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Abstract 

Background: Sperm differentiation during spermatogenesis is highly regulated by different 

caspases and oxidant-antioxidant mechanisms.     

Objective: To assess the levels of the caspase -3 and total antioxidant capacity (TAC) in 

seminal plasma and evaluate its role in the pathogenesis of idiopathic infertile male in 

comparison with healthy individuals.  

Patients and Methods: Seminal fluids were collected from seventy males with idiopathic 

infertility and twenty male with proven fertility and were analyzed for the level of caspase -3 

and TAC in seminal fluid and their correlation with seminal fluid quality parameters.  

Results: The results revealed that men with idiopathic infertility have significantly higher level 

of caspase-3 activity. Seminal TAC levels were significantly lower in those with idiopathic 

infertility compared with fertile men. A negative correlation was noticed between sperm quality 

parameters and TAC levels in idiopathic infertile men.  

Conclusion: Increased apoptotic index and decreased TAC activity are two important 

markers in idiopathic male infertility.  
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Introduction

    Male infertility considered a central health 

issue that is regarded as globally problem and 

represent  about 40% of the reproductive 

failure among married couples [1]. The 

etiology of male infertility is obviously a 

multifactorial one, could be pathological, 

physiological, nutritional, accidental or even 

immunological [2]. A high percentage of 

infertile men fail to impregnate their female 

counterpart because of the low quality of 

their seminal fluid parameters due to 

oligozoospermia, asthenozoospermia, 

teratozoospermia or azoospermia with 

obscured or unknown reasons which is so-

called idiopathic male infertility[3]. 

  Principally, the imponderables between 

oxidants reactive oxygen species (ROS) and 

their scavenging or neutralization by the 

antioxidant system is considered as one of 

the risk factors in male infertility. However, 

it is believed that seminal oxidative stress 

could be one of the main factors in the 

pathogenesis of idiopathic infertility [4,5]. It 

is believed that controlled levels (normal or 

physiological levels) of these ROS are 

important for sperm normal physiology and 
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fertilization whereas, uncon¬trolled or high 

production of ROS (abnormal or at 

pathological levels) may participate in sperm 

dysfunctions [6].In male who fertile, the 

production of oxidants and antioxidant 

remain in equilibrium status[7]. Naturally, 

antioxidants found in seminal fluid include 

vitamins, superoxide dismutase, glutathionas 

and thioredoxin [8]. 

   High contents of polyunsaturated fatty 

acids (PUFAS) are accumulated in the 

spermatozoa plasma membranes, which 

would predis¬pose to oxidative injury. In 

addition, ROS could also induce base 

alterations, DNA cross-links, DNA strand 

breaks and chromosomal rearrangements [9]. 

  For that reason, several investiga¬tions have 

attempted to study the effects of antioxidant 

supplements on male infertility. Although the 

effects of different doses and types of oral 

antioxidants in attempts to improve seminal 

fluid parameters have not been established, it 

is believed that antioxidant therapy has 

beneficial ef¬fects on male infertility 

[10,11].Moreover, the results of antioxidant 

therapy alone or in combination are contro-

versial. For example, some studies have 

observed that vita¬min C, vitamin E ,folic 

acid, zinc and selenium alone or in 

combination could improve seminal fluid 

parameters, espe¬cially sperm motility and 

sperm DNA integrity[12-14]. 

   Programmed cell death or apoptosis is a 

fundamental, very tightly and complex 

network of biochemical and molecular events 

with fine regulatory mechanisms that control 

the death event in cells. Various pathological 

situations such as cancer, autoimmune 

diseases and others can cause dysregulation 

of these processes that leads to cell death 

[15,16]. This suicidal pathway carried out or 

mediated by many proteolytic enzymes 

called caspases enzymes that exists in all 

cells as inactive form. Caspases (cysteinyl 

aspartate-specific proteinases) are a family of 

proteases that containing cysteine at their 

active sites. These proteolytic enzymes has a 

crucial role in induction cell death by 

cleaving specific proteins in the cytoplasm 

and nucleus [17].Principally, there are two 

major pathways which were described in the 

apoptosis induction mechanism including 

extrinsic or death receptor pathway (FasL, 

Fas mechanism) and intrinsic or 

mitochondrial pathway that triggered in 

response to a wide range of death stimuli that 

are generated from within the cell, such as 

oncogene activation and DNA damage [18]. 

The extrinsic pathway or death receptor 

pathway is normally defined by caspase-8 

activation (initiator caspase) which is a 

cysteinyl-aspartate protease that recruited by 

the adapter molecules Fas-Associated protein 

with Death Domain (FADD). These adapter 

molecules are associated with the domain of 

death receptors such as FAS, tumor necrosis 

factor-receptor 1 (TNF-R1) or tumor necrosis 

factor-related apoptosis-inducing ligand 

(TRAIL), upon ligand binding active 

caspase-8 which was shown to cleave 

directly and then activate the caspase-3 

protease effector, which in turn activates 

other substrates either directly or indirectly to 

finally stimulate apoptosis. On the other 
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hand, the intrinsic or mitochondrial apoptotic 

pathway is associated with the activation of 

proteins such as Bcl-2 associated X (Bax) 

that belongs to the B-cell lymphoma-2 (Bcl-

2) family. These proteins cause 

mitochondrial disruption and then release of 

pro-apoptotic mitochondrial factors such as 

Cytochrome-c which interacts with apoptotic 

protease activating factor-1(Apaf-1) and 

activates caspase-9 (initiator caspase), which 

in turn proteolytically activates caspase-3 

down-stream. Caspase-8 activation through 

the binding of the death receptor can also 

trigger the mitochondrial pathway via BH3 

interacting-domain death agonist (Bid), a 

pro-apoptotic member of the Bcl-2 family. 

Mitochondrial pathway activation is believed 

to amplify death-receptor- induced apoptosis 

process [19]. 

   The porteolytic  caspase-3 enzyme is 

considered a central effector caspase, which 

becomes active at relatively late stages and 

unites both the extrinsic and intrinsic 

pathways of apoptosis. The major importance 

of caspase-3 stimulated researchers to 

develop various sensors for its activity. In 

particular, many genetically encoded sensors 

that are used to monitor the activation of 

caspase-3 in live cells at the single-cell level 

were developed [20,21].Accordingly, 

caspases play a crucial role in the activation 

and propagation of apoptotic signaling, and 

they are divided into three groups in terms of 

apoptosis and inflammation, namely initiator 

caspases, inflammatory caspases and effector 

caspases [22,23].The markers of apoptosis 

like active caspase-3, DNA fragmentation 

and others were documented to exist in 

seminal fluid from fertile men with normal 

semen parameters. However, the levels of 

these markers are noticeably increased in 

many occasions of spermatic disorders or 

disrupted spermatogenesis including 

subfertility and infertility. It has been found 

that in oligozoospermic patients, 

spermatogonia death by mitochondrial 

apoptotic damage additionally to meiosis 

malfunctioning, might be strongly associated 

to the decreased sperm output 

[24].Programmed cell death is a normal 

physiological phenomenon that maintains the 

number of germ cells within the supportive 

capacity of the Sertoli cells. Ejaculated 

spermatozoa display various apoptosis-like 

characteristics as in somatic cells; these 

apoptosis-related features do not necessarily 

indicate apoptosis death functions. 

Nevertheless, apoptosis-like phenotype in 

ejaculated sperm has been correlated with the 

presence of abnormal spermatozoa in seminal 

fluid. So that the failure to expel these 

abnormal spermatozoa during 

spermatogenesis process also termed as 

“abortive apoptosis” may be the reason for 

their presence in seminal fluid [25]. 

  This study aimed to evaluate and 

assessment the apoptosis marker (caspase-3) 

and TAC among groups of Iraqi men with 

different versions of idiopathic infertility in 

comparison with a group of fertile men. 

 Patients and Methods 

  Ninety males were participated in the study 

including 70 males complaining of idiopathic 

infertility and 20 males with proven fertility 
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as control. The infertile men were with age 

range of 18-50 years and were recruited to 

the IVF & infertility center in Kamal Al-

Samarae hospital in Baghdad and Al-Sadder 

Medical City Hospital in Al-Najaf (Iraq) for 

the period from August 2016 to March 2017. 

These were divided into three groups; 25 

oligozoospermia, 25 asthenozoospermia and 

20 teratozoospermia. All participants were 

non-paid volunteers and a written informed 

consent was obtained from every subject. 

Exclusion criteria were; specific genital 

diseas¬es (infectious or non-infectious), 

undescended testes, systemic disease and 

testicular atro¬phy. All seminal fluid samples 

were collected by masturbation in sterile 

polypropylene containers after 3-5 days of 

abstinence of any sexual activity. Seminal 

fluid specimens were liquefied at conditions 

(temperature 37°C for 30 minutes) and then 

routine seminal fluid analysis was carried out 

accord¬ing to WHO criteria [26]. Serum 

samples were collected during a routine 

procedure of drawing venous blood without 

anticoagulant. Seminal plasma samples were 

collected from completely liquefied 

ejaculates and were centrifuged at 300 g for 

20 minutes. A routine semen fluid analysis 

was performed upon liquefaction according 

to WHO Manual  [27], to measure volume, 

appearance, pH, fluidity and basic sperm 

parameters. The routine seminal fluid 

analysis was carried out estimating sperm 

density, motility, viability and morphology. 

The remaining seminal fluid sample was 

centrifuged at 1000 ×g for 10 min; the 

seminal plasma was separated for three equal 

parts and then stored at -70 °C until further 

investigations. Solid phase immune-assays 

were used for quantitative measure of 

caspase-3(competitive ELISA kit from 

MyBiosource,USA) and TAC (sandwich 

ELISA kit from MyBiosource,USA) in 

seminal plasma.   

Statistical Analysis 

   The program of Statistical Package for 

Social Sciences (SPSS) version 20 was used 

to measure mean ± SD 95% confidence 

interval for mean values, and two extreme 

values, minimum and maximum. Odds ratio 

was applied for measuring strength of 

association. We set P value ≤ 0.05 as 

significant value. 

Results  

  Table (1) represent panoramic presentation 

of the study results in all study groups 

concerning semen quality parameters, TAC 

and Caspase-3 levels in seminal plasma. The 

mean values (U/ml) ± SD of the TAC were 

28.47± 9.66, 23.46± 6.62, 14.08± 4.21 and 

65.75± 8.93 in oligozoospermic, 

asthenozoospermic, teratozoospermic and 

control groups respectively. Results shows 

that the highest mean value was accounted in 

control group, and the lowest mean value was 

in teratozoospermia group. Positive 

correlation and highly significant differences 

were observed between sperm quality 

parameters and TAC levels in all study 

groups. 

  The results of caspase-3 level in seminal 

plasma revealed mean values (ng/ml) ± SD 

of 2.99±2.05, 2.13±1.10, 3.06±2.19 and 

1.21±0.24 in oligozoospermic, 
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asthenozoospermic, teratozoospermic and 

control groups respectively. The highest 

mean level was noticed in teratozoospermia 

group, whereas the lowest was noticed in 

asthenozoospermia group of the idiopathic 

infertile men. 

 

Table (1): Semen parameters, TAC and Caspase-3 mean values in study groups in comparison 

with control group. 

Semen Parameters 

and study markers  

Men With Idiopathic infertility 

 Fertile Men 

(n=20) 

Mean± SD 

P-value 
*Olig (n = 25) 

Mean± SD 

**Asth(n = 25( 

Mean± SD 

***Terato)n = 20( 

Mean± SD 

Volume (ml) 2.03±0.71 

 

2.18±0.58 

 

2.85±0.93 

 

3.7±0.85 

 
HS* 

Sperm Count ×10
6
 5.32±2.08 

 

47.16±15.97 

 

41.55±12.28 

 

48.6±12.95 

 
HS* 

Active linear prog-

ressive motility( % ) 

 

43.24±8.61 

 

 

10.60±4.16 

 

 

41.35±5.23 

 

 

41.55±5.59 

 

 

HS* 

Sperm with normal 

morphology ( % ) 

57.60±12.59 

 

59.00±12.25 

 

3.3±0.66 

 

65.75±8.93 

 

HS* 

 

TAC in
****

SP(U/ml) 28.47±9.66 

 

23.46±6.62 

 

14.08±4.21 

 

60.36±10.73 

 

HS* 

 
Caspase-3 level 

(ng/ml) in seminal 

plasma 

 

2.99±2.05 

 

2.13±1.10 3.06±2.19 1.21±0.24 HS* 

*Olig= Oligozoospermia, **Asth=Asthenozoospermia, ***Terato=Teratozoospermia, ****SP= Seminal plasma. 
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Figure (1): Mean values and Stem - Leaf plot of TAC (U/ml) in seminal plasma of idiopathic 

infertile male and control groups. 
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Figure (2): Mean values of caspase-3 (ng/ml) in seminal plasma of idiopathic infertile male and 

control groups. 

 
            

   Figures (1&2) represent graphically and 

stem-leaf plot of the mean values for studied 

readings of TAC (U/ml) and caspase-3 

(ng/ml) in seminal fluid of idiopathic 

infertile male and control groups. 

Discussion 

   The positive correlation between the TAC 

and the semen quality parameters manifested 

in the current study was also noticed and in 

accordance with some previous studies [28-

30]. Such consistency in this issue let us to 

announce it as a fact and to consider it as the 

number one factor in the predisposition 

towards men idiopathic infertility among 

Iraq men with great similarities to other men 

in the world. Accordingly, TAC assay may 

be useful as specific marker for evaluation 

the oxidative stress status in seminal fluid. 

  The current study in agreement with study 

of  Fazeli and Salimi who founded that 

seminal TAC levels were significantly lower 

in men with idiopathic infertility than in 

fertile men (P value < 0.01). A positive 

correlation was shown between semen 

parameters and TAC levels in men with 

idiopathic infertility [31]. 

  The current study is highly consistent with 

that seminal oxidative stress could be one of 

the main factors in the pathogenesis of 

idiopathic infertility. Principally, high 

lev¬els of seminal ROS might lead to sperm 

DNA damage and lipid peroxidation, and 

eventually loss of sperm quality [32, 33]. 

Principally, understanding the sperm DNA 

fragmentation (SDF) causes considered is a 

goal sought over the last two decades, given 

the crucial importance of sperm DNA 

integrity for human reproduction as well as 

the health of the off-spring. 

Muratori et.al concluded in results of their 

study various concept that included: (i) 

apoptosis process is the major pathway 

leading to DNA breakage in spermatozoa 

;(ii) the immaturity of chromatin induces 

sperm DNA fragmentation (SDF) process 

through triggering of an apoptotic 
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mechanism; and (iii) the attack of oxidative 

stress appears to act after spermiation, 

occurring mostly in live sperm. By 

conclusion, most live cells with active 

caspase enzyme also exhibited a high 

concentration of 8-OHdG as a representative 

for oxidative stress, these suggesting 

activation of apoptotic pathways in 

oxidative-injured live cells[34]. 

  Almeida et al. reported that spermatozoa 

with high activity of caspase-3 seems to be 

linked with teratozoospermia and 

asthenozoospermia cases, thus suggesting 

that nuclear, mitochondrial and cytoskeletal 

abnormalities induce caspase-3 activation 

during spermiogenesis or sperm maturation 

process. Programmed cell death process is 

under the control of caspase and cysteine 

proteinase enzymes that cleave key cellular 

proteins after aspartate residues. Caspases 

enzymes are resident in cells as precursor 

proenzymes and become activated by several 

mechanisms. These mechanisms of apoptosis 

regulate normal spermatogenesis process. In 

the postnatal period, it is responsible for the 

death and phagocytosis of pre-meiotic germ 

cells in order to adjust their number to the 

number of Sertoli cells, and for the removal 

of damaged and abnormal germ cells during 

active spermatogenesis in the post-pubertal 

period [35]. 

  A significant positive correlation between 

increased sperm damage by ROS and higher 

levels of the pro-apoptotic molecules such as 

caspases-3,9  and cytochrome C was also 

found in infertile individuals compared to 

healthy individuals indicating increased 

apoptosis, mitochondrial injury and finally 

DNA damage [36].These evidences revealed 

that mechanism of caspase-dependent 

apoptotic can originate in the within the 

mitochondria or in the cytoplasmic droplet 

and function in the nucleus Disruption in 

apoptotic balance due to oxidative stress 

considered a major cause of the weakness in 

sperm motility. Apoptotic process mediators 

such as caspase enzymes have been shown to 

occur at high levels in sperms with impaired 

motility. A positive significant correlation 

between caspase activity in the sperm mid-

piece and the DNA fragmentation has been 

shown in the low motility fractions of 

patients [37,38].  

   Recent evidences demonstrated that the 

most influential cause of damage in sperm 

DNA is oxidative stress. Such events are 

accompanied by impaired spermiogenesis 

process and increased ROS production. 

Disturbance of spermiogenesis process is 

probably caused by oxidative stress resulting 

impairment of protein translation and 

deficient germ cell. Also, protamination 

process when insufficient resulting poor 

compaction of DNA which renders it 

vulnerable to oxidative stress. Abnormal 

sperm cells may prematurely enter 

programmed cell death, which is 

accompanied by the activation of 

mitochondrial ROS generation. As a 

consequence of this cascade of events, in 

addition to the disruption of sperm 

production, the spermatozoa loss their 

motility and exhibit oxidative DNA damage 

that leads to DNA fragmentation [39].  
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Manente et al. demonstrated that a positive 

significant correlation was found between 

caspase-3 activation and increased process of 

DNA fragmentation in patients with 

abnormal semen parameters [40].                                                                               

Conclusion 

   The level of TAC in seminal fluid was 

lowered in idiopathic infertile male in 

comparison with control subjects indication 

an over accumulation of ROS in idiopathic 

infertile men. A positive relationship was 

revealed between sperm count, sperm 

mo¬tility as well as normal sperm 

morphology, with TAC levels in both 

idiopathic infertile men and fertile men. 

Therefore, TAC could be used as oxidative 

stress markers, and its assay is suggestively 

useful in the evaluation of idiopathic 

in¬fertility. In addition, these markers may 

guide us in anti¬oxidant therapy which is 

still under field trials and the output about it 

is still controversial. Assessing these 

parameters would open a wide door on 

therapeutic trials for infertility associated 

with such parameter disorders. Also, the 

current study showed that seminal plasma 

levels of activated caspase -3 that considered 

as biomarkers of extrinsic and intrinsic DNA 

fragmentation were significantly increased 

among a group of Iraqi men with idiopathic 

infertility in comparison with its counterpart 

level among a group of men with normal 

fertility. This result guide us to think about 

how to exploit such correlation as a 

therapeutic tool by reducing the level of this 

activated caspase 3 through genetic 

manipulation (possible?) or initiation of 

intracellular anti-caspase-3 antibodies 

(intrabodies) in order to improve the semen 

parameters quality presumably that the low 

quality semen parameters are due to 

(partially or completely) the increased 

activated caspase-3 level.                                                                                                                 
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