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PEROXYDATION ET POUVOIR FECONDANT
DU SPERMATOZOIDE
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La formation excessive de radicaux hydropéroxydes (ROS) dans le sperme humain est associée chez certains hommes
infertiles a une dysfonction spermatique et une diminution du pouvoir fécondant. Les spermatozoides altérés ainsi que les
leucocytes du sperme sont la source principale de ces ROS. De plus, la préparation du sperme (centrifugation et lavage)
entraine une production de ces radicaux péroxydes. Le but de ce travail est d'étudier I'effet de centrifugation (temps, force
en g) sur la production des ROS dans le sperme. Il ressort que la durée de centrifugation est plus importante que la force
en g dans la génération de la péroxydation et un temps court est donc préconisé dans la préparation du sperme pour la
PMA. La forte corrélation entre la coloration de Endz et la péroxydation implique que cette coloration simple peut étre utili-
sée comme indication de la péroxydation dans l'infertilité masculine. (Contracept. Fertil. Sex., 1994, 22,5,327-330.)

Reactive oxygen species and fertilizing capacity of spermatozoa

Excessive reactive oxygen species formation in human semen has been associated with impaired sperm function and fer-
tility potential in some men with idiopathic infertility. Subnormal spermatozoa as well as white blood cells ( WBCs) are the
main source of ROS detected in human semen. Furthermore, sperm processing (centrifugation and washing) results in a
burst of ROS generation. The purpose of this study was to investigate the correlation between centrifugation parameters
(time and g-force) and ROS production and to study the correlation between ROS formation in semen and the leukocyto-

spermia. We conclude that the time of centrifugation is more imp

ortant than g-force for inducing ROS formation in semen

and recommend short-term centrifugation in the sperm preparation for assisted reproductive techniques. The strong posi-
tive correlation of Endtz test with the ROS formation in semen indicate that simple, cost efficient myeloperoxidase staining

technique (Endiz test) could be utilized as an indicator o

f excessive ROS formation in semen that may adversely affect

fertilizing capacity of spermatozoa. (Contracept. Fertil. Sex., 1994,22,5,327-330.)
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INTRODUCTION

Idiopathic infertility represents the most common cause of male
factor infertility (1). Advances in assessment of functional proper-
fies of spermatozoa revealed that defective sperm function despite
normal routine semen analysis is a common condition in this patient
population. Recent investigations on the biochemical basis of these
abnormalities suggest an association between excessive genera-
tion of reactive oxygen species (ROS) and impaired sperm function
as characterized by a failure to exhibit sperm-cocyte fusion (2).
ROS are free radicals (viz: hydrogen peroxide, the superoxide
anion, and the hydroxy! radicals), which can be produced by the
main cellular components (spermatozoa and white biood cells) of
semen (3). The deleterious effect of ROS on spermatozoa has been
shown to be mediated by lipid peroxidation of the sperm membra-
ne. Peroxide applied exogenously to a suspension of human sper-
matozoa caused peroxidation of phospholipids present in sperma-
tozoa and act as a potent spermicidal agent (4). High content of
polyunsaturated fatty acids is thought to be responsible for the sus-
ceptibility of human sperm to lipid peroxidation (2, 4). Recently,
depletion of mitochondrial ATP in the presence of these free radi-
cals has also been reported (5, 6).
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Seminal plasma and spermatozoa contains scavenger systems
such as superoxide dismutase and glutathione peroxidase / reduc-
tase (7, 8). These scavengers maintain a balance between the
generated and scavenged ROS in semen. A disturbance of this
equilibrium has been thought to result in an excessive ROS forma-
tion (3). Gagnon et coll. (10) reported that 40 % of 172 unselected
men consulting for infertility had detectable and 25 % high levels of
ROS in semen. In our own studies the incidence of positive ROS
was 22 % in a unselected population of infertile men.

In this study, the effect of sperm preparation techniques on the
level of ROS was investigated. The conventional technique for pre-
paring human spermatozoa involves repeated centrifugation and
resuspension in a fresh medium before selecting highly motile sper-
matozoa (11). Repeated centrifugation induces a significant increa-
se in (ROS) formation in a pellet of unselected cells of human
semen (12). The purpose of this study was two-fold, first to investi-
gate the correlation of centrifugation parameters, speed and time
with the ROS level in whole semen. Secondly, to determine an opti-
mal speed and time of centrifugation that may minimize ROS gene-
ration during sperm preparation.

The second part of this study addresses the correlation of leukocy-
tospermia with the formation of ROS as determined by a myelope-
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roxidase staining technique (13). Although, the significance of leu-
kocytospermia in semen remains controversial, there is now evi-
dence that white blood celts (WBCs) could adversely affect sperm
function and act as a polential cofactor in male infertility (14-16).
The mechanism by which leukocytes could alter sperm function in
vivo is currently unknown. Recent investigations suggest that reac-
tive oxygen species (ROS) generated by the polymorphonuclear
(PMN) granulocytes could adversely affect sperm function (17).

MATERIALS AND METHODS
Selection of subjects

Semen samples were obtained from 46 men who came to our labo-
ratory because of suspected subfertility and 16 normal volunteers
who were selected on the basis of normal semen analysis results
{volume 2 1.5 mL, sperm count 2 20 x 10°/ ml, motility 2 50 % and
morphology 2 50 % normal spermatozoa). Only specimens with a
sperm concentrations of 2 15 x 10* / mL. were included in this study.

Semen collection and assessment of semen parameter

Semen specimens were collected by masturbation after at least
2 days of sexual abstinence and liquified at 37 °C; for 30 minutes.
Five pL of specimen was loaded on a 20 pL Microcell chamber
(Conception Technologies, San Diego, CA) and analyzed on a
Hamilton-Thorn Motility Analyzer, HTM version 10, model: IVOS
(Hamilton-Thorn Research, Beverly, MA).

Quantitation of White Blood Cells

The presence of granulocytes in semen specimens was assessed
by the Endtz test (13). A 204L volume of liquified specimen was
placed in a Corning 2.0 ml cryogenic vial; 20 uL of phosphate-buf-
fered saline and 40 pL of benzidine solution were added. The mix-
ture was vortexed and allowed to sit at room temperature for
5 minutes. Peroxidase-positive white blood cells (WBCs) staining
dark brown were counted in all 100 squares of the grid in a Makier
chamber (Sefi Medical, Haifa, Israel) under the 20 X bright-field
objective. The results after comrection for dilution were recorded as
counts X 10*/ mL.. All specimens were negative (< 1 X 10°/mL) by
the Endtz test.

Measuremeni of ROS activity

Sperm concentration in all Endtz negative specimens was adjusted
to 15-20 X 10*/ mL before ROS measurement. Modified HTF
(human tubal fluid, Irvine Scientific, Santa Ana, CA) medium with
human serum albumin (5.0 mg / mL) was used for concentration
adjustment. Two aliquot of 0.5 mL from each specimens was then
used for measurement of background luminescence before adding
luminol and basal (uncentrifuged) ROS formation in all specimens
by chemiluminescence assay using luminol (S-amino-2,3-dihydro-
1.4-phthalazinedione). The background readings were substracted
from the test values to give the level of ROS.

A 100-mM stock solution luminol was prepared by dissolving
100 mg powder of luminol (Bio Orbi, Turku, Finland) with 5.64 mL
of dimethy! sulfoxide (DMSQ). The working solution (5 mM luminol)
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was prepared by further dilution (1:20) with DMSO prior to measu-
rement. Twenty uL of the above working solution was then added fo
the semen aliquot for the analysis. Luminol is a sensitive chemiku-
minescent probe which has been shown to react with a variety of
free radicals (hydrogen peroxide, hydroxyl radicals, superoxide
anions). The reaction of luminol with free radicals results in light
emission which is proportional to the ROS level in the sample.
Chemiluminescence was measured using a Berthold (Autolumat
LB 953, Wallac Incorporated, Gaithersburg, MD) luminometer
10 minutes after the addition of luminol in the integration mode at
37 °C. ROS production was expressed as X10* counted photons
per minutes (cpm).

ROS level was considered abnormal (positive) when the lumines-
cence curve peaked 1-4 minutes after addition of luminol (figure 1).
A positive response was associated with a value of at least 2 10 X
10" cpm in the integration mode. Al values greater than or equal to
10 X 10* cpm were considered as abnormal or positive.
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Figure 1 : A positive ROS curve in a Endtz-positive specimen. The
chemiluminescence peaks 1-2 minutes after adding luminol. The
baseline curve demonstrate the background luminescence.

Centrifugation procedure

Specimens from 38 men (24 patients and 14 normal donors) were
used for this study. After adjustment of sperm concentration as
explained above. Each specimen was divided into six equal ali-
quots of 0.5 mL using 17 X 120 mm polystyrene tubes (Falcon,
Lincoln park, NJ) for centrifugation. Two aliquots were ten used for
determination of basal ROS. The four remaining aliquots were cen-
trifuged in a table top IEC centrifuge (International Equipment,
Needham, MA) and centrifuged at the following speed or time
infervals: 200 Xg 2 min, 200 Xg 10 min, 500 Xg 2 min and 500 Xg
10 min. The sperm pellet was resuspended in supernatant after
centrifugation and each aliquot was transferred into a 12X 75 mm
polystyrene test tube. ROS was measured immediately after
adding 20 uL of 5 mM luminol solution as described above.

Statistical analysis

The non-parametric Wilcoxon signed rank test was used as data
was found to be not normally distributed for comparing ROS forma-
tion in the basal state and after centrifugation between different
groups. A Fisher's Exact test was used to compare the incidence
of leukocytospermia and ROS formation between patients and
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Figure 2 : ROS levels after centrifugation were compared with those
in basal stage. A short-term centrifugation for Z-minute could signifi-
cantly increase the ROS formation (p < 0.001). The differences bet-
ween 200 Xg and 500 Xg were not significant. The increase in cen-
irifugation time to 10 minutes al both 200 Xg or 500 Xg induced a
further significant increase in ROS formation (p < 0,001] . However,
the level of ROS after centrifugation at 500 Xg for 10-min was signi-
ficantly higher than at 200 Xg (p < 0.001).

donors as well as the association belween Endiz test resulls and
positive ROS formation. A student's f-1est wag used 1o compare
ROS values betwesn Endiz positive and Endtz negative as well as
patients and donors specimens. A P value of <0.05 was conside-
réd significant. Al statistical analysis were perlormed using {he
S5 statistcal soltware package:

RESULTS

Comparison of ROS levels before and after centrifuga-
tion

The basal BOS level betore cantrifugaliion was 2864 + 125 X 10
gpm, ROS formation after two minutes of centrifugation at 200 Xg
far 2 min was 43.88 + 147 X 10 cpm (p < 0.07) as compared- 1
77.39 + 1274 X 10" cpm aftet 500 Xg for 2 min (p = 0.02). The dil-
terances were not statistcally significant. Similarly, ROS tormation
after 10 minof centrilugation at 200 ¥g was B5.35 £ 238 X 10° cpm
45 compared fo 11745 + 3417 X 10° cpm al 500°#g (p < D001)
{figure 2

Effect of centrifugation on ROS negative specimens

&lthough, most specimens (n = 241 with a ow level of BOS (< 10 X
10" cpm) i mot show & significant increase in RDS formation after
centrifugation, six specimens (four patients and two donor) with iri
tially low (negative) ROS formation demonsiraied a lalg response
after 10 min of centrifugaticn al 200 Xg oc 500 Ag with an increase
in chemiluminescence curve ROS tevels in this group in Ihe Dasal
stale was 378 £ 34 ¥ 10° cpm as compared fo 67.9 = 60 X 10°
cpm afler cenfrifugation at 500 ¥g for 10 min (P < 0.001) (hgure 3k
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Figure 3 : Six specimens with negative ROS levels in the basal state
cpm showed a positive ROS formation after ten minutes centrifuga-
tion at 500 Xg (p < 0.001}.

Leukocytospermia in patients and donors

The incidence of signilicant leukocytospermia (2 1 A 107 miL
sperm) as datermined by Endiz test in patienis was 21.7.2 % [n =
10} as compared 1o 6.2 % {n = 1) in donors) The differances wers
not significan

Incidence of ROS formation in Endtz-negative and
Endtz-positive specimens

Oi the 36 Endiz negative palients elght (22.2 %) were found to be
posttive for ADS farmation. Out of the 15 Endtz negative danars Iwo
{13.3 %) wera positive for ROS larmation. Al spetimens with 2
positive Endtz test(n = 11) were diso positive for ROS formation
(2 10X 10 cpm). Comparison of ROS posilive specimens belween
Endtr posiive and Endiz negative specimens in donor and palients
showed 2 strong corrglation Dalween a posiive Endtz 185! resull

F=

and positive ROS formatien (p-< 0,001 ; table 1)

Table 1 : Comparison of ROS positive-Endiz negative with the ROS
positive-Endtz specimens, The correlation of a positive Endiz test
with pesitive ROS formation was highly significant [p < 0.001}.

Fﬂ:lrrml Endtz|-| subjects® Endiz{+) subjects  Total

! '

| RS ) 411804 P
ROS 4] 10 (185 %) V1800 %) Z
Total 3 1 &

ROS levels in ROS-positive and ROS-negative specimens

Camparison of ROS levels between Endtz posiive-ROS positive
specimens and Endtz negative-ACS posilve specimens showad
no significant ditference (181482 258.1 vs 30535 = 720 . RGS
leval in specmens defined s negative (< 10 % 10 cpm) was
093 + 1.01 in patients as compared to 0.9¢ £ 185 in gonars
These differences were not stafistically signiicant.

Correlation between WBCs concentration and ROS
levels

Aithaugh. & very high ROS formaticn was seen in some Specimens

with high leukocyla concentration, a corelalion batween The leuso-
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cyte concentration and the level of ROS at the time of measure-
ment was not seen.

DISCUSSION

Our results indicate that even a single-step centrifugation for a
short period (2 minutes in our study) can significantly increase
ROS formation in some human semen. Although, most of the speci-
mens with a low initial ROS level did not show any increase after
centrifugation, ROS formation was a late response after 10 minutes
centrifugation in six (two donor, four patient) cases. This data
emphasize the importance of ROS assessment in the whole semen
for its clinical significance, since aside from the elimination of the
protective effect of seminal plasma, centrifugation used to separate
seminal plasma from the cellular component of semen before ROS
assessment can also change the ROS level in some specimens.
The effect of centrifugation time on ROS generation is significantly
more than the speed. However, after longer periods of centrifuga-
tion, the increase in centrifugation speed will potentiate the effect
of time on ROS production.
The mechanism stimulating ROS formation by centrifugation as
described by Aitken and Clarkson (12) is thought to be through the
mechanical damage of the sperm plasma membrane associated
with centrifugation. Theoretically, a longer period of centrifugation
may then induce ROS formation by a subpopulation of spermato-
zoa with a suboptimal membrane function. Alternatively, centrifuga-
tion can activate seminal leukocytes (in concentration < 1 X 10%)
and can disturb the balance between the ROS formation and the
scavengers present in semen (18). Nevertheless, centrifugation
per se has also been shown to damage human spermatozoa. The
percentage of motile sperm diminished after centrifugation as a
function of time (19). Deterioration of sperm motility was believed to
be caused by a direct mechanical effect of centrifugation (19).
Both the direct effect of centrifugation through mechanical damage
as well as the indirect adverse effect of excessive ROS formation
may cause detenioration of sperm function.
A high correlation was seen in our study between a positive Endiz
test and a positive chemiluminescence response for ROS in whole
semen. The diagnosis of leukocytospermia has been reported with
cytochemical, immunohistochemical and morphological tech-
niques (20, 21). The Endtz test is based on the peroxidase activity
of polymorphonuclear leukocytes (PMN) and has been recommen-
ded by the World Health Organization (WHO) (22) for determina-
tion of WBCs in semen. The advantage of this method is its simpli-
city and low cost as compared to more complicated and expensive
methods such as the use of monoclonal antibodies. For clinical
purposes, an ideal test must be easy to perform, fast, and inexpen-
sive. The limitation of this technique is the lack of lymphocyte
detection in semen. However, peroxidase positive leukocytes (neu-
trophils and macrophages) are the main leukocytes present in
semen (20), which also represent the source of ROS formation by
osis. This make the use of the Endiz test for the screening
of high level of ROS in semen suitable.
In conclusion, we suggest a positive Endtz test is an indicator of
positive chemiluminescence for ROS in unprocessed human
semen regardless of WBCs activity or presence of seminal plasma.
This test is cost-efficient and easy to perform and its results can be
utilized for prediction of the possible peroxidative damage to sper-
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matozoa which may adversely affect their fertilizing potential.
Future research efforts should be directed toward techniques that
avoid or minimize the use of centrifugation for sperm preparation
for ART. Further investigations of factors which may influence ROS
formation in semen would improve our understanding of the role of
ROS in idiopathic infertility.
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