proteins required for maintenance of the crescent structure of 

sperm mitochondria (Ursini et al. 1999).  

 

Although it is difficult to deplete testes of selenium because of the organ‘s tenacious 

affinity for the element, sperm from second- and third-generation selenium-deficient 

rats are largely immotile and show a high incidence of sperm mid-piece defects due to 

disorganization of the mitochondrial helix (Sinclair, 2000). The presence of a sperm-

specific seleno-protein, suggests that selenium deficiency may be a factor in reducing 

reproductive capability in humans. A review of nutritional and environmental 

considerations of male infertility confirms that nutritional therapies using carnitine, 

arginine, zinc, selenium and vitamin B-12 have been shown to improve sperm counts 

and sperm motility (Sinclair, 2000). Selenium-vitamin E supplementation in 
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oligoasthenoteratozoospermic men effected statistically significant increases in sperm 

motility, % live, and % normal spermatozoa (Vezina et al. 1996). 

Saaranen et al. (1987) concluded that the measurement of seminal plasma selenium 

which was found to be a third of the serum selenium level showed no significant 

correlation with sperm density or motility. However, the serum selenium level was 

significantly (P < 0.001) higher in infertile than in fertile men, but the seminal fluid 

did not show such a difference. In a study carried out at UCH Ibadan Akinloye et al. 

(2005) found that the mean serum concentrations of selenium was significantly higher 

in oligospermic compared to azoospermic and normospermic men (p < 0.01), whereas 

the seminal plasma level was significantly higher in azoospermic compared to 

oligospermic and normospermic men (p < 0.001). A significant inverse correlation was 

observed between serum selenium level and sperm count (p < 0.01). Similarly, seminal 

plasma selenium correlated with spermatozoa motility, viability, and morphology. 

Serum selenium level shows positive correlation with the serum testosterone level (p < 

0.01).  

 

2.6.2 Zinc 

 

Zinc is second to iron (Fe) as the most abundant trace element in the human body with 

estimated total body content in a normal 70 kg male of 1.4 – 2.3g. Zinc is present in 

most organs and fluids of animals and humans (Prasad, 1985). Some tissues (prostate, 

liver, kidney and retina) and body fluids such as semen have been reported to have 

high zinc content (Prasad, 1985). Zinc is present in the body almost exclusively as zinc 

ions bound to cellular proteins. The zinc content of erythrocytes is about ten-fold that 
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of plasma because of their rich content of carbonic anhydrase and other zinc metallo-

enzymes. Zinc has a high affinity for electrons that enables interactions with several 

amino acid chains such as those of cysteine and histidine (Shanker and Prasad, 1998).  

   

Zinc plays a key role in reproductive physiology (Favier, 1992). It has a fundamental 

role in the structure and function of numerous proteins, including metallo-enzymes, 

transcription factors and hormone receptors. Zinc is an essential component of many 

enzymes and plays a direct role in membrane and cellular physiology (Favier, 1992). 

Zinc affects calmodulin activity, prostaglandin synthesis, and cell membrane 

phosphorylation. These intermediary processes may be involved in prolactin secretion. 

Prolactin secretion is inhibited by agents, which inhibit calmodulin activity. Zinc may 

inhibit prolactin release from anterior pituitary secretory granules by interacting either 

with specific granule membrane proteins or directly with the large prolactin molecules 

within the granules (Mahajan et al., 1985). In vitro studies showed a direct inhibiting 

effect of zinc acetate on pituitary prolactin synthesis and release. If zinc inhibits 

prolactin release, it is therefore reasonable to assume that zinc deficiency may be 

associated with hyper-prolactinemia (Mahajan et al., 1985). 

   

Zinc is essential for the function of many enzymes and it is possible that a zinc-

dependent enzyme or enzymes will be involved in sex hormone steroidogenesis. 

Another possibility is that the main effect of zinc is the decrease in testicular size due 

to zinc-deficiency. Zinc deficiency may adversely affect testosterone production. In 

normal men, serum testosterone concentrations decrease with age primarily as a result 

of decreased testicular secretion (Vermeulen, kaufman, 1992). It seems possible that 
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the age-related decrease in serum testosterone could, in part, be secondary to a 

marginal deficiency of zinc (Prasad et al., 1996). 

 

Zinc is required for cell division in general, but the testis appears to be a very sensitive 

organ and is known to atrophy due to lack of zinc (Prasad et al., 1996).The prostate 

gland contains zinc in higher quantities than any other soft tissue in the human body. 

Seminal plasma zinc has been correlated with the secretory function of the prostate 

gland. It has been demonstrated that prostate inflammation can reduce secretion of 

zinc. In addition, reduced seminal zinc without the presence of prostate inflammation 

has been correlated with decreased fertility potential. Zinc is needed for the 

maintenance of intact germinal epithelium and for spermatogenesis. In addition, many 

spermatozoal enzyme systems contain zinc and magnesium, and zinc has a role in the 

regulation of sperm metabolism, especially at the site of succinate oxidation. 

Therefore, zinc contributes to the structural stability of sperm and plays a role in sperm 

metabolic regulation (Prasad et al., 1996). 

   

Zinc deficiency leads to gonadal dysfunction, decreases testicular weight, and causes 

shrinkage of seminiferous tubules (Bedwal and Bahuguna, 1994). The gonads are the 

most rapidly growing tissues in the body, and vital enzymes involved in nucleic acid 

and protein synthesis are zinc metalloenzymes (Bedwal and Bahuguna, 1994). Zinc in 

human semen seems to play an important role in the physiology of spermatozoa, as 

some studies have suggested that zinc may have a role in sperm production and/or 

viability, in the prevention of spermatozoa degradation, and in sperm membrane 

stabilization (Lewis-Jones et al. 1996). 
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Zinc appears to be a potent scavenger of excessive superoxide anions produced by 

defective spermatozoa and/or leukocytes in human semen after ejaculation (Irvine, 

1996). Seminal plasma, as a result of its high content of zinc exerts protective, 

antioxidant-like activity sufficient to cope with the excessive amount of superoxide 

anions (Gavella and Lipovac, 1998). The abnormal spermatozoa would be a source of 

superoxide anions that bind with zinc present in the seminal plasma and thus reduce 

the zinc levels. 

 

Seminal zinc is associated with seminal and prostatic function however; its role in 

infertility is controversial. Low levels of zinc have been reported in oligospermic and 

azoospermic patients, but no significant difference has been found in mean zinc levels 

in fertile and infertile patients; and between normospermic and dyspermic infertile men 

(Charles-Davies, 1999). Similarly, no significant correlation has been found between 

semen and blood zinc concentration and the fertility potential in three groups of 

infertile men, namely; normospermic group, cases with doubtful pathologic findings 

and cases with severe pathologic findings, nor between idiopathic infertile men 

compared to normal fertile men nor between normospermic, oligospermic and 

azoospermic infertile men (Adejuwon et al. 1996). However, zinc concentrations have 

been reported to increase with increasing sperm density (Saaranen et al., 1987). 

 

2.7 Other Factors  

   

Increasing trends in reproductive disorders observed in recent years may be associated 

with some of the new emergent lifestyles such as obesity, tobacco smoking or 
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chewing, consumption of alcohol and some illicit drugs like cocaine, cannabis etc. and 

exposure to extreme heat (Kumar et al. 2009).  

 

2.7.1 Alcohol Consumption  

 

Alcohol is reported as a direct testicular and Leydig cell toxin and infertility has been 

reported among chronic alcohol drinkers (Tsujimura et al. 2004). Excessive alcohol 

consumption has the potential to decrease an already low percentage of sperm with 

normal morphology (Guo et al. 2006). Men with habits of smoking and alcohol present 

a significant reduction in seminal volume, sperm concentration, % of motile sperm and 

a significant increase in non-motile viable gametes (Martini et al. 2004). However, 

studies among healthy male volunteers who drink alcohol showed no significant effect 

on sperm nuclear size, shape or chromatin texture and sperm concentration, motility, 

viability and normal morphology but majority of studies reported adverse effects of 

alcohol on semen quality (Kumar et al. 2009). 

   

Alcohol use affects the hypothalamic-pituitary-gonadal (HPG) axis causing low 

testosterone and altered levels of FSH and LH and hence interferes with hormone 

production (Emmanuele and Emmanuele, 1998). In alcoholics, FSH, LH and oestradiol 

levels were significantly increased, and testosterone, semen volume, sperm count, 

motility, and number of morphologically normal sperm were significantly decreased 

(Fenster et al. 1997) suggesting that chronic alcohol consumption has a detrimental 

effect on male reproductive system affecting the reproductive organs directly or 

indirectly via hormonal production and regulation.  While chronic alcoholics can 

demonstrate testicular atrophy, diminished serum testosterone levels, and sub-fertility, 

moderate alcohol consumption has not been shown to deleteriously affect semen 
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parameters. Indirect evidence of a deleterious effect of ethanol on the epididymis is 

provided by the observation of increased frequency of caudal epididymal spermatozoa 

which have retained their cytoplasmic droplets (Emmanuele and Emmanuele, 1998). 

 

Ethanol at levels commonly seen in the blood of chronic alcohol-ingesting men 

inhibits the activity of 17α-hydroxy-progesterone aldolase which facilitates the 

formation of dehydro-testosterone from 17α-hydroxy-progesterone in a concentration 

dependent manner. It also markedly inhibits gonadotrophins and cyclic-AMP (cAMP) 

stimulated testicular steroidogenesis both in vivo and in vitro (Cicero et al. 1982). The 

mechanism in vitro is quite specific, blocking the conversion of androstenedione to 

testosterone. In vivo however, it is more wide-ranging, blocking all stages in the 

pathway (Cicero et al. 1982).  

 

The metabolism of ethanol involves the production of NADH as such any alteration of 

the testicular NAD
+
/NADH ratio may be responsible for the non-specific effects on 

steroidogenesis. However, this ratio is unaltered in the testes (Stryer, 1988). Other 

mechanisms such as inhibition of the uptake of cholesterol by the testes, blockage of 

the binding by gonadotrophins and blockage of the consequences of receptor 

occupation by gonadotrophins could explain the effects. 

   

Ethanol also exerts an inhibitory effect on testicular nucleic acid and nucleoside 

biosynthesis and this may be significant in relation to the effect of ethanol on 

spermatogenesis. Farghali et al. (1991) investigated the action of ethanol within the 

testes using 31P-NMR, and found that alcohol accounted for a significant reduction in 

ATP levels with a large reduction of phosphodiesterases and phosphomonoesterases 
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(PDEs and PMEs) which are intermediary metabolites of membrane phospholipids that 

reflect the membrane turnover. Since there was no reduction in serum testosterone 

level, they suggested that a disruption in the blood-testis barrier and/or an alteration in 

the Sertoli cell function preceded any Leydig cell injury (Yen and Jaffe 1991). 

   

Other mechanisms may be put forward to explain this alcohol induced damage to the 

testes. Acute and chronic alcohol consumption stimulates increased production of beta-

endorphins within the testes which suppresses testicular testosterone production and 

release of pituitary LH (Gianoulakis, 1990). Similarly, beta-endorphin produced in the 

hypothalamus results in decreased LHRH levels. Alcohol-exposed animals and 

humans also have high levels of oestradiol which also enhances the release of beta-

endorphin. Secondly, alcohol consumption may induce oxidative damage either by 

enhancing the production of free radicals such as superoxide, hydrogen peroxide, 

hydroxyl radicals and nitric oxide or by decreasing the levels of antioxidants 

(Emmanuele et al. 2001). The metabolism of alcohol and of acetaldehyde, which is the 

principal product of alcohol metabolism, produces highly toxic reactive oxygen 

species. Some data suggest that acetaldehyde is actually more toxic than alcohol to the 

production of testosterone, altering the process of testosterone production by inhibiting 

protein kinase C, a key enzyme in testosterone synthesis (Emmanuele et al. 2001). 

 

2.7.2 Cigarette Smoking  

 

Tobacco smoke contains approximately 4,000 compounds such as alkaloids, 

nitrosamines and inorganic molecules and many of these substances are reactive 

oxygen or nitrogen species (Agarwal and Prabakaran, 2005). A significant positive 
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correlation has been found between active smoking and sperm DNA fragmentation 

(Sun et al. 1997), as well as axonemal damage (Zavos et al. 1998). Several studies 

from different parts of the world have observed that cigarette smoking has an effect on 

the semen quality, especially in those who are heavy smokers or who have been 

smoking for many years (Kunzle et al. 2003).  Mild smoking could produce a 

reduction in the sperm motility, therefore emphasising that there is no ―safe‖ quantity 

of cigarette smoking that may not affect the semen quality (Gaur et al. 2007).  A study 

conducted on voluntary men of reproductive age showed that after ejaculation, sperm 

motility deteriorated much more rapidly in heavy smokers in comparison to non-

smokers (Gaur et al. 2007).   

 

Researchers have variously concluded that toxins in cigarette smoke reach the male 

reproductive system, and their effects are mainly due to their direct interaction with 

seminal fluid components and the accessory glands which contribute their secretions to 

the seminal fluid, leading to its increased viscosity, reduced volume and delayed 

liquefaction time, thus reducing forward progression of spermatozoa manifesting as 

asthenozoospermia (Kunzle et al, 2003).  

 

Cigarette smoking also plays a role in producing asthenozoospermia in otherwise 

normal and viable spermatozoa. Asthenozoospermia can therefore, be a very subtle 

―early indicator‖ of deterioration in semen quality of passive smokers or may be 

caused by environmental pollutants, chemicals and other unknown factors awaiting 

discovery (Bujan, 1998). In other studies conducted on fertile men, it was observed 

that smokers showed a reduction in semen volume compared to non-smokers; and this 

reduction in semen volume was in proportion to the number of cigarettes smoked per 



UNIV
ERSITY

 O
F I

BADAN LI
BRARY

 

 

 

51 

 

 

day (Pasqualotto et al., 2006). Similarly, in their study, Pasqualotto et al. (2006) 

showed that cigarette smoking had no apparent effect on sperm concentration, motility 

or reproductive hormonal levels, but tended to reduce semen volume in a population of 

fertile men.  

 

Cigarette smoking impairs fertility through the putative effect of cadmium in causing 

testicular endothelial injury. Significantly increased (Svartberg et al. 2003), decreased 

and unchanged levels of total testosterone (Klaiber & Broverman, 1988) in male 

smokers have been reported in various studies. It has been demonstrated that the 

increase in total testosterone observed in smokers is due to the raised SHBG levels 

which correlated with serum nicotine levels as a measure of cigarette smoking (English 

et al. 2001). However, Svartberg et al. (2003) found a positive association between 

testosterone and smoking even after adjusting for SHBG though other plasma proteins 

were not taken into account (kapoor & Jones, 2005).  

 

Trummer et al (2002) reported on the cross sectional study of semen parameters of 

1154 infertile men, where they divided their sample into smokers and non-smokers, 

and concluded that smoking does not affect conventional semen parameters. However, 

Vine (1996) reviewed the literature relating smoking to male reproduction and found 

reports variously suggesting that in smokers, testosterone may be unchanged, or 

significantly elevated or decreased. Among the possible reasons for this chaos, he 

suggested inadequate control of potential confounders such as testosterone and 

oestrogen (James, 2001). Thus there is a strong suspicion that at the time of initiation 

of smoking, male smokers have higher testosterone levels than control non-smokers. 

This suspicion is strengthened by the results of a longitudinal study by Zmuda et al., 
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(1997) who found that across time, testosterone declined faster in male smokers than 

non-smokers, and that greater pack-years of smoking were associated with greater 

declines in testosterone in men. Moreover, other authors found that in early 

adolescence, male and female smokers had higher testosterone levels than non-

smokers (James, 2001).  

 

Cigarette smoke affects spermatogenesis by increasing nor-epinephrine, which 

increases the conversion of testosterone to oestradiol causing decreased testosterone 

level (Pasqualotto et al. 2004). The elevated serum oestradiol level in the smokers 

could be due to either a greater production rate or a lesser metabolic clearance rate of 

the hormone (Klaiber and Broverman, 1988). It is possible that the negative 

relationship of oestrogen to sperm count is secondary to a suppression of serum FSH 

by the elevated oestrogen levels. Cigarette smokers were also reported to have higher 

levels of circulating oestrogen and decreased levels of LH, FSH and prolactin than 

non-smokers, all of which potentially impact spermatogenesis. The serum oestrogen 

levels of male former smokers were reported not to differ from the oestrogen levels of 

non-smokers, suggesting that serum oestrogen levels return to normal with cessation of 

smoking (Pasqualotto et al. 2004). 

  

2.7.3 Obesity  

   

Obesity is a major health issue and the relationship between obesity and male 

infertility has been described in many recent reports (Mara et al. 2008). Obesity is a 

well-recognized risk factor for female infertility
 
(Pasquali et al. 2003). However, its 

relation to decreased
 
sperm count was not documented until recently (Magnusdottir et 

file:///C:/hamilton%20opurum/Documents/egbe/obesity%20and%20male%20reproduction.htm%23REF48
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al. 2005). Obesity
 
is emerging as an important cause of adverse health outcomes, 

including male infertility. It contributes to infertility by reducing semen quality, 

changing sperm proteoms, contributing to erectile dysfunction, and inducing other 

physical problems related to obesity (Cabler et al. 2010). Mechanisms for explaining 

the effect of obesity on male infertility include abnormal reproductive hormone levels, 

an increased release of adipose-derived hormone and adipokine associated with obesity 

and other physical problems including sleep apnoea and increased scrotal temperatures 

 

Obesity has been associated with an altered hormonal profile by significantly 

decreasing testosterone, LH, and FSH levels and significantly increasing oestradiol and 

prolactin levels (Abdullah and Bakry, 2008). Obesity induces increased conversion of 

testosterone to oestradiol thereby suppressing gonadotrophin release and 

spermatogenesis (Abdullah and Bakry, 2008). High BMI in men correlates with 

reduced testosterone levels (Mara et al. 2008). Low testosterone levels in obese men 

are due to lower sex hormone-binding globulin, the enhancement of negative feedback 

on gonadotrophin by the increased oestradiol (Jensen et al. 2004). Obese men have 

been shown to exhibit higher levels of circulating oestradiol and/or elevated oestradiol/ 

testosterone ratios in multiple studies (Fejes et al., 2005). Oestrogens may affect 

spermatogenesis directly within the testis as well as by alterations in gonadotrophin 

secretion by the pituitary. 

 

Reduced testicular function among obese men has been reported by various researchers 

suggesting an association between increasing adiposity and impaired testicular 

function (Stewart and Baker, 2008). Total body fat, intra-abdominal fat, and 

subcutaneous fat have all been associated with low levels of total and free testosterone 

file:///C:/hamilton%20opurum/Documents/egbe/obesity%20and%20male%20reproduction.htm%23REF38
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(Tsai et al. 2004). Obese men exhibit higher levels of circulating oestradiol (Fejes et 

al. 2005). Excess body fat also impacts production of the gonadotrophin releasing 

hormone (GnRH), (Sallmen et al. 2006). Significantly lower serum testosterone levels 

and lower testosterone/oestradiol ratio have been reported in obese men, but the serum 

LH levels were no different suggesting that free testosterone levels were unchanged. It 

was then concluded that reduction of serum SHBG, total testosterone, and 

testosterone/oestradiol ratio appear to be markers of infertility among obese men (Roth 

et al. 2008). In massively obese individuals, reduced spermatogenesis associated with 

severe hypo-testosteronemia may favour infertility (Roth et al. 2008).  

 

Both hormone irregularities and BMI may be associated with alterations in sperm 

parameters. Men with high BMI are typically found to have an abnormal semen 

analysis represented by decrease in sperm count, and sperm motility as well as increase 

in the abnormal forms of spermatozoa (Abdullah and Bakri, 2008).  A controversy 

exists regarding the extent of the relationship between obesity and male infertility and 

its mechanisms. A higher prevalence of oligozoospermia in over-weight and obese 

men compared with normal-weight men, but no relationship between increasing male 

BMI and percentage of motile sperm has been reported (Jensen et al. 2004). Obesity 

has also been associated with lower sperm count, compared to non-obese men in a 

group of 274 normozoospermic men (Koloszar et al. 2005). However, Kort et al. 

(2006) also found that BMI correlated negatively with the total number of normal 

spermatozoa, but others found no clear effects of BMI on both hormonal profile and 

semen quality (Magnusdottir et al. 2005).  
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Recent population-based studies suggest an elevated risk for sub-fertility among 

couples in which the male partner is obese and increased likelihood of abnormal semen 

parameters among heavier men. Male factor infertility is associated with a higher 

incidence of obesity in the male partner. Obese men exhibit reduced androgen and 

SHBG levels accompanied by compensatory increases in FSH. This complexity of 

altered reproductive hormone profile suggests that endocrine dysregulation in obese 

men may explain the increased risk of altered semen parameters and infertility 

(Hammoud et al. 2008).  

 

Fejes et al. (2005) studied sperm parameters in relation to anthropometric measures of 

male partners in 81 Hungarian couples presenting for infertility treatment. The 

participants gave two semen samples 3 weeks apart and the best values were used for 

analysis. In this study, hip circumference correlated negatively with sperm 

concentration; weight, waist and hip circumferences correlated to total sperm count. 

However, there was no correlation between waist-hip ratio and total sperm count. 

Studies of the relationship between male obesity and sperm motility have shown 

conflicting results. In the study by Jensen et al (2004) there was no significant relation 

between increasing male BMI and percent of motile sperm. Fejes et al. (2005) found a 

negative correlation between body weight and total motile sperm and between waist 

and hip circumferences and total motile sperm count. The waist/hip ratio was not 

significantly correlated to sperm motility. In another study, BMI correlated negatively 

with motile sperm count but there was no relationship between increasing male BMI 

and abnormal sperm morphology (Kort et al. 2006).  
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The decrease in androgen levels is proportional to the degree of obesity. Both oestrone 

and oestradiol are increased in obese men compared with non-obese men possibly due 

to increased peripheral aromatisation of androgens. Oestrogen acts on the 

hypothalamus to affect GnRH pulses at the pituitary level to regulate gonadotrophin 

(LH, FSH) secretion (Akingbemi, 2005). The increase in oestradiol levels in obese 

men has the likely effect of reducing FSH and LH production resulting in reduced 

testicular function and reduction in testosterone production and intra-testicular and 

circulating testosterone levels (Hammoud et al. 2008). 

 

2.7.4 Age  

   

Understanding the effect of male age on fertility has become increasingly important in 

public health because a growing number of men are choosing to father children at 

older ages. Advanced male age has been associated with significant reductions in 

pregnancy rates, increased time-to-pregnancy and increased sub-fecundity (Kidd et al. 

2001). The evidence from clinical studies suggest that age is associated with 

diminished semen volume, sperm motility, and sperm morphology, but that sperm 

concentration is affected little by age. Paulson et al., (2001) suggest that male aging is 

associated with a significant decline in total sperm count.  

   

Eskenazi et al. (2003), reported that semen volume and sperm motility, but not sperm 

concentration, continuously decrease between ages of 22 years and 80 years, but 

Gallardo et al., (1996) concluded that age does not affect the sperm characteristics 

(volume, concentration, motility and morphology) or its ability to fertilize the human 

egg. Whereas, according to the multiple regression model of Auger et al., (1995) 66% 
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decrease in sperm concentration from age 30 to 50 years was found. However, it is 

unclear whether these observations are applicable to the general population of healthy 

men. At least two broad modes of action may explain the age-dependent changes 

observed in semen quality. Firstly, there may be cellular or physiological changes in 

the genitourinary tract with ageing. In autopsies of men who died from accidental 

causes, there have been age-related narrowing and sclerosis of the testicular tubular 

lumen, decreases in spermatogenic activity, increased degeneration of germ cells, and 

decreased numbers and function of Leydig cells (Eskenazi et al., 2003). Decreased 

semen volume with age may be caused by seminal vesicles insufficiency, since 

seminal vesicle fluid contributes most of the ejaculate volume (Eskenazi et al., 2003). 

Changes in the prostate that occur with ageing, such as smooth muscle atrophy and a 

decrease in protein and water content may contribute to decreased semen volume and 

sperm motility. In addition there may be age-related changes in the epididymis where 

sperm acquire the capacity for vigorous forward motility during transit. The 

epididymis is a hormonally sensitive tissue, which plays an important role in sperm 

maturation. Thus, hormonal or epididymal senescence may lead to decreased motility 

in older men. Older men may also have decreased capacity to repair cellular and tissue 

damage from toxicant or disease exposure (Eskenazi et al., 2003). Secondly, age 

provides increased opportunities to suffer reproductive damage from exogenous 

exposures or diseases (Wyrobek, 1993). Older men are more likely to have smoked 

and to have smoked for a longer period than younger men, or to have had illnesses 

including genitourinary infections. 
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2.7.5 Sexually Transmitted Diseases  

Infections with sexually transmitted germs may affect the male fertility in different 

ways such as impairment of the spermatogenesis, induction of auto-immune 

mechanisms, spermato-dysfunction, and inflammatory occlusion of the ejaculatory 

duct. The incidence of oligozoospermia and teratozoospermia is significantly 

associated with sexually transmitted infections (Mehta et al., 2002).  

The impact of sexually transmitted diseases (STD) on male fertility is strongly 

dependent on the local prevalence of the STDs. In Western countries STD-infections 

are of minor relevance, whereas in other regions, i.e. Africa or South East Asia, the 

situation appears to be different. Chronic infections (gonorrhoea) can cause urethral 

strictures and epididymo-orchitis. Chlamydia trachomatis and Neisseria gonorrhoea 

can be transmitted to the female partner and cause pelvic inflammatory disease with 

tubal obstruction. Ureaplasma urealyticum may impair spermatozoa (motility, DNA 

condensation). Trichomonas vaginalis has, if any, only minor influence on male 

fertility. Acute urethritis could not be associated with male infertility. Semen quality 

deteriorates with the progression of immunodeficiency (Ochsendorf, 2008). An 

infectious process may impair fertility by adversely affecting sperm functions, 

resulting in testicular damage or causing obstruction of the genital tract. Cengiz et al 

(1997) reported significant differences in density, morphology, motility and viability 

except for semen volume in subjects who had an STD. 

 

Khalili and Sharifi-Yazdi (2001) have shown that bacterial infection of the semen can 

have a direct role in altering spermatozoid parameters and may result in men's 

infertility. The bacteria causing genital tract infection can cause defects in the 

https://www.researchgate.net/author/F+R+Ochsendorf
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morphology and the motility of men's spermatozoa. Presumed mechanisms of 

infection, causing infertility are the following: (a) Bacterial attachment to sperm; (b) an 

immobolizing factor produced by some bacteria; (c) immune system recruitment, and 

(d) alteration of glandular function. The pathogenic bacteria in the ejaculates can 

induce a defect in semen parameters, such as reduce sperm count, poor morphology 

and motility. Although many studies agree that bacterial infection of the genital system 

can be a causitive factor for a significant number of cases of male infertility, however, 

there is no consensus as to which genitourinary bacteria are pathogenic to semen 

parameters.   

 

Concerns about the worldwide decline in semen quality over the past 50 years are 

increasing because the results coincide with the high prevalence of genital infectious 

diseases, suggesting that infection may be a potential contributing factor in semen 

quality (Feki et. al. 2009). In Nigeria, all men with bacterial infection in semen also 

had urinary tract infection and suboptimal semen parameters. The commonest bacterial 

isolates were Proteus species, Staphylococcus aureus and Escherichia coli, which were 

resistant to most of the antibiotics assessed. Urinary tract infection (UTI) was observed 

in 30.6% of subjects, with the highest rate occurring among men aged 36-40 years 

(Uneke and Ugwuoru 2010). 
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 Study Design 

This study is a prospective cross-sectional survey. 

3.1.1 Sample Size Determination (see appendix i) 

3.1.2 Subjects 

 

A total of 120 male subjects were recruited for this study after informed consent. The 

subjects were recruited from the Urology clinic of the University College Hospital, 

Ibadan and Urology department of the University of Port Harcourt Teaching Hospital, 

Port Harcourt and their environs. The study protocol was approved by the University 



UNIV
ERSITY

 O
F I

BADAN LI
BRARY

 

 

 

61 

 

 

College Hospital/ University of Ibadan ethical review committee prior to 

commencement of the study.  

 

3.1.2 Controls (Fertile Normospermic men) 

 

The fertile group comprised apparently healthy males without any history of fertility 

problems, the partners of whom had a spontaneous pregnancy within one year of 

regular unprotected intercourse and were pregnant at the time of the male's inclusion 

into the study.  

 

3.13 Subjects 

 

The infertile group comprised apparently healthy males with/without any history of 

fertility problems, the partners of whom have not had a spontaneous pregnancy within 

one year of regular unprotected intercourse and were not pregnant at the time of the 

male's inclusion into the study. 

 

A baseline semen analysis was carried out for all subjects and this was repeated within 

two weeks following the World Health Organisation (WHO, 1999) guidelines. Semen 

was examined macroscopically for appearance, liquefaction, consistency and volume; 

and microscopically for concentration, motility and morphology. Based on the 

outcome of the semen analysis, the subjects were then classified as normospermics 

{fertile and infertile} and dyspermics {azoospermics, oligospermics, 

asthenoteratozoospermics and oligoasthenoteratozoospermics}.  
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3.2 Demographic/Anthropometric Characteristics 

 

A structured questionnaire was administered to the subjects to obtain the following 

information: age, marital status, children, educational level, occupation, cigarette 

smoking habit, history of alcohol intake, and their medical history. 

 

3.2.1 Height:  

 

This was measured against a flat vertical surface with the subjects standing upright and 

barefooted on a firm level ground. The feet were placed together while the back and 

heel were aligned with a ruled bar against the vertical surface. A sliding headpiece was 

placed on the vertex of the subject‘s head and the readings at the level were recorded 

to the nearest 1 cm. 

 

3.2.2 Weight:  

 

Weight was measured in light clothing on a Binatone digital bathroom scale placed on 

a flat surface. The subject while wearing light clothing stood on the zeroed scale 

without shoes. The Weight was measured to the nearest 0.5 kg. 

 

3.2.3 Waist Circumference:  

 

A tailors‘ tape measure was used to measure the waist circumference. The waist 

circumference was measured to the nearest 1 mm at the level of the umbilicus in light 

clothing.  
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3.2.4 Hip Circumference (cm) 

 

This was measured at the widest circumference of the hip over light clothing using a 

non-stretchable measuring tape, without any pressure on the body surface. 

 

3.2.5 Waist/Hip ratio (WHR) 

 

This was calculated from the waist and hip measurements using the formula 

WHR = 
(cm) ncecircumfere hip

)(cm ncecircumfere waist

 

 

 

3.2.6 Waist/Height ratio (WHtR) 

 

This was calculated from the waist and height measurements using the formula 

  WHR = 
(cm)height 

)(cm ncecircumfere waist
 

 

3.2.7 Body Mass Index (BMI):  

 

Body Mass Index (BMI) was used to describe body weight relative to height, and 

serves as a means of comparing adult persons in terms of underweight, normal weight, 

overweight and obesity. This was calculated from the height and weight of subjects 

using the formula 

BMI = 
2(m)height 

)(kgweight

 = kg/m
2 
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3.3 Sample Collection  

3.3.1 Semen 

 

The semen sample was collected after 3-5 days of sexual abstinence by masturbation 

and ejaculated into a wide-mouthed plastic universal container. The sample was 

labelled with subject‘s identification number, date and time of collection and delivery, 

completeness of the collection. The semen was analysed within one hour of collection 

and all procedures followed the WHO guidelines (World Health Organisation, 1999). 

The remaining sample was centrifuged at x500g in IEC centrifuge (International 

Equipment Company, Boston, USA) for 15 minutes. Aliquot of the seminal plasma 

was separated into plastic sample containers and stored at -20ºC until further analysis. 

 

3.3.2 Blood 

 

Blood sample (10 ml) was drawn from a large cubital vein in the sitting position from 

the subject between 8.00 am and 11.00 am as the semen sample was being submitted 

for analysis. The blood was collected directly into the venoject tube (Terumo) and 

allowed to clot and retract completely before centrifugation at x500g in IEC centrifuge 

(International Equipment Company, Boston, USA) for 15 minutes. The serum sample 

was separated into plastic sample containers and stored at -20ºC until further analysis. 
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3.4 Quality Assurance 

 

Quality control sera were used to evaluate the intra- and inter-assay variations of the 

procedures. The quality control serum was assayed in duplicates for each batch of tests 

done. The results were collated and the coefficient of variation calculated. 

Coefficient of variation (CV %)  =  
  

 X 100   

Where:    

SD  = standard deviation 

 = arithmetic mean 

 

Precision was assessed by determining the intra-assay (within batch) coefficient of 

variation and inter-assay (between batch) coefficient of variation. All analyses were 

done in replicates and the mean values used. Where the difference between individual 

results exceeds 10%, the test was repeated to minimise analysts‘ error. 

 

3.5 Biophysical Analysis of Semen  

 

The following biophysical analyses of semen were carried out by examining semen 

both macroscopically and microscopically according to WHO methods (WHO, 1999). 

 

3.5.1 Macroscopic Examination 

 

The semen sample was evaluated by simple inspection at room temperature for 

appearance, liquefaction, consistency (viscosity) and volume. Semen sample with 

grey-opalescent appearance and is homogenous, liquefies within one hour (60 minutes) 
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and is able to produce small discrete drops of not more than 2 cm in length was 

regarded as normal. 

 

3.5.2 Microscopic Examination 

 

During the initial microscopic investigation of the sample, estimates were made of the 

concentration and motility using a binocular Nikon light microscope. 

 

3.5.2.1 Assessment of Sperm Motility 

 

A fixed volume of 10µl semen was delivered onto a clean glass slide with a positive 

displacement pipette and covered with a 22 mm x 22 mm cover slip. The freshly made 

wet preparation was left to stabilize for approximately one minute.  The examination 

was done at 400x total magnification (i.e., 40x objective and 10x ocular), taking care 

not to count cells close to the edges. 

 

A simple grading system was employed in classifying about 200 spermatozoa in at 

least five microscopic fields according to whether it showed: 

(a) Rapid progressive motility, 

(b) Slow or sluggish progressive motility  

(c) Non-progressive motility 

 (d) Immobility. 
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All spermatozoa with grade ‗a‘ and ‗b‘ motility were counted first. Subsequently 

spermatozoa with non-progressive motility (grade c) and immotile spermatozoa (grade 

d) were counted in the same area.  The count of spermatozoa was repeated on a 

separate 10µl specimen from the same semen sample and the percentages in each 

motility grade from the two independent counts compared. If the range of differences 

of the percentages fell within 10%, mean values were accepted; whereas larger 

differences were suggestive of miscounting and two new, slides were prepared and 

sperm motility reassessed. 

 

3.5.2.2 Estimation of Sperm Concentration 

 

The concentration of spermatozoa was determined using the improved Neubauer 

haemocytometer method on two separate preparations of the semen sample, one for 

each side of the counting chamber. The dilution was determined (1:5, 1:10, 1:20, and 

1:50) from the preliminary assessment of the sperm density.  

 

Preparation of Diluent:  

1. The diluent was prepared by adding to distilled water 50 g sodium bicarbonate 

(NaHCO3) weighed using a Mettler top loading balance.  

2. This was poured into a volumetric flask and 10 ml 35% (v/v) formalin was 

added and 5 ml saturated aqueous gentian violet, was added and the solution 

was made up to a final volume of 1 litre with distilled water. 
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Procedure: 

1. A cover slip was secured on the counting chambers of the improved Neubauer 

haemocytometer by lightly wetting either side of the wells (using a drop of 

water on the finger).  

2. The cover slip was pressed firmly onto the chambers so that iridescence 

(Newton‘s rings) was observed between the two glass surfaces.  

3. The Neubauer counting chamber was charged with the diluted specimen by 

carefully touching the edge of the cover slip with the tip of a capillary tube that 

has been used to aspirate the diluted specimen and allowing each chamber fill 

by capillary action filled the chambers.  

4. The haemocytometer was allowed to stand for about five minutes in a humid 

chamber to prevent drying out.  

5. After sedimenting properly the complete spermatozoa (heads and tails) were 

then counted at a magnification of 400X.  

6. The spermatozoa were counted in the central square of the grid in an improved 

Neubauer haemocytometer, which contains 25 large squares, each containing 

16 smaller squares.  

7. Duplicate counts were made and their sums and differences calculated. Larger 

differences were suggestive of an error of dilution, a miscounting, or a non-

random distribution of spermatozoa in the diluted semen. When this occurred, 

two fresh duplicate dilutions of the semen were prepared and recounted.      
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8. The concentration of spermatozoa in the original semen sample in millions/ml, 

was determined by the average number of spermatozoa multiplied by the 

appropriate dilution factor and by 10,000.  (C x 10
6
/ml).  

9. Total sperm concentration (TSC) was calculated by multiplying the sperm 

concentration by the semen volume. (C x 10
6
/ml x ml = C x 10

6
) 

 

3.5.2.3 Assessment of Sperm Viability by Dye Exclusion (Eosin-Nigrosin) 

Technique 

 

Sperm vitality is reflected in the proportion of spermatozoa that are ‗alive‘. This was 

determined using staining techniques that are based on the principle that dead cells 

with a damaged plasma membrane take up certain stains. 

 

Reagents: 

a. Eosin Y (C.I. 45380), 10 g/l, in distilled water, i.e., 1% 

b. Nigrosin (C.I. 50420), 100 g/l, in distilled water, i.e., 10% 

 

Procedure: 

1. One drop of semen was mixed with two drops of 1% Eosin Y. 

2. After 30 seconds, three drops of 10% nigrosin solution were added and mixed 

gently. 

3. A drop of the semen-eosin-nigrosin mixture was placed on a microscope slide 

and made into a thin smear within 30 seconds of adding the nigrosin.  

4. The slide was allowed to air-dry and examined under oil immersion (1000x) 

with a light microscope. 
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The live spermatozoa were white and the dead ones were stained red. The nigrosin 

provided a dark background, which made the slide easier to assess. 

 

3.5.2.4 Assessment of Sperm Morphology 

Preparation of Smears: 

1. Microscope slides were thoroughly cleaned washed and rinsed in 70% ethanol 

and dried.  

2. On to each slide a small drop of semen was applied.  

3. The edge of a second slide or cover-slip was used to drag the drop of semen 

along the surface of the cleaned slide (feathering technique).  

4. The film was then allowed to dry sufficiently in air.  

 

Staining Method:  

 

The dried slide was stained by the Papanicolaou stain (Kruger et al., 1988) 

 

Principle: With this stain, the head is stained pale blue in the acrosome and dark blue 

in the post-acrosomal region. The mid-piece may show some red staining. The tail is 

also stained blue or reddish. Cytoplasmic droplets, usually located behind the head and 

around the mid-piece, were stained pink.    

 

Procedure 

1. A well-mixed drop of semen was dropped on a clean microscope slide, and 

spread out thinly and evenly using the edge of another slide or a cover slip. 
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2. The film was air dried at room temperature. 

3. Then fixed in 3% acetic acid/alcohol solution for about    30 minutes. 

4. The slides were placed in a staining rack, and dipped into haematoxylin stain 

solution for about 15 minutes. 

5. Dipping the slides 5 times into 1% acid-alcohol differentiated the stained 

portions. 

6. The excess stain was rinsed out in water. 

7. The slides were left in water for about 5 minutes to blue properly. 

8. They were then counterstained in eosin for 5 minutes. 

9. The excess stains were rinsed off in water, and then dipped into absolute 

alcohol twice. 

10. The slides were drained dry, and cleared with xylene before mounting a cover 

slip with a mountant.  

 

Classification of Sperm Morphology: 

 

The normal sperm morphology was assessed by the ‗Strict criteria‘ (Menkveld et al., 

1990) which requires that the sperm head, neck, mid-piece and tail must be normal. 

This classification scheme requires that all ‗borderline‘ forms be considered abnormal 

(Kruger et al., 1988; Ombelet et al., 1995). 
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Performing a Sperm Morphology Count 

A 100x oil-immersion bright-field objective and a 10x ocular were used in examining 

the stained preparations. Morphological evaluations were performed in several 

systematically selected areas of the slide. As the slide was examined systematically 

from one microscopic field to another, all normal spermatozoa were assessed and 

scored, and the defects of the abnormal spermatozoa were noted. At least 100 

consecutive spermatozoa were counted.  

 

Calculation of Indices of Multiple Sperm Defects 

 

Since morphologically abnormal spermatozoa often have multiple defects, the number 

of defects and the numbers of defective spermatozoa were also recorded. 

Teratozoospermia index (TZI) and sperm deformity index (SDI) may be more 

informative than other semen parameters. 

Teratozoospermia index is the total number of defects divided by the number of 

defective spermatozoa (Menkveld and Kruger, 1996).   

TZI = total number of defects/number of sperm with defects 

The TZI is an indication of the number of abnormalities present per abnormal 

spermatozoon. Each abnormal spermatozoon can have one to four abnormalities, viz. a 

head abnormality, a neck/mid-piece abnormality, a tail abnormality, or the presence of 

a cytoplasmic residue. These abnormalities can occur as a single defect or in a 

combination of two, three or all four abnormalities simultaneously. The classification 

of spermatozoa for the TZI is recorded simultaneously. The total number of 

file:///D:/Documents/VALHALLA/1165.full.htm%23ref-16
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abnormalities recorded are added together and divided by the total number of abnormal 

spermatozoa, i.e. 100 minus the percentage of morphologically normal spermatozoa. 

Teratozoospermia index (TZI) of more than 1.6 is associated with lower pregnancy 

rates in untreated infertile couples (WHO, 1999).  

Sperm Deformity Index (SDI) is the total number of defects divided by number of 

spermatozoa counted (Aziz et al. 1996).  

SDI = total number of defects/ number of sperm counted. 

Sperm deformity index (SDI) is a method whereby the whole spermatozoon is assessed 

by the strict criteria and classified more than once if more than one deformity exists. 

Both normal and abnormal sperms are considered and the average number of 

deformities per sperm is determined to give a value to this index. This index reflects 

the balance between the prevalence of sperms with multiple structural deformities and 

the proportion of sperms with normal morphology in a semen sample. SDI of 1.6 is the 

threshold for failure of fertilization in vitro (Aziz et al. 1996).  

 

3.5.3 CLASSIFICATION OF SEMEN CHARACTERISTICS 

A. Normospermia    

o Appearance = normal 

o Liquefaction = normal 

o Consistency = normal 

o Volume = 2 – 5 ml 

o Concentration ≥ 20 million/ml 

o Total sperm count ≥ 40 million 
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o Motility (a +b) = 50% 

o Normal morphology > 14% 

o Teratozoospermia index (TZI) < 1.6 

B. Dyspermia    

o Oligospermia    Concentration < 20 million/ml 

o Azoospermia    Concentration = 0 million/ml 

o Asthenoteratozoospermia   Motility < 50 % + morphology < 14 % 

 

3.6 Hormonal Assays Using Enzyme Immuno Assay Technique 

 

The enzymeimmunoassay (EIA) technique was developed for the measurement of total 

testosterone, oestradiol, prolactin, LH, FSH etc. in human serum or plasma without 

extraction. 

 

Apparatus/Instruments 

1. Deionised or distilled water. 

2. Serono Serozyme 1 reader capable of directly reading OD (optical density) in 

12x75mm test tubes at 550 nm and 492nm. It was programmed to calculate the 

results. 

3. Eppendorf automatic pipettes were used for pipetting the samples, standards 

and controls at the beginning of the assay. Eppendorf repeating multi-dose 

pipettes (capable of delivering 100uL, 250uL, 500uL and 1mL) were used for 

subsequent reagent additions. 
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4. Round bottomed 12 x 75mm test tubes. 

5. Magnetic racks and separators compatible with 12 x 75mm test tubes (Biochem 

immunosystems). 

6. A rapid multi-vortex mixer. 

7. 37
o
C water bath.  

 

3.6.1 Determination of Oestradiol in Serum and Seminal Plasma by 

Enzymeimmunoassay (EIA) Method (WHO, 1999). 

 

This enzyme-immunoassay (EIA) system was developed for measurement of 

oestradiol (E2) in human serum or plasma. The assay is a direct 2-step serum EIA with 

no pre-extraction of samples. 

 

Principle:  

 

The oestradiol EIA is a direct assay of a limited (―competitive‖) type. A specific agent 

is used to displace oestradiol from binding proteins, thus making it available for 

antibody binding. The oestradiol in samples, controls or standards reacts with 

fluorescein labelled polyclonal anti-oestradiol antibody and then equilibrates with a 

fixed amount of alkaline phosphatase labelled oestradiol in binding to a limited amount 

of the antibody. An anti-fluorescein serum bound to magnetic particles is used to 

separate the oestradiol/ oestradiol label-antibody complex from unbound components 

by magnetic sedimentation and a wash step. The magnetic particles are incubated with 
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enzyme substrate solution for a fixed time and the reaction ended by addition of stop 

solution.   

 

Reagents 

1. Oestradiol EIA Standards (1.0mL each) provided in processed human serum 

with 0.2 % (w/v) sodium azide (ready to use). 

2. Oestradiol EIA Antiserum. A fluorescein labelled rabbit anti-E2 antibody 

(20mL) liquid in phosphate buffer with bovine serum proteins, a displacing 

agent and 0.2% (w/v) sodium azide (ready to use). 

3. Oestradiol EIA Enzyme label. Oestradiol linked to alkaline phosphatase 

(20mL) provided liquid in phosphate buffer with bovine serum proteins, and 

0.2% (w/v) sodium azide (ready to use). 

4. Oestradiol EIA Separation reagent. Provided as a suspension (20 mL) of sheep 

anti-fluorescein serum coupled to magnetic particles. 

5. Oestradiol EIA Serum diluent, provided liquid (11 ml) in processed human 

serum with 0.2% (w/v) sodium azide (ready to use). 

6. Oestradiol EIA Wash concentrate, provided as a liquid concentrate (15 mls) of 

a Tris buffer containing a surfactant and a preservative. Diluted to 120 mls with 

distilled or de-ionised water (15 mls concentrate + 105 mls water). 

7. EIA Substrate Reagent provided in 1 glass bottle containing 400 mg 

Phenolphthalein mono-phosphate. Dissolved completely in 55 mls of EIA 

substrate buffer provided by stirring or rotating the bottle for 15-30 minutes. 

8. EIA Substrate buffer, provided as a liquid (55 mls) ready to use. 

9. EIA Stop buffer provided liquid (120 mls) containing Glycine buffer pH 10.4 

containing sodium hydroxide and a chelating agent. Ready to use. 

10. Oestradiol EIA QC sample, provided as 1mL lyophilized serum.   
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Procedure: 

 

Oestradiol in serum occurs largely bound to sex hormone binding globulin (SHBG) 

and albumin. This protein bound oestradiol is unavailable for antibody binding as 

antibodies can only bind to unbound oestradiol. In direct oestradiol assay a blocking 

reagent which binds to the serum binding proteins, but not to the antibody is used to 

displace oestradiol from serum binding proteins, thus making it available for antibody 

binding. The oestradiol EIA is a direct 2-step assay of a limited reagent 

(―competitive‖) design. The assay consists of the following main stages. 

 

1. Reaction of fluorescein coupled anti-oestradiol antibody with serum oestradiol. 

Blocking reagent and anti-oestradiol antibody coupled to fluorescein are 

incubated with the sample, standard and controls in a water bath at 37
0
 C for 20 

minutes. 

2. Reaction of antiserum with enzyme labelled oestradiol. Alkaline phosphatase 

labelled oestradiol tracer was added to the tubes using a repeating multi-dose 

pipette at room temperature and briefly vortex-mixed before incubating in a 

water bath at 37
o
C for 20 minutes. Any oestradiol tracer which binds to the 

solid phase is isolated by means of a magnetic separation and two wash steps. 

3. Magnetic separation step. Anti-fluorescein antibody coupled to magnetic 

particles (solid-phase) is added and incubated in a water bath at 37
o
C for 5 

minutes. Any oestradiol which binds to the solid phase is isolated by means of 

a magnetic separation and wash step. Other serum components, including 

binding proteins are thus removed ensuring they do not bind oestradiol tracer in 

the next step. 
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4. Colour development. The solid phase is incubated with a coloured enzyme 

substrate for 1 hour at 37
o
C. The reaction is terminated by the addition of a stop 

buffer and the optical density of all tubes is measured at 520nm within 1 hour 

using the Serozyme 1 spectrophotometer. The oestradiol concentration of test 

samples is interpolated from a calibration curve. 
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Figure 3.1. Calibration curve for oestradiol 
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Table 3.1: Validation of oestradiol assay 

Intra-assay variation of oestradiol assay 

Batch  QC Mean % CV 

A 1 0.510 0.0 

 2 0.889 0.0 

B 1 0.540  0.0 

 2 0.913 0.4 

C 1 0.625 0.0 

 2 0.876 0.7 

D 1 0.613 1.9 

 2 0.911 0.0 

Inter-assay variation of oestradiol assay 

 QC MEAN  % CV 

 1 0.572 1.76 

 2 0.897 1.99 
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3.6.2 Determination of Testosterone in Serum and Seminal Plasma by 

Enzymeimmunoassay (WHO, 1999). 

 

Principle: 

 

The enzyme immunoassay (EIA) method for the determination of total testosterone is a 

direct assay of a limited (―competitive‖) type. Testosterone occurs largely bound to sex 

hormone binding globulin (SHBG). This protein-bound testosterone is unavailable for 

antibody binding as antibodies can only bind to unbound or ‗free‘ testosterone. In this 

direct assay (non-extraction) method, a specific displacing agent that binds to serum 

binding proteins (but not to testosterone) is used to displace testosterone from binding 

proteins in samples, controls or standards, thus making it available for antibody 

binding. The testosterone in samples, controls or standards equilibrates with a fixed 

amount of alkaline phosphatase labelled testosterone in binding to a limited amount of 

fluorescein labelled polyclonal anti-testosterone antibody.  

 

An anti-fluorescein serum bound to magnetic particles is used to separate the 

testosterone/testosterone label-antibody complex from unbound components by 

magnetic sedimentation and a wash step. The magnetic particles are incubated with 

enzyme substrate solution for a fixed time and the reaction ended by addition of stop 

solution.  The amount of colour produced is inversely proportional to the amount of 

testosterone present in the sample. The testosterone concentration of test samples is 

interpolated from a calibration curve prepared by the instrument.  
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Reagents 

1. Testosterone EIA Standards (1.0mL each) provided in processed human serum 

with 0.2 % (w/v) sodium azide. Ready to use. Stored at 2-8
o
C.  

2. Testosterone EIA Antiserum (11 mls). A fluorescein labelled rabbit anti-

testosterone antibody liquid in phosphate buffer with bovine serum proteins, a 

displacing agent and 0.2% (w/v) sodium azide. Ready to use. 

3. Testosterone EIA Enzyme label (20mls). Testosterone linked to alkaline 

phosphatase provided liquid in phosphate buffer with bovine serum proteins, 

and 0.2% (w/v) sodium azide. Ready to use. 

4. Testosterone EIA Separation reagent (20mls). Provided as a suspension of 

sheep anti-fluorescein serum coupled to magnetic particles. 

5. Testosterone EIA Wash-concentrate, provided as a liquid concentrate (15 mls) 

of a Tris buffer containing a surfactant and a preservative. Diluted to 120 mls 

with distilled or de-ionised water (15 mls concentrate + 105 mls water). 

6. Testosterone EIA Substrate solution provided as a buffer containing 

phenolphthalein mono-phosphate. Ready to use. 

7. Testosterone EIA Stop solution (110 mls) provided as a buffer of pH > 10 

containing sodium hydroxide. 

8. Testosterone EIA Internal QC sample, provided as 1mL lyophilized serum, 

which was reconstituted with exactly 1 ml of distilled water. 
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Procedure 

 

The assay has three main stages: 

1. Reaction of antibody with serum testosterone and testosterone label. Alkaline 

phosphatase labelled testosterone, anti-testosterone antibody and displacing 

agent are incubated with sample for 30 minute at 37
o
C. 

2. Magnetic solid phase separation step. A fluorescein labelled rabbit anti-

testosterone antibody coupled to a magnetic solid phase is added and incubated 

for 30 minutes at 37
o
C. Anti-testosterone antibody is then isolated by means of 

a magnetic separation and two wash steps. 

3. Colour development step. The magnetic particles are incubated with a coloured 

enzyme substrate for 30 minutes at 37
o
C. The presence of alkaline phosphatase 

causes a colour change from yellow to pink. The amount of colour produced is 

inversely proportional to the amount of testosterone present in the sample. The 

reaction I terminated by addition of stop buffer and the optical density of all 

tubes is measured. The testosterone concentration of test samples is 

interpolated from a calibration curve. 
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Figure 3.2:  Calibration curve for testosterone 
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Table 3.2: Validation of testosterone assay 

Intra-assay variation of testosterone assay 

Batch  QC Mean % CV 

A 1 7.786 0.6 

 2 10.460 0.0 

B 1 7.654 0.6 

 2 10.490 0.4 

C 1 6.549 2.9 

 2 12.900 1.2 

D 1 6.549 2.9 

 2 12.370 1.6 

Inter-assay variation of testosterone assay 

 QC MEAN  % CV 

 1 7.135 9.51 

 2 11.555 10.95 
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3.6.3 Determination of Serum Luteinizing Hormone by Enzyme Immuno Assay 

(EIA) method (WHO, 1999). 

 

Principle 

 

The assay is of an Immunometrics (―sandwich‖) design, utilizing two anti-LH 

monoclonal antibodies. The first is directed against the α-chain of the molecule and is 

attached to a magnetic particle. The second is directed against the β-chain, and is 

labelled with alkaline phosphatase.  

 

Reagents 

1. LH EIA standards, provided lyophilized in horse serum. Reconstituted by 

adding exactly 1mL of distilled or deionised water. 

2. LH EIA Enzyme labelled antibody, provided in liquid form as 2.5mL of a 13.5 

times concentrate. This was prepared for assay by adding 2mL of the 

concentrate provided to 25mL of diluted LH EIA assay buffer. 

3. LH EIA Magnetic antibody, provided as a 10.5mL suspension, which was 

washed before use, by carefully removing all the supernatant fluid with a 

Pasteur pipette and replacing it with 10.5mL of LH EIA assay buffer. 

4. EIA Substrate Reagent, provided in ampoules containing 400mg 

phenolphthalein mono-phosphate. 1 ampoule was broken open and contents 

dissolved in 55mL of EIA substrate buffer provided by stirring or rotating the 

bottle for 15-30 minutes. 
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5.  EIA Substrate Buffer, provided as 55mL ready to use. 

6. LH EIA Assay Buffer, provided as 10mL of a 5 times concentrate of 0.1M 

phosphate buffer pH 7.4 containing magnesium, sodium and zinc chlorides, 

bovine and murine serum proteins, a surfactant and 0.1% sodium azide. The 

working reagent was prepared by making a 1 in 5 dilution of the concentrate. 

7. LH EIA Wash buffer, provided as 35mL of a 5 times concentrate of 0.1M 

TRIS/HCL buffer, containing magnesium and zinc chlorides, a surfactant and 

0.05% sodium azide. The working reagent was prepared by making a 1 in 5 

dilution of the concentrate. 

8. EIA Stop buffer, provided as 120mL ready to use Glycine buffer pH 10.4 

containing sodium hydroxide and a chelating agent. 

9. EIA Internal QC Sample, provided as 1mL lyophilized serum, prepared by 

reconstituting with distilled or deionised water. 

Procedure for the LH EIA  

1. Immuno-extraction of LH. Sample was incubated with magnetic anti-LH for 15 

minutes at 37
o
C. LH in the sample binds to the magnetic particles. Other serum 

components were removed by a magnetic wash step. 

2. Labelled antibody reaction. The magnetic particles were incubated with 

alkaline phosphatase labelled anti-LH for 1 hour at 37
o
C. The labelled antibody 

reacts with any LH bound to the magnetic particles after immuno-extraction. 

Excess labelled antibody is removed by two magnetic wash steps. 
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3. Colour development. The magnetic particles were incubated with a coloured 

enzyme substrate for 30 minutes at 37
o
C. The presence of alkaline phosphatase 

causes a colour change from yellow to pink, the intensity of which was a 

measure of the amount of alkaline phosphatase labelled antibody (an hence LH) 

bound to the magnetic particles. The reaction was terminated by addition of 

stop buffer and the optical density of all tubes was measured. The LH 

concentration of test sample was interpolated from a calibration curve.      
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Figure 3.3  Calibration curve for LH  
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  Table 3.3: Validation of LH assay 

Intra-assay variation of LH assay 

Batch  QC Mean % CV 

A 1 7.451 0.5 

B 2 7.305 0.9 

A 1 7.497 1.2 

B 2 7.544 0.3 

A 1 7.905 1.3 

B 2 7.833 0.0 

Inter-assay variation of testosterone assay 

 QC MEAN  % CV 

 1 7.618 3.28 

 2 7.561 3.497 
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3.6.4 Determination of Serum Follicle Stimulating Hormone by Enzyme 

Immuno Assay (EIA) method (WHO, 1999). 

 

Principle 

 

The assay is of an immunometric (―sandwich‖) design, utilizing two anti-FSH 

monoclonal antibodies. The first is directed against the β-chain of the molecule and is 

attached to a magnetic particle. The second is directed against the α-chain, and is 

labelled with alkaline phosphatase.  

 

Reagents 

1. FSH EIA standards, provided lyophilized in horse serum. Reconstituted by 

adding exactly 1mL of distilled or deionised water. 

2. FSH EIA Enzyme labelled antibody, provided in liquid form as 2.5mL of a 

13.5 times concentrate. This was prepared for assay by adding 2mL of the 

concentrate provided to 25mL of diluted FSH EIA assay buffer. 

3. FSH EIA Magnetic antibody, provided as a 10.5mL suspension, which was 

washed before use, by carefully removing all the supernatant fluid with a 

Pasteur pipette and replacing it with 10.5mL of FSH EIA assay buffer. 

4. EIA Substrate Reagent, provided in ampoules containing 400mg 

phenolphthalein mono-phosphate. 1 ampoule was broken open and contents 

dissolved in 55mL of EIA substrate buffer provided by stirring or rotating the 

bottle for 15-30 minutes. 

5.  EIA Substrate Buffer, provided as 55mL ready to use. 
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6. FSH EIA Assay Buffer, provided as 10mL of a 5 times concentrate of 0.1M 

phosphate buffer pH 7.4 containing magnesium, sodium and zinc chlorides, 

bovine and murine serum proteins, a surfactant and 0.1% sodium azide. The 

working reagent was prepared by making a 1 in 5 dilution of the concentrate. 

7. FSH EIA Wash buffer, provided as 35mL of a 5 times concentrate of 0.1M 

TRIS/HCL buffer, containing magnesium and zinc chlorides, a surfactant and 

0.05% sodium azide. The working reagent was prepared by making a 1 in 5 

dilution of the concentrate. 

8. EIA Stop buffer, provided as 120mL ready to use Glycine buffer pH 10.4 

containing sodium hydroxide and a chelating agent. 

9. EIA Internal QC Sample, provided as 1mL lyophilized serum, prepared by 

reconstituting with distilled or deionised water. 

 

Procedure for FSH assay 

 

The assay has three main stages: 

1. Immunoextraction. Sample is incubated with magnetic anti-FSH for 15 minutes 

at 37
o
C. FSH in the sample binds to the magnetic particles. Other serum 

components were removed by a magnetic wash step. 

2. Labelled antibody reaction. The magnetic particles were incubated with 

alkaline phosphatase labelled anti-FSH for 1 hour at 37
o
C. The labelled 

antibody reacts with any FSH bound to the magnetic particles after 

immunoextraction. Excess labelled antibody was removed by two magnetic 

wash steps. 
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3. Colour development. The magnetic particles were incubated with a coloured 

enzyme substrate for 30 minutes at 37
o
C. The presence of alkaline phosphatase 

labelled antibody (and hence FSH) bound to the magnetic particles. The 

reaction was terminated by addition of stop buffer and the optical density of all 

tubes was measured. The FSH concentration of test samples was interpolated 

from a calibration curve.    
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Figure 3.4:  Calibration curve for FSH assay 
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  Table 3.4: Validation of FSH assay 

Intra-assay variation of FSH assay 

Batch  QC Mean % CV 

A 1 11.63 0.8 

B 2 13.65 0.0 

A 1 11.70 0.0 

B 2 13.60 0.5 

A 1 10.42 0.0 

B 2 12.65 0.5 

A 1 10.23 1.3 

B 2 12.38 0.2 

Inter-assay variation of FSH assay 

 QC MEAN  % CV 

 1 10.91 6.43 

 2 13.07 4.98 
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3.6.5 Determination of Serum Prolactin by Enzyme Immuno Assay (EIA) 

method (WHO, 1999). 

 

Principle:  

 

The assay is of an Immunometrics (―sandwich‖) design, utilizing two anti-Prolactin 

antibodies. The first is a polyclonal antibody and is attached to a magnetic particle. 

The second is a monoclonal antibody and is labelled with alkaline phosphatase.  

 

Reagents  

1. Prolactin EIA standards, provided lyophilized in horse serum. Reconstituted by 

adding exactly 1mL of distilled or deionised water. 

2. Prolactin EIA Enzyme labelled antibody, provided in liquid form as 2.5mL of a 

13.5 times concentrate. This was prepared for assay by adding 2mL of the 

concentrate provided to 25mL of diluted Prolactin EIA assay buffer. 

3. Prolactin EIA Magnetic antibody, provided as a 10.5mL suspension, which was 

washed before use, by carefully removing all the supernatant fluid with a 

Pasteur pipette and replacing it with 10.5mL of Prolactin EIA assay buffer. 

4. EIA Substrate Reagent, provided in ampoules containing 400mg 

phenolphthalein monophosphate. 1 ampoule was broken open and contents 

dissolved in 55mL of EIA substrate buffer provided by stirring or rotating the 

bottle for 15-30 minutes. 

5.  EIA Substrate Buffer, provided as 55mL ready to use. 
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6. Prolactin EIA Assay Buffer, provided as 10mL of a 5 times concentrate of 

0.1M phosphate buffer pH 7.4 containing magnesium, sodium and zinc 

chlorides, bovine and murine serum proteins, a surfactant and 0.1% sodium 

azide. The working reagent was prepared by making a 1 in 5 dilution of the 

concentrate. 

7. Prolactin EIA Wash buffer, provided as 35mL of a 5 times concentrate of 0.1M 

TRIS/HCL buffer, containing magnesium and zinc chlorides, a surfactant and 

0.05% sodium azide. The working reagent was prepared by making a 1 in 5 

dilution of the concentrate. 

8. EIA Stop buffer, provided as 120mL ready to use Glycine buffer pH 10.4 

containing sodium hydroxide and a chelating agent. 

9. EIA Internal QC Sample, provided as 1mL lyophilized serum, prepared by 

reconstituting with distilled or deionised water. 

 

Procedure for the Prolactin EIA  

1. Immuno-extraction of prolactin. Sample was incubated with magnetic anti-

prolactin for 15 minutes at 37
o
C. Prolactin in the sample binds to the magnetic 

particles. Other serum components were removed by a magnetic wash step. 

2. Labelled antibody reaction. The magnetic particles were incubated with 

alkaline phosphatase labelled anti-prolactin for 1 hour at 37
o
C. The labelled 

antibody reacts with any prolactin bound to the magnetic particles after 

immuno-extraction. Excess labelled antibody is removed by two magnetic 

wash steps. 
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3. Colour development. The magnetic particles were incubated with a coloured 

enzyme substrate for 30 minutes at 37
o
C. The presence of alkaline phosphatase 

causes a colour change from yellow to pink, the intensity of which was a 

measure of the amount of alkaline phosphatase labelled antibody (an hence 

prolactin) bound to the magnetic particles. The reaction was terminated by 

addition of stop buffer and the optical density of all tubes was measured. The 

prolactin concentration of test sample was interpolated from a calibration 

curve.      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UNIV
ERSITY

 O
F I

BADAN LI
BRARY

 

 

 

99 

 

 

 

 

Figure 3.5:  Calibration curve for Prolactin assay 
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Table 3.5: Validation of Prolactin assay 

Intra-assay variation of prolactin assay 

Batch  QC Mean % CV 

A 1 334.2 2.1 

 2 348.0 0.6 

B 1 334.0 0.7 

 2 332.0 0.4 

C 1 339.0 0.5 

Inter-assay variation of prolactin assay 

 QC MEAN  % CV 

 1 335.7 0.84 

 2 342.7 2.70 
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3.7 Biochemical Analysis of Toxic Metals and Essential Elements using Atomic 

Absorption Spectrophotometry 

 

Trace metals in serum and seminal fluid were determined using atomic absorption 

spectrophotometry (AAS), Perkin-Elmer AAS model 703 (Perkin-Elmer Oak Brown, 

Illinois, USA) equipped with AS 60 atomic sampler and hollow cathode lamp. 

 

PRINCIPLE  

When the atoms in the vapour are excited, they return to the ground state by emitting 

light of the same wavelength. The amount of light absorbed by the metal is 

proportional to its concentration in the solution and is determined at a specific 

wavelength in the atomic absorption spectrophotometer (AAS). 

 

3.7.1 DETERMINATION OF LEAD IN SERUM AND SEMINAL PLASMA 

(Pleban & Mei, 1983) 

 

Lead was determined by the modified methods of Pleban and Mei (1983) using atomic 

absorption spectrophotometry (AAS). Samples for lead assay were treated with Triton 

x-100. A beam of light from a hollow cathode lamp (coated with Pb) is passed through 

a flame containing the vapourized metal to be determined. The amount of light 

absorbed by the metal is proportional the concentration of Pb in the solution and is 

determined at 283.3 nm in the atomic absorption spectrophotometer (AAS). 
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Reagents 

 

Triton X-100 (TX) (an alkyl phenoxy polyethoxy)  

Ethanol (BDH Chemicals Ltd., Poole England). 

 

Reagent Preparation   

a) Five (5) ml of Triton X-100 was made up to 100 ml with deionised water to 

give a 5% solution (v/v). Solution of the mixture was enhanced in warm water 

by placing on hot plate. 

b) Stock lead standard 

a. 1mg/ml Pb (BDH Chemicals Ltd. Poole, England) was used. The standard 

contained 4.83 mmol/L lead nitrate (PbNO3) in deionised water. It is stable 

indefinitely (Hassel, 1968). 

c) Working standards 

¤ 1.0, 2.5 and 5.0µg/L were prepared by dilution from the stock standard 

with acidified deionised water.  

¤ The working standards were used to prepare a calibration curve which 

was used to compare the digested samples.  

¤ The working standards are stable for several days. 

 

Preparation of Samples 

 

A 1:2 dilution of the serum or seminal plasma was made by mixing 1.0 ml each of 

Triton X-100 solution and serum/seminal plasma. 
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Procedure 

1. The prepared samples were analysed in a Perkin-Elmer model 703 atomic 

absorption spectrophotometer (AAS) (Perkin-Elmer, Oak Brook, Illinois, 

USA).  

2. The burner was lit under normal flow conditions of air and acetylene. The 

acetylene flow was then reduced until the flame was blue.  

3. The air flow was then adjusted to remove all traces of yellow from the flame.  

4. The machine was then properly calibrated with the appropriate standard 

solutions, before analysing the test samples.  

5. The results of the assays were displayed on the instrument in µg/L. 

6. Analytical quality control was performed by analysing an aliquot of pooled 

serum and seminal plasma several times during the assay. 

 

Validation of Lead assay 

 

The coefficient of variation (CV) for the runs was 6.5% for the serum and 7.5% for the 

seminal plasma respectively. 

 

3.7.2 Determination of Cadmium in Serum and Seminal Plasma 

 

Cadmium was determined by the modified methods of Ediger and Coleman (1973) and 

Alfaro (1973), a modification of the method of Piper and Higgins (1967) using atomic 

absorption spectrophotometry (AAS).  
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Reagents 

 

Triton X-100 (TX) (an alkyl phenoxy polyethoxy) (Skybio Ltd. Wyboston, 

Bedfordshore, UK). 

Ethanol (BDH Chemicals Ltd., Poole England). 

 

Preparation of Reagents and Samples 

 

A two-fold dilution of the sample was made with 0.1% nitric acid solution containing 

0.1% triton X-100. 

 

Procedure 

1. This solution was then mixed thoroughly and about 0.2 ml aspirated into AAS 

for analysis, with a wavelength of 226 nm. 

2. The prepared samples were analysed in a Perkin-Elmer model 703 atomic 

absorption spectrophotometer (AAS) (Perkin-Elmer, Oak Brook, Illinois, 

USA).  

3. The burner was lit under normal flow conditions of air and acetylene. The 

acetylene flow was then reduced until the flame was blue.  

4. The air flow was then adjusted to remove all traces of yellow from the flame.  

5. The machine was then properly calibrated with the appropriate standard 

solutions, before analysing the test samples.  

6. The results of the assays were displayed on the instrument in µg/L. 
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7. Analytical quality control was performed by analysing an aliquot of pooled 

serum and seminal plasma several times during the assay. 

 

Validation of cadmium assay 

 

The coefficient of variation (CV) for the runs was 5.5% for the serum and 6.5% for the 

seminal plasma respectively 

 

3.7.3 Determination of Selenium in Serum and Seminal Plasma  

 

Selenium in serum and seminal plasma was determined with atomic absorption 

spectrophometer (AAS) by the method of Pleban, Munyani and Beachum (1982) using 

the Perkin Elmer AAS model 703 (Perkin-Elmer Oak Brown, Illinois, USA); equipped 

with AS 60 automatic sampler and a selenium hollow cathode lamp. 

 

Reagents 

 

Triton X-100 (TX) (an alkyl phenoxy polyethoxy) (Skybio Ltd. Wyboston, 

Bedfordshore, UK). 

Ethanol (BDH Chemicals Ltd., Poole England). 

 

Preparation of Reagents and Samples 

A two-fold dilution of the sample was made with 0.1% nitric acid solution containing 

0.1% triton X-100 (Skybio Ltd. Wyboston, Bedfordshore, UK).  
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Procedure 

1. This solution was then mixed thoroughly and about 0.2 ml aspirated into AAS 

for analysis, with a wavelength of 214 nm. 

2. The prepared samples were analysed in a Parkin-Elmer model 703 atomic 

absorption spectrophotometer (AAS) (Perkin-Elmer, Oak Brook, Illinois, 

USA).  

3. The burner was lit under normal flow conditions of air and acetylene. The 

acetylene flow was then reduced until the flame was blue.  

4. The air flow was then adjusted to remove all traces of yellow from the flame.  

5. The machine was then properly calibrated with the appropriate standard 

solutions, before analysing the test samples.  

6. The results of the assays were displayed on the instrument in µg/L. 

7. Analytical quality control was performed by analysing an aliquot of pooled 

serum and seminal plasma several times during the assay. 

 

Validation of selenium assay 

The coefficient of variation (CV) for the runs was 2.5% for the serum and 3.0% for the 

seminal plasma respectively. 

 

3.7.4 Determination of Zinc in Serum and Seminal Plasma (Smith, Butrimovitz 

and Burdy, 1979) 

 

Zinc in serum and seminal plasma was determined by the method of Smith, 

Butrimovitz and Burdy (1979) using atomic absorption spectrophotometry (AAS). 
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A five-fold dilution of the sample was made with deionised water and aspirated by 

AAS. Zinc level was determined by comparing the signal from the diluted sample with 

the signal of aqueous standards prepared in 5 % glycerol to simulate the viscosity of 

the diluted sample at a wavelength of 214 nm. 

 

Reagents 

1. Five (5) percent glycerol: 

  This was prepared by diluting 5 ml glycerol (BDH chemicals, Poole, England) 

to 100 ml with deionised water. 

2. Water 

  Deionised water was used as diluent for the preparation of all reagents. 

3. Stock standard 

  Stock standard containing 10,000 ppm was obtained from BDH (Spectrosol, 

BDH Chemicals, Poole, England). 

4. working standard 

Working standards to cover the reference range for Zn (70 – 150 µg/dl) were 

prepared by diluting the stock standard in deionised distilled water to give 0.5 

ppm, 1.0 ppm, 2.0 ppm, and 3.0 ppm. These values correspond to Zn values of 

50, 100, 200 and 300 µg/dl respectively. All diluted samples were stored in 

labelled plastic bottles (Nalgene Labware Dept., Rochester, NY, USA). 

 

Procedure 

1) Diluted Zn standards were dispensed respectively as needed into plastic tubes 

(Fisher Scientific Co., USA). 
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2) Samples were diluted 1 in 5 by adding 0.5 ml of serum/seminal plasma to 2.0 

ml of deionised water in dispensable propylene tubes (Fisher Scientific, 

Fairlawn, NJ, USA).  

3) The instrument was the set to zero with 5% glycerol in deionised water. 

4) Samples, standards and controls were then serially aspirated and analysed at 

214 nm in Perkin-Elmer model 703 atomic absorption spectrophotometer 

(AAS) (Perkin-Elmer, Oak Brook, Illinois, USA).  

5) Results were digitally displayed in µg/dl. 

6) Analytical quality control was performed by analysing an aliquot of pooled 

serum and seminal plasma several times during the assay. 

 

Validation of Zinc assay 

 

The coefficient of variation (CV) for the runs was 2.5% for the serum and 3.9% for the 

seminal plasma respectively. 

 

3.8 STATISTICAL ANALYSES 

 

All the data obtained from the subjects were collated and analysed using the statistical 

package for social sciences (SPSS 18.0) (SPP, Inc., Richmond, CA).  

A. Most of the data were expressed in mean ± standard error of mean (sem). 

B. Analyses of variance (ANOVA) and Post Hoc were used for comparison of 

multiple variables with significance fixed at p<0.05. 

C. Student t-test was used for comparison of paired variables with significance 

fixed at p<0.05. 
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D. Chi-squared test was used for comparison of non-quantitative variables. 

E. Multiple regression analysis was used to calculate the interrelationships of 

toxic metals (Cd, Pb), essential elements (Zn, Se), and hormones (oestradiol, 

testosterone, prolactin, LH, FSH), age, demographic and anthropometric 

characteristics considered as possible explanatory variables (simultaneously 

introduced in the model) with respect to each of the measured semen 

parameter. 
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CHAPTER FOUR 

4.0  RESULTS 

4.1 Pattern of Dyspermia in the Study Population 

  

Table 4.1 shows the classification of semen quality of subjects. 43 (35.8%) of the 

subjects were normospermic while 77 (64.2%) were dyspermic. 27 (62.8%) of the 

normospermic men were fertile while the remaining 16 (37.2%) were infertile.  Among 

the dyspermic subjects, 17 (22.1%), 12 (15.6%), 17 (22.1%), 31 (40.2%) were 

oligospermic, azoospermic, asthenoteratozoospermics and oligo-astheno-

teratozoospermics respectively. 
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Table 4.1 Distribution of Subjects Based on their Semen Quality 

 Semen Quality              Nature of Dyspermia N % 

Total Male Subjects  120 100 

Normospermics   43 35.8 

 Fertile (Controls) 27 62.8 

 Infertile (Subjects) 16 37.2 

Dyspermics   77 64.2 

 Oligospermics  17 22.1 

 Azoospermics  12 15.6 

 Asthenoteratozoospermics  17 22.1 

 Oligoasthenoteratozoospermics 31 40.2 

n = number of subjects; % = percentage of subjects 
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Table 4.2 Age and Demographic Characteristics of Normospermic and 

Dyspermic subjects 

Variables Normospermics 

n (%) 

Dyspermics 

 n (%) 

𝜒2   p Relative 

Risk 

Confidence 

Interval 

Age in decades       

20 – 29 years 5 (11.6%) 2 (2.6%) 4.87 0.18   

30 – 39 years 29 (67.4%) 53 (68.8%)     

40 – 49 years 9 (20.9%) 21 (27.3%)     

50 – 59 years 0 (0%) 1 (1.3%)     

Occupational exposure 

to Harmful Substances  

      

-Yes 4 (12.0%) 22 (88.0%) 8.81 0.003* 1.53 1.22 – 1.92 

-No 40 (42.1%) 55 (56.9%)     

Cigarette smoking habit       

-Regularly  5 (11.6%) 8 (10.4%) 1.48 0.48   

-Ex-smoker 11 (25.6%) 13 (16.9%)     

-Non-smoker  27 (62.8%) 56 (72.7%)     

Alcohol drinking habit       

-Regularly  10 (23.3%) 13 (16.9%) 2.73 0.44   

-Occasionally 20 (46.5%) 32 (41.6%)     

-Stopped 5 (11.6%) 18 (23.4%)     

-Never  8 (18.6%) 14 (18.2%)     

Past STD       

-Yes 3 (7.0%) 22 (28.6%) 7.80 0.005* 1.52 1.21-1.90 

-No  40 (93.0%) 55 (71.4%)     

Age (years) 35.95 (0.69) 36.86 (0.61) t = 0.94 0.35   

Values in proportions with percentages in parenthesis; % = percentage of subjects,  

𝜒2
 = chi-squared test; p-value = significance level, * significant at p<0.05, + = mean (standard error of 

mean), t = students‘t-test 
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4.2 Age and Demographic Characteristics of Study Population 

 

Table 4.2 shows the comparison of age and demographic characteristics between 

normospermic and dyspermic subjects. The occupational exposure to harmful factors 

and past sexually transmitted disease (PSTD) were significantly higher in dyspermics 

than normospermics (p<0.02). There was a significantly higher risk of dyspermia 

(p<0.003) due to occupational exposure to harmful substances (RR 1.53, C.I = 1.22 – 

1.92) and PSTD (RR = 1.52, C.I = 1.21 – 1.90). The mean (sem) age and social habits 

(cigarette smoking and alcohol drinking) were not significantly different between 

dyspermic and normospermic subjects (p > 0.48).  

 

4.3 Anthropometric Characteristics of Study Population 

 

Table 4.3 shows a comparison of the mean (sem) height, weight, BMI, waist/height 

ratio, waist circumference, hip circumference and waist/hip ratio between 

normospermics and dyspermics. No statistically significant differences were observed 

between normospermic and dyspermic subjects (p>0.05).  
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Table 4.3 Comparison of Anthropometric Characteristics for Normospermics and 

Dyspermics using the Student’s t-test 

Anthropometric 

Variable 

Normospermics 

n=43 

Dyspermics 

n=77 

  

 Mean (sem) Mean (sem) t p 

Height  (m) 1.71 (0.01) 1.73 (0.01) 1.89 0.06 

Body weight (kg) 72.67 (1.63) 74.05 (1.59) 0.56 0.58 

BMI (kg/m
2
) 24.77 (0.45) 24.55 (0.43) 0.34 0.74 

Waist/height ratio 49.56 (0.62) 50.21 (0.47) 0.84 0.40 

Waist (cm) 84.77 (1.12) 87.09 (0.93) 1.55 0.12 

Hip (cm) 97.02 (1.27) 96.99 (0.83) 0.03 0.98 

Waist/Hip ratio 0.88 (0.02) 0.90 (0.01) 1.26 0.21 

n = number of subjects,  

t = Student‘s t-test,  

p = Significance level 

sem =  standard error of mean 
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4.4 Semen Quality 

 

Figures 4.1 to 4.6 show Haematoxylin-Eosin stained sperm slides for morphological 

evaluation. Normal and various foms of abnormal sperm cells are evident in the 

picture.  

 

Table 4.4 shows a comparison of the mean (sem) values of semen biophysical 

characteristics. All semen parameters determined except semen volume were 

significantly different between normospermic and dyspermic groups (p = 0.001). 

 

Table 4.5 shows a comparison of the mean (sem) values of semen biophysical 

characteristics between fertile and infertile normospermics. The normal morphology 

was significantly higher in fertile normospermics than infertile normospermics (p = 

0.001), while head defects, mid-piece defects, tail defects, teratozoospermia index and 

sperm deformity index were significantly higher in infertile normospermics (p = 

0.001). 
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Figure 4.1 Photomicrograph of Haematoxylin-eosin stained slide for 

morphological evaluation of sperm showing normal and abnormal forms. 
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Figure 4.2 Photomicrograph of Haematoxylin-eosin stained slide for 

morphological evaluation of sperm showing normal and abnormal forms. 
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Fig. 4.3 Photomicrograph of Haematoxylin-eosin stained slide for morphological 

evaluation of sperm showing normal and abnormal forms. 
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Fig. 4.4 Photomicrograph of Haematoxylin-eosin stained slide for morphological 

evaluation of sperm showing normal and abnormal forms. 
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Fig. 4.5 Photomicrograph of Haematoxylin-eosin stained slide for morphological 

evaluation of sperm showing normal and abnormal forms. 
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Figure 4.6 Photomicrograph of Haematoxylin-eosin stained slide for 

morphological evaluation of sperm showing normal and abnormal forms. 
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Table 4.4 Semen Biophysical Characteristics of Normospermic and Dyspermic 

Men  

Semen Biophysical 

Characteristics 

Normospermics 

n=43 

Dyspermics 

n=77 

  

 Mean (sem) Mean (sem) t P 

Semen volume (ml) 3.50 (0.15) 3.20 (0.13) 1.57 0.12 

Sperm viability (%) 64.28 (1.85) 40.82 (3.09) 5.74 0.001* 

Sperm count (x 10
6
/ml) 88.03 (4.26) 29.44 (3.78) 10.12 0.001* 

Total sperm count (x 10
6
) 308.26 (19.91) 91.78 (12.58) 9.67 0.001* 

Sperm motility (%) 62.77 (1.36) 33.63 (2.50) 8.93 0.001* 

Normal Morphology (%) 19.51 (0.53) 10.68 (0.54) 11.19 0.001* 

Head defects (%) 80.49 (0.53) 89.35 (0.54) 11.22 0.001* 

Mid-piece defects (%) 11.09 (0.59) 17.22 (0.71) 6.15 0.001* 

Tail defects (%) 3.72 (0.27) 9.31 (0.49) 8.65 0.001* 

Cytoplasmic droplets (%) 1.33 (0.14) 4.66 (0.49) 5.48 0.001* 

Teratozoospermia index 1.19 (0.01) 1.30 (0.01) 6.39 0.001* 

Sperm deformity index 0.83 (0.01) 0.92 (0.01) 12.73 0.001* 

t = Student‘s t-test,  

p = Probability value, 

*= significant at p<0.05,  

sem = standard error of mean 
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Table 4.5 Semen Biophysical Characteristics of Fertile and Infertile 

Normospermic Men  

 Fertile 

Normospermics n = 

27 

Infertile 

Normospermics 

n=16 

  

Semen Parameters Mean (sem) Mean (sem) t P 

Semen volume (ml) 3.47 (0.18) 3.62 (0.27) 0.45 0.65 

Sperm viability (%) 67.04 (1.87) 59.63 (3.63) 2.01 0.05 

Sperm count (x 10
6
/ml) 93.01 (4.57) 79.64 (8.25) 1.54 0.13 

Total sperm count (x 10
6
) 318.07 (22.08) 291.70 (30.07) 0.64 0.53 

Sperm motility (%) 62.96 (1.40) 62.44 (2.83) 0.19 0.85 

Normal Morphology (%) 20.89 (0.61) 17.19 (0.68) 3.91 0.001* 

Head defects (%) 79.11 (0.61) 82.81 (0.68) 3.91 0.001* 

Mid-piece defects (%) 9.19 (0.44) 14.31 (1.00) 5.38 0.001* 

Tail defects (%) 2.70 (0.17) 5.44 (0.38) 7.58 0.001* 

Cytoplasmic droplets (%) 1.22 (0.16) 1.50 (0.26) 0.96 0.34 

Teratozoospermia index 1.15 (0.01) 1.26 (0.02) 7.567 0.001* 

Sperm deformity index 0.82 (0.01) 0.86 (0.01) 4.39 0.001* 

t = Student‘s t-test,  

p = Probability value,  

*= significant at p<0.05 

Sem = standard error of mean 
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4.5 Hormonal Characteristics of Study Population 

 

Table 4.6 shows comparison of hormone levels in serum and seminal plasma between 

normospermics and dyspermics. Serum prolactin, LH, FSH and oestradiol were 

significantly higher in dyspermics than normospermics (p < 0.004) while serum 

testosterone as well as testosterone/oestradiol ratio were significantly higher in 

normospermics than dyspermics (p = 0.001). In seminal plasma, oestradiol was 

significantly higher in dyspermics than normospermics while testosterone and 

testosterone/oestradiol ratio were significantly higher in normospermics than 

dyspermics (p < 0.004). Table 4.7 shows comparison of hormone levels between fertile 

and infertile normospermics. Differences in levels of all hormones in serum and 

seminal plasma between fertile and infertile normospermics were statistically 

insignificant (p>0.05). 

 

Table 4.8 shows comparison of serum and seminal plasma hormone levels between 

dyspermic sub-groups compared with fertile normospermics. There were statistically 

significant differences in serum and seminal plasma hormone levels between fertile 

normospermics and dyspermic subgroups. Serum prolactin was significantly higher in 

all dyspermic subgroups compared with fertile normospermics (p<0.01) while serum 

testosterone/oestradiol ratio was significantly lower in all dyspermic subgroups than 

fertile normospermics (p<0.006). Serum testosterone as well as testosterone/LH ratio 

were significantly higher in fertile normospermics than oligospermics, azoospermics 

and oligoasthenoteratozoospermics (p<0.04) while seminal plasma testosterone and 

testosterone/oestradiol ratio were significantly higher in fertile normospermics than 

azoospermics, asthenoteratozoospermics and oligoasthenoteratozoospermics (p<0.01). 
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Serum oestradiol was significantly higher in oligospermics, asthenoteratozoospermics 

and oligoasthenoteratozoospermics than fertile normospermics while seminal plasma 

oestradiol was significantly higher in oligospermic and oligoasthenoteratozoospermic 

subjects than fertile normospermics (p=0.02). Serum LH was significantly higher in 

azoospermics than fertile normospermics (p = 0.001) while serum FSH was 

significantly higher in oligospermics and azoospermics than fertile normospermics 

(p<0.03) as shown in appendix iv. 

 

Table 4.9 shows comparison of hormones in serum and seminal plasma between 

normospermics and dyspermics. Testosterone as well as testosterone/oestradiol ratio 

were significantly higher in serum than seminal plasma (p = 0.001) while oestradiol 

was significantly lower in serum than seminal plasma (p = 0.001) in both 

normospermics and dyspermics. 

 

Table 4.10 shows that hypergonadotrophic hypergonadism was the most prominent 

endocrinopathy (20.8 %) among the dyspermic men. Only 9.1 % had frank 

hypogonadism but none (0.0%) had hypogonadotrophic hypogonadism. 6.5 % had 

seminiferous tubular failure whereas 7.8 % had compensatory Leydig cell failure. 

There were no clear hyperprolactinaemias or hypoprolactinaemias among the 

dyspermics. 
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Table 4.6 Comparison of Hormone Levels in serum and seminal plasma between 

Normospermic and Dyspermic subjects 

Hormones  Normospermics 

n=43 

Dyspermics 

n=77 

  

 Mean (sem) Mean (sem) t p 

Serum      

Prolactin (Miu/L) 199.76 (4.29) 341.78 (17.68) 5.94 0.001* 

Luteinizing Hormone (iu/L) 5.86 (0.06) 6.76 (0.22) 3.07 0.004* 

FSH (iu/L) 5.72 (0.08) 7.40 (0.37) 3.23 0.002* 

Testosterone (nmol/L) 31.13 (0.67) 24.43 (0.83) 3.51 0.001* 

Oestradiol (nmol/L) 0.11 (0.00) .15 (0.01) 3.55 0.001* 

Testosterone/Oestradiol ratio 311.83 (12.70) 198.24 (11.17) 5.04 0.001* 

Testosterone/LH ratio 5.33 (0.08) 3.92 (0.17) 4.09 0.001* 

Seminal plasma     

Testosterone (nmol/L) 7.07 (0.39) 5.48 (0.25) 3.60 0.001* 

Oestradiol (nmol/L) 0.71 (0.04) 1.09 (0.07) 3.66 0.001* 

Testosterone/Oestradiol ratio 10.73 (0.60) 7.27 (0.70) 3.32 0.001* 

t = Student‘s t-test,  

p = Probability value,  

*= significant at p<0.05,  

sem = standard error of mean 
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Table 4.7 Comparison of Hormone levels in Serum and Seminal Plasma between 

Fertile and Infertile Normospermic Subjects  

Hormones  Fertile 

Normospermics 

n=27 

Infertile 

Normospermics 

n=16 

  

 Mean (sem) Mean (sem) t P 

Serum      

Prolactin (Miu/L) 198.04 (5.86) 202.65 (6.11) 0.51 0.61 

Luteinizing Hormone (iu/L) 5.87 (0.08) 5.84 (0.10) 0.20 0.84 

Follicle Stimulating Hormone (iu/L) 5.70 (0.09) 5.77 (0.15) 0.68 0.50 

Testosterone (nmol/L) 31.26(0.75) 30.91 (1.26) 0.41 0.69 

Oestradiol (nmol/L) 0.10 (0.01) 0.11 (0.01) 1.14 0.26 

Testosterone/Oestradiol ratio 324.10 (16.13) 291.13 (21.66) 1.23 0.06 

Testosterone/LH ratio 5.08 (0.16) 4.74 (0.22) 0.25 0.80 

Seminal plasma     

Testosterone (nmol/L) 7.46 (0.56) 6.42 (0.45) 1.29 0.20 

Oestradiol (nmol/L) .74 (0.05) .66 (0.05) 0.99 0.33 

Testosterone/Oestradiol ratio 10.79 (0.76) 10.63 (1.02) 0.13 0.89 

t = Student‘s t-test,  

p = Probability value,  

sem = standard error of mean 
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Table 4.8 Comparison of Hormone Levels in serum and seminal plasma among Normospermic and Dyspermic Sub-groups using the 

One-Way Analysis of Variance  
Hormones Fertile  

Normospermics  

n=27 

Infertile 

Normospermics 

n=16 

Oligospermics  

n= 17 

Azoospermics 

n = 12  

Astheno-

teratozoospermics 

n = 17 

Oligoastheno-

teratozoospermics 

n = 31 

  

Serum Mean (sem) Mean (sem) Mean (sem) Mean (sem) Mean (sem) Mean (sem) F p- value 

Prolactin (Miu/L) 198.04 (5.86) 202.65 (6.11) 312.59 (33.39) 412.35 (44.84) 325.18 (31.03) 339.57 (31.43) 8.13 0.001* 

LH (iu/L) 5.87 (0.07) 5.84 (0.08) 6.18 (0.17) 9.05 (1.06) 6.39 (0.27) 6.38 (0.21) 10.10 0.001* 

FSH (iu/L) 5.70 (0.06) 5.77 (0.09) 6.90 (0.17) 13.00 (1.38) 6.33 (0.26) 6.09 (0.25) 34.35 0.001* 

Testosterone (nmol/L) 31.26 (0.49) 30.91 (0.77) 24.20 (1.32) 14.36 (2.36) 27.80 (1.37) 26.61 (0.89) 14.82 0.001* 

Oestradiol (nmol/L) 0.10 (0.01) 0.11 (0.01) 0.16 (0.02) 0.12 (0.01) 0.15 (0.02) .15 (0.01) 3.07 0.01* 

Testosterone/oestradiol 324.10 (16.13) 291.13 (17.82) 205.10 (27.67) 112.17 (12.80) 228.70 (23.82) 211.08 (15.91) 9.09 0.001* 

Testosterone/LH ratio 5.35 (0.10) 5.30 (0.14) 4.01 (0.30) 1.97 (0.40) 4.58 (0.41) 4.28 (0.17) 13.48 0.001* 

Seminal Plasma          

Testosterone (nmol/L) 7.46 (0.56) 6.42 (0.45) 6.07 (0.59) 5.21 (0.69) 5.15 (0.42) 5.43 (0.40) 3.31 0.008* 

Oestradiol (nmol/L) 0.74 (0.05) 0.66 (0.05) 1.14 (0.16) 1.09 (0.18) 1.05 (0.17) 1.07 (0.11) 2.69 0.02* 

Testosterone/oestradiol 10.79 (0.76) 10.63 (1.02) 9.30 (2.50) 6.76 (1.41) 6.66 (1.04) 6.68 (0.76) 2.78 0.02* 

F = anova test, p = Probability value, *= significant at p<0.05, Sem = standard error of mean 
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Table 4.9 Comparison of Hormone levels in Serum and Seminal Plasma of 

Normospermics and Dyspermics  

Hormones Serum  Seminal Plasma   

 Mean (sem) Mean (sem) t p 

Normospermics     

testosterone (nmol/L) 31.13 (0.41) 7.07 (0.39) 39.56 0.001* 

Oestradiol (nmol/L) 0.11 (0.004) 0.71 (0.04) 15.57 0.001* 

Testosterone/Oestradiol ratio 287.45 (12.70) 10.73 (0.60) 21.88 0.001* 

Dyspermics     

testosterone (nmol/L) 24.43 (0.83) 5.48 (0.25) 20.56 0.001* 

Oestradiol (nmol/L) 0.15 (0.01) 1.09 (0.07) 13.34 0.001* 

Testosterone/Oestradiol ratio 198.24 (11.17) 7.27 (0.70) 17.10 0.001* 

t = Student‘s t-test,  

p = Probability value,  

*= significant at p<0.05 

Sem = standard error of mean 
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Table 4.10: The Pattern of Endocrinopathies in Dyspermics  

Endocrinopathy  n ( %) 

abnormality 

Serum 

Oestradiol 

Seminal plasma 

Oestradiol 

 

Hypogonadism (androgen deficiency only) 

 

7 (9.1 %) 

Mean (sem) 

0.14 (0.03)  

Mean (sem) 

1.11(0.18) 

Hypergonadotrophic hypogonadism 16 (20. 8%) 0.14 (0.02) 1.01 (0.16) 

Hypogonadotrophic hypogonadism 0 0 0 

Seminiferous tubular failure 5 (6.5 %) 0.16 (0.02) 1.15 (0.35) 

Compensatory Leydig cell failure 6 (7.8 %) 0.15 (0.03) 1.46 (0.20) 

Hyperprolactinaemia  0 0 0 

Hypoprolactinaemia  0 0 0 

n = number,  

% = per centage 
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The data was also analysed by multiple regression using as co-variates age, 

environmental exposure, cigarette smoking, alcohol consumption, BMI, waist/ height 

ratio, waist/ hip ratio, waist, serum testosterone, LH, FSH, prolactin, zinc, selenium, 

lead, cadmium, Zn/Cd ratio, Zn/Pb ratio, Se/Cd ratio, Se/Pb ratio and seminal plasma 

testosterone, zinc, selenium, cadmium, lead, Zn/Cd ratio, Zn/Pb ratio, Se/Cd ratio, 

Se/Pb ratio. The regression was a very poor fit (R
2

adj = 3.2%) and the overall 

relationship was not significant (F30, 89 =1.13, p = 0.32). Changes in serum oestradiol 

levels were not significantly predicted by any of the variables. However, the data 

analysed for seminal plasma oestradiol was also a poor fit (R
2

adj = 17.0%) but the 

overall relationship was significant (F30, 89 = 1.81, p = 0.02). Serum Cd had the largest 

β coefficient of 0.61 and BMI had the smallest (0.38). Increase in serum Cd was 

significantly associated with an increase in seminal plasma oestradiol (β = 0.61). An 

increase in BMI was also significantly associated with an increase in seminal plasma 

oestradiol (β = 0.38) with other variables held constant as shown in Table 11. 
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Table 4.11 Multiple Regressions between Seminal plasma Oestradiol and 

Hormones, Essential Elements, toxic metals, demographic 

characteristics and anthropometric Measurements  

Dependent  

variable  

 

Predictors  Beta 

 

P 

Serum Oestradiol    

R2
adj = 3.2%    

F30, 89 = 1.13    

p = 0.32    

Seminal plasma Oestradiol    

R2
adj = 17.0% (Constant)  0.93 

F30, 89 = 1.81 BMI (kg/m2) 0.38 0.02* 

p = 0.02 Serum cadmium (µg/dl) 0.61 0.001* 

Beta = standardized coefficient,  

p = significance level,  

* = significant at p<0.05
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4.6 The Effects of Toxic Metals and Essential Elements on Semen Quality  

4.6.1 Levels of Toxic Metals and Essential Elements in Serum and Seminal 

Plasma  

 

Table 4.12 shows comparison of serum and seminal plasma essential elements and 

toxic metals as well as their ratios in normospermic and dyspermic subjects. The serum 

and seminal plasma toxic metals were all significantly lower while the essential 

elements were all significantly higher in normospermics than dyspermics (p<0.002). 

All the essential and toxic metal ratios in serum and seminal plasma were significantly 

higher in normospermics than dyspermics (p = 0.0001). 

 

Comparison of serum essential elements and toxic metals as well as their ratios 

between fertile and infertile normospermics showed no significant differences. 

However, significant differences in seminal plasma Pb, Se and Se/Pb ratio were 

observed. Seminal plasma Pb was significantly lower while Se and Se/Pb ratio were 

significantly higher in fertile normospermics than infertile normospermics (p<0.008), 

(Table 4.13) 

 

In comparison between dyspermic subgroups and fertile normospermics (Table 4.14), 

all essential elements and toxic metals as well as their ratios in serum and seminal 

plasma were significantly different (p<0.0001) except serum Zn level which was 

similar between fertile normospermics and oligospermics; and seminal plasma Zn 

between fertile normospermics, oligospermics and oligoasthenoteratozoospermics. 
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Table 4.12 Comparison of mean (sem) Toxic Metals and Essential Elements in 

Serum and Seminal Plasma between Normospermics and Dyspermics 

Toxic and Essential 

Elements 

Normospermics  

n = 43 

Dyspermics 

n = 77 

  

Serum  Mean (sem) Mean (sem) t P 

Cd (mg/L) 0.13 (0.01) 0.32 (0.02) 7.43 0.001* 

Pb (µg/L) 28.24 (0.74) 34.81 (0.55) 7.13 0.001* 

Zn (mg/L) 7.89 (0.16) 7.21 (0.12) 3.25 0.002* 

Se (mg/L) 0.86 (0.01) 0.80 (0.01) 3.81 0.001* 

Zn/Cd ratio 90.75 (10.71) 29.37 (1.96) 7.31 0.001* 

Zn/Pb ratio 0.29 (0.01) 0.21 (0.01) 7.49 0.001* 

Se/Cd ratio 9.91 (1.14) 3.30 (0.21) 7.35 0.001* 

Se/Pb ratio 0.03 (0.00) 0.02 (0.00) 8.18 0.001* 

Seminal plasma     

Cd (mg/L) 1.16 (0.07) 2.00 (0.07) 7.43 0.001* 

Pb (µg/L) 31.94 (0.87) 39.21 (0.61) 6.99 0.001* 

Zn (mg/L) 161.92 (5.16) 140.91 (2.77) 3.93 0.001* 

Se (mg/L) 0.27 (0.01) 0.22 (0.01) 3.89 0.001* 

Zn/Cd ratio 170.23 (13.84) 81.27 (4.07) 7.63 0.001* 

Zn/Pb ratio 5.24 (0.22) 3.66 (0.10) 7.51 0.001* 

Se/Cd ratio 0.30 (0.03) 0.12 (0.01) 7.17 0.001* 

Se/Pb ratio 0.01 (0.00) 0.006 (0.00) 6.49 0.001* 

Cd = cadmium,  

Pb = Lead,  

Zn = Zinc,  

Se = Selenium,  

Zn/Cd = Zinc/Cadmium ratio,  

Zn/Pb = Zinc/Lead ratio,  

Se/Cd = Selenium/Cadmium ratio,  

Se/Pb = Selenium/Lead ratio,  

t = student‘s t-test,  

p = significance level,  

* = significant at p<0.05 
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Table 4.13 Comparison of mean (sem) Toxic Metals and Essential Elements in 

Serum and Seminal Plasma between Fertile and Infertile Normospermics 

Toxic and Essential Elements Fertile 

Normospermics  

n = 27 

Infertile 

Normospermics 

n = 16 

  

Serum  Mean (sem) Mean (sem) t p 

Cd (mg/L) 0.12 (0.01) 0.14 (0.02) 0.97 0.34 

Pb (µg/L) 28.23 (1.00) 28.26 (1.12) 0.02 0.99 

Zn (mg/L) 8.08 (0.22) 7.53 (0.23) 1.66 0.11 

Se (mg/L) 0.87 (0.01) 0.83 (0.02) 1.55 0.13 

Zn/Cd ratio 94.77 (14.26) 83.98 (16.25) 0.48 0.63 

Zn/Pb ratio 0.29 (0.01) 0.27 (0.01) 1.28 0.21 

Se/Cd ratio 9.90 (1.37) 9.92 (2.09) 0.01 0.99 

Se/Pb ratio 0.03 (0.00) 0.03 (0.00) 0.91 0.37 

Seminal plasma     

Cd (mg/L) 1.11 (0.08) 1.25 (0.14) 0.97 0.34 

Pb (µg/L) 30.20 (1.11) 34.87 (1.08) 2.81 0.008* 

Zn (mg/L) 159.66 (6.21) 165.73 (9.28) 0.56 0.58 

Se (mg/L) 0.29 (0.01) 0.22 (0.01) 3.87 0.001* 

Zn/Cd ratio 171.24 (16.59) 168.54 (25.23) 0.09 0.93 

Zn/Pb ratio 5.46 (0.29) 4.85 (0.34) 1.35 0.19 

Se/Cd ratio 0.33 (0.04) 0.25 (0.05) 1.29 0.20 

Se/Pb ratio 0.01 (0.00) 0.006 (0.00) 4.61 0.001* 

Cd = cadmium, Pb = Lead, Zn = Zinc, Se = Selenium, Zn/Cd = Zinc/Cadmium ratio, Zn/Pb = 

Zinc/Lead ratio, Se/Cd = Selenium/Cadmium ratio, Se/Pb = Selenium/Lead ratio, t = student‘s 

t-test, p = significance level, * = significant at p<0.05 
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Table 4.14 Comparison of Cd, Pb, Zn and Se levels in normospermic and dyspermic subjects using the one-way anova 

Variables Fertile 

normospermics  

n = 27 

Infertile 

normospermics 

n = 16 

Oligospermics 

n = 17 

Azoospermics 

n = 12 

Asthenoteratoz

oospermics 

n = 17 

Oligoasthenotera

tozoospermics 

n = 31 

F p- value 

Serum         

Cd (µg /L) 0.12 (0.01) 0.14 (0.02) 0.31 (0.04) 0.42 (0.05) 0.32 (0.04) 0.28 (0.02) 13.80 0.0001* 

Pb (µg/dL) 28.23 (1.00) 28.26 (1.12) 33.49 (1.46) 37.50 (0.51) 35.49 (1.05) 34.11 (0.87) 11.57 0.0001* 

Zn (mg/L) 8.08 (0.22) 7.53 (0.23) 7.58 (0.27) 7.14 (0.26) 7.05 (0.25) 7.12 (0.21) 3.20 0.01* 

Se (mg/L) 0.87 (0.01) 0.83 (0.02) 0.77 (0.02) 0.82 (0.02) 0.82 (0.01) 0.81 (0.01) 4.87 0.0001* 

Zn/Cd ratio 94.77 (14.26) 83.98 (16.25) 32.84 (5.05) 20.27 (2.45) 26.13 (2.82) 32.77 (3.40) 10.75 0.0001* 

Zn/Pb ratio 0.29 (0.01) 0.27 (0.01) 0.23 (0.01) 0.19 (0.01) 0.20 (0.01) 0.21 (0.01) 13.08 0.0001* 

Se/Cd ratio 9.90 (1.37) 9.93 (2.09) 3.31 (0.14) 2.41 (0.34) 3.08 (0.33) 3.77 (0.38) 10.66 0.0001* 

Se/Pb ratio 0.03 (0.00) 0.03 (0.001) 0.02(0.00) 0.02 (0.00) 0.02 (0.00) 0.02 (0.00) 13.93 0.0001* 

Seminal plasma        

Cd (µg /L) 1.11 (0.08) 1.25 (0.14) 1.99 (0.20) 2.11 (0.14) 2.11 (0.16) 1.90 (0.11) 15.85 0.0001* 

Pb (µg/dl) 30.20 (1.11) 34.87 (1.08) 37.90 (1.60) 40.21 (0.95) 39.32 (1.13) 39.47 (1.01) 11.39 0.0001* 

Zn (mg/L) 159.66 (6.21) 165.73 (9.28) 146.49 (5.17) 126.93 (8.34) 134.15 (4.82) 146.98 (4.32) 12.04 0.0001* 

Se (mg/L) 0.29 (0.01) 0.22 (0.01) 0.20 (0.01) 0.22 (0.02) 0.23 (0.02) 0.23 (0.01) 4.49 0.001* 

Zn/Cd ratio 171.24 (16.59) 168.54 (25.23) 85.47 (8.40) 79.72 (15.52) 70.02 (6.11) 85.73 (5.94) 6.20 0.0001* 

Zn/Pb ratio 5.46 (0.29) 4.85 (0.34) 3.95 (0.18) 3.14 (0.14) 3.43 (0.11) 3.84 (0.19) 11.48 0.0001* 

Se/Cd ratio 0.33 (0.04) 0.25 (0.05) 0.12 (0.01) 0.11 (0.01) 0.12 (0.01) 0.13 (0.01) 13.51 0.0001* 

Se/Pb ratio 0.01 (0.00) 0.01 (0.00) 0.006 (0.00) 0.006 (0.00) 0.006 (0.00) 0.006 (0.00) 11.19 0.0001* 

Cd = cadmium, Pb = Lead, Zn = Zinc, Se = Selenium, Zn/Cd = Zinc/Cadmium ratio, Zn/Pb = Zinc/Lead ratio, Se/Cd = Selenium/Cadmium ratio, Se/Pb = Selenium/Lead ratio, F = one-way 

anova, p = significance level, * = significant at p<0.05 
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4.6.4  Interactions between Toxic metals and Age, Demographic characteristics, 

Anthropometric measurements and Hormones. 

 

The data was analysed by multiple regression using as predictors; age, environmental 

exposure, cigarette smoking, alcohol consumption, BMI, waist/ height ratio, waist/ hip 

ratio, waist, hormones, essential elements. The regression was a rather good fit (R
2
adj 

=47.1%) and the overall relationship was significant (F27, 92 =4.92, p=0.001). Serum 

cadmium level was positively related to waist circumference,  seminal plasma 

oestradiol and cadmium levels but negatively related to age, cigarette smoking, BMI, 

waist/ height ratio, waist/ hip ratio, waist, hip, serum oestradiol and testosterone/ 

oestradiol ratio. Waist circumference had the largest β coefficient of 1.95 and age had 

the smallest β coefficient of -0.176. An increase in serum Cd was significantly 

associated with an increase in waist circumference (β = 1.95), seminal plasma 

oestradiol (β = 0.515) and seminal plasma Cd (β = 0.185) as well as a decrease in age 

(β = 0.176), BMI (β = 0.433), waist/height (β = 0.530), hip circumference (β = 0.854), 

waist/hip (β = 1.299), serum oestradiol (β = 0.419) and serum testosterone/oestradiol 

(β = 0.421) with other variables held constant. Cigarette smokers had higher serum Cd 

levels than non-smokers (β = 0.182) as shown in appendix iv.  

 

The regression for seminal plasma cadmium was a rather poor fit (R
2

adj = 14.1%) but 

the overall relationship was significant (F27, 92 = 1.73, p = 0.03). Seminal plasma 

cadmium level was negatively related to seminal plasma zinc with a β coefficient of -

0.208.Thus, a significant increase in seminal plasma Cd was associated with a 

significant decrease in seminal plasma Zn (β =-0.208) with other variables held 

constant (appendix iv). 
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The regression for serum Pb was a rather good fit (R
2

adj = 56.1%) and the overall 

relationship was significant (F27, 92 = 6.63, p = 0.001). Serum Pb level was positively 

related to serum FSH and seminal plasma Pb. Seminal plasma Pb had the larger β 

coefficient of 0.669 and serum FSH had the smaller β coefficient of 0.285. Thus, 

increasing serum Pb was significantly associated with an increase in seminal plasma 

Pb (β = 0.669) and serum FSH (β = 0.285) with other variables held constant. 

 

The regression for seminal plasma Pb was a rather good fit (R
2

adj = 54.1%) and the 

overall relationship was significant (F27, 92 = 6.19, p = 0.001). Seminal plasma Pb level 

was positively related to serum FSH and lower in cigarette smokers. Serum FSH had a 

larger β coefficient of 0.213 and cigarette smoking had a smaller β coefficient of 

0.177. Thus, increase in seminal plasma Pb was significantly associated with increased 

serum FSH (β = 0.213) and lower in cigarette smokers than non-smokers (β = 0.177) 

as shown in appendix vi.  

 

 

 

 

 

 

 

 

 

 

 



UNIV
ERSITY

 O
F I

BADAN LI
BRARY

 

 

 

139 

 

 

4.6.5: Interactions between Essential elements and Age, Demographic 

characteristics, Anthropometric measurements and Hormones. 

 

The data was analysed by multiple regression using as predictors; age, occupational 

exposure, cigarette smoking, alcohol consumption, BMI, waist/ height ratio, waist/ hip 

ratio, waist, hormones, toxic metals. The regression for serum zinc was a rather poor 

fit (R
2

adj = 2.9%) and the overall relationship was not significant (F27, 92 = 1.13, p = 

0.32). Serum zinc level was positively related to waist circumference. Waist 

circumference had the larger β coefficient of 1.43 and alcoholics had the smaller β 

coefficient of -0.21. Thus, increased serum Zn was significantly associated with 

increased waist circumference (β = 1.43) and higher in alcoholics than non-alcoholics 

(β = 0.21) as shown in appendix vii 

 

The regression for seminal plasma zinc was a rather poor fit (R
2

adj = 4.8%) and the 

overall relationship was not significant (F27, 92 = 1.22, p = 0.24). Seminal plasma zinc 

level was negatively related to seminal plasma cadmium and cigarette smoking. 

Cigarette smoking had a larger β coefficient of -0.24 and seminal plasma Cd had the 

smaller β coefficient of -0.23. Thus, increased seminal plasma Zn was significantly 

associated with decreased seminal plasma Cd (β = -0.23) but higher in cigarette 

smokers than non-smokers (β = -0.24) as shown in appendix vii.  

 

The regression for serum Se was a rather good fit (R
2
adj = 49.4%) and the overall 

relationship was significant (F27, 92 = 5.31, p = 0.001). Serum Se level was negatively 

related to serum prolactin and positively related to seminal plasma Se. Seminal plasma 

Se had a larger β coefficient of 0.71 and serum prolactin had the smaller β coefficient 
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of -0.20. Thus, increased serum Se was significantly associated with increased seminal 

plasma Se (β = 0.71) and decreased serum prolactin (β = -0.21) with other variables 

held constant. The regression for seminal plasma Se was a rather good fit (R
2

adj = 

49.4%) and the overall relationship was significant (F27, 92 = 5.30, p = 0.001). 

However, seminal plasma Se level was not significantly predicted by any of the 

independent variables as shown in appendix vii. 
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4.7 Evaluation of the Possible Combined Effects of Toxic Metals, Essential 

Elements, Reproductive Hormones, Demographic and Anthropometric 

Characteristics on the Spermiogram using Multivariate Analysis 

Interactions of age, demographic, anthropometric and hormonal indices, essential 

elements and toxic metals with semen and sperm structural indices of dyspermics only 

are shown in appendix viii. The regression analysis for semen volume was a rather 

good fit (R
2

adj = 51.4%) and the overall relationship was significant (F49, 15 = 5.31, p = 

0.001). Semen volume was negatively related to serum oestradiol, serum 

testosterone/oestradiol ratio, seminal plasma testosterone and sperm density. Serum 

oestradiol had the largest β coefficient of 1.55 and seminal plasma testosterone had the 

smallest β coefficient of -0.69. Thus, increased semen volume was significantly 

associated with decreased serum oestradiol (β = -1.55), serum testosterone/oestradiol 

ratio (β = -1.20) and seminal plasma testosterone (β = -0.69) with other variables held 

constant.  

 

The regression analysis for sperm motility was a rather good fit (R
2

adj = 67.1 %) and 

the overall relationship was significant (F49, 15 = 3.67, p = 0.004). Sperm motility was 

negatively related to, teratozoospermia index, sperm deformity index, serum FSH and 

seminal plasma Cd, but positively related to hip, waist/hip ratio, mid piece defects, tail 

defect and sperm viability. Waist/hip ratio had the largest β coefficient of 3.83 and 

serum FSH had the smallest β coefficient of -0.35. Thus, increased sperm mortility was 

significantly associated with lower teratozoospermia index (β = -1.94), sperm 

deformity index (β = -3.45), serum FSH (β = -0.35), seminal plasma Cd (β = -1.03) but 

increased sperm viability (β = 0.78), hip circumference (β = 2.83), waist/hip ratio (β = 
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3.83), % mid-piece defects (β = 1.83) and % tail defects (β = 0.92) with other variables 

held constant. 

 

The regression analysis for sperm count was a very good fit (R
2

adj = 87.9 %) and the 

overall relationship was significant (F49, 15 = 10.51, p = 0.001). Sperm count was 

negatively related to age, serum prolactin, serum oestradiol, serum 

testosterone/oestradiol ratio, seminal plasma testosterone and semen volume, but 

positively related to total sperm count, seminal plasma oestradiol and 

testosterone/oestradiol ratio. Semen volume had the largest β coefficient of -1.45 and 

serum prolactin had the smallest β coefficient of -0.25. Thus, increased sperm density 

was significantly associated with younger age (β = -0.29), low serum prolactin (β = -

0.25), serum oestradiol (β = -0.75), serum testosterone/oestradiol ratio (β = -0.54), 

seminal plasma testosterone (β = -0.37) and semen volume (β = -1.45); but increased 

total sperm count (β = 0.90), seminal plasma oestradiol (β = 0.41) and seminal plasma 

testosterone/oestradiol ratio (β = 0.38) with other variables held constant. 

 

The regression analysis for total sperm count was a very good fit (R
2

adj = 86.6 %) and 

the overall relationship was significant (F49, 15 = 9.42, p = 0.001). Total sperm count 

was negatively related to seminal plasma oestradiol but positively related to age, 

alcoholism, serum prolactin, serum oestradiol, serum testosterone/oestradiol ratio, 

seminal plasma testosterone and semen volume. Semen volume had the largest β 

coefficient of 1.49 and alcoholism had the smallest β coefficient of 0.19. Thus, 

increased total sperm count was significantly associated with older age (β = 0.28), 

higher serum prolactin (β = 0.25), serum oestradiol (β = 0.81), serum testosterone/ 

oestradiol ratio (β = 0.58), seminal plasma testosterone (β = 0.37) and semen volume 
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(β = 1.49), but lower seminal plasma oestradiol (β = -0.41) with other variables held 

constant. Finally, non-alcoholics had higher total sperm count than alcoholics (β=0.19) 

with other variables held constant. 

 

The regression analysis for head defects was a very good fit (R
2

adj = 99.8 %) and the 

overall relationship was significant (F49, 15 = 852.37, p = 0.001). Head defect was 

negatively related to past sexually transmitted disease (PSTD) and normal morphology 

but positively related to sperm deformity index, seminal plasma Cd and 

selenium/cadmium ratio. Normal morphology had the largest β coefficient of -1.10 and 

PSTD had the smallest β coefficient of -0.03. Thus, increased % head defects was 

significantly associated with poor normal morphology (β = -1.10), increased sperm 

deformity index (β = 0.22), increased seminal plasma Cd (β = 0.08), increased seminal 

plasma Se/Cd ratio (β = 0.06); dyspermics with PSTD had lower % tail defects than 

those without PSTD (β = 0.03) with other variables held constant. 

 

The regression analysis for mid-piece defects was a very good fit (R
2

adj = 96.4 %) and 

the overall relationship was significant (F49, 15 = 35.95, p = 0.001). Mid-piece defect 

was negatively related to cigarette smoking, height, BMI, hip, waist/hip ratio, tail 

defects, cytoplasmic droplets and serum selenium but positively related to body 

weight, waist, teratozoospermia index and serum FSH. Waist had the largest β 

coefficient of 2.82 while cigarette smoking and serum FSH had the smallest β 

coefficient of 0.10. Thus, increased % mid-piece defects was significantly associated 

with increased waist circumference (β = 2.82), teratozoospermia index (β = 1.15) and 

serum FSH (β = 0.10); but a decrease in BMI (β = -1.99), hip circumference (β = -

1.03), waist/hip ratio (β = -1.46), tail defects (β = -0.55), cytoplasmic droplets (β = -
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0.13) and serum selenium (β = -0.51) with other variables held constant. Finally, 

smokers had a higher % mid-piece defect than non-smokers (β = 0.10) with other 

variables held constant. 

 

The regression analysis for tail defects was an excellent fit (R
2

adj = 90.2 %) and the 

overall relationship was significant (F49, 15 = 12.98, p = 0.001). Tail defect was 

negatively related to cigarette smoking, BMI, hip and waist/hip ratio, but positively 

related to teratozoospermia index and serum FSH. BMI had the largest β coefficient of 

2.56 while cigarette smoking had the smallest β coefficient of -0.18. Thus, increased % 

tail defects was significantly associated with increased teratozoospermia index (β = 

1.83) and serum testosterone (β = 0.63); decreased BMI (β = -2.56), hip circumference 

(β = -1.64) and waist/hip ratio (β = - 2.36). Finally, cigarette smokers had higher % tail 

defects than non-smokers (β = 0.18) with other variables held constant. 

 

The regression analysis for cytoplasmic droplets was a rather fair fit (R
2

adj = 42.3 %) 

but the overall relationship was not significant (F49, 15 = 1.96, p = 0.08). Cytoplasmic 

droplet was negatively related to waist/height ratio and serum selenium but positively 

related to waist, sperm deformity index and serum Se/Pb ratio. Waist measurement had 

the largest β coefficient of 10.11 while serum selenium had the smallest β coefficient 

of -2.27. Thus, increased % cytoplasmic droplets was significantly associated with 

decreased waist/height ratio (β = - 6.09) and serum selenium (β = - 2.27); but increased 

waist circumference (β = 10.11), sperm deformity index (β = 5.42) and serum Se/Pb 

ratio (β = 3.95) with other variables held constant.  
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The regression analysis for teratozoospermia index was a very good fit (R
2

adj = 97.5 %) 

and the overall relationship was significant (F49, 15 = 52.13, p = 0.001). 

Teratozoospermia index was positively related to BMI, hip and waist/hip ratio. BMI 

had the largest β coefficient of 1.54 while hip measurement had the smallest β 

coefficient of 0.69. Thus, increased teratozoospermia index was significantly 

associated with increased BMI (β = 1.54), hip circumference (β = 0.69) and waist/hip 

ratio (β = 0.99) with other variables held constant.  

 

The regression analysis for sperm deformity index was an excellent fit (R
2

adj = 99.1 %) 

and the overall relationship was significant (F49, 15 = 148.89, p = 0.001). Sperm 

deformity index was negatively related to occupational exposure, waist, serum FSH, 

seminal plasma Cd and seminal plasma Se/Pb ratio but positively related to PSTD, 

waist/height ratio and seminal plasma Se. Waist measurement had the largest β 

coefficient of -1.69 while occupational exposure and serum FSH had the smallest β 

coefficient of -0.05. Thus, increased sperm deformity index was significantly 

associated with increased waist/height ratio (β = 0.92), hip circumference (β = 0.56), 

waist/hip ratio (β = 0.76) and serum Se (β = 0.24); but decreased waist circumference 

(β = -1.69), serum FSH (β = -0.05), seminal plasma Cd (β = -0.21) and seminal plasma 

Se/Pb ratio (β = -0.27). Finally, occupationally exposed dyspermics had a higher sperm 

deformity index (β = 0.05) and dyspermics with PSTD had a lower sperm deformity 

index (β = 0.09) with other variables held constant. 

 

 

 

 



UNIV
ERSITY

 O
F I

BADAN LI
BRARY

 

 

 

146 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER FIVE 

5.0 DISCUSSION 

 

Declining male fertility is of global concern and has been linked to the effects of 

endocrine disruptors on modulation of oestradiol. Dyspermia is common in African 

males with mechanisms that are not well defined (Ilesanmi et al. 1996). Endocrine and 

environmental influences on semen quality are not well understood. This study was 

therefore, designed to identify the possible interactions of Cd and Pb with oestradiol 

and selected essential trace elements such as Zn and Se and their effects on semen 

quality in order to improve our understanding by delineating the aetiology of poor 

semen quality as well as providing novel and rational approaches to preventing and 

treating endocrine-related infertility in men. 
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5.1 The Pattern of Dyspermia in Nigerian males 

 

Genuine decline in semen quality has been reported globally (Carlsen et al. 1992; Itoh 

et al. 2001). Previous studies show that 40 – 45% of male factor infertility is known 

(Ilesanmi et al. 1996; Ikechebelu et al. 2003). In this study, the subjects were 

categorized as normospermics (35.8%), azoospermics (10.0%), oligospermics (14.2%), 

asthenozoospermics (16.7%) and oligoasthenoteratozoospermics (23.0%) respectively. 

Similarly, Ilesanmi et al. (1996) observed teratozoospermia in 32%, oligospermia in 

18%, azoospermia in 9.4%, polyzoospermia in 2.2%. Nwafia et al. (2006) in South-

Eastern Nigeria reported normal semen volume in 91.0%, good motility (>50%) in 

6.3%, normal morphology in 38%, normal count in 7.3% and azoospermia in 51.8% of 

infertile men.  

 

Semen volume was not significantly different between normospermic and dyspermic 

groups (p = 0.21). Similarly, earlier reports of some investigators did not show any 

significant difference in semen volume between dyspermic and normospermic infertile 

men (Adejuwon et al. 1996), however, semen volume has been considered important 

in assessing the total sperm production by the testes (Overstreet and Katz, 1987). In 

this study, increase in semen volume was significantly associated with a decrease in 

sperm count (β = -1.45) in dyspermics only. Seminal volume, except for very low 

volumes, does not seem to be significantly related to infertility. However, very high 

volumes may reduce the sperm concentration considerably and prove critical when 

sperm output is already low (Oliva et al. 2001).  
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In this study, increased sperm motility was significantly associated with lower 

teratozoospermia index (β = -1.94), sperm deformity index (β = -3.45), but increased 

sperm viability (β = 0.78), % mid-piece defects (β = 1.83) and % tail defects (β = 

0.92). However, Ilesanmi et al. (1996) observed a positive correlation between sperm 

density and % motility (p<0.01). Asthenozoospermia has been reported as the most 

common anomaly of semen, whether present alone or in combination with 

teratozoospermia and/or oligospermia. The presence of asthenozoospermia has been 

shown to be a very subtle early indicator of reduction in the semen quality of an 

individual, which frequently gets ignored if the semen sample shows adequate sperm 

count and normal morphology (Gaur et al., 2007).  

 

In this study, increased % sperm viability was significantly associated with increased 

% sperm motility (β = 0.78). Increased sperm motility was significantly associated 

with lower teratozoospermia index (β = -1.94) and sperm deformity index (β = -3.45), 

but increased % mid-piece defects (β = 1.83) and % tail defects (β = 0.92) in 

dyspermics only. This result shows that in dyspermic men, most of the viable sperm 

are motile but have significant structural abnormalities which obviously contribute to 

the infertile state. Severe asthenozoospermia is mainly the result of structural 

abnormalities of the tail (Chemes, 2000).  

 

Some men are infertile because of abnormal looking sperm (teratozoospermia), and 

many infertile men have semen samples which have low sperm counts, with poor 

motility and many abnormally shaped sperms, referred to as oligo-astheno-

teratozoospermia. In 30% of infertile couples, the male factor in the form of defective 

sperm quality is a major cause (Brugo-Olmedo et al. 2001).  In this study, normal 
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morphology was significantly higher in fertile normospermics than infertile 

normospermics (p = 0.001). Mid-piece defects (p = 0.001), % tail defects (p = 0.001), 

teratozoospermia index (p = 0.001) and sperm deformity index (p = 0.001) were 

significantly higher in infertile than fertile normospermics. Among dyspermic men, 

increased % head defects was significantly associated with poor normal morphology (β 

= -1.10) and increased sperm deformity index (β = 0.22). Increase in teratozoospermia 

index was significantly associated with an increase in % mid-piece defects (β = 1.15), 

and % tail defects (β = 1.83) whereas increase in sperm deformity index was 

associated with increased % head defects (β = 0.22). Asthenozoospermia and 

teratozoospermia are frequently responsible for infertility in men, yet they are poorly 

understood conditions that are often unrelated to any known andrological disorder. It 

has been reported that sperm morphology as assessed by strict criteria is an excellent 

biomarker of sperm dysfunction(s) that assist the clinician in determining the source of 

male infertility and in predicting the outcome of assisted reproductive technologies 

(Franken et al. 1990; Tasdemir et al. 1997; Oehninger et al. 1997). The percentage of 

morphologically normal sperm has been found to be a much greater discriminator 

between fertile and sub-fertile men (Guzick et al. 2001).  

   

5.2 The contributions of age, demographic and anthropometric characteristics 

to semen quality of adult Nigerians 

 

In this study, mean (sem) age was not significantly different between dyspermic and 

normospermic subjects (p = 0.48). However, increasing age was significantly 

associated with a decrease in sperm count (β = -0.29) but increased total sperm count 

(β = 0.28) in dyspermics. Evidence from clinical studies suggest that age is associated 
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with diminished semen volume, sperm motility, and normal morphology, but that 

sperm concentration is only a little affected by age (Lemeke et al., 1997; Spandorfer et 

al., 1998). Paulson et al., (2001) suggested that male aging is associated with a 

significant decline in total sperm count, but Eskenazi et al., (2003), reported that 

semen volume and sperm motility, but not sperm concentration, continuously decrease 

between ages of 22 years and 80 years, with no evidence of a threshold, and Auger et 

al., (1995) using a multiple regression model found a 66% decrease in sperm 

concentration from age 30 to 50 years. 

 

In dyspermic men, increased BMI was significantly associated with an increase in 

teratozoospermia index (β=1.54) but decrease in % mid-piece defects (β = -1.99) and 

% tail defects (β = -2.56). Increased waist circumference was significantly associated 

with increased % mid-piece defects (β = 2.82) and % cytoplasmic droplets (β = 10.11) 

but decreased sperm deformity index (β = -1.69). Increased hip circumference was 

significantly associated with decreased % mid-piece defects (β = -1.03), % tail defects 

(β = -1.64) but increased % motility (β = 2.83), teratozoospermia index (β = 0.59) and 

sperm deformity index (β = 0.56). Increased waist/ height ratio was significantly 

associated with a decreased % cytoplasmic droplets (β = -6.09) but increase in sperm 

deformity index (β = 0.92). Increased waist/ hip ratio was significantly associated with 

decreased % mid-piece defects (β = -1.46), % tail defects (β = -2.36), but increased % 

motility (β = 3.83), teratozoospermia index (β = 0.99) and sperm deformity index (β = 

0.76).  

 

The findings in this study suggest that obesity plays a significant role in development 

of poor semen quality. Other scholars also consider obesity a major health issue and 



UNIV
ERSITY

 O
F I

BADAN LI
BRARY

 

 

 

151 

 

 

the relationship between obesity and male infertility has been described in many 

reports (Nguyen et al., 2007; Mara et al., 2008). Overweight and obesity states are 

considered as factors capable of inducing low sperm counts (Abdullah and Bakry, 

2008). Men with high BMI are typically found to have an abnormal semen quality 

represented by decrease in sperm count, and sperm motility as well as increase in the 

abnormal forms of spermatozoa (Abdullah and Bakri, 2008). However, a controversy 

exists regarding the extent of the relationship between obesity and male infertility and 

its mechanisms. A higher prevalence of oligozoospermia in over-weight and obese 

men compared with men of normal-weight, but no relationship between increasing 

male BMI and percentage of motile sperm has been reported (Jensen et al., 2004). 

However, in this study, hip and waist/hip ratio significantly predicted changes in % 

sperm motility in dyspermics only. 

 

Obesity has also been associated with lower sperm count, compared to non-obese men 

in a group of 274 normozoospermic men (Koloszar et al., 2005). Kort et al., (2006) 

also found that BMI correlated negatively with the total number of normal 

spermatozoa, but others found no clear effects of BMI on both hormonal profile and 

semen quality (Magnusdottir et al., 2005). In this study, BMI, waist, waist/hip ratio, 

waist/height ratio and hip circumference were found to significantly predict several 

changes in sperm morphology including % mid-piece defects, % tail defects, 

cytoplasmic droplets, teratozoospermia index and sperm deformity index in dyspermic 

men.  

 

Cigarette smoking habit was not significantly different between dyspermic and 

normospermic subjects (p = 0.48), but smoking was significantly associated with 
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increased % mid-piece defects (β = 0.10) and % tail defects (β = 0.18) in dyspermics 

only. Several studies from different parts of the world have observed that cigarette 

smoking has an effect on the semen quality, especially in those who are heavy smokers 

or who have been smoking for many years (Kunzle et al. 2003).  Mild smoking could 

produce a reduction in the sperm motility, therefore emphasising that there is no ―safe‖ 

quantity of cigarette smoking that may not affect the semen quality (Gaur et al. 2007).  

A study conducted on voluntary men of reproductive age showed that after ejaculation, 

sperm motility deteriorated much more rapidly in heavy smokers in comparison to 

non-smokers (Saaranen et al., 1987). In this study, cigarette smoking was significantly 

associated with higher serum Cd levels (β = 0.18), decreased seminal plasma Pb level 

(β = 0.18) but increased seminal plasma zinc levels (β = 0.24) in dyspermics only. 

Researchers have variously concluded that toxins in cigarette smoke reach the male 

reproductive system, and their effects are mainly due to their direct interaction with 

seminal fluid components and the accessory glands which contribute their secretions to 

the seminal fluid, leading to its increased viscosity, reduced volume and delayed 

liquefaction time, thus reducing forward progression of spermatozoa manifesting as 

asthenozoospermia (Kunzle et al, 2003). Cigarette smoking also plays a role in 

producing asthenozoospermia in otherwise normal and viable spermatozoa. 

Asthenozoospermia can therefore, be a very subtle ―early indicator‖ of deterioration in 

semen quality of passive smokers or may be caused by environmental pollutants, 

chemicals and other unknown factors awaiting discovery (Zhang et al., 2000).  

 

Alcohol consumption was not significantly different between dyspermic and 

normospermic subjects (p = 0.48). Alcohol is a direct testicular and Leydig cell toxin 

and chronic alcohol use has been reported among infertile men (Tsujimura et al. 2004). 
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Excessive alcohol consumption has the potential to decrease an already low percentage 

of sperm with normal morphology (Guo et al. 2006). Men with habits of smoking and 

alcohol present a significant reduction in seminal volume, sperm concentration, % of 

motile sperm and a significant increase in non-motile viable gametes (Martini et al. 

2004). In this study alcohol consumption was significantly associated with low total 

sperm count (β = 0.19) in dyspermics only. However, studies among healthy male 

volunteers who drink alcohol showed no significant effect on sperm nuclear size, shape 

or chromatin texture and sperm concentration, motility, viability and normal 

morphology (Stutz et al. 2004), but majority of studies reported adverse effects of 

alcohol on semen quality (Kumar et al. 2009). While chronic alcoholics can 

demonstrate testicular atrophy, diminished serum testosterone levels, and sub-fertility, 

moderate alcohol consumption has not been shown to deleteriously affect semen 

parameters. Indirect evidence of a deleterious effect of ethanol on the epididymis is 

provided by the observation of increased frequency of caudal epididymal spermatozoa 

which have retained their cytoplasmic droplets (Anderson et al. 1983).  

 

There was a significantly higher risk of dyspermia (p<0.003) due to 

environmental/occupational exposure to harmful substances (RR=1.53, C.I=1.22 – 

1.92) which significantly predicted high sperm deformity index (β = 0.05) in 

dyspermic men only. Male reproductive function is known to be highly sensitive to 

many chemicals and physical agents generated by industrial or agricultural activities 

(Oliva et al. 2001,). The diminution of semen quality due to occupational and 

environmental exposure to heavy metals is now a major global health concern (Carlsen 

et al. 1992).  
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In this study, there was a significantly higher risk of dyspermia (p = 0.003) due to 

sexually transmitted diseases (STD), (RR = 1.52, C.I = 1.21 – 1.90). Past STD was 

significantly associated with higher % sperm head defects (β = 0.03) and sperm 

deformity index (β = 0.09) in dyspermic men only. The incidence of oligozoospermia 

and teratozoospermia has been significantly associated with sexually transmitted 

infections (Mehta et al., 2002). An infectious process may impair fertility by adversely 

affecting sperm functions, resulting in testicular damage or causing obstruction of the 

genital tract. Cengiz et al (1997) reported significant differences in density, 

morphology, motility and viability except for semen volume in subjects who had an 

STD. The impact of STD on male fertility is strongly dependent on the local 

prevalence of the STDs. In Western countries, sexually transmitted infections are of 

minor relevance, whereas, in other regions such as Africa or South East Asia, the 

situation appears to be different. Chronic infections (gonorrhoea) can cause urethral 

strictures and epididymorchitis. Ureaplasma urealyticum may impair spermatozoa 

(motility, DNA condensation).  

 

5.3 Specific endocrinopathies that may be associated with poor semen quality.  

 

Serum and seminal plasma oestradiol levels were significantly higher in dyspermics 

than normospermics (p = 0.004). Poor semen quality has been attributed to endocrine 

abnormalities (Benoff et al.  2002). Emokpae et al. (2007) observed that 

endocrinopathies are frequent in infertile males. Oestrogens produced locally are 

considered as physiologically relevant hormones involved in the regulation of 

spermatogenesis and spermiogenesis (Carreau et al. 2007). Zhang et al. (2009) 

suggested that local oestrogen levels might be associated with the current state of 
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spermatogenesis or total number of spermatogenic cells in the testis. In this study, 

increased semen volume was significantly associated with decreased serum oestradiol 

(β = -1.55). Increased sperm density was significantly associated with low serum 

oestradiol (β = -0.75), but increased seminal plasma oestradiol (β = 0.41). Increased 

total sperm count was significantly associated with higher serum oestradiol (β = 0.81), 

but lower seminal plasma oestradiol (β = -0.41). 

 

Serum and seminal plasma testosterone were significantly higher in normospermics 

than dyspermics (p=0.001), but only 9.1 % had frank hypogonadism among 

dyspermics. Increase in seminal plasma testosterone was significantly associated with 

a decrease in semen volume (β=0.69) and sperm count (β= -0.37) but an increase in 

total sperm count (β= 0.37) in dyspermics only.  

 

Although some studies have claimed that serum testosterone levels demonstrate no 

relationship to sperm concentration  (Goulis et al., 2008), others suggest that 

testosterone may assume a critical role in both the morphological development and 

reproductive function in the male (Takada et al., 2008; Zhang et al., 2009). In this 

study, serum testosterone was significantly higher in normospermics than dyspermics 

(p = 0.002), and significantly higher in fertile normospermics than oligospermics (p = 

0.007) and azoospermics (p = 0.0001). Some studies have shown decreased circulating 

testosterone levels in infertile men (Mifsud, Choon, Fang, Yoong, 2001; Pavlovich, 

King, Goldstein, Schlegel, 2001), and several others have not (Ruder, Loriaaux, 

Sherins, Lipsett, 2001). 
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Hypergonadotrophic hypergonadism was the most prominent endocrinopathy (20.8 %) 

among the dyspermic men but 0 % had hypogonadotrophic hypogonadism; whereas 

6.5 % had seminiferous tubular failure and 7.8 % had compensatory Leydig cell 

failure. Increasing serum FSH was significantly associated with decreases in sperm 

motility (β = 0.35) and sperm deformity index (β=-0.05) but an increase in % mid-

piece defects (β=0.10) and % tail defects (β = 0.63) in dyspermics only. LH essentially 

promotes spermatogenesis, while FSH has a role in development of the immature testis 

and has a direct role in the maintenance of spermatogenesis. However, controversy 

persists as to whether FSH is essential for the maintenance of adult spermatogenesis. 

In this study, serum LH and FSH were significantly higher in azoospermics than fertile 

normospermics (p = 0.0001). The changes of LH and FSH may be one of the reasons 

for the dysfunction of spermatogenesis and sperm maturation in patients with 

azoospermia and oligospermia (Zhang et al., 2003). It is possible that the negative 

relationship of oestrogen to sperm count may be secondary to a suppression of serum 

FSH by the elevated oestrogen levels. However, Merino et al (1997) observed that in 

patients with normozoospermia and asthenozoospermia, sperm morphologies were 

inversely correlated with luteinizing hormone.  

 

Serum prolactin was significantly higher in all dyspermic subgroups compared with 

fertile normospermics (p = 0.01) although there were no clear hyperprolactinaemias or 

hypoprolactinaemias among the dyspermics. Increase in serum prolactin significantly 

predicted a decrease in sperm count (β = -0.25) but an increase in total sperm count (β 

= 0.25) in dyspermics only. Some reports have found higher levels of serum prolactin 

in oligospermic and azoospermic men (Merino et al., 1997), whereas others have 

reported that hyper-prolactinemia was a relatively uncommon cause of male infertility 
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(Cunnah and
 
Besser, 1991). However, there is strong evidence suggesting that serum 

prolactin has a direct effect on sperm motility (Gonzales, et al., 1989).  

 

5.4 The specific contributions of oestradiol to semen quality 

  

Increasing serum oestradiol was significantly associated with decreases in semen 

volume (β = -1.55) and sperm count (β = -0.75) but an increase in total sperm count (β 

= 0.81). Increasing seminal plasma oestradiol was significantly associated with an 

increase in sperm count (β = 2.97) but a decrease in total sperm count (β = - 0.41) in 

dyspermics only. Some studies have found increased serum oestradiol levels in 

infertile men (Pavlovich et al., 2001; Luboshitzky et al.,2002), whereas others found 

normal levels (Giagulli & Vermeulen, 1988) and yet others have observed decreased 

serum oestradiol levels in infertile men (Yamamoto et al.,1995). Luboshitzky et al 

(2002) also found elevated seminal plasma oestrogen concentrations in infertile men. 

These findings suggest that the function of Leydig cells in infertility is not clearly 

established and remains debatable (Anderson et al., 2004). 

 

Serum and seminal plasma testosterone/oestradiol ratio was significantly higher in 

normospermics than dyspermics (p = 0.001). Serum testosterone/oestradiol ratio was 

significantly lower in all dyspermic subgroups than fertile normospermics (p = 0.006). 

Seminal plasma testosterone/oestradiol ratio was significantly higher in fertile 

normospermics than azoospermics, asthenoteratozoospermics and oligoastheno-

teratozoospermics (p = 0.01).  
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Increasing serum testosterone/oestradiol ratio was significantly associated with a 

decrease in semen volume (β = 1.20) and sperm count (β = -0.54) but an increase in 

total sperm count (β = 0.58) in dyspermics only. Increase in seminal plasma 

testosterone/oestradiol ratio significantly predicted an increase in sperm count (β = 

2.35) in dyspermics only. Sertoli cells are known to secrete fluid under androgen 

control, while oestrogen is involved in the resorption of the fluid in the efferent ducts 

(Hess, 1997, Sharpe, 1997). An increased testosterone/oestradiol ratio may reflect the 

quality of the endocrine milieu of the testis (Itoh et al., 1994).  

 

5.5 The role of environmental toxicants/endocrine disruptors (Cd & Pb) in 

male reproductive functions.  

 

There was a significantly higher risk of dyspermia (p<0.003) due to occupational 

exposure to harmful substances (RR 1.53, C.I = 1.22 – 1.92). Environmental exposure 

significantly predicted a higher sperm deformity index (β = 0.05) in dyspermic men. 

The serum and seminal plasma toxic metals were all significantly lower while the 

essential elements were all significantly higher in normospermics than dyspermics 

(p<0.002).  

 

The negative impact of the environment on the human reproductive ability has been of 

great concern (Carlsen et al. 1992; Itoh et al. 2001). Endocrine disrupting chemicals 

such as cadmium and lead are toxic to the testis and have adverse effects on wildlife 

reproduction (Migliarini et al. 2005), disrupt steroidogenesis and spermiogenesis in 

laboratory animals (Thompson & Bannigan, 2008). Changes in human and animal 

sperm morphology and motility have been associated with toxic exposures and may 
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relate to damage to differentiating cells or over time to stem cells (Carreau et al. 2007). 

Cadmium in seminal plasma has been associated with low semen volume and sperm 

motility (Xu et al. 1993).
 
Increasing seminal plasma cadmium was significantly 

associated with increases in % head defects (β = 0.08) but decreases in % motility (β = 

1.03) and sperm deformity index (β = -0.21) in dyspermics only suggesting that it may 

cause infertility in Nigerian men (Akinloye et al, 2006). 

 

Seminal plasma Pb was significantly lower in fertile than infertile normospermics 

(p<0.008). Others have shown that increased Pb levels are associated with a decrease 

in sperm count (Alexander et al, 1996, Moorman et al., 1998), a decrease in sperm 

motility (Moorman et al., 1998, Viskum et al, 1999), and the quality of motility 

(Viskum et al., 1999), an increase in abnormal sperm morphology (Moorman et al., 

1998). This may explain the significant increase in abnormal morphology in infertile 

normospermics compared to the fertile normospermics.  

 

In recent years, several investigators have examined the concentration of metals and 

other chemicals in the seminal fluid both of occupationally and non-occupationally 

exposed individuals and have attempted to correlate the concentrations of the elements 

present in human seminal fluid with conventional semen parameters, reproductive 

hormones and/or fertility levels. Relatively few data are available regarding the 

possible reproductive effects of Pb and/or Cd in men (Tas et al. 1996). The results of 

several studies suggest that relatively high occupational exposure to Pb, as indicated 

by blood Pb levels can reduce human semen quality (decreased number, motility and 

altered morphology of sperm), (Viskum et al. 1999; Telisman et al., 2000).  
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5.6 The role of Zn and Se in improving male reproductive function. 

 

Zinc and Se levels in serum and seminal plasma were significantly higher in 

normospermics than dyspermics (p = 0.001). The mean serum Zn value was 

significantly higher in fertile normospermics than azoospermics (p = 0.01), 

asthenoteratozoospermics (p = 0.001) and oligoasthenoteratozoospermics (p = 0.002). 

Mean seminal plasma Zn value was significantly higher in fertile normospermics than 

azoospermics (p = 0.001) and asthenoteratozoospermics (p=0.001). Saaranen et al 

(1987) found zinc concentrations to increase with increasing sperm density. Low levels 

of zinc have been reported in oligospermic and azoospermic patients but no significant 

difference was found in mean zinc levels in fertile and infertile patients, and between 

normospermic and dyspermic infertile men (Charles-Davies, 1999, Akinloye et al, 

2011), nor between idiopathic infertile and normal men (Chia et al., 1994). And no 

significant correlation was found between semen and blood zinc concentration and the 

fertility potential between normospermic, oligospermic and azoospermic infertile men 

(Adejuwon et al, 1996). Although seminal zinc may be associated with seminal and 

prostatic function, its role in infertility is controversial (Burnazian et al., 1992).  

 

Selenium deficiency is associated with reduced or impaired reproduction throughout 

the animal kingdom, and supplementation with selenium has been reported to improve 

reproductive performance in sheep and mice (Van Ryssen et al., 1992). Seminal 

plasma Se was significantly higher in fertile normospermics than infertile 

normospermics (p = 0.008). Similarly, serum selenium was reported to be lower in 

men with oligospermia and azoospermia than in controls (Krsnjavi et al., 1992). A 

review of nutritional and environmental considerations of male infertility confirms that 
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nutritional therapies using zinc and selenium among others improve sperm counts and 

sperm motility (Sinclair, 2000). Increase in seminal plasma Se significantly predicted 

decrease in % cytoplasmic droplets (β = -2.27) and increase in sperm deformity index 

(β=0.24) in dyspermics only. Selenium-vitamin E supplementation in infertile oligo-

asthenoteratozoospermic men caused statistically significant increases in sperm 

motility, percent live, and percent normal spermatozoa (Vezina et al., 1996). 

   

5.7: The possible effects of the interactions of toxic metals (Cd & Pb), essential 

elements (Zn & Se) and oestradiol on semen quality. 

 

Increased serum Cd was strongly associated with increase in seminal plasma oestradiol 

(β = 0.61) whereas increasing seminal plasma Cd was significantly associated with 

increase in serum Cd level (β = 0.19), % sperm head defects (β = 0.08) but decrease in 

seminal plasma zinc levels (β = 0.23), sperm motility (β = 1.03) and sperm deformity 

index (β = -0.21) in dyspermics only. In their study, Omu & Fernandes, (2001) found 

that a high zinc/cadmium (Zn/Cd) ratio of more than 200 was associated with a normal 

sperm count and motility. There was an inverse relationship between the Zn/Cd ratio 

and impairment of spermatozoa motility, suggesting that Zn/Cd ratio may be a better 

index of assessing sperm quality than seminal zinc and cadmium independently.  

 

Seminal plasma Se/Pb ratio was significantly higher in fertile normospermics than 

infertile normospermics (p<0.008) and increase in serum Se/Pb ratio (β = 3.95) 

significantly predicted a decrease in sperm deformity index (β = -0.27) in dyspermics 

only. Increasing serum testosterone/oestradiol ratio significantly predicted decreases 

in serum Cd level (β = -0.42), semen volume (β = 1.20) and sperm count (β = -0.54) 
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but an increase in total sperm count (β= 0.58) whereas an increase in seminal plasma 

testosterone/oestradiol ratio significantly predicted an increase in sperm count (β=2.35) 

in dyspermics only. 

 

Increasing serum FSH significantly predicted decrease in levels of serum Pb (β = 

0.29), seminal plasma Pb (β = 0.21), sperm motility (β = 0.35), sperm deformity index 

(β = -0.05) but an increase in % mid-piece defects (β = 0.10) and % tail defects (β = 

0.63) in dyspermics only. Although, Pb-associated changes in hormone concentrations 

were thought to be mediated at the hypothalamic-pituitary level, the Pb-related 

decrease in serum and seminal plasma oestradiol are difficult to explain (Behne et al. 

1996). 

 

Various toxic and essential metals are interactive, leading to metal detoxification and 

depletion of Zn and Se (Telisman, 1995; Behne et al. 1996), endocrine disruption 

(Behne et al. 1996) and sperm formation and motility (Murray, 1998). In this study, 

increased serum Cd was strongly associated with increases in seminal plasma 

oestradiol (β = 0.61), whereas increasing seminal plasma cadmium was significantly 

associated with increases in serum Cd level (β = 0.19), % sperm head defects (β = 

0.08) but decreases in seminal plasma zinc levels (β = 0.23), sperm motility (β = 1.03) 

sperm deformity index (β = -0.21) in dyspermics only. Some older reports suggest that 

in many instances Cd affects steroidogenesis, although differences in experimental 

methods and the concentrations tested may be responsible for variations in results 

(Parsky et al. 1997). However, recent reports support the concept that Cd exerts dual 

effects on steroidogenesis, since it has the potential to mimic the effects of oestrogen in 

various tissues depending on its concentration (Henson and Chedrese, 2004). 
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Increasing serum testosterone/oestradiol ratio was significantly associated with 

decreases in serum Cd level (β = 0.42), semen volume (β = 1.20), sperm count (β = -

0.54) but an increase in total sperm count (β= 0.58) in dyspermics only. Increase in 

seminal plasma testosterone/oestradiol ratio was significantly associated with an 

increase in sperm density (β = 2.35) in dyspermics only. 

 

Exposure to Pb can decrease the absorption rate and biologic availability of Zn in the 

body, mainly because of their competition for binding to the sulfhydryl (-SH) group 

sites in various enzymes, other proteins {especially metalothionein (MT)} and tissues 

(Telisman, 1995). Seminal plasma Se/Pb ratio was significantly higher in fertile 

normospermics than infertile normospermics (p<0.008). In dyspermics, increase in 

serum Se/Pb ratio (β = 3.95) was significantly associated with an increase in % 

cytoplasmic droplets, and a decrease in sperm deformity index (β = -0.27). Increasing 

serum FSH was significantly associated with decreases in serum Pb level (β = 0.29), 

seminal plasma Pb level (β = 0.21), sperm motility (β = 0.35), sperm deformity index 

(β = -0.05) but an increase in % mid-piece defects (β = 0.10) and % tail defects (β = 

0.63). 

 

Zinc is an essential component of many enzymes and a direct role in membrane and 

cellular physiology has been suggested (Cunnane et al. 1982). Zinc affects calmodulin 

activity, prostaglandin synthesis, and cell membrane phosphorylation (Cunnane et al. 

1982). These intermediary processes may be involved in prolactin secretion. Prolactin 

secretion is inhibited by agents, which inhibit calmodulin activity (Schettini, Judd, 

McLeod, 1982). Zinc may inhibit prolactin release from anterior pituitary secretary 

granules by interacting either with specific granule membrane proteins or directly with 
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the large prolactin molecules within the granules (Lorenson et al. 1983). If zinc 

inhibits prolactin release, it is therefore reasonable to assume that zinc deficiency may 

be associated with hyperprolactinemia (Mahajan et al. 1985). An investigation into the 

effects of Zn on Pb toxicities suggests that Zn co-administration might alleviate toxic 

effects of Pb on the male reproductive system (Piao
 
et al. 2007). Therefore, the effects 

of Zn on Pb toxicities should be evaluated systematically. 
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    CHAPTER SIX 

6.0 SUMMARY, CONCLUSION AND FURTHER STUDIES 

6.1.  Summary 

 

Declining male fertility is of global concern and has been linked to the effects of 

endocrine disruptors on the modulation of oestradiol. These disruptors are also 

recognised to be toxic to the testes. Selenium and zinc play specific roles in heavy 

metal detoxification, testosterone metabolism, sperm formation and motility. However, 

the possible contribution of cadmium, lead, selenium and zinc to oestradiol modulation 

and sperm defects in Nigerian men is largely unknown.  
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This research has evaluated the effects of the interaction of oestradiol, selected toxic 

and essential trace metals on semen quality in order to improve the currently limited 

understanding, delineate the aetiology of poor semen quality and male infertility as 

well as provide novel and rational approaches to prevent and treat male infertility. This 

was achieved through the analysis of toxic metals (Cd & Pb), essential trace elements 

(Se & Zn), and hormones in serum and seminal plasma of age-matched infertile men 

(normospermic and dyspermic) compared with fertile men using appropriate statistical 

tests.  

 

The main contributions of this study in the field of human reproduction include: 

 The spermiogram (i.e sperm count, motility and morphological assessment 

using the ―Tygerberg Strict criteria‖) is a very useful tool in evaluating the 

infertile male. 

 Analysis of toxic metals (Cd and Pb) and essential elements (Se & Zn) in 

different body fluids like serum and seminal plasma is very useful in evaluating 

their contributions to semen quality even in non-occupationally exposed 

individuals. 

 Increased levels of Cd and Pb in serum and seminal plasma were associated 

with asthenozoospermia and teratozoospermia in dyspermic subjects only. 

 Increased serum and seminal plasma Cd levels were strongly associated with 

teratozoospermia and asthenozoospermia either as a result of depletion of 

seminal plasma Zn and Se levels leading to endocrine disruption or by direct 

toxicological effects on the testis in dyspermics.   
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 An inverse relationship between the Zn/Cd ratio and impairment of 

spermatozoa motility, suggests that Zn/Cd ratio may be a better index of 

assessing sperm quality than seminal zinc and cadmium independently.  

 The findings in this study show that less than 40% of dyspermic men had 

endocrinopathies and hypergonadotrophic hypergonadism was the most 

prominent endocrinopathy (20.8%) among the dyspermic men. 

 The findings in this study suggest that obesity plays a significant role in 

development of poor semen quality since increasing weight; hip and waist/hip 

ratio significantly predicted poor % sperm motility; whereas BMI, waist, 

waist/hip ratio, waist/height ratio, hip and weight were found to significantly 

predict several changes in sperm morphology including % mid-piece defects, % 

tail defects, cytoplasmic droplets, teratozoospermia index and sperm deformity 

index in dyspermic men.  

 Serum Cd level was significantly higher in cigarette smokers and may be 

significantly associated with dyspermia (teratozoospermia and 

asthenozoospermia) in the study subjects (β = 0.18). 

 Past sexually transmitted disease (PSTD) was a significant risk of dyspermia 

because of the significant association with teratozoospermia and 

asthenozoospermia.  
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6.2. CONCLUSION 

 

Exposure to environmental pollutants such as Cd and Pb which may occur 

occupationally or indirectly through the food chain affects human health including 

male infertility. Reduced levels of selenium and zinc in dyspermic males as 

demonstrated in this study may account for the loss of their protective effect against 

cadmium and lead toxicity to the testes. Dyspermic Nigerian men have significantly 

higher levels of Cd and Pb in serum and seminal plasma. These toxicants were 

associated with poor semen quality (sperm count, motility and morphology) as well as 

reduced testosterone/oestradiol ratio. These findings suggest that the depletion of the 

Zn and Se levels maybe one of the mechanisms explaining the endocrine disruption 

and poor semen quality in dyspermic males. There is need therefore, to understand 

other conditions which may predispose some people to accumulate high amounts of 

toxicants from exposures no higher than what most of us encounter. These conditions 

which may be dietary resulting in altered bioavailability of these toxicants or genetic, 

involving isoforms of proteins involved in transport, membrane passage or storage of 

metals. All these considered, it may be better to evolve better strategies to prevent the 

continuous contamination of our environment by these toxicants. 

 

6.3. LIMITATIONS OF THE STUDY AND SUGGESTED AREAS FOR 

FURTHER STUDIES 

 

A major portion of male infertility is thought to have an underlying genetic basis. 

Exposure to occupational and environmental metal aerosols including Pb
2+

 and Cd
2+

 

can influence gene expression directly by binding various metal response elements in 
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the target gene promoters. Recent research suggests that metals can also influence gene 

expression through epigenetic mechanisms; this adds a new twist to the complexity of 

metal-mediated gene expression. A consequence of the low essential element/toxic 

metal ratio as seen in dyspermics in this study may be a metabolic disorder or the lack 

of efficient DNA repair systems or epigenetic events leading to poor semen quality. 

Further studies may identify and characterise the relevant genes, determine their 

functions in normal human reproduction as well as identify functional pathways and 

the nature of the interactions and consequences of mutations or dysregulation for 

sperm production and function. 
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APPENDIX I: SAMPLE SIZE DETERMINATION 

 Sample Size (s) = 
 

2

2

e

 ZPq
 

P = Prevalence, q = 1– p,    

        Z = Standard deviation = 1.96 

e = Margin of error = 5% = 0.05 

P = Prevalence of infertility in Africa = 10% 

But infertility due to male factor = 45% of total infertility  

 Prevalence of male infertility = %5.4
100

45
 X 10      

     
 

patients male 66
05.0

1.96 0.955 045.0

05.0

955.0045.011

045.0
100

5.4
%5.4

2

2









S

e

Pq

P

 

Sample size is 66 subjects 
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APPENDIX II: GUIDED QUESTIONNAIRE 

Each subject was interviewed by the researcher. A questionnaire was used to elicit the 

following information: 

1. Occupational exposure to agents known to affect spermatogenesis. 

2. Past medical history 

3. Alcohol consumption which was further classified into  

a. Regular drinkers 

b. Occasional drinkers 

c. Ex-drinkers 

d. Teetotallers  

4. Cigarette smoking history which was further classified into 

a. Current smokers 

b. Ex-smokers (those who have quit smoking for more than one year) 

c. Non-smokers (those who have never smoked cigarettes). 

5. History of sexually transmitted diseases (STD)  

This was followed by a clinical examination by an urologist. 

A total of 120 men between the ages of 20 and 54 years fulfilled the criteria 

and were included in the study. These criteria are as follows:  

1. An absence of factors in the individual‘s history that have a possible influence on 

male infertility e.g. history of diabetes mellitus, long term medications, urinary 

tract infections, sexually transmitted diseases or testicular injury (WHO 1994). 

2. No abnormality detected clinically 

3. More than one year of failed attempts at conception 
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APPENDIX III: ETHICAL APPROVAL 
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APPENDIX IV: Post hoc test for significant ANOVA findings in hormonal 

characteristics 

HORMONE COMPARISONS Mean 

Difference  

Std. 

Error P 

Serum Prolactin    

Fertile normospermics vs. Oligospermics  -114.55* 38.71 0.004* 

Fertile normospermics vs. Azoospermics  -214.31* 43.38 0.001* 

Fertile normospermics vs. Asthenoteratozoospermics  -127.13* 38.71 0.001* 

Fertile normospermics vs. Oligoasthenoteratozoospermics  -141.53* 32.91 0.001* 

Serum LH    

Fertile normospermics vs. Azoospermics  -3.22* 0.49 0.001* 

Serum FSH    

Fertile normospermics vs. Oligospermics  -1.19* 0.54 0.03* 

Fertile normospermics vs. Azoospermics  -7.29* 0.61 0.001* 

Serum Testosterone    

Fertile normospermics vs. Oligospermics  5.25* 1.65 0.002* 

Fertile normospermics vs. Azoospermics  15.08* 1.85 0.001* 

Fertile normospermics vs. Oligoasthenoteratozoospermics 2.83* 1.40 0.04* 

Serum Oestradiol    

Fertile normospermics vs. Oligospermics  -0.06* 0.02 0.003* 

Fertile normospermics vs. Asthenoteratozoospermics  -0.04* 0.02 0.02* 

Fertile normospermics vs. Oligoasthenoteratozoospermics  -0.05* 0.02 0.004* 

Serum Testosterone/Oestradiol ratio    

Fertile normospermics vs. Oligospermics  100.41* 27.31 0.001* 

Fertile normospermics vs. Azoospermics  193.34* 30.61 0.001* 

Fertile normospermics vs. Asthenoteratozoospermics  76.81* 27.31 0.006* 

Fertile normospermics vs. Oligoasthenoteratozoospermics  94.44* 23.22 0.001* 

Serum Testosterone/LH ratio    
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Fertile normospermics vs. Oligospermics  1.07* 0.35 0.003* 

Fertile normospermics vs. Azoospermics  3.12* 0.39 0.001* 

Fertile normospermics vs. Oligoasthenoteratozoospermics  0.81* 0.30 0.008* 

Seminal Plasma Testosterone    

Fertile normospermics vs. Azoospermics 2.25* 0.81 0.006* 

Fertile normospermics vs. Asthenoteratozoospermics 2.32* 0.72 0.002* 

Fertile normospermics vs. Oligoasthenoteratozoospermics 2.04* 0.62 0.001* 

Seminal Plasma Oestradiol    

Fertile normospermics vs. Oligospermics  -0.39* 0.17 0.02* 

Fertile normospermics vs. Oligoasthenoteratozoospermics  -0.33* 0.14 0.02* 

Seminal Plasma Testosterone/Oestradiol ratio    

Fertile normospermics vs. Azoospermics 4.03* 1.91 0.03* 

Fertile normospermics vs. Asthenoteratozoospermics  4.13* 1.70 0.01* 

Fertile normospermics vs. Oligoasthenoteratozoospermics  4.11* 1.45 0.005* 

p = Probability value,  

*= significant at p<0.05 
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APPENDIX V: Post hoc test for significant ANOVA findings in trace metals levels 

Variables Mean 

difference 

Standard 

error 

p-value 

Serum Cd    

Fertile normospermics vs. Oligospermics  -0.19
*
 0.04 0.0001 

Fertile normospermics vs. Azoospermics  -0.29
*
 0.05 0.0001 

Fertile normospermics vs.  Asthenoteratozoospermics  -0.21
*
 0.04 0.0001 

Fertile normospermics vs. Oligoasthenoteratozoospermics  -0.16
*
 0.03 0.0001 

Serum Pb    

Fertile normospermics vs.  Oligospermics  -5.26
*
 1.48 0.001 

Fertile normospermics vs.  Azoospermics  -9.27
*
 1.66 0.0001 

Fertile normospermics vs. Asthenoteratozoospermics  -7.26
*
 1.48 0.0001 

Fertile normospermics vs. Oligoasthenoteratozoospermics  -5.88
*
 1.26 0.0001 

Serum Zn    

Fertile normospermics vs. Azoospermics  .94
*
 0.37 0.01 

Fertile normospermics vs. Asthenoteratozoospermics  1.03
*
 0.33 0.002 

Fertile normospermics vs. Oligoasthenoteratozoospermics  .96
*
 0.28 0.001 

Serum Se    

Fertile normospermics vs. Oligospermics  0.10 0.02 0.0001 

Fertile normospermics vs. Azoospermics  0.05
*
 0.02 0.03 

Fertile normospermics vs. Asthenoteratozoospermics  0.04
*
 0.02 0.04 

Fertile normospermics vs. Oligoasthenoteratozoospermics  0.06
*
 0.02 0.001 

Serum Zn/Cd ratio    

Fertile normospermics vs. Oligospermia 61.93
*
 13.81 0.0001 

Fertile normospermics vs. Azoospermics  74.50
*
 15.47 0.0001 

Fertile normospermics vs. Asthenoteratozoospermics  68.64
*
 13.81 0.0001 

Fertile normospermics vs. Oligoasthenoteratozoospermics  61.99
*
 11.74 0.0001 

Serum Zn/Pb ratio    

Fertile normospermics vs. Oligospermics  0.06
*
 0.02 0.0001 

Fertile normospermics vs. Azoospermics  0.10
*
 0.02 0.0001 

Fertile normospermics vs. Asthenoteratozoospermics  0.09
*
 0.02 0.0001 

Fertile normospermics vs. Oligoasthenoteratozoospermics  0.08
*
 0.01 0.0001 

Serum Se/Cd ratio    

Fertile normospermics vs. Oligospermics  2.16
*
 0.47 0.0001 

Fertile normospermics vs. Azoospermics  2.22
*
 0.53 0.0001 

Fertile normospermics vs. Asthenoteratozoospermics  2.05
*
 0.47 0.0001 

Fertile normospermics vs. Oligoasthenoteratozoospermics  1.90
*
 0.40 0.0001 

Serum Se/Pb ratio    

Fertile normospermics vs. Infertile Normospermics  0.002
*
 0.001 0.02 

Fertile normospermics vs. Oligospermics  0.01
*
 0.001 0.000 

Fertile normospermics vs. Azoospermics  0.005
*
 0.001 0.001 

Fertile normospermics vs. Asthenoteratozoospermics  0.004
*
 0.001 0.001 

Fertile normospermics vs. Oligoasthenoteratozoospermics  0.004
*
 0.001 0.000 

Seminal plasma Cd     

Fertile normospermics vs. Oligospermics -0.88
*
 0.19 0.000 
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Fertile normospermics vs. Azoospermics -1.00
*
 0.21 0.000 

Fertile normospermics vs. Asthenoteratozoospermics -1.01
*
 0.19 0.000 

Fertile normospermics vs. Oligoasthenoteratozoospermics -0.79
*
 0.16 0.000 

Seminal plasma Pb     

Fertile normospermics vs. infertile normospermics -4.67
*
 1.69 0.007 

Fertile normospermics vs. Oligospermics -7.70
*
 1.65 0.000 

Fertile normospermics vs. Azoospermics -10.01
*
 1.85 0.000 

Fertile normospermics vs. Asthenoteratozoospermics -9.12
*
 1.65 0.000 

Fertile normospermics vs. Oligoasthenoteratozoospermics -9.27
*
 1.41 0.000 

Seminal plasma Zn     

Fertile normospermics vs. Azoospermics 32.73
*
 9.63 0.001 

Fertile normospermics vs. Asthenoteratozoospermics 25.51
*
 8.59 0.004 

Seminal plasma Se    

Fertile normospermics vs. infertile normospermics 0.07
*
 0.02 0.001 

Fertile normospermics vs. Oligospermics 0.09
*
 0.02 0.000 

Fertile normospermics vs. Azoospermics 0.07
*
 0.02 0.001 

Fertile normospermics vs. Asthenoteratozoospermics 0.07
*
 0.02 0.001 

Fertile normospermics vs. Oligoasthenoteratozoospermics 0.07
*
 0.02 0.001 

Seminal plasma Zn/Cd ratio    

Fertile normospermics vs. Oligospermics 85.77
*
 19.23 0.0001 

Fertile normospermics vs. Azoospermics 91.52
*
 21.55 0.0001 

Fertile normospermics vs. Asthenoteratozoospermics 101.21
*
 19.23 0.0001 

Fertile normospermics vs. Oligoasthenoteratozoospermics 85.51
*
 16.35 0.0001 

Seminal plasma Zn/Pb ratio    

Fertile normospermics vs. Oligospermics 1.51
*
 0.33 0.0001 

Fertile normospermics vs. Azoospermics 2.33
*
 0.37 0.0001 

Fertile normospermics vs. Asthenoteratozoospermics 2.03
*
 0.33 0.0001 

Fertile normospermics vs. Oligoasthenoteratozoospermics 1.63
*
 0.28 0.0001 

Seminal plasma  Se/Cd ratio    

Fertile normospermics vs. infertile normospermics 0.08
*
 0.04 0.046 

Fertile normospermics vs. Oligospermics 0.21
*
 0.04 0.0001 

Fertile normospermics vs. Azoospermics 0.22
*
 0.05 0.0001 

Fertile normospermics vs. Asthenoteratozoospermics 0.21
*
 0.04 0.0001 

Fertile normospermics vs. Oligoasthenoteratozoospermics 0.19
*
 0.03 0.0001 

Seminal plasma  Se/Pb ratio    

Fertile normospermics vs. infertile normospermics 0.003
*
 0.00 0.0001 

Fertile normospermics vs. Oligospermics 0.004
*
 0.00 0.0001 

Fertile normospermics vs. Azoospermics 0.004
*
 0.00 0.0001 

Fertile normospermics vs. Asthenoteratozoospermics 0.004
*
 0.00 0.0001 

Fertile normospermics vs. Oligoasthenoteratozoospermics 0.004
*
 0.00 0.0001 
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APPENDIX VI: Multiple Regressions of Toxic metals and Demographic 

characteristics, Anthropometric Measurements, Hormones  

Dependent  

Variable 

 

Predictors  
Beta 

 

P 

Serum Cd  

(Constant) 
 

 

0.038 

R2
adj = 47.1% Age (years) -.176 0.032 

F27, 92 = 4.92 Cigarette smoking -.182 0.019 

p = 0.001 BMI (kg/m2) -.433 0.001* 

 Waist/height ratio -.530 0.007* 

 Waist (cm) 1.950 0.001* 

 Hip (cm) -.854 0.02 

 Waist/hip ratio -1.29 0.02* 

 Serum oestradiol (nmol/L) -0.419 0.02* 

 Serum testosterone/oestradiol ratio -0.421 0.03* 

 Seminal plasma oestradiol (nmol/L) 0.515 0.001* 

 Seminal plasma Cd (µg/dl) 0.185 0.02* 

    

Seminal plasma Cd (Constant)  0.96 

R2
adj = 14.1% Seminal plasma Zn -0.21 .034* 

F27, 92 = 1.73    

p = 0.03    

Serum Pb (Constant)  0.59 

R2
adj = 56.1% Serum FSH 0.29 0.006* 

F27, 92 = 6.63 Seminal plasma Pb 0.67 0.001* 

p = 0.001    

Seminal plasma Pb (Constant)  0.88 

R2
adj = 54.1% Cigarette smoking 0.171 .018* 

F27, 92 = 6.19 Serum FSH -0.213 .047* 

p = 0.001    

Beta = standardized coefficient,  

p = significance level,  

* = significant at p<0.05 
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APPENDIX VII: Multiple Regressions of Essential elements and Demographic 

characteristics, Anthropometric Measurements, Hormones, Toxic metals  

Dependent  

Variable 

 

Predictors  Beta 

 

P 

Serum Zn (Constant) 
 

.09 

R
2
adj = 2.9% Alcohol consumption -0.21 .04* 

F27, 92 = 1.13 Waist (cm) 1.43 .049* 

p = 0.32    

Seminal plasma Zn (Constant)  0.80 

R
2
adj = 4.8% Cigarette Smokers -0.24 .020* 

F27, 92 = 1.22 Seminal Plasma Cadmium -0.23 .03* 

p = 0.24    

Serum Se (Constant)  .02 

R
2
adj = 49.4% Serum Prolactin -.20 .01* 

F27, 92 = 5.31 Seminal plasma selenium .71 .001* 

p = 0.001    

Seminal plasma Se (Constant)  0.21 

R
2
adj = 49.4%    

F27, 92 = 5.30    

p = 0.001    

Beta = standardized coefficient,  

p = significance level,  

* = significant at p<0.05 
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APPENDIX VIII: Multiple Regressions between the spermiogram and Hormones, 

Essential Elements, toxic metals, demographic characteristics and anthropometric 

Measurements  

Dependent  

Variable 

 

Predictors  Beta 

 

p 

Semen Volume (Constant)  0.56 

R
2
adj = 51.4% Sperm density -1.45 .001* 

F49,15 = 2.38 Total sperm count 1.49 .001* 

p = 0.03 Serum oestradiol -1.55 .007* 

 Serum testosterone/oestradiol ratio -1.20 .02* 

 Seminal plasma testosterone -.69 .04* 

    

Sperm viability  (Constant)  .52 

R
2
adj = 32.0% Sperm motility (%) .78 .03 

F49,15 = 1.62    

p = 0.16    

    

Sperm count  (Constant)  .83 

R
2
adj = 87.9% Age (years) -.29 .03 

F49,15 = 10.51 Total sperm count .90 .001 

p = 0.001 Serum prolactin -.25 .01 

 Serum oestradiol -.75 .01 

 Serum testosterone/oestradiol ratio -.54 .03 

 Seminal plasma testosterone -.37 .03 

 Seminal plasma oestradiol .41 .009 

 Seminal plasma 

testosterone/oestradiol ratio 

.38 .03 

 Semen volume (ml) -1.45 0.001 

    

Total Sperm Count (Constant)  .73 

R
2
adj = 86.6% Age (years) .28 .049 

F49,15 = 9.42 Alcohol consumption .19 .045 

p = 0.001 Serum prolactin .25 .02 

 Serum oestradiol .81 .008 

 Serum testosterone/oestradiol ratio .58 .03 

 Seminal plasma testosterone .37 .04 
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 Seminal plasma oestradiol -.41 .02 

 Semen volume 1.49 .001* 

Sperm Motility    

R
2
adj = 67.1% (Constant)  .15 

F49,15 = 3.67 Weight (kg) -5.43 .047 

p = 0.004 Hip (cm) 2.83 .02 

 Waist/hip ratio 3.83 .03 

 Sperm mid-piece defects (%) 1.83 .01 

 Tail defects (%) .92 .04 

 Teratozoospermia index -1.94 .03 

 Sperm deformity index -3.45 .02 

 Serum FSH -.35 .01 

 Seminal plasma cadmium -1.03 .03 

 Sperm viability (%) .78 .03 

    

Normal Morphology    

R
2
adj = 99.8% (Constant)  .001 

F49,15 = 616.16 Head defects (%) -1.09 .001 

p = 0.001    

    

Head Defects (Constant)  0.001 

R
2
adj = 99.8% Sexually Transmitted Diseases -.03 0.03 

F49,15 = 852.37 Sperm deformity index .22 0.03 

p = 0.001 Seminal plasma cadmium .08 0.02 

 Seminal plasma selenium/cadmium 

ratio 

.06 0.049 

 Normal Morphology  -1.10 0.001 

    

Mid-Piece Defects    

R
2
adj = 96.4% (Constant)  .35 

F49,15 = 35.95 Cigarette smoking -.10 .046 

p = 0.001 Height (m) -1.59 .004 

 Weight (kg) 2.45 .003 

 BMI -1.99 .004 

 Waist (cm) 2.82 .02 

 Hip (cm) -1.03 .01 

 Waist/hip ratio -1.46 .01 
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 Tail defects -.55 .001 

 Cytoplasmic droplets (%) -.13 .03 

 Teratozoospermia index 1.15 .001 

 Serum FSH .10 .04 

 Serum selenium -.51 .04 

    

Tail Defects (Constant)  .31 

R
2
adj = 90.2% Cigarette smoking -.18 .02 

F49,15 = 12.98 Height (m) -1.98 .04 

p = 0.001 Weight (kg) 3.08 .04 

 BMI -2.56 .03 

 Hip (cm) -1.64 .02 

 Waist/hip ratio -2.36 .01 

 Teratozoospermia index 1.83 .001 

 Serum testosterone .63 .048 

Cytoplasmic Droplets    

R
2
adj = 42.3% (Constant)  .49 

F49,15 = 1.96 Height (cm) -4.97 .04 

p = 0.08 Waist/height ratio -6.09 .047 

 Waist (cm) 10.11 .04 

 Sperm deformity index 5.42 .003 

 Serum selenium -2.27 .02 

 Serum selenium/lead ratio 3.95 .03 

    

Teratozoospermia Index (Constant)  .52 

R
2
adj = 97.5% Height (m) 1.06 .03 

F49,15 = 52.13 Weight (kg) -1.87 .009 

p = 0.001 BMI 1.54 .008 

 Hip (cm) .69 .047 

 Waist/hip ratio .99 .04 

    

Sperm Deformity Index (Constant)  .07 

R
2
adj = 99.1% Environmental exposure -.05 .02 

F49,15 = 148.89 Sexually transmitted diseases .09 .007 

p = 0.001 Height (cm) .73 .009 

 Waist/height ratio .92 .01 
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 Waist (cm) -1.69 .003 

 Hip (cm) .56 .003 

 Waist/hip ratio .76 .005 

 Serum FSH -.05 .04 

 Seminal plasma cadmium -.21 .005 

 Seminal plasma selenium .24 .046 

 Seminal plasma selenium/lead ratio -.27 .03 

Beta = standardized coefficient,  

p = significance level,  

* = significant at p<0.05 
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