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ABSTRACT: A total of 28 donor semen samples were used to eval-
uate the characteristics of laboratory variability in measuring reactive
oxygen species (ROS). The objectives of this study were to assess
the interassay (same sample observed on different days by the
same observers) variability; interdonor, intraobserver (replications of
the same sample on the same day) variability; and interobserver
(multiple observers on the same day with the same sample) vari-
ability of the luminol-dependent chemiluminescence assay and to
establish an optimal semen age and sperm concentration. Semen
samples were collected from 6 healthy donors for 108 measures of
ROS. ROS levels were measured by the assay using luminol as the
probe. An additional assessment measured the effect of time (age
of the sample) on ROS production in 12 donor samples at 60, 120,
180, and 240 minutes after the specimen was produced. Last, to
evaluate the effect of sperm concentration on ROS production, ROS
levels were measured in 10 donor sample aliquots with sperm con-
centrations ranging from 1 to 120 X 10%mL. In the controls, the
mean ROS level was 0.218 X 10° counted photons per minute; the
interassay variability standard deviation (SD) was 0.077. The inter-

observer SD was 0.002 for an interobserver reliability of 97.5% (co-
efficient of variation [CV] = 0.9%). The intraobserver (between rep-
lication) SD was 0.001 for an intraobserver reliability of 98.7% (CV
= 0.5%). The interassay SD was 0.005 for an interassay reliability
of 93.8% (CV = 2.0%). There was no statistically significant inter-
observer, intracbserver, or interassay variation (P > .80). ROS lev-
els decreased significantly with time; a dramatic decline in ROS pro-
duction was seen in the specimens that were more than 60 minutes
old (P < .001). ROS values decreased by 31% at 120 minutes and
62% at 180 minutes compared with the 60-minute-old specimens. A
linear relationship was seen between the ROS levels and sperm
concentration in 8 of the 10 samples analyzed (R? = .99). Our re-
sults demonstrate that the luminol-dependent chemiluminescence
assay for ROS measurement is both accurate and reliable when the
sperm concentration is greater than 1 X 10%/mL and the samples
are analyzed within the first hour after specimen collection.
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he role of reactive oxygen species (ROS) in malemajor role in the pathophysiology of male infertility (Pas-
infertility is now well recognized (Aitken and Clark- qualotto et al, 2000).
son, 1987; Iwasaki and Gagnon, 1992; Aitken and Fisher, ROS measurement appears to be a helpful tool in the
1994; Sikka et al, 1995; Sharma and Agarwal, 1996; Gri4nitial evaluation and follow-up of infertile male patients
veau and de Lennou, 1997; Ochsendorf, 1999). Becaussecause high oxidative stress seems to be strongly cor-
spermatozoa contain a large amount of polyunsaturateglated with low fertility (Sharma et al, 1999). Also, a
fatty acids, have an elevated level of metabolic activity,decrease in the functional competence of spermatozoa
and lack a sufficient number of repair and antioxidant(sperm-oocyte fusion, acrosome reaction, and zona-free
systems, they are vulnerable to ROS attack (Jones et dlamster oocyte penetration test) has been linked to high
1979; Alvarez et al, 1987; Aitken, 1989; Rao et al, 1989;ROS levels (Aitken et al, 1989a; Gomez et al, 1996).
Aitken et al, 1993) Irrespective of the clinical diagnosis Numerous assays for ROS measurement have been in-
and semen characteristics, the presence of seminal 0X%rpduced (Sharma and Agarwal, 1996; Ochsendorf, 1999).
dative stress in infertile men suggests that ROS plays f1easuring ROS directly in vivo is difficult because re-
active oxidants are highly unstable and generally have
Supported by a grant from the Cleveland Clinic Research Programélery short-lived intermediates. Free radicals can be de-
Committee. tected directly by electron paramagnetic resonance spec-
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Research and Clinical Laboratories, Urological Institute, The Clevelanda|koxy| or peroxyl radicals, the measurements must be
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(e-mail: agarwaa@ccf.org). performed at low temperatures—a condition that limits
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uary 13, 2001. A wide variety of indirect methods of ROS measure-

568



Kobayashi et al - Measuring Reactive Oxygen Species 569

ment have been designed (Weber, 1990; Ochsendorfe administration guidelines by determining the optimal
1999). These assays detect oxidized end products. Thleemen age and concentration.

chemiluminescence assay is one such method (Murphy

and Sies, 1990; Aitken and Buckingham, 1992; Aitken et

al, 1992). Two probes may be used with the assay: luMaterials and Methods

minol and lucigenin. A luminol-mediated chemilumines-

cence signal in spermatozoa occurs when luminol oxidizSubject Selection

es at the acrosoma}l level. IjummOI .undergoes an intragy;q study was approved by the Institutional Review Board of
cellular deoxygenation reaction mediated by a heterogesyr hospital. Normal healthy men were screened and 10 of them
neous group of sperm peroxidases in the presence @fere selected on the basis of normal semen analysis according
hydrogen peroxide, whereas lucigenin is oxidized at theo guidelines of the World Health Organization (WHO, 1992).
extracellular level by the superoxide anion (Aitken andA total of 28 donor semen samples were used to evaluate the
Buckingham, 1992; Aitken et al, 1992). characteristics of laboratory variability in measuring reactive ox-
The luminol assay is more advantageous for a numbefden species (ROS).

of reasons. It can measure,®}, O,*~, and OH levels
(Murphy and Sies, 1990; McKinney et al, 1996; Sharm
and Agarwal, 1996), although it cannot distinguish thesesemen specimens were collected by masturbation after 48 to 72
oxidants from one another. It can also measure the globdours of sexual abstinence. The specimens underwent complete
level of ROS under physiological conditions, and it is liquefaction at 37C for 20 minutes, and hL of each specimen

easy to use. In addition, the assay can measure both e¥as l0aded on a 2{it. Microcell chamber (Conception Tech-

. . . nologies, San Diego, Calif) where it was analyzed for sperm
trf’:lcellular'alln.d intracellular ROS, which means it hfas aconc%ntration andgmotion fz:haracteristics usingya computF:ar-as-
h'gh_ sensitivity (Sharma_and Aggrwa_l, 1996). Multlple sisted semen analyzer (Cell-Track, version 4.24; Motion Anal-
studies have correlated high chemiluminescent signals U$sis Corporation, Palo Alto, Calif).

ing luminol as a probe with adverse effects on sperm

function. The assay can be sensitized by adding hors&Quantitation of White Blood Cells

radish peroxidase to the sperm suspension, thereby in-

ina th t lumi | | he presence of white blood cells (WBCs) in each of the spec-
creasing the spontaneous luminescence Ievels COmmoOny o \as assessed using myeloperoxidase staining (Endtz test).

observe_d n heal_thy semen Samples_ (Altke_n et al, 1992)a >0, volume of liquefied specimen was placed in a 2.0-mL
The final chemiluminescent signal is the integrated sumryogenic vial (Corning Coster Corp, Cambridge, Mass)u20

of the partial signals generated by every spermatozoormf phosphate-buffered saline (PBS; pH 7.0) andu40of ben-

In this way, the amount of ROS measured is related taidine solution were added. The mixture was vortexed and al-

the ROS production capacity of each spermatozoon ani@wed to sit at room temperature for 5 minutes. The peroxidase-

the number of spermatozoa with this ability in a given positive WBCs turned brpwn, and these cells were gountgd in

sample. To optimize the ROS assay, several authors ha@ 100 squares of the grid in a Makler chamber (Sefi Medical,

maintained a constant sperm concentration (10x2I0F Haifa, Israel). The results after correction for dilution were re-

tozoa/mL). H that is difficult t hi corded as 1OWBC/mL of the ejaculate. Specimens with an
spermatozoa/mL). However, that is difficult to ac I®VE, Endtz value of greater than X 10° WBC/mL were excluded

particularly in patients with oligospermia (Aitken et al, fom the study as we wanted to analyze only normal semen
1989b). samples without leukocytospermia.

In addition, ROS generation is an energy-dependent re-
action that requires large amounts of substrate ®i-  Seminal Chemiluminescence Measurement

veau et a_ll’ 1998) _and_mEtabmlcauy active Spermatozoa}é\fter liquefaction, semen specimens were processed for ROS
both decline with time in semen samples. As a result, thg,easurement. Briefly, samples were centrifuged at 8afor
accuracy of the assay may be influenced by the age of minutes and the seminal plasma was removed. The sperm pel-
the semen sample. The presence of antioxidants in semé was suspended in 3 mL of Dulbeccos PBS solution (Irvine
samples will also influence this time- and energy-depenScientific, Santa Ana, Calif) and washed again at 30 for 7

dent ROS generation. minutes. The sperm concentration was adjusted to 2@%/mL

For clinical purposes, it is important to have a reliablePefore ROS measurement. ROS formation was measured by a

and reproducible method of ROS measurement. Alsgcemiluminescence assay usingb of luminol (5 mM, 5-ami-

strict quality control must be observed for this assay tg0-2: 3-dihydro-1, 4-phthalazinedione, Sigma Chemical Com-

b lid i linical lab . he obiecti fpany, St Louis, Mo). The luminometer measured chemilumines-
e valid in a clinical laboratory setting. The objectives o cence in the integration mode at°87for 15 minutes after lu-

this study were to assess the intra-assay, interassay, iRfnol was added. ROS production was expressed as counted
traobserver, and interobserver variability of the luminol-photons per minute (cpmy) 10°. The study design for various
dependent chemiluminescence assay and to standardizeasures is shown in Figure 1.

aSemen Collection and Assessment of Semen Variables
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ized water. To assess the relevance of the amount of light present

INTER-DONOR VARIABILITY in the environment, the basal chemiluminescence was measured
in 5 tubes previously exposed for 2 hours to a common light
SIX DONORS source and in 5 tubes stored in the dark.

Interobserver and Intraobserver Variation
The analysis of the sources of variability illustrated in Figure 1

was evaluated with 108 ROS measurements from 6 donors. In

INTER-OBSERVER VARIABILITY all the specimens, ROS production was measured in duplicate
simultaneously by 3 different observers. The interobserver var-
THREE OBSERVERS iation was obtained by analyzing the differences in the results

produced by the 3 observers. The intraobserver variation was

obtained by analyzing the differences between measurements of
each observer.

INTRA-OBSERVER VARIATION Effect of Time on ROS Production

To assess the effect of time (age of the sample) on ROS pro-

TWO REPLICATIONS duction, 12 semen samples were analyzed for semen character-
istics. Each sample was mixed with PBS (pH 7.4) and split into
4 equal aliquots. These samples were processed and analyzed for

ROS production at 60, 120, 180, and 240 minutes after the sam-
ples were collected.
INTER-ASSAY VARIABILITY Effect of Washed Cellular Segments of Whole Semen on
THREE DAYS OF MEASUREMENTS ROS Production

Ten semen samples were analyzed to assess the effect of washed

PER SAMPLE cellular segments of whole semen on ROS production. After
liquefaction, the sample was washed and the pellet was sus-
pended in 1 mL of PBS buffer. The sperm concentrations were

adjusted to range from 1 to 120 10° spermatozoa/mL. Each
concentration was tested at the same time in duplicate.

Figure 1. Flow chart demonstrating the measurement of interassay, intra- To standardize the relationship between the sperm concentra-

assay, interdonor, intraobserver, and interobserver variability in the tion and ROS levels, the results of each concentration were ex-
amount of ROS production. pressed as $0cpm/20 X 10° spermatozoa. The adjusted ROS
value was as follows:

Intra-Assay Variation Luminescence (cpm¥ 20 X 10

To measure the intra-assay variation, a blank tube containing Sperm concentration in the sample
only 400 uL of PBS buffer and an assay control containing 5
pL of luminol working solution and 40Q.L of PBS buffer were
used. All the samples were measured in duplicate. To obtain théhe differences between the actual value and the standardized
ROS level, the average control reading was subtracted from thealue were calculated.

average of the actual test values (ie, sample luminescence

average sample reading average background reading). Statistical Analysis

= ROS level/20X 108 spermatozoa

L Variance components were calculated using random effects anal-
Inter. assay Variation ysis of variance (ANOVA) to compute reliability (interclass cor-
Interassay variability was evaluated by measuring ROS from theelation). As opposed to “fixed effects ANOVA,” random ef-
same assay on 3 separate days. In addition, a separate evaluatfents ANOVA estimates the components of variance associated
of temporal variation (intradonor variability) of ROS within do- with each source of variability (eg, between observers) and de-
nors was evaluated by measuring 3 different specimens of eadermines whether this variability is significantly greater than
donor during a 3-week period as described previously. The ROSero. Reliability is computed as the ratio of intra-assay variabil-
measurements were performed using a Berthold (Autolumat LBty to the total variability. Therefore, reliability measures near
953; Wallac Inc, Gaithersburg, Md) luminometer. To establish100% indicates that almost all of the observed variability is as-
the degree of variability related to the photomultiplier cell, the sociated with between sample differences, and not created by
background and the luminescence changes due to the air-watdifferent observers, days, replications, etc. Comparisons between
phase transition were measured. The basal luminescence signalrious background levels were tested using Studérg'st, and

was measured simultaneously for 15 minutes on 3 different daya pairedt test was used to compare ROS measurements between
using 7 empty polystyrene tubes and 7 tubes filled with deiondifferent ages of the samples. The relationship between sperm
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Figure 3. Effect of time (age of the sample) on ROS production in 12
Donor 1 Donor2 Donor 3 Donor4 Donor5 Donor6 Donor 7 donors. ROS values decreased by 31% at 120 minutes and 62% at 180

Figure 2. Variability in ROS production in 7 semen samples from donors minutes compared with the 60-minute-old specimens.

obtained during 3 consecutive weeks. A greater variability was seen in
3 donors (donors 4, 5, and 7) when repeated measurements were done.

Intraobserver and Interobserver Variation

The interobserver SD was 0.002, for an interobserver re-
concentration and ROS, which was quantified ds(tRe per- liability of 97.5% (CV = 0.9%). The intraobserver SD
centage of variance explained) within each sample, was calcypetween replication) was 0.001 for an intraobserver re-
lated using linear regression analysis. Statistical significance wagapility of 98.7% (CV = 0.5%). The interobserver (be-

assessed & < .05 with 2-tailed tests. The summary statistics tween the 3 individuals measuring ROS) SD was 0.002
are presented as meamSSFar.]dard deviations (SDs). Data were . a1 interobserver reliability of 97.5% (C¥ 0.9%).
analyzed by the SAS statistical software package (version 6.1 rhere was no significant interobserver, intraobserver, or

SAS Institute Inc, Cary, NC). . o L
y ) interassay variationR > .80). The temporal variations

(intradonor variability) in ROS levels at different time
periods are shown in Figure 2. Considerable intradonor

Results variability is observed within the same donor over a 3-
. week period, with a within-donor CV of 106.6%. Due to
Intra-Assay and Interassay Variation the variability in ROS levels observed within a donor, the

The background luminescence was 2:860.33 cpmX median value of triplicate measures may be most reliable.
1 when it was measured in deionized water alone. NAA similar level of intraindividual variability was also ob-
differences in the background luminescence were seen igerved in repeated measures among 7 leukocytospermic
the empty tubes when air was used as the interface (2.33amples. The mean ROS value was 14.20° cpm and

+ 0.37 cpmX 10°) versus deionized wateP(= .34). It  within individual CV was 77.2% over their multiple mea-

is important to subtract daily background values from ob-sures. These specimens were expected to have a slightly
served measurements to eliminate any potential variatiodower CV than donors because of the large mean ROS
The photomultiplier cell coefficient of variation was value.

1.6%. Light exposure increased the background lumines- , ,

cence from 3.04= 0.03 to 3.27+ 0.05 cpmx 10 (P <  Efect of Time on ROS Production

.001). However, no difference was seen when the assagOS levels decreased significantly with time; ROS pro-
was performed in total darkness. The interassay SD waguction dramatically declined in the semen specimens that
0.005, which translated into an interassay reliability ofwere more than 60 minutes ol® < .001). ROS values
93.8% (coefficient of variation [CVE 2.0%). The ROS decreased by 31% at 120 minutes and 62% at 180 minutes
level in the donor samples was 0.220.08 cpmXx 1,  compared with the 60-minute-old specimens (Figure 3).
with a minimum of 0.02 cpnmx 10° and a maximum of

0.49 cpmx 10°. The interassay SD was 0.18 cpmics;  Effect of Washed Cellular Segments of Whole Semen on
therefore, the coefficient of variation was 83.2%. This/10S Production

level of variability among donors was desirable as it al-Examination of relationships solely within individuals
lowed examination of the properties of measurement oveshowed a linear relationship between ROS production and
a range of ROS levels. sperm concentration in 8 of 10 samples. However, due to
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30~ Table 1. Effect of sperm concentration on ROS production
indicating linearity (R?) in 10 different semen specimens and their
g 25 |- ¢ median and interquartile range (25th and 75th percentile)
: Mean Sperm
g 20 R = 0.0511 Within Sample Concentration, Mean ROS,
3 o Variable R? X 108/mL X10° cpm
2 L] Sample 1 0.9878 51.6 0.118
3 R Sample 2 0.9620 128.2 0.027
P 10~ Sample 3* 0.0302* 51.3 0.130
O . . Sample 4 0.9922 76.4 0.051
T 5k : Sample 5 0.9959 64.6 0.037
¢ . Sample 6 0.9958 32.3 6.25
O et e PR B . l . | Sample 7 0.9980 22.8 3.088
0 50 100 150 Sample 8 0.9970 33.1 11.044
Sperm concentration ( x 106/mL) Sample 9 0.9945 64.6 0.037
) . . ) Sample 10* 0.3709* 139.5 0.063
Flgure.4. Overall relatlonshlp_ between sperm concgntrat!on and ROS Median 0.9934 58.1 0.090
e o0 o T o ey ZShpercentle  0%620  arp 00l
S o y P Y 75th percentile 0.9959 735 2.348

(R2 = .003 and .371).

* Samples showed a lack of “within subject” linear relationship be-
tween concentration and ROS levels. ROS indicates reactive oxygen
species; cpm, counted photons per minute.

the high interdonor variability in ROS levels between
subjects (ie, individuals with similar sperm concentrations

may differ widely in ROS), the overall relationship (if all increased by expressing the results as log (ROS), or
donors were combined) between ROS levels and spermading the leukocytic samples on a 2- or 3-layer density
concentration was not lineaR{ = .0511; Figure 4). The gradient media to remove the WBCs from the spermato-
within-donor coefficient of linearity§?) for the 10 sam- zoal population. This will provide a highly motile sperm
ples analyzed (median [25%—75% interquartile values]population devoid of leukocytes, and complete removal
was 0.993 (0.962—-0.996; Table 1). Poor linearity was seeof the contaminating WBCs can be ensured by final sep-
in 2 of the 10 samples analyze®(= 0.003 and 0.371). aration using anti-CD45 coated paramagnetic (M-450)
Surprisingly, in both cases the luminescence was less thaseads and confirming it by formyl-methionyl leucyl phe-
0.1 X 10 cpm. When the samples were analyzed for ef-nylalanine (FMLP) stimulation test. An FMLP test is spe-
fect of time (age of the sample) and sperm concentratiorgific to the receptors present only on the leukocytes and
an important decline in the slope value was observedot on the spermatozoa. The absence of a positive re-
without significant decrements in linearity (Figure 5). sponse to FMLP stimulation can confirm the absence of
Sperm concentration had no confounding effect on ROSVBCs in the fraction. The present study shows that the
levels when adjusted to 20 10°/mL (P = .60). However, assay has a high degree of reproducibility and accuracy.
this was not particularly true for the 2 patients with poor
correlation between sperm concentration and ROS levels. 4 -

—_ < 60 min
Discussion E sk 120 min
c ¥ 180 min
g ® 240 min

Given the growing evidence of the relationship betweeno

high oxidative stress and male infertility, and the clinical 2 2
usefulness of the luminol-dependent chemiluminescenc%

assay, it is important to ensure that the assay is reliablg,

and accurate. In the present study, normal healthy donor@ 1r
were used as per WHO guidelines. We excluded all do-
nors who demonstrated leukocytospermia (WBC levels of
> 1 >< 100 WBC/mL)._A simplg wash—and—rgsuspension 0 ' 5 10 15 20 o5
technique was used in preparing the specimen for ROS
measurement. However, this is not an ideal technique to
prepare spermatozoa for ROS measurement, especially fygure 5. Eﬁect of the age of the sgmp!e and sperm concentration on
samples with high Ieukocyte contamination. In such sit_ROS levels in a donor specimen. A significant decline in slope value was

. o observed without a significant decrease in linearity.
uations, the reliability of the ROS measurement can be

Sperm concentration ( X 106/mL)
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The small variations observed between the assays arbe high variation found between the subjects, a strong
between the observers confirm the reliability of this assaylinear correlation “within-subject” was seen between the
Earlier reports (Hipler et al, 1998), have shown a closesperm concentration and the ROS levels in 83% (10 of
interassay and intra-assay correlation in the coefficient&2) of the samples analyzed. It is remarkable to mention
of variance when luminol and lucigenin were used. Thethat in the 2 samples that did not show any linear rela-
Hipler study reported an intra-assay CV of 13% and artionship, low chemiluminescent signals were seen. Semen
interassay variability of 15%. Similar results have beencharacteristics show a large variation within the same in-
published in other studies (Aitken et al, 1989b). Our re-dividual. We have also demonstrated physiological vari-
sults show a clear improvement in the variability; ouration in ROS values within a given donor. A repeat spec-
intra-assay variation was 0.5% and interassay variatiommen should be obtained for a donor showing large var-
was 2.0%. This improvement in the CV may be due toiation. If a specimen that tested negative for ROS be-
the standardization of the assay and because we mincomes positive at a later time interval, it may be because
mized the age of the semen sample. Another possible exf an underlying infection or other causes. If this occurs
planation is that all our donors had low ROS levels. again on repeat evaluation, then that specimen should not
One of the most important sources of variability in thebe considered as a normal sample even though it may
ROS value is the age of the sample when it is analyzechave normal semen parameters according to WHO crite-
Our data suggest that 33% of the total variability of theria. To integrate this assay into the clinical laboratory, it
assay was related to the time when the actual analysis important to establish the range of ROS in a normal
was done. The metabolic pathways related to the RO$&ealthy population, using either a simple wash-and-resus-
production have been explained in several reports, indipend method or sperm separation on a density gradient.
cating that ROS production is an energy-dependent prdf a sample is positive for ROS generation, then a repeat
cess. Our results indicate that ROS levels rapidly decreasmecimen from the patient at a short interval could be
with time. A continuous decline in sperm viability in as- used to confirm the result. These 2 results may be aver-
sociation with a reduction in the amount of available sub-aged if the interval of collection between the specimens
strate (Q) may explain this finding. The samples in our is short (ie, less than a week). This finding will enable
study were washed and resuspended in PBS. We did ntite assay to be done in men with different clinical prob-
examine the motility and the viability of the specimenslems, such as oligospermia and hypospermia. Moreover,
at different time intervals in this study. Time-dependentthis will not only enable ROS to be measured accurately
(as short as 15 minutes) decrease in sperm motility wam patient specimens with low sperm concentrations, but
reported by Bell et al (1992) in specimens treated withit will also offer the possibility of standardizing both the
hydrogen peroxide (0.01% and 0.5%), or with a xanthineprocedure and the results in order to establish the normal
xanthine oxidase system for ROS production (de Lamivalues for the assay.
rande and Gagnon, 1992a, 1992b). These investigators Despite the strong correlation between oxidative stress
reported a higher decrease in motility compared to littleand male infertility, there is a lack of consensus in the
(10% to 20%) change using human spermatozoa, and laerature regarding the normal values of ROS levels in
13% decline in viability using mouse spermatozoa (Bairdihuman spermatozoa. The standardization of the assay is
et al, 1997), or no change using equine spermatozothe first basic step to reach a consensus, and our study
(Baumber et al, 2000) under these incubation conditionsdemonstrated a satisfactory correlation of the results with
Sperm maotility is a more sensitive indicator of oxidative minimal differences in the actual values when expressed
stress. We did not study the time-dependent change in ptas 20X 10° spermatozoa. On other hand, our study was
Our results show that to maintain the reliability of the limited in terms of the sensitivity of the assay, especially
assay, the samples must be analyzed within the first howat very low sperm concentratiorc6 X 10°/mL). The lack
after the specimen has been collected. In addition, thef correlation between sperm concentration and ROS lev-
assay should be conducted in dark because room lighls in 2 patients with low chemiluminescent signals dem-
affects the chemiluminescence. onstrates that the assay is unable to measure low ROS
Although we selected semen samples based on WH@vels. In patients with low chemiluminescence, the dif-
criteria, the variation seen between subjects was extreméerences between the background luminescence and the
ly high in our study. Different ROS levels have beensample values are related only with the intra-assay vari-
shown among subsets in samples fractionated by a Percaltion. In patients with low sperm concentrations and low
gradient (Aitken et al, 1989a). This finding supports theluminescence<0.1 X 10° cpm), expressing the result as
theory that not all spermatozoa in a given sample have a0 X 10° spermatozoa may falsely elevate ROS values.
similar capacity for ROS production. Chemiluminescence/Ne recommend that the ROS results be expressed as zero
therefore depends on the percentage of spermatozoa thatsuch cases.
have a different capacity to produce ROS. Regardless of In conclusion, our results demonstrate that the luminol-
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