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ABSTRACT: The purpose of this study was to determine whether normospermic infertile men have high seminal oxidative
stress, using 3 measures of oxidative stress: reactive oxygen species (ROS), total antioxidant capacity (TAC), and a
composite ROS-TAC score. Forty-three normospermic men without |eukocytospermiaand 19 healthy donors who came to
our infertility clinic were included. Patients were categorized into 3 groups:. group |, varicocele and no female factor (n =
16); group I, positive female factor (n = 16); and group I11, idiopathic infertility (n = 11). In addition, 52 treated male
factor patients and 19 donors were included as reference groups. We measured seminal ROS, TAC, and the ROS-TAC
score in the patient groups and the controls. Normospermic infertile patients as a group had higher ROS levels (mean log
[ROS + 1] 1.76 + 0.13) compared with controls ( 1.39 + 0.16; P = .03). Patients in the idiopathic subgroup had
significantly higher ROS levels (2.29 + 0.25; P = .004) than controls. Normospermic infertile patients as a group not only
had reduced TAC levels (970.18 + 73.95 Trolox equivaents), but each subgroup also had significantly lower TAC than
controls (1650.93 + 95.87; P < .003). The ROS-TAC scoresin all normospermic infertile patients as agroup (35.7 £ 1.8)
aswell asin each subgroup was significantly reduced compared with the ROS-TAC levelsin the controls (50.0 £ 2.1; P<
.005). We conclude that oxidative stress is associated with male factor infertility. The presence of oxidative stress in
infertile normospermic men may explain previously unexplained cases of infertility otherwise attributed to female factors.
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Free radicals are important in both the norma function and the pathophysiology of human spermatozoa
(Jones et a, 1979; Aitken, 1999). Human spermatozoa rely on reduction-oxidation processes for normal functions
such as hyperactivation, capacitation, and acrosome reaction (Sharma and Agarwal, 1996; Aitken, 1997). However,
spermatozoa are also vulnerable to peroxidative damage from oxygen free radicals because the spermatozoal
membrane is rich in polyunsaturated fatty acids needed to maintain membrane fluidity for membrane fusion during
fertilization (Alvarez et al, 1987; Aitken and Clarkson, 1989; Sharma and Agarwal, 1996; Aitken, 1997). High levels
of reactive oxygen species (ROS) can increase sperm membrane permeability, cause morphological abnormalities,
and impair fertility (Alvarez et a, 1987; Aitken et a, 1992; de Lamirande and Gagnon, 1993; de Lamirande and
Gagnon, 1995; Alkan et al, 1997). Studies have shown that 40% to 88% of nonselected infertile men have high
levels of ROS (Lewis et al, 1995).

Most ROS affecting human spermatozoa come from 2 sources, defective spermatozoa and seminal
leukocytes, commonly found in gaculate from patients with accessory gland infections (Aitken et al, 1992,;
Shekarriz et al, 1995). Sperm from humans and most other mammals possess a number of defensive mechanisms
to prevent damage from ROS (de Lamirande and Gagnon, 1995; Lewis et a, 1995; Sharma and Agarwal, 1996;
Smith et al, 1996; Lewis et a, 1997). Antioxidant enzymes are abundant in semina plasma (Smith et a, 1996;
Lewiset a, 1997; Geva et a, 1998). Additiona antioxidant enzymes found in sperm cytoplasm, such as superoxide
dismutase, glutathione peroxidase/reductase, and catalase, are not very effective against extracellular free radicals
(Smith et a, 1996; Lewis et d, 1997; Geva et d, 1998; Zini et a, 1998).
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Excessive oxidative stress may be associated with serious defects in semen characteristics, such as severe
oligospermia and asthenospermia (Aitken et al, 1992; Iwasaki and Gagnon, 1992; Huszar and Vigue, 1994; Lewis et
a, 1995; Sharma and Agarwal, 1996; Griveau and de Lannou, 1997; Aitken, 1999). However, many men seeking
infertility treatment have normal semen characteristics according to the World Health Organization (WHO)
standards (WHO, 1999). We have speculated that infertility in these men may be explained by oxidative stress.

The purpose of this study was to assess oxidative stress in normospermic men without leukocytospermia
who were seeking treatment for infertility. We measured ROS levels and total antioxidant capacity (TAC) in semen
samples and computed a composite ROS-TAC score. To determine which of the 3 measures of oxidative stress
was the most useful, we also used receiver-operating characteristics (ROC) curves to compare their ability to
distinguish the healthy controls from the infertile patients.

Materials and Methods
Subjects

The study was approved by the Institutional Review Board of the Cleveland Clinic Foundation. Semen
specimens were obtained from 299 consecutive patients attending the male infertility clinic for infertility evaluation
from 1998 to 1999. All patients were evaluated with a complete medical history, physical examination, and semen
anaysis. Men were excluded if they had less than 1 year of infertility.

Forty-six of the patients were considered normospermic (WHO, 1999). Three of these patients were
excluded because of leukocytospermia, defined as a white blood cell count of 1 x 108/mL or higher. Men were
evauated for abnormalities related to male infertility such as undescended testis, varicocele, atrophic testis, or
chronic prostatitis, which were considered male factors. Their partners were evaluated for abnormalities related to
infertility, such as tubal occlusion, endometriosis, or ovulatory dysfunction, which were considered fema e factors.
Forty-three normospermic patients were divided into three subgroups. group |-varicocele and no female factor (n =
16), group |1-positive female factor (n = 16), group Ill-idiopathic infertility (n = 11). In addition, semen specimens
from 19 healthy normal men were used as a control group and the role of oxidative stress in fertility was assessed
by comparisons with 52 men of known fertility status following treatment for male factor diagnoses. The group of
men with known fertility status (n = 52) included 13 fertile and 39 infertile patients from our previous study
(Sharma et al, 1999) with male factor diagnoses of varicocele and vasectomy reversal. These men had an average
follow-up period of 17.4 £ 12.3 months (median, 12.6 months). Out of these 52, 13 (25%; 12 vasectomy reversal
and 1 varicocele) patients eventualy initiated normal pregnancies.

Semen Analysis

Semen samples were obtained from patients and controls by masturbation after at least 48 to 72 hours of
abstinence. Samples were collected into sterile containers for immediate analysis. Following liquefaction at 37°C for
30 minutes, semen samples were analyzed for sperm concentration, percentage moatility, and morphology according
to WHO criteria. Computer-assisted semen analysis (CASA) was performed on all specimens with use of a Motion
Analysis VP 50 semen analyzer (Motion Analysis Corporation, Santa Rosa, Calif). For each measurement, a 5-uL
aliquot was loaded on a counting chamber (MicroCell; Conception Technologies, La Jolla, Calif). Four to 8
representative fields containing 200 or more spermatozoa were examined. Samples were analyzed for
concentration, percent motility, and complex mation characteristics. To ensure the accuracy of the CASA results, a
manua assessment was done each time along with CASA analysis.

White Blood Cell Count

White blood cells (WBCs) in semen specimens were stained with a myeloperoxidase test (Shekarriz et a,
1995). A 20-uL volume of liquefied specimen was placed in a Corning 2.0-mL cryogenic via (Corning Costar,



Corp Cambridge, Mass): 20 uL of phosphate-buffered saline (PBS; pH 7.0) and 40 uL of benzidine solution was
added. The mixture was vortexed and allowed to sit for 5 minutes. Five microliters were placed on a Makler
Chamber (Sefi Medical, Haifa, Isragl) and examined for cells that had stained dark brown, indicating that they
contained peroxidase (Shekarriz et al, 1995). Leukocytospermia was defined as at least 1 x 106 WBCs/mL. In our
study, we excluded 3 patients who had leukocytospermia.

Reactive Oxygen Species

Aliquots of liquefied semen were centrifuged at 300 x g for 10 minutes. Seminal plasma was aiquoted and
frozen at -20°C for later measurement of total antioxidant levels. The sperm pellet was washed twice with PBS, pH
7.4, and resuspended in the same media at a concentration of 20 X 106 sperm/mL. ROS production was measured
by the chemiluminescence assay method using luminol (5-amino-2,3-dihydro-1,4-phthalazinedione; Sigma Chemical
Company, St. Louis, Mo) as the probe. Ten microliters of 5 mM luminol prepared in dimethyl sulfoxide (Sigma)
was added to 400 pL of the washed sperm suspension. ROS levels were determined by measuring
chemiluminescence with a luminometer (LKB 953; Wallac Inc, Gaithersburg, Md) in the integrated mode for 15
minutes, and results were expressed as 10° counted photons per minute (cpm) per 20 x106 sperm (Hendin et al,
1999). Reliahility (the ratio of interassay variability to total variability) for measuring ROS was 93.8% in studies
within our laboratory. Anaysis of variance (ANOVA) procedures used in our study partition components of
variahility into interassay and infra-assay variability in planned experiments of multiple measures of the same
sample. The sum of interassay variability and infra-assay variability provides the measure of total variability, which
is used to estimate reliability.

Total Antioxidant Measurement

Total antioxidant activity was measured in semina plasma using the enhanced chemiluminescence assay
(Kolettis et al, 1999). Aliquots of the seminal plasma stored at -20°C were thawed at room temperature and
immediately assessed for their antioxidant capacity as follows. Semina plasma was diluted 1:10 with deionized
water dH20 and filtered through a 0.20-micron Millipore filter (Allegiance Healthcare Corporation, McGaw Park,
). Signal reagent was prepared using a chemiluminescence kit (Amersham Life Science, Buckinghamshire, United
Kingdom). Twenty microliters of horseradish peroxidase (HRP)-linked immunoglobulin (Amersham Life Science)
was added to 4.98 mL dH»O. This was further diluted 1:1 to give a working solution with the desired luminescence
output (3 X 107 cpm). Trolox (6hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), a water soluble tocopherol
analogue, was added as the standard at concentrations of between 50 and 150 puM. With the luminometer set in the
kinetic mode, 100 pL of signal reagent and 100 puL of HRP were added to 700 yL of dH.O and mixed. The
solution was then equilibrated to the desired level of chemiluminescence output (between 2 and 3 X 107 cpm) for
100 seconds. One hundred microliters of the prepared seminal plasma was added to the signal reagent and HRP and
the chemiluminescence were measured. Suppression of chemiluminescence and the time from the addition of
seminal plasmato 10% recovery of theinitial chemiluminescence was recorded. Antioxidant capacity was expressed
as molar Trolox equivalents.

ROSTAC Score

The ROS and TAC values from controls were used to create a scale of these 2 variables that uses the
control values as reference points (Sharma et al, 1999). The log of (ROS + 1) was used in calculations so that
both values were normalized to the same distribution. First, both log (ROS + 1) and TAC were standardized to
z-scores (mean = 0, standard deviation [SD] = 1) so that both would have the same variability. These standardized
scores were calculated by subtracting the mean values of the controls from each individuals observed value and
dividing by the SD of the control- population. For instance, among the controls, the mean log (ROS + 1) is
1.3885, and their SD is 0.7271, these values are applied below:

Forlog (ROS + 1): standardized ROS + [log (ROS + 1) - 1.3885] / 0.7271
For TAC: standardized TAC = (TAC - 1650.93) / 532.22



These 2 standardized variables were then analyzed with principal component analysis, which provides
linear combinations (or weighted sums) that account for the most variability among correlated variables. The first
principal component provided the following linear equation:

Principal component = (-0.707 x standardized ROS) + (0.707 x standardized TAC)

To ensure that the distribution of the standardized ROS-TAC score would have a mean of 50 and an SD of
10 in norma controls, the ROS-TAC score was transformed as:

ROS-TAC score = 50 + (principal component x 10.629)

For example, if a donor specimen gives an ROS value of 10.3 and a TAC of 2499.0, initialy the ROS would be
converted to log (10.3 + 1), or 1.05. Next, the values would be standardized as follows:

Standardized ROS = [1.05 - 1.3885] / 0.7271 = (-0.3385/ 0.7271) = -0.46
Standardized TAC = (2499.00 - 1650.93) / 532.22 = (848.07 / 532.22) = 1.59
This will then be converted to the ROS-TAC score as follows:
ROS-TAC score = 50 + [(-0.707 x -0.460) + (0.707 x 1.590)] x 10.629
ROS-TAC score = 50 + [(0.33) + (1.12)] x 10.629 = 50 + 15.42 = 65.42

By comparison, a patient with a high ROS vaueof 92,-36.36 comorlog (ROS + 1) vaue of 4.97 and low
TAC of 1106.85 Trolox equivalents would have an ROS- TAC score of 5.33.

Satistical Methods

The semen characteristics, ROS, and TAC levels were compared among the 3 groups of infertile
normospermic men and the control group with ANOVA. If significant differences were indicated (P < .05,
two-tailed tests), pairwise Dunnett's tests were used to compare each group of infertile men with the control group.
The sample was sufficient to detect 13-point differences (the differences previously observed between infertile and
fertile patients) between patient groups and donors with at least 90% power (two-tailed tests, P < .05). Percentage
of patients with detectable WBCs and the amount of cells were compared among groups with Fisher's exact tests
and Kruskal-Wallis tests, respectively. Spearman's rank-correlation was used to assess the relationship between
WBCs and the ROS-TAC score. ROCS, which illustrate sensitivity and specificity over the entire range of values,
were used to compare the ability of ROS. TAC, and the ROS-TAC score to discriminate between patients and
donors. The percentage area under the curve indicates the estimated percentage that would be correctly classified as
either fertile or infertile if used as a diagnostic tool.

In addition to comparisons with controls, the normospermic patients ROS-TAC scores were compared
with 2 other male factor patient groups. These were 13 fertile and 39 infertile male factor patients from 2 groups of
patients with varicocele and vasectomy reversal from our earlier study (Sharma et a, 1999). These mae factor
patients did not differ in semen characteristics, however, their ROS-TAC scores differed significantly. The
estimated probability of infertility (with 95% confidence intervals [Clg]) in normospermic maes was calculated
using the logistic regression estimates. These were based on the known fertility status of patients and used to
provide a point of comparison for ROS-TAC levels.

All summary statistics are presented as mean + standard error of the mean (SEM). The SAS statistical
software package (SAS Institute Inc, version 6.12, Cary, NC) was used for statistical calculations.



Results

Comparisons of semen characteristics indicated no significant differences in sperm concentration (P = .52),
WHO morphology (P = .28), and Kruger's morphology (P = .63); among the patient groups. Significant differences
in motility were observed among the groups (P = .04) and patients with varicocele had higher motility (66.1% +
3.8%) than the controls (52.0% + 3.0%; P = .006). However, none of the patient groups had reduced motility
compared with the controls. Although al patients with leukocytospermia were excluded from the study, 6 of the 43
(14%) patients had either a WBC count of 0.4 x 106/mL (n = 3) or 0.8 x 108/mL (n = 3). There were no
differences among the 3 groups in their white cell counts (Table 1), and there was no correlation between WBCs
and the ROS-TAC score (r =-.16; P =.32).

Table 1. Percentage of normospermic subfertile men with detectable white blood cell levels and mean levels among the 3
groups*

Groups Percentage with Detectable WBCs Mean WBCs (x 106/mL)
Normospermic infertile group 14.0% (95°/a Cl, 5.3%--27.9%) 0.08 £0.03
Varicocele only 18.8% (95% Cl, 0.2%-41.3%) 0.13+0.07
Female factor only 12.5% (95% Cl, 4.1%-45.6%) 0.08 + 0.06
Idiopathic 9.1°/a(95% Cl, 1.6%-38.3%) 0.04+0.04
Pvaue t 0.87 0.69

* Vauesare mean £ SE. All Pvaluesindicate significance of differences comparing three diagnoses. WBC indicates white
blood cell.
T P <.05 was considered significant.

Despite the fact that semen parameters were not significantly altered among the patients, evidence of
increased oxidative stress was seen in these patient groups. When patients were considered as a single group, mean
ROS level was significantly higher compared with the controls (Table 2). However, among the subgroups, the only
patient subgroup that was significantly different from controls was the idiopathic infertility group. ROC curves were
used to compare ROS, TAC, and the ROS-TAC score by quantifying their sensitivity and specificity over their
values. The resulting area under the curve represents the rates of the scores, which accurately classifies patients and
donors. When an ROC curve was calculated to determine the ability of the ROS leve to distinguish donors from
infertile men, the area under the curve was 63.2% (95% ClI, 50.0% to 77.3%; Figure 1). Also, total antioxidant
capacity was higher in controls than patients, both when considered as an overal group and when divided into
subgroups (Table 2). The area under the ROC curve for TAC measurements was 86.0% (95% Cl, 76.9% to
95.1%; Figure 1).

In addition, ROS-TAC scores were significantly higher in controls than patients, both when patients were
considered as a group and when they were divided into subgroups (Table 2). The area under the ROC curve for
ROS-TAC scores was 82.4% (95% Cl, 71.7% to 93.2%; Figure 1).

Figure 2 illustrates the distribution of the ROS-TAC score among the known control and the 3 groups of
normospermic infertile men. In addition, a control group and treated male factor patients with known fertility
outcome (fertile and infertile) from a previous study that vaidated the ROS-TAC score (Kolettis et al, 1999) were
also compared. ROS-TAC scores in the 3 groups with unknown fertility outcome were significantly lower than both
donors and fertile-treated male factor patients. The normospermic patient groups were comparable to infertile male
factor patients. The ROS-TAC score is scaled to have a mean of 50 and an SD of 10 among the control group. Of
the 43 normospermic men, 15 (35%) had ROS-TAC scores within 1 SD of the control mean, 16 (37%) were
between 1 and 2 SDs below the mean, and the remaining 12 (28%) were 2 SDs below the mean or more (Table 3).
To illustrate the potential effect of these low ROS-TAC scores on fertility, logistic regression indicated that men
with lower ROS-TAC scores had higher probability of infertility during follow-up. Based exclusively on ROS-TAC
scores of other infertile men with mae factor diagnoses, we estimated that approximately 78.9% (95% ClI,
62.6%0-89.2%) of normospermic infertile males would fail to conceive children during a year of follow-up.




Because femae-factor patients may have confounding diagnoses that affect their fertility rates, if only idiopathic
and varicocele are considered, their 1-year fertility rate is estimated at 20.6% (95% ClI, 10.6%37.1%). Obvioudly,
many factors play important roles in male infertility, however, using this group of male factor patients, we can
demonstrate that normospermic infertile men have oxidative stress levels that may be of clinical significance.

Table2. ROSand TAC levels and the ROS-TAC score in normosper mic subfertile men and controls *

Log (ROS + 1) TAC
Groups (Count Per Minute) (Trolox Equivaent) ROS-TAC Score
Controls 1.39+0.16 1650.93 + 95.87 500+21
Normospermic infertile group 1.76 £ 0.14 (P = .004) 970.19 + 73.95 (P <.001) 35.7+ 1.8 (P<.001)
Varicocele only 146+ 0.22 (P=.81) 888.5 + 127.19 (P <.001) 39.0+ 3.1 (P=.005)
Female factor only 162+ 0.21 (P = .41) 951.87 + 121.2 (P < .001) 36.8+ 3.1 (P<.001)
Idiopathic 2.29+0.25 (P=.004) 1103.80 + 145.03 (P =.002) 30.7+33(P<.001)

* Vauesare mean = SE. All P valuesindicate significance of difference when compared with control value. P < .05was
considered significant. ROS indicates reactive oxygen species, TAC, total antioxidant capacity.
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Figure 1. ROC curves show that levels of ROS, and particularly Figure 2. Box-plots illustrating ROS-TAC score values across 6
TAC and the ROS TAC score, significantly distinguished controls  groups of maes: controls, fertile male factor patients, infertile mae
from normospermic patients in our sample. By calculating sensitivity  factor patients, and 3 groups of normospermic patients (female factor
and specificity over al vaues, the area under the curves represent  only, idiopathic, and varicocele). The box represents the 25th and
the proportion of accurately classified patients and donors. 75th percentiles, and the line crossing through the box is the median.

Discussion

Normal sperm counts and other variables measured in routine semen analysis do not ensure fertility. Other
factors not measured .in routine semen analysis, such as cytokines and ROS, have been related to infertility
(Iwasaki and Gagnon, 1992; Huszar and Vigue, 1994; Sharma and Agarwal, 1996). ROS, which can be generated
by sperm, polymorphonuclear neutrophils (PMNSs), and macrophages, impair sperm function (Alvarez et al, 1987;
Aitken and Clarkson, 1989; Aitken et al, 1992; de Lamirande and Gagnon, 1993, 1995; Lewis et a, 1995;
Shekarriz et a, 1995; Sharma and Agarwal, 1996; Aitken, 1997, 1999; Alkan et a, 1997). In our study, we
excluded patients with high semina WBC concentrations to rule out known causes of male infertility. This measure
ensured that the production of ROS in the specimen was primarily due to the spermatozoa.

Higher levels of ROS are found in samples from men with oligospermia, asthenospermia, and
teratospermia (Aitken et al, 1992; Lewis et a, 1995; Sharma and Agarwal, 1996; Griveau and de Lannou, 1997).
Also, sperm membrane lipid peroxidation has been reported in samples from 12% of fertile normospermic men
(Huszar and Vigue, 1994).

Some physicians will refer the male partner of a couple seeking treatment for infertility to an andrologist

6




only when semen anaysis finds abnormal sperm count, matility, or morphology. However, some normospermic
men till fail to conceive despite aggressive treatment of the female, because the male partner has abnormalities in
the fertilizing ability of the spermatozoa that are not manifested in a ssmple semen analysis.

Table 3. Relationship between ROS TAC score* diagnosis, and predicted chances of 1-year infertility after 1-year
follow-up in 34 normosper mic infertile men, on the basisof comparisons with male factor patients of known fertility
outcome

ROS-TAC Score No. Subjects Mean £ SE Predicted Chance of Fertility t

All diagnoses, by ROS-TAC Score

<30 12 252+09 10.8% (95% Cl, 3.7%--28.1 %)

30t040 16 356+0.7 18.5% (95% Cl, 9.2%-33.9%)

>40 15 472+19 31.9% (95°/a Cl, 18.2%-48.6%)

Total 43 35.7+18 21.1% (95% Cl, 10.8%-37.4%)
By Clinicd Diagnoses

Female factor 16 36.8+3.1 21.8% (95% Cl, 11.2%-37.9%)

Idiopathic 11 30.7+33 17.4% (95% Cl, 8.3%-34.1%)

* ROS-TAC = reactive oxygen species-total antioxidant capacity. Healthy donor's mean ROS-TAC score = 50.
T Predicted fertility rates are based on logistic regression estimates comparing fertile and infertile male factor patients, and based only on
ROS-TAC scores.

As oxidative stress plays an important role in male infertility (Jones et a, 1979; Aitken and Clarkson, 1987,
Alvarez et d, 1987; Sharma and Agarwal, 1996; Twigg et a, 1998; Lopes et a, 1998; Aitken, 1999), we
hypothesized that an imbalance between ROS generation and antioxidant ability to scavenge ROS could be one of
these hidden factors in the face of apparent normal sperm characteristics. Our results show that 3 types of infertile
men (those with varicocele with partners without female factors, those with no male factor but with partners with
female factors, and those with idiopathic infertility) have relatively high ROS levels in their semen. In our earlier
work, we demonstrated that men with clinical varicocele have devated levels of ROS and that this may be
responsible for their infertility as a result of oxidative stress (Hendin et a, 1999). Current studies in our |aboratory
are assessing if varicocelectomy in these groups of patients results in a reduction of their semina oxidative stress
and its relationship with their fertility. Despite the small sample size of our idiopathic infertility group, our results
were compatible with data from a previous report demonstrating the presence of oxidative stress in men with
idiopathic infertility (Alkan et a, 1997).

The fact that oxidative -stress plays an important role in male infertility is well documented (Alvarez et a,
1987; Sharma and Agarwal, 1996; Lopes et al, 1998; Twigg et a, 1998; Aitken, 1999). One of the possible
mechanisms contributing in the pathophysiology of male infertility in the face of apparent norma semen
characteristics could be an imbalance between the generation of ROS and the ability to scavenge ROS by
antioxidants. Our results show that men who have varicoceles with no female factor, pure female factor, or
idiopathic infertility have increased ROS levelsin their semen.

Oxidative stress is the result of an imbalance between the production of ROS and the ability to scavenge by
antioxidants (Geva et al, 1996, 1998; Sharma and Agarwal, 1996; Griveau and de Lannou, 1997). It is difficult to
eva uate the effectiveness of any antioxidant in isolation because there appears to be a cooperation between various
enzymatic or nonenzymatic antioxidants (de Lamirande and Gagnon, 1993; Lenzi et al, 1993; Lewis et a, 1995,
1997; Geva et a, 1996, 1998; Suleiman et al, 1996). Therefore, we measured total nonenzymatic antioxidant
capacity (Martin-Du Pan and Sakkas, 1998). However, the seminal TAC levels of infertile normospermic patients
are unknown.

We found that infertile normospermic men, irrespective of the diagnosis, had lower TAC levels than
controls. We also measured ROS and a composite ROS-TAC score, which incorporates both measures of oxidative
stress and thus may better represent any imbalance between them (Martin-Du Pan and Sakkas, 1998). The
ROS-TAC score was lower in the 3 groups of infertile normospermic men than in the controls. In distinguishing
fertile from normospermic infertile men, the ROS-TAC score was comparable to TAC but was better than ROS
aone. The normospermic infertile men had lower ROS-TAC scores than the controls. These values were
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comparable in al groups of normospermic infertile patients. Based on comparisons with other groups of known
infertile men, we predicted that 79% of the infertile men in our study will still be infertile at the 1year follow-up.
We intend to follow these men to assess their fertility outcome at 1 year to validate the estimated fertility outcome.

The unusua finding that men whose partners had female factor infertility also had high oxidative stress
indicates that the true cause of infertility in these men is not the female factor alone, but oxidative stress that was
not diagnosed earlier. Normospermic men seeking infertility evauation should be examined for oxidative stress.
Men with normal semen analysis and high oxidative stress may benefit from antioxidants.

Empirical trials of ora vitamin E or intramuscular glutathione among infertile men have shown promising
results, including improved semen characteristics and high rates of fertilization in vitro (Lenzi et a, 1993; Geva et
a, 1996; Suleiman et al, 1996; Ford and Whittington, 1998; Martin-Du Pan and Sakkas, 1998; Tarin et al, 1998).
Furthermore, ascorbic acid (vitamin C) protects human spermatozoa against endogenous oxidative DNA damage
(Fraga et a, 1991). Antioxidants are likely to benefit only men whose infertility is caused by oxidative stress.
Further studies could evaluate antioxidant therapy for normospermic infertile men.

The equations for calculation of the ROS-TAC score may appear cumbersome, however, it basicaly
involves including observed ROS and TAC values into an equation that includes severa constants. These constants
can be included in a spreadsheet or database for automatic calculation of the score. For quality control purposes, it
is necessary to measure ROS and TAC among a group of donors and statistically test whether they differ from "50"
with a 1-sample t test. If differences exig, it is important to use the mean and SDs of the new sample in the
ROS-TAC equations to maintain the properties of the mean of 50 and SD of 10. Also, quality control should be
performed regularly to assess intraobserver and interobserver variability to evaluate levels of reiability.

Infertility in men with norma semen characteristics may be the result of semina oxidative stress. Tota
antioxidant capacity and ROS-TAC scores can better distinguish fertile from infertile men than ROS aone, and thus
are probably better measures of oxidative stress. One of the limitations of our study was the fact that we did not
study the actual pregnancy rates. In this pilot study, the observation that normospermic men demonstrate increased
levels of oxidative stress indicates that it may be important that men seeking fertility treatment, irrespective of
normal semen analysis, be tested for ROS, and TAC as an additional measure to infertility evaluation. This may be
beneficia to the patient because if the infertility is largely related to oxidative stress, antioxidant therapy may be
helpful. However, further research using randomized controlled trials is necessary to verify if additional antioxidant
supplementation will actualy help these men.

References
Aitken RJ. Buckingham D, West K, Wu FC. Zikopoulos K, Alkan I. Simsek F, Haklar G, Kervancioglu E, Ozveri H,
Richardson DW. Differential contribution of Yalcin S, Akdas A. Reactive oxygen species production
leukocytes and spermatozoa to the generation of by the spermatozoa of patients with idiopathic
reactive oxygen species in the ejaculates of infertility: relationship to seminal plasma antioxidants.
oligozoospermic patients and fertile donors. J Reprod JUrol. 1997;157:140-143.
Fertil. 1992;94:451462. Alvarez JG. Touchstone JC. Blasco L, Storey BT
Aitken RJ, Clarkson JS. Cdlular basis of defective sperm Spontaneous lipid peroxidation and production of
function and its association with the genesis of reactive hydrogen peroxide and superoxide in human
oxygen species by human spermatozoa. J Reprod spermatozoa: superoxide dismutase as mgjor enzyme
Fertil. 1987;81:459-469. protectant against oxygen toxicity. J Androl.
Aitken RJ, Clarkson JS. Generation of reactive oxygen 1987;8:338348.
species, lipid peroxidation, and human sperm function. de Lamirande E, Gaghon C. Human sperm hyperactivationin
Biol Reprod. 1989;40:183-197. whole semen and its association with low superoxide
Aitken RJ. Molecular mechanisms regulating sperm scavenging capacity in semina plasma. Fertil Steril.
function. Mol Hum Reprod. 1997;3:169-173. 1993;59:1291-1295.
Aitken RJ. The Amoroso L ecture, the human de Lamirande E, Gagnhon C. Impact of reactive oxygen
spermatozoon-a cell in crisis? JReprod Fertil species on spermatozoa: a balancing act between
1999;115:1-7. beneficial and detrimental effects. Hum Reprod.

1995;10:15-21.



Ford WCL, Whittington K. Antioxidant treatment for male
subfertility: a promise that remains unfulfilled. Hum
Reprod. 1998;13:1416-1419.

Fraga CG. Motchnik PA, Shigenaga MK, Helbock HJ, Jacob
RA, Ames BN. Ascorbic acid protects against
endogenous oxidative DNA damage in human sperm.
Proc Natl Acad Sci USA. 1991;88:1422-1424.

Geva E. Batoov B, Zabludovski N, Lessng 1B,
Lerner-Geva L, Amit A. The effect of antioxidant
treatment on human spermatozoa and fertilization rate
in an in vitro fertilization program. Fertil Seril.
1996;66: 430-434.

GevaE, Lessing JB, Lerner-Geva L, Amit A. Free radicals,
antioxidants and human spermatozoa:  clinical
implications. Hum Reprod. 1998;13: 1422-1424.

Griveau JR de Lannou D. Reactive oxygen species and
human spermatozoa. Int J Androl. 1997;20: 61-69.

Hendin BN. Kolettis PN. Sharma RK, Thomas AJ Jr,
Agarwal A. Varicocele is associated with eevated
spermatozoal reactive oxygen species production and
diminished seminal plasma antioxidant capacity. J
Urol. 1999:161:1831-1834.

Huszar G, Vigue, L. Correlation between the rate of lipid
peroxidation and cellular maturity as measured by
creatine kinase activity in human spermatozoa. J
Androl. 1994:15:71-77.

Iwasaki A, Gagnon C. Formation of reactive oxygen species
in spermatozoa of infertile patients. Fertil Seril.
1992;57:409-416.

Jones R. Mann T. Sherins RJ. Peroxidative breakdown of
phospholipids in human spermatozoa: spermicida
effects of fatty acids peroxides and protective action of
seminal plasma. Fertil Steril. 1979;31:531537.

Kolettis PN, Sharma RK, Pasgualotto FF. Nelson D,
Thomas AJ Jr, Agarwa A. Effect of semina oxidative
stress on fertility after vasectomy reversal. Fertil
Steril. 1999; 71:249-255.

Lenzi A. Culasso F Gandini L, Lombardo F, Dondero F
Placebo-controlled, double blind, cross-over trial of
glutathione therapy in male infertility. Hum Reprod.
1993;10:1657-1662.

Lewis EM, Sterling ESL, Young IS, Thompson W.
Comparison of individual antioxidants of sperm and
seminal plasma in fertile and infertile men. Fertil
Steril. 1997;67:142-147.

Lewis SE, Boyle PM, Mckinney KA, Young |IS. Thompson
W. Total antioxidant capacity (TAC) of semina plasma
is different in fertile and infertile men. Fertil Steril.
1995; 64: 868-870.

Lopes S, Jurisicova A. Sun J, Casper RE Reactive oxygen
species. potential cause for DNA fragmentation in
human spermatozoa. Hum Reprod. 1998;13:896-900.

Martin-Du Pan RC, Sakkas D. Is antioxidant therapy a
promising strategy to improve human reproduction?
Are antioxidants useful in the treatment of mae
infertility? Hum Reprod. 1998;13:2984-2986.

Sharma RK, Agarwal A. Reactive oxygen species and male
infertility. Urology. 1996:48:835-850.

Sharma RK, Pasqualotto FF, Nelson DR, Thomas AJ Jr.
Agarwal A. The reactive oxygen species-tota
antioxidant capacity (ROS-TAC) score is a new
measure of oxidative stress to predict male infertility.
Hum Reprod 1999;14:2801-2807.

Shekarriz M, Sharma RK, Thomas AJ J, Agawal A.
Positive myeloperoxidase staining (Endtz test) as an
indicator of excessive reactive oxygen species
formation in semen. J Assist Reprod Genet. 1995;12:
70-74.

Smith R, Vantman D. Ponce J, Escobar J, Liss E. Tota
antioxidant capacity of human seminal plasma. Hum
Reprod 1996;11:1655-1660.

Suleiman SA. Ali ME, Zaki ZM, e-Maik EM, Nasr MA.
Lipid peroxidation and human sperm motility:
protective role of vitamin E. J Androl.
1996;17:530-537.

Turin J1, Brines J, Cano A. Is antioxidant therapy a
promising strategy to improve human reproduction?
Antioxidants may protect against infertility. Hum
Reprod 1998;13:1415-1416.

Twigg J, Fulton N, Gomez E, Irvine DS, Aitken RJ. Analysis
of the impact of intracellular reactive oxygen species
on the structura and functiona integrity of human
spermatozoa: lipid peroxidation, DNA fragmentation
and effectiveness of antioxidants. Hum Reprod 1998;
13:1429-1436.

World Health Organization. WHO Laboratory Manual for
rile Examination of Human Semen and
Sperm-Cervical Mucus Interaction. 4th ed. New Y ork,
NY: Cambridge University Press; 1999.

Zini A, OBryan MK, Isradl L, Schlegel P Human sperm
NADH and NADH diaphorese cytochemistry:
correlation  with  sperm  motility.  Urology.
1998;51:464-468.



	Abstract
	Materials and Methods
	Semen Analysis
	WBC Count
	Reactive Oxygen Species
	Total Antioxidant Measurement
	ROS-TAC Score
	Statistical Methods
	Results
	Discussion
	References
	Table 1
	Table 2
	Table 3
	Figures 1 & 2

