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Evaluation of total antioxidant capacity in human seminal 
plasma

In approximately 30% of male infertility cases, the underly-
ing causes are unknown (idiopathic infertility) [1]. One fac-

tor that has been associated with idiopathic male infertility is 
oxidative stress (OS), which is thought to be responsible for 
some 30% to 80% of male subfertility [2].

OS, which is related to the production of reactive oxygen 
species (ROS), has negative effects on the quality of sperm. 
OS occurs when there is an imbalance; overproduction of ROS 
leads to an excess of oxidants that exceeds antioxidant capa-
bility. The human sperm is highly susceptible to OS; which is 
associated with an increased rate of cellular damage [3]. Ex-

cessive exposure to ROS damages spermatozoa and affects 
fertilization capacity [4].
ROS are highly reactive oxidizing agents that have one or 
more unpaired electrons; they are free radicals [5]. ROS serve 
a valuable purpose and are required to maintain normal cell 
function, however, an excess can lead to OS [6].
An elevated ROS level may be a result of exogenous or en-
dogenous factors that may contribute to a deficient antioxi-
dant defense. Exogenous factors can include environmental 
factors such as high temperature, pesticides, and pollution. 
Lifestyle characteristics, such as alcohol consumption, malnu-
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trition, and obesity, can also be influential. Immature sperma-
tozoa, varicocele, infection in the male reproduction system, 
some chronic diseases, and autoimmune diseases are exam-
ples of endogenous factors [7].

The significant ROS created by the human sperm are hydro-
gen peroxide, superoxide anion, and hydroxyl radicals. Human 
seminal plasma as well as sperm have an antioxidant system 
that will normally regulate ROS production and prevent cellu-
lar damage [8]. Evaluation of seminal plasma oxidative profiles 
may be a significant instrument for the evaluation of sperm 
reproduction capacity and functional sufficiency [9].

Spermatozoa are protected by various antioxidants and an-
tioxidant enzymes in the seminal plasma; therefore, an antiox-
idant that reduces OS and improves sperm motility could be 
useful in the management of male infertility [10]. Antioxidants 
reduce OS by inhibiting the oxidative chain reaction [11]. The 
precise role of OS in the etiology of defective sperm function 
is still not clearly defined. Oxidant/antioxidant results can vary 
widely. Laboratory tests that can measure the balance in semi-
nal plasma could be a more objective means to determine OS. 
The oxidative stress index (OSI) is a quick, easy, and inexpen-
sive technique to accurately determine the oxidant/antioxi-
dant ratio in biological samples. The OSI offers a valuable and 
objective evaluation of redox status [12].

Advanced oxidation protein products (AOPPs) are created as 
a result of the reaction between plasma proteins and chlori-
nated oxidants (e.g., hypochlorous acid catalyzed by the H2O2-
myeloperoxidase system), and are di-tyrosine-containing cross-
linking protein products considered to be novel markers of 
oxidant-mediated protein damage. Due to the sensitivity, sta-
bility, convenience, and low cost of detection, understanding 
the role of AOPPs in predicting the severity of OS and disease 
prognosis has become increasingly important [13]. AOPPs have 
been analyzed in numerous diseases and have been widely ac-
cepted as an easily measurable marker of OS [14].

The present study aims to evaluate the seminal plasma total 
oxidant status (TOS), total antioxidant capacity (TAC), OSI, and 
AOPP level in infertile men and compared the results with 
those of healthy controls.

Materials and Methods
This study was approved by the Antalya Training and Research 
Hospital Non-pharmacological Clinical Research Ethics Commit-
tee (no: 34/13). All of the patients provided informed consent.

Study group
A total of 65 males who presented at the Antalya Medical-
park Hospital urology clinic and had semen analysis per-
formed were enrolled in the study.

A detailed medical history was taken and an andrological ex-
amination was performed in all cases. Smoking, alcohol use, 
hypertension, hyperlipidemia, systemic or local infection, 

leukospermia (leukocyte count >1×106/mL), varicocele, cur-
rent medication use or antioxidant supplementation were ex-
clusion criteria.
The patient group comprised 47 infertile men in couples who 
had experienced 1 year or more of infertility and for whom 
female infertility had been ruled out. Eighteen men proven to 
be healthy and fertile served as the control group.

Semen analysis
Semen samples were collected by masturbation into a clean 
specimen container after sexual abstinence for 3–5 days and 
allowed to liquefy at 37°C. The conventional semen parameters 
of sperm concentration, percentage motility, and normal sperm 
morphology were assessed according to the criteria provided in 
the World Health Organization (WHO) laboratory manual for the 
examination and processing of human semen, 5th edition [15]. 
The semen analysis was performed in the hospital laboratory 
using a Makler counting chamber (Sefi Medical Instruments 
Ltd., Haifa, Israel) with 10-μL aliquot loaded onto a counting 
chamber for each semen parameter. Morphology smears were 
scored by using the Kruger criteria [16]. Sperm concentration 
was expressed as sperm number per milliliter of semen, and 
motility and morphology were expressed as percentages. The 
study design used 4 groups based on the ejaculate parameters: 
Group N (n=18) consisted of samples from males with nor-
mal ejaculate (normozoospermia), Group A (n=16) consisted 
of those lacking spermatozoa in the ejaculate (azoospermia), 
Group T (n=16) consisted of those with >96% abnormal sper-
matozoa (teratozoospermia), and Group OAT (n=15) consisted 
of those with an abnormal motility, count, and morphology 
(oligoasthenoteratozoospermia).
Seminal plasma was retrieved after centrifugation at 3500 rpm 
for 15 minutes at room temperature and stored in Eppendorf 
tubes (3 mL) at -20°C for TAC, TOS, and AOPP measurement.

Evaluation
The seminal plasma TAC was determined using a novel auto-
mated colorimetric method developed by Erel [17]. In this assay, 
a hydroxyl radical, the most potent biological radical, is produced 
as a result of oxidation of ferrous ion to ferric ion, using ferrous 
ion solution in Reagent 1 and hydrogen peroxide in Reagent 2. 
Sequentially-produced radicals, like the brown-colored diani-
sidinyl radical cation, produced by the hydroxyl radical, are also 
potent radicals. The color increases with continued oxidation re-
actions. Trolox (F. Hoffmann-La Roche Ltd., Basel, Switzerland), 
a widely used antioxidant in TAC measurement assays, is used 
to suppress oxidation, which allows for the measurement of the 
antioxidative capacity of samples against potent free-radical re-
actions initiated by the hydroxyl radical. The assay has an excel-
lent precision value of >97%. The results are expressed in terms 
of millimolar Trolox equivalent per liter (mmol Trolox equiv/L).
The TOS value of seminal plasma was also determined using 
Erel’s colorimetric method [17]. Oxidants present in the sample 
oxidize the ferrous ion-o-dianisidine complex to ferric ion. The 
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oxidation reaction is enhanced by glycerol molecules, which 
are abundant in the reaction medium. The ferric ion forms a 
colored complex with xylenol orange in an acidic medium. 
The color intensity, which can be measured spectrophotomet-
rically, is related to the number of oxidant molecules present 
in the sample. The assay is calibrated with hydrogen peroxide 
and the results are expressed in terms of micromoles of hydro-
gen peroxide equivalent per liter (μmol H2O2 equiv/L).
The OSI value is the TOS to TAC ratio. The TAC units were 
changed to mmol/L, and the formula OSI (arbitrary unit)=TOS 
(μmol H2O2 Equiv/L)/TAC (mmol Trolox equiv/L) was applied to 
calculate the OSI [17].
The concentration of AOPP was measured using a spectropho-
tometric assay according to the method described by Witko-
Sarsat et al. [18]. The technique is based on the color reaction 
of AOPPs to a potassium iodide solution in an acidic environ-
ment. AOPPs concentrations are expressed as micromoles per 
liter of chloramine-T equivalents (µmol/L).

Statistical analysis
The study data were analyzed using IBM SPSS Statistics for 
Windows, Version 22.0 software (IBM Corp., Armonk, NY, USA). 
Normally distributed data were expressed as the mean±SD. 
The Shapiro-Wilk test was performed to verify the normality of 
the distribution, and one-way analysis of variance was used to 
compare the mean age, volume, pH, sperm count, total count, 
forward motility, immotility, and Kruger morphology of the dif-

ferent groups. Variables with a non-normal distribution were 
analyzed using the Kruskal-Wallis variance analysis test and the 
Mann-Whitney U test. Significance was accepted at p<0.05 and 
presented using the median (min-max). The Bonferroni correc-
tion was used to test the significance of pairwise differences and 
a p value of <0.008 was accepted as the level of significance.

Results
The study group was composed of 47 infertile and 18 fertile men 
(23-38 years old) who presented at a urology clinic. The mean 
age of the N group was 30.72±5.16 years, while it was 29.80±6.14 
in the T group, 30.81±5.35 in the A group, and 32.13±5.57 years 
in the OAT group. There was no statistically significant difference 
in age between the groups (p=0.682). The semen analysis results 
are reported by group in Table 1. The seminal plasma median 
TOS, OSI, and AOPP values of the A, T, and OAT groups were sig-
nificantly greater than N group. TAC value of N group was mea-
sured higher than infertile groups (Table 2). We also performed 
a pairwise comparison between all groups to assess the differ-
ences. p value (p<0.008) was found after Bonferroni correction 
by using the Mann-Whitney test (Table 3).

The major finding of the present study is the significantly dif-
ferent p values are obtained in the N group compared with 
the OAT group for TAC, TOS, and OSI parameters. Also when N 
and A groups are compared TAC (p=0.003) and OSI (p=0.002) 
parameters are significantly different. All other group compar-
isons were not statistically significant.

Table 1. Basic parameters of semen analysis results by group

Semen parameters N (n=18) T (n=16) A (n=16) OAT (n=15)

Semen volume (mL) 4.67±0.56 4.26±0.54 3.55±0.33 3,68±0.31
pH 8.41±0.06 8.40±0.06 8.25±0.06 8.31±0.08
Sperm concentration (×106mL-1) 132.33±19.45 85.95±13.94 0 6.7±1.11
Total sperm number (×106 per ejaculate) 589.57±100.41 297.67±40 0 25.33±5.25
Total motility (PR+NP, %) 66.44±2.72 61.14±2.59 0 20.33±4.43
Immotile (IM) (%) 26.61±2.77 32.09±2.42 0 69.2±5.88
Normal morphology (%) 6.72±0.55 1.47±0.27 0 0.93±0.33

Results are presented as mean±SD. Sperm movement definitions according to World Health Organization criteria. N: Normozoospermic; T: Teratozoospermic; A: Azoospermic; OAT: 
Oligoastenoteratozoospermic; PR: Progressive motility; NP: Non-progressive motility; IM: Immotile spermatozoa.

Table 2. Laboratory characteristics of seminal plasma in the study groups (N=65)

 N group  T group A group OAT group p*<0.05

TAC 1.74 (1.20-2.40) 1.57 (1-2.10) 1.33 (0.90-1.80) 1.19 (0.20-1.60) <0.001
TOS 18.23 (16.10-19.90) 19.28 (17.70-20.60) 19.98 (17.30-29.10) 20.77 (17.40-36.10) <0.001
OSI 10.93 (6.79-16.16) 12.58 (9.0-17.3) 15.63 (10.1-18.6) 20.60 (9.3-27.6) <0.001
AOPP 33.90 (13.70-59.10) 44.38 (23.10-75.90) 54.23 (24.80-83.10) 70.46 (19.70-88.7)  0.004

p*value determined by using the Kruskal-Wallis test. p results which are <0.05 are accepted as stasitically significant. A nominal p value less than 0.05 means that at least 
one group of infertile groups significantly differs from N group. Results are presented as median (min-max). N: Normozoospermic; T: Teratozoospermic; A: Azoospermic; OAT: 
Oligoastenoteratozoospermic; TAC: Total antioxidant capacity (mmol Trolox equiv/L); TOS: Total oxidant status (µmol H2O2 equiv/L); OSI: Oxidative stress index; AOPP: Advanced 
oxidation protein product (µmol/L).
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Discussion
Estimates are that between 10% and 15% of couples around 
the world are infertile. Semen analysis according to WHO 
guidelines is widely regarded as the gold standard, and uses 
sperm parameters such as concentration, motility, and mor-
phology to determine reproduction potential [19]. However, 
semen analysis remains insufficient to predict male infertility 
in many cases, and does not include information on sperm 
function. Studies to determine sperm function and the etiol-
ogy of this problem suggest that OS has a significant role in 
the pathogenesis of male infertility [20].

Nonetheless, a precise view of the particular role of the phys-
iological and pathological levels of ROS in male infertility 
remains to be defined. Though ROS is associated with the 
pathology of many diseases, including male infertility, a lim-
ited quantity of ROS is also necessary for spermatozoa to turn 
into normal sperm capable of fertilization [21]. Spermatogen-
esis is a complex process that includes various stages and dif-
ferent cell types; which is why mutations in the mitochondrial 
genome as a result of excessive ROS may cause infertility by 
disturbing the formation of mature morphological and func-
tional spermatozoa formation [22]. 

Infertile male patients frequently have a high level of OS, apop-
tosis, or sperm DNA damage [23]. Human sperm includes var-
ious cell types, including mature and immature spermatozoa, 
round cells, leukocytes, and epithelial cells. Therefore, most 
human ejaculate contains potential ROS sources. Leukocytes 
and immature spermatozoa are the primary sources of ROS 
[24]. The TAC of the seminal plasma and reproductive fluids is 
influenced mainly by the antioxidant enzymes-superoxide dis-
mutase (SOD), glutathione peroxidase (GPX), catalase (CAT), 
and total glutathione (GSH). Reduced glutathione and oxidized 
glutathione (GSSG) has been shown to protect spermatozoa 
against lipid peroxidation and OS [25]. A decrease of one an-
tioxidant may be compensated with an increase of another an-
tioxidant; therefore, measurement of TAC provides more valu-
able information than individual measurements [26].

The TOS value is the measurement of the production of reac-

tive oxygen and/or nitrogen species. Elevated levels of reac-
tive oxygen and nitrogen species can be toxic and damage 
cellular biomolecules, such as lipids, proteins, or DNA [6].
Agarwal et al. [27] reported that excessive ROS can have a sig-
nificant effect on sperm motility. An imbalance between ROS 
and antioxidants causes mitochondrial dysfunction and de-
pletion of adenosine triphosphate, leading to the reduction of 
cell energy and sperm motility. Also, excessive ROS negatively 
affects the activity of some enzymes that are necessary for 
sperm motility, such as glucose-6-phosphate dehydrogenase. 
Venkatesh et al. [28] researched the relationship between var-
ious sperm morphological defects and seminal OS in infertile 
and fertile males and found that infertile males had a median 
ROS level 124 times higher than fertile males. Among various 
morphological defects, the percentage of sperm with cytoplas-
mic droplets was significantly higher in infertile males, which 
might have been due to a high level of ROS.
TAC measurement of seminal plasma gives an indirect mea-
surement of OS. Consistent with our work, previous studies 
have indicated that low seminal TAC values were related to 
male infertility [29]. TAC values might contribute to the under-
standing of the pathophysiology of male infertility, irrespec-
tive of the clinical diagnosis. 
There is no consensus on a TAC reference range for seminal 
plasma in healthy, fertile males. Researchers working with 
an Italian group used a total antioxidant status assay and re-
ported a mean seminal plasma result of 1.21±0.16 mmol/L in 
a control group of 25 and a median of 1.19 with a range of 1.0 
to 1.4 mmol/L in another control group of 18 [30]. The median 
seminal plasma TAC value of the healthy men in our study was 
1.74 (1.20-2.40) mmol Trolox equiv/L.
Sharma et al. [31] and others have observed that the ROS-TAC 
scores of seminal plasma can be used as OS indicators and 
may be correlated with male infertility. Antioxidants may be a 
means to reduce ROS in cases of low TAC. In our study, TAC lev-
els are significantly lower in the infertile groups (A, T and OAT 
groups) compared to that N group (p<0.001). On the other-
hand the OSI levels of the A, T and OAT groups are significantly 
higher than N group (p<0.001). Our results are consistent with 
the results of Khosrowbeygi et al. [32] and Koca et al. [33].
Khosrowbeygi et al. [32] noted that the TAC level was signifi-
cantly lower in asthenospermic, astenoteratozoospermic, and 
oligoasthenoteratozoospermic groups. Koca et. Al. [33] also 
found that the seminal plasma TAC was lower in males with as-
tenoteratozoospermia, asthenospermia, and oligoasthenoter-
atozoospermia when compared with fertile males. A low TAC 
in seminal plasma may contribute to reduced fertilization ca-
pacity and defective sperm quality. 
Anomalies to the head and neck of the sperm are characteris-
tic of teratozoospermia, which can seriously affect fertility (Fig. 
1). Sperm head abnormalities are often caused by chromatin 
and acrosome anomalies [34]. In our study, although no signif-
icant difference was established between normozoospermia 
and teratozoospermia groups in terms of median TAC, TOS, 

Table 3. Pairwise comparison results among all groups

Groups TOS TAC OSI AOPP

N vs. A 0.364 0.003 0.002 0.012
N vs. T 0.082 0.999 0.783 0.377
N vs. OAT 0.008 0.002 <0.001 0.012
A vs. T 0.999 0.059 0.143 0.975
A vs. OAT 0.999 0.999 0.999 0.999
T vs. OAT 0.999 0.039 0.027 0.938

p<0.008 after Bonferroni correction. Mann-Whitney U test was performed to test the 
significance of pairwise differences using Bonferroni correction to adjust or multiple 
comparisons. TOS: Total oxidant status; TAC: Total antioxidant capacity; OSI: Oxidative 
stress index; AOPP: Advanced oxidation protein product; N: Normozoospermic; A: 
Azoospermic; T: Teratozoospermic; OAT: Oligoastenoteratozoospermic.
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AOPP and OSI values, it has been recognized that the TAC, TOS, 
AOPP and OSI can be affected by numerous factors. There is a 
need for more extensive studies of this topic.

Our literature review revealed only a limited number of stud-
ies using the OSI in human seminal plasma. A study performed 
by Barik et al. [35] found a lower OSI value in men with normal 
semen parameters than in men with abnormal semen param-
eters, but the finding was not statistically significant. Conflict-
ing data have been reported about the relationship between 
OS and sperm DNA damage. Verit et al. [36] did not find any 
relationship between sperm DNA damage and OS in normo-
zoospermic infertile men They suggested that the pathophys-
iology of idiopathic infertility cannot be explained by sperm 
DNA damage or seminal OS. 

In our findings, the median value of OSI in seminal plasma of 
the A group p=0.002 and the OAT group (p<0.001) was sig-
nificantly higher than that of the control group. Our results 
suggested that an elevated OSI was associated with impaired 
sperm quality, which could lead to infertility.

AOPPs might be formed during the oxidative stress reaction of 
plasma proteins with chlorinated oxidants and have been con-
sidered potential novel markers of oxidant-mediated protein 
damage [18]. AOPPs could be considered to be true mediators 
of the proinflammatory effect of OS in seminal plasma. There-
fore, the AOPP level may serve as a useful additional diagnostic 
measure of semen quality and male reproductive potential [14].

Kratz et al. [37] found a higher level of AOPP concentration in 
the seminal plasma of an azoospermia group compared with 
a teratozoospermia group. Similarly, Jianwei et al. [38] found 
that the seminal plasma level of AOPPs and ROS was signif-

icantly elevated in patients with teratozoospermia and that 
the seminal plasma AOPP level was significantly higher in a 
severe teratozoospermia group. 
Against Kratz et al. study, we observed no statistically signif-
icant difference in paired group comparisons of AOPP level. 
This may be due to the small size of the study groups.

Conclusion
From the present study, it may be concluded that oxidative 
stress is increased in men with abnormal semen parameters. 
The increase in oxidants may eventually lead to defects in 
sperm morphology and cause male infertility. In our present 
study, the OAT group demonstrated increased seminal 
plasma oxidative stress pattern against normozoospermic 
individuals. The presence of lower levels of TAC and higher 
levels of OSI in infertile groups (A, T and OAT groups) com-
pared to N group shows the presence of oxidative stress in 
seminal plasma.
Therefore, seminal plasma oxidative profiles may be an im-
portant tool for better assessment of sperm reproductive 
capacity. Clearly, more multicenter studies are needed to 
further examine and understand the assessment of male in-
fertility.
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