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The Evaluation of Total Antioxidant and
Oxidant Response in Seminal Plasma in
Fertile and Infertile Men Using
a Novel Automated Method

Fertil ve Infertil Erkeklerde Yeni Bir Otomatik
Metotla Seminal Plazmada Total Oksidan ve
Antioksidan Yanitin Degerlendirilmesi

ABSTRACT Objective: Oxidative stress has been implicated in the pathogenesis of male infertility.
In this study, we aimed to measure the antioxidant capacity in seminal plasma in fertile and in-
fertile men using a recently developed automated measurement method. Material and Methods:
The study group included samples of 55 males from infertile couples, and 16 healthy volunteers
served as the control group. All samples had normal sperm parameters. Seminal total antioxidant
response (TAR) and total oxidant status (TOS) were determined using colorimetric methods. Ox-
idative stress index (OSI) was calculated as [(TOS/TAR) x100]. Free sulphydryl (SH) groups of se-
men samples were measured spectrophotometrically. Results: Seminal TAR was significantly lower
and seminal TOS, OSI and SH activities were significantly higher in infertile group as compared
with fertile donors. There were positive correlations between TAR and sperm parameters such as
+4 motility (r=0.386, p< 0.01), and morphology (r= 0.383, p< 0.01), whereas sperm concentrations
(r=-0.333, p< 0.01) correlated negatively with TAR. In addition, TOS and OSI were, negatively cor-
related with sperm parameters such as motility, +4 motility and morphology (p< 0.01, for all).
Conclusion: Increased oxidant status and decreased antioxidant response and the correlation bet-
ween these parameters and sperm functions implicated that oxidative stress might play an impor-
tant role in male infertility. We found decreased total antioxidant response in infertile patients
using a simple, rapid and reliable automated colorimetric assay, which may suitable for use in any
routine andrology laboratory.
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OZET Amag: Erkek infertilitesinin patogenezinde oksidatif stres de dahil edilmektedir. Bu galis-
mada, fertil ve infertil erkeklerin seminal sivilarindaki antioksidan kapasiteyi yeni gelistirilmisg
otomatik bir metotla 6l¢meyi ve degerlenmeyi amagladik. Gereg ve Yéntemler: Calisma grubu in-
fertil ciftlerden 55 erkek hastay1 igerirken, sperm parametreleri normal olan 16 saglikli goniillii de
kontrol grubunu olusturdu. Semendeki total antioksidan yanit (TAR) ve total oksidan durum (TOS)
kolorimetrik yontemlerle belirlendi. Oksidatif stres indeksi (OSI); [(TOS/TAR) x100] seklinde he-
saplandi. Semen 6rneklerindeki serbest siilfidril gruplari spektrofotometrik olarak 6l¢iildii. Bulgu-
lar: Erkek infertilitesi olan grupta fertil goniilliilerle karsilastirildiginda semendeki TAR anlamh
derecede diisiik, TOS, OSI ve siilfidril aktiviteleri ise anlamli derecede yiiksekti. TAR ve +4 moti-
lite (r= 0.386, p< 0.01) ve morfoloji (r= 0.383, p< 0.01) gibi sperm parametreleri arasinda dogru
oranti; sperm konsantrasyonu arasinda ise ters oranti (r= -0.333, p< 0.01) mevcuttu. Ayrica, TOS
ve OSI ile motilite, +4 motilite ve morfoloji gibi sperm parametreleri (p< 0.01, hepsi i¢in) arasin-
da da ters orant1 bulundu. Sonug: Artmis oksidatif stres, azalmig antioksidan yanit ve bu paramet-
relerle sperm fonksiyonlar: arasindaki iligki gostermektedir ki erkek infertilitesinde oksidatif stres
6nemli rol oynayabilmektedir. Biz infertil hastalarda rutin androloji laboratuarinda kullanilabile-
cek basit, hizli ve giivenilir bir otomatik kolorimetrik tahlil yontemi ile antioksidan cevapta azal-
ma tespit ettik.

Anahtar Kelimeler: Kisirlik; oksidatif stres; semen
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ale gender has been considered a major
‘ \ / I contributory factor to infertility. Along
with the conventional causes for male
infertility such as varicocele, cryptorchidism, in-
fections, obstructive lesions, cystic fibrosis, trauma
and tumors, a new and important cause has been
identified: oxidative stress (OS) is a result of the im-
balance between reactive oxygen species (ROS) and
antioxidants in the body which can lead to sperm
damage, deformity and eventually male infertility.'
ROS are essential to mammalian sperm functions
including maturation, capacitation, acrosome reac-
tion, sperm-oocyte fusion and the stimulation of
hyper-activated sperm motility.>® On the other
hand, excessive generation of ROS can impair nor-
mal sperm function by peroxidation of unsaturated
fatty acids in membrane of spermatozoa and by
DNA fragmentation.* Various recent studies have
demonstrated that oxidative stress and oxidative
damage increased significantly in spermatozoa with
declined motility and the antioxidant capacities in
the spermatozoa and seminal plasma were lower in
males who had infertility.*” Conversely Siciliano
et al. showed that non-enzymatic antioxidant ca-
pacities of seminal plasma were not altered the as-
thenozoospermic specimens.?

The cellular damage in the semen is the result
of an improper balance between ROS generation
and scavenging activities. Therefore, numerous an-
tioxidants such as vitamin C, vitamin E, glutathio-
ne and coenzyme QIO have proven to have
beneficial effects in treating male infertility.?

Measurement of total antioxidant response
(TAR) within semen can be conducted in a variety
of ways.!” These include enhanced chemilumines-
cence’s (ECL) assays, spectrophotometric methods,
fluorometric methods and electrochemical meth-
ods.*However; there is yet no accepted “gold stan-
dard” reference method."

In this study, we aimed to measure both the
levels of free sulphydryl (SH) groups and the TAR
values in seminal plasma from infertile men to eva-
luate their antioxidant status using a novel auto-
mated method.!! As a reciprocal measure, the TOS
was also measured in the plasma samples of the
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same individuals. The percent ratio of the total
plasma peroxide level to the plasma TAR level was
regarded as the oxidative stress index (OSI)."

I MATERIAL AND METHODS

SELECTION OF SUBJECTS

The study group included samples of 55 males from
infertile couples, treated in Irenbe IVF center. Six-
teen healthy volunteers served as the control gro-
up where all samples had normal sperm
parameters. All men gave informed consent for
participating in the study, which had been appro-
ved by the local Ethics Committee (Izmir Tepecik
Training and Research Hospital local Ethic Com-
mittee: 30.03.2007-67/11). None of the patients had
received any medication or vitamin supplementa-
tion. Instances of leukocytospermia and viscous se-

men samples were excluded from this study.

SEMEN COLLECTION AND PREPARATION

Semen specimens were collected by masturbation
after 48 to 72 hours of sexual abstinence. The spe-
cimens underwent complete liquefaction at 37°C
for 20 minutes. All semen samples were counted in
a Mackler counting chamber (Sefi Medical Instru-
ments, Rehovot, Israel). The samples were classifi-
ed according to the criteria of the World Health
Organization Laboratory Manuel, 4th edition.'
The motility of sperm has been classified as +1, +2,
+3, and +4 motile. Morphology smears were scored
by using Kruger’s strict criteria."* All samples were
centrifuged at 1000 x g for 10 minutes. Clear semi-
nal plasma were stored at -80°C until the analysis
and transferred to Harran University with the dry
ice. All the experimental studies were conducted
in the next day in Harran University Faculty of
Medicine, Department of Clinical Biochemistry la-
boratories.

MEASUREMENT OF THE TOTAL ANTIOXIDANT
RESPONSE OF SEMINAL PLASMA

The total antioxidant status of the seminal plasma
was measured using a novel automated colorimet-
ric method for the TAR developed by Erel.’* The

method was applied to an automated analyzer (Ab-
bott, Illinois, USA). In this method, the hydroxyl
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radical, the most potent biological radical, is pro-
duced by Fenton reaction and it reacts with the co-
lorless substrate O-dianisidine to produce the
dianisyl radical, which is bright yellowish-brown
in color. Upon the addition of a plasma sample, the
oxidative reactions initiated by the hydroxyl radi-
cals present in the reaction mix are suppressed by
the antioxidant components of the seminal plasma,
preventing the color change and thereby providing
an effective measure of the total antioxidant capa-
city of the seminal plasma. The assay results were
expressed as mmol Trolox eq./L. The assay has got
excellent precision values, within and between
precision values were lower than 3%.°

MEASUREMENT OF THE TOTAL OXIDATION STATUS OF
SEMINAL PLASMA (THE TOTAL SEMINAL PLASMA
PEROXIDE CONCENTRATION)

The total oxidant status of the plasma was measu-
red using a novel automated colorimetric method
for TOS developed by Erel.'”” The method was ap-
plied to an automated analyzer (Abbott, Illinois,
USA). In this method oxidants present in the sam-
ple oxidize the ferrous ion-o-dianisidine complex
to ferric ion. The oxidation reaction is enhanced by
glycerol molecules, which are abundantly present
in the reaction medium. The ferric ion makes a col-
ored complex with xylenol orange in an acidic me-
dium. The color intensity, which can be measured
spectrophotometrically, is related to the total amo-
unt of oxidant molecules present in the sample. The
assay was calibrated with hydrogen peroxide and
the results were expressed in terms of micromolar
hydrogen peroxide equivalent per liter (umol H,O,
Eq/L). The novel assay is linear up to 200 pmol
H,0O, Equiv./L and its precision value is lower than
3%. The lower detection limit is 1.13 micromol
H202 Equiv./L.*

MEASUREMENT OF FREE SULPHYDRYL GROUPS OF
SEMINAL PLASMA

Free sulphydryl groups of semen samples were de-
termined using the Ellman method' modified by
Hu et al.”? One ml of buffer containing 0.1 M Tris,
10 mM EDTA, pH 8.2, and 50 pl seminal plasma
were added to cuvettes, followed by 50 pl 10mM
DTNB in methanol. Blanks were run for each sam-
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ple as a test, but there was no DTNB in the metha-
nol. Following incubation at room temperature for
15 min, absorbance of sample was read at 412 nm
on a Cecil 3000 spectrophotometer. Sample and re-
agent blanks were subtracted. The concentration
of SH was calculated using reduced glutathione as
SH group standard and the results were expressed
as millimolars (mmol/mL).

CALCULATION OF OXIDATIVE STRESS INDEX OF
SEMINAL PLASMA

The percent ratio of the total oxidation status level
to the total antioxidant response was accepted as
the OSI, an indicator of the degree of oxidative
stress.'? OSI value was calculated with the formula
below;

OSI= [(TOS, pmol H,O, equivalent/L)/(TAR,
pmol Trolox equivalent/L)] X100

For a detailed understanding of measurements,
readers should refer to Erel’s articles.!>!”

STATISTICAL ANALYSIS

Differences between control and male infertility
groups were assessed by using Mann Whitney U
test and coefficients of correlation were calculated
using Spearman’s correlation analysis. All hypot-
hesis tests were two-tailed with statistical signifi-
cance set at p< 0.05. The data were expressed as the
median (min-max). Statistical computations were
calculated using SPSS 11.0 for Windows software
(SPSS Inc, Chicago,IL, USA).

I RESULTS

Demographic data, semen characteristics, seminal
TAR, TOS, OSI, and SH activities in infertile males
and fertile donors are summarized in Table 1. The-
re was no significant difference in terms of age be-
tween the groups. Seminal TAR was significantly
lower and seminal TOS, OSI and SH activities we-
re significantly higher in male factor infertility gro-
up as compared with fertile donors (Table 1).

The relationship between seminal TAR, TOS,
OSI, and SH activities and semen parameters in the
whole group (n=71) are shown in Table 2. There
were positive correlations between TAR and
sperm parameters such as +4 motility and morp-
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TABLE 1: Demographics, semen characteristics, seminal oxidative and antioxidative parameters of infertile and
fertile donors.
Fertil donors (n=16) Infertile donors (n= 55) P

Age (years) 34.00 (21-43) 32.00(24-61) 0.715
Semen parameters

Concentrations {x10¢/mL) 42.56 (22-100) 23.80 (1-88) 0.039
Motility (% motile sperm) 55 (44-70) 36 (0-49) <0.001
Morphology (Kruger's criteria % normal sperm) 16.50 {6-25) 6.00 (0-10) <0.001
+4 Motility (% bir tik motile sperm) 25 (12-30) 9 (0-15) <0.001
TAR {mmol Trolox q. /L) 10.96 (1.59-11.00) 4.72 (0.36-10.98) <0.001
TOS (umol H,0, eq./L) 185(14-704) 721(13-1036) <0.001
0sl (AU) 0.169 (0.1-4.43) 1.54 (0.1-19.50) 0.003
SH (mmol/L) 13.80(2.40-45.00) 20.40(0.10-42.60) 0.005

Values are medians (min-max).

TABLE 2: Correlations between sperm parameters and seminal TAR, TOS, OSI and SH in the wholel group (n= 71).
Semen Parameters TAR (mmol Trolox eq. /L) TOS (pmol Hy05eq./L) 0SI (AU) SH (mmol/L)
Concentrations (x106/mL) r=-0.333 p=0.837 r=0.315 p=0.250
p=0.005 p=0.007
Motility (% bir tik motile sperm) p=0.107 r=-0.320 r=-0.235 p=0.101
p=0.006 p=0.048
Morphology (Kruger's criteria % normal sperm) r=0.383 r=-0.432 r=-0.412 p=0.342
p=0.001 p< 0.001 p< 0.001
+4 Motility (% bir ik motile sperm) r=0.386 r=-0.418 r=-0.408 p=0.074
p=0.001 p< 0.001 p< 0.001

Values are Spearman’s correlation coefficients (r).

hology (p< 0.01, for all) whereas sperm concentra-
tions correlated negatively with TAR. In addition,
there were negative correlations between TOS and
OSI with sperm parameters such as motility, +4
motility, and morphology (p< 0.01, for all) in the
study.

I DISCUSSION

Male factor infertility accounts for 30% to 50% of
all infertile couples seeking for infertility manage-
ment.” Evaluation of male gender infertility is be-
coming more important and informative as new
diagnostic techniques and therapeutic options be-
come available.!”

Evidence now suggests that ROS-mediated da-
mage to sperm is a significant contributing patho-
logy in 30-80% of infertile patients.' Oxidative
stress is a condition that is associated with an imba-
lance between the production and removal of ROS
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and free radicals.!*” All cellular components inc-
luding lipids, proteins, nucleic acids, and sugars are
potential targets of ROS.! Sperm membranes are
vulnerable to this type of damage as they contain
large amounts of unsaturated fatty acids.'® ROS-in-
duced peroxidation of the sperm membrane have
been correlated with sperm dysfunctions through
different mechanism that include lipid peroxidati-
on of plasma membrane and impairment of sperm
metabolism, motility, and fertilizing capacity.”
Total seminal plasma antioxidants constiture the
most protective defensive mechanism available to
spermatozoa against ROS.

Low seminal total antioxidant capacity has be-

en shown to be related to male infertility.*>202223

In our study, seminal TAR was significantly
lower and seminal TOS and SH activities were sig-
nificantly higher in infertile patient group as com-
pared with control group (Table 1).

Turkiye Klinikleri ] Med Sci 2011;31(1)
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Our findings confirm the results of Koca et al.,
Fingerova et al., and Mahfouz et al. about TAR ac-
tivity in infertile men.*>* Koca et al. evaluated
TAR in infertile asthenozoospermic and astheno-
teratozoospermic men and compared them with
normozoospermic fertile men.> Their study showed
that asthenozoospermic and asthenoteratozoosper-
mic males have significantly lower TAR value than
the control group. Fingerova et al. found that the
seminal plasma TAR values in the males from in-
fertile couples were significantly lower than the
control group. In addition, they found the highest
sperm ROS productions in the samples of 5 inferti-
le males.* This fact may be a reflection of the recip-
rocal relationship between the two extremes of the
oxido-reductive balance in the seminal plasma.

In our study the correlations between TAR
and sperm parameters such as +4 motility (r= 0.386,
p< 0.05) and morphology (r= 0.383, p< 0.05) were
positive (Table 2).

Khosrowbeygi et al. examined the positive cor-
relation between total antioxidant capacity (TAC)
and sperm motility and morphology in asthenozo-
ospermic, asthenoteratozoospermic and oligoasthe-
study
showed that TAC correlated positively with sperm

noteratozoospermic males.® Koca et al.’s

motility.> Conversely Siciliano et al. showed that in
semen with normal viscosity levels of catalase, SOD,
and TAR were not different in asthenozoospermic
specimens compared with normozoospermic men.?

Different findings from different studies could
be related to existence of different motility grades
of sperm. We found positive correlation only bet-
ween TAR and +4 motility.

SH groups in seminal plasma are the most crit-
ical targets for free radical attacks.?* In our study,
seminal SH activities were significantly higher in
infertile patients. Our findings confirm the results
of Zini et al.”® however contradict the results of Ka-
oetal.,” Alkan et al.,?® and Ebisch et al.?’ Zini et al.
demonstrated that sperm SH content correlated po-
sitively with sperm DNA denaturation and there
were significantly higher levels of sperm DNA de-
naturation and SH content there were in infertile
men.” Kao et al. showed that sperm with higher

Turkiye Klinikleri ] Med Sci 2011;31(1)

levels of oxidative damage had lower amount of
thiols in seminal plasma.” Alkan et al. reported that
seminal plasma SH groups in infertile patients we-
re significantly lower than those in the control gro-
ups.”® Ebisch et al. found no significant difference
in SH groups of seminal plasma between fertile and
infertile males.? Similar to our results, Lewis et al.
observed significantly higher thiol concentrations
in spermatozoa of asthenozoospermic men.”® Ac-
cording to their explanation, this may be due to the
contribution of ROS produced by spermatozoa in
this group leading to the up-regulation of thiol syn-
thesis in order to protect the spermatozoa from ox-
idative damage. These authors speculate that the
high thiol concentrations caused reduced motility
in these spermatozoa because of a decrease in di-
sulphide bonding during sperm maturation in the
epididymis.

Use of antioxidants is not routine in clinical
practice.! Numerous antioxidants such as vitamin
C, vitamin E, glutathione, selenium and coenzyme
Q10 have proven beneficial effects in treating ma-
le infertility.**3° Nevertheless some studies failed
to demonstrate the same benefit.>'* Studies suffer
from lack of placebo-controlled, double-blind de-
sign.?** In addition, investigators design studies on
men in whom oxidative stress is not implicated as
an infertility factor.?**® Routine use of TAR evalu-
ation in andrology laboratory may clarify these
contradicted results.

The existing methods for the measurement of
TAR are enhanced chemiluminescence (ECL) as-
says, spectrophotometric methods such as the fer-
ric reducing ability (FRAP) assay, CUPRAC assay
or methods based on the formation of the ABTS*
radical, fluorometric methods such as the oxygen
radical absorbance capacity (ORAC) assay, electro-
chemical methods like coulometry, voltammetry
or electron spin resonance (ESR) assay.>*

The ECL assay is the most commonly used
method for measuring TAC in seminal fluid.* The
measurement of TAC by ECL assay method gene-
rally takes approximately 40 to 45 minutes; ORAC
assay for measuring TAC has a significantly less re-
agent cost, it requires a fluorescence detector and
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takes more than 70 minutes longer to complete
than the colorimetric assay.?” Although the cost of
reagents for the ECL assay (buffers, signal reagent,
peroxidase reagent) is comparable to the cost of a
colorimetric assay kit, the price of an average lu-
minometer with kinetic setting averages $30.000
compared with $6000 for a simple spectrophoto-
meter.3® The FRAP assay is simple and inexpensive,
however does not measure the SH-group-contai-
ning antioxidants.*’

On the other had, there is yet no accepted,
“gold standard” reference method, but the novel
assay reported by Erel has several advantages. It is
simple, inexpensive, rapid and can easily be fully
automated. Accurate measurements of the total se-
minal plasma antioxidant response can be obtained
in only 10 minutes."

We measured total oxidant levels in seminal
plasma in our study with the colorimetric method
that was developed by Erel.'” This technique has
many advantages. Various other methods that ha-
ve been developed for measuring TOS had no ac-

cepted reference method. In addition, this method
has a final decision concerning the standardizati-
ons, the terms and the units.'” Moreover, the fluo-
rescence, chemiluminescence and ESR methods
need sophisticated techniques and, in most routine
andrology laboratories, these improved systems are
not available.

In this study, we aimed to measure the TAR
values in seminal plasma from infertile men to eva-
luate their antioxidant status using a novel auto-
mated method."

In conclusion, detecting seminal plasma TAR
levels in andrology laborator, as a routine and rapid
test may be useful in the management of inferti-
lity.
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