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Abnormal reactive oxygen species (ROS)
production is associated with defective
sperm function. Superoxide dismutase
(SOD) is related with the scavenging of
seminal ROS. We aimed to determine the
effect of SOD activities of spermatozoa and
seminal plasma on sperm quality. Semen
samples from infertile couples who con-
sented to the analyses were divided into two
groups: 1) normospermia (n = 20); and 2)
oligoasthenozoospermia (n = 31). The SOD
activities of the spermatozoa and seminal
plasma were measured by determining the
inhibition of pyrogallol autoxidation. The
SOD activities of spermatozoa and semi-
nal plasma in both groups were compared.
The relationships between the SOD activi-
ties and the sperm qualities were deter-

sperm/seminal plasma in both groups were
nonsignificantly different (group 1 vs. 2 =
0.77 % 0.33/0.84 + 0.40 U/mg protein for
sperm, and 0.66 + and 0.36/0.83 + 0.47 U/
ml for seminal plasma). SOD activities of
sperm/seminal plasma were positively but
nonsignificantly correlated with the sperm
motility (SOD of sperm = 0.0008 x motility
+ 0.67; SOD of seminal plasma = 0.0006 x
motility + 0.81) and concentration (SOD of
sperm = 0.0006 x concentration + 0.67;
SOD of seminal plasma = 0.0021 x con-
centration + 0.73). We concluded that SOD
activities of sperm and seminal plasma were
nonsignificantly correlated with the seminal
quality. It appears that the SOD survey is
not a useful tool for determining sperm fer-
tilization potential. J. Clin. Lab.Anal. 16:127—

mined. We noted that SOD activities of 131, 2002. © 2002 wiley-Liss, Inc.
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INTRODUCTION

Reactive oxygen species (ROS) play an important role
human reproduction. Free radicals have beneficial or de
mental effects upon sperm functions, depending on their F&ROMS-
ture and concentration. The generations of ROS, such as the
superoxide anion, hydrogen peroxide, and hydroxyl radic‘lé(lfA‘TERIALS AND METHODS
can result in damage to cell membranes. Spermatozoa arghis study included 51 infertile couples who consented to
highly sensitive to injuries caused by high ROS concentfe semen analyses. Semen samples were obtained by mas-
tion (1). Excessive generation of ROS in semen, mainly tiytbation after at least 72 hr of sexual abstinence, less than 30
neutrophils but also by abnormal spermatozoa, could benm after ejaculation. Samples were collected into sterile con-
cause of infertility. tainers for immediate transportation to the laboratory. This

The major ROS generated by human spermatozoa is $eies was approved by the Ethics Committee and Institu-
superoxide anion. Superoxide dismutase (SOD), an ROS scav-

enger, catalyzes the further transformation of superoxide an-

ion into hydrogen peroxide (2). The disorder in the regulati@gorrespondence to: Chich-Sheng Lin, Ph.D., Department of Biological
of the SOD may be related with the pathology of certain typ@sence and Technology, National Chiao Tung University, 1001 Ta Hsueh
of male infertility. Decreased seminal plasma antioxidant aead, Hsinchu, Taiwan. E-mail: lincs@cc.nctu.edu.tw

tivity and increased ROS production can be responsible Raiceived 15 May 2001; Accepted 31 October 2001

idiopathic male infertilit_y (3) Treatment with oxygen radicgbo“ 10.1002/jcla. 10029

scavengers provides significant rescue of testicular functieublished online in Wiley InterScience (www.interscience.wiley.com).

(4). There are few reports in the literature concerning the ef-
fects of SOD of spermatozoa and seminal plasma upon sperm
ﬁgncentration and motility. This study is among the first such

© 2002 Wiley-Liss, Inc.
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tional Review Board of the China Medical College Hospitalp
Informed consents were signed by all couples who donated
their semen.

After liguefaction, samples were analyzed for volume, leu-
kocyte count, and sperm morphology according to WHO
guidelines (5). Then a gt aliquot of each specimen was
loaded into a 30-mm microcell slide and subjected to com-
puter-assisted semen analysis (CASA) with the use of an
HTM-S motility analyzer (Hamilton-Thorne Research,
Beverly, MA). All semen samples were divided into two
groups: 1) idiopathic infertility (normospermia, n = 20); and
2) male infertility (oligo- or asthenozoospermia, n = 31, count
<20 x 10P/ml, motility <50%). Then the semen was centri-
fuged to separate sperm from seminal plasma. Seminal plasma
and homogenate sperm were loaded into an Eppendorf tube
and stored in a liquid nitrogen tank before SOD analyses. Normal

SOD activity was measured by determining the inhibition
of pyrogallol autoxidation (6). A 0.1-ml sample was added tB
2.7 ml of 50 mM Tris-cacodylic acid buffer with 1 mM EDTA
(pH 8.2). Then 0.2 ml of 0.2 mM pyrogallol was added to
immediately determine changes in absorbance at 420 nm for
5 min. The rate of pyrogallol autoxidation was taken from
the decrease ingy per min. An inhibition of 50% by sample
was defined as 1 unit SOD. Results were reported as U/ml for
seminal plasma or U/mg of protein for sperm.

The SOD activities in both seminal plasma and sperm in the
two groups were determined and compared. The relationships
between the SOD activities and the sperm maotility or concen-
trations were determined. The SAS system withst and a
linear regression model were utilized for statistical analyses. A
P-value of <0.05 was considered statistically significant.
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RESULTS

Superoxide dismutase activity of sperm (U/ml)

SOD activities of sperm/seminal plasma in both groups
were nonsignificantly differentA~value = 0.25/0.99). SOD
activities of sperm/seminal plasma in groups 1 and 2 were
0.77 + 0.33/0.84+ 0.40 U/mg protein vs. 0.66 and 0.36/ Fig.1. Comparisons of superoxide dismutase (SOD) activitie&)ser-
0.83+0.47 U/ml respectively (Fig 1A and B) We Observeraatozoa andR) seminal plasma in two groups of semen samplewélue

R T T ) =0.25; P-value = 0.99).
a positive but nonsignificant correlation between the sperm

motility and SOD activities of sperm/seminal plasma. V\%e

established the formula of their relationship as: SOD = 0.008@“"e Sperm f“”"“o’.‘ (2,7,8). The |nC|_dence of spontz_ineous
x motility + 0.67/SOD = 0.0008 motility + 0.81 P-value = pregnancy was negatively correlated with ROS production (9).

0.54/0.57) (Fig. 2A and B). Low concentrations of R_OS_do not affec‘F sperm \_/|ab|I|t_y but
- N . do cause sperm immobilization, mostly via depletion of intra-
We also noted the positive but nonsignificant correlation .
. L Ce;lularATP and the subsequent decrease in the phosphoryla-
between the sperm concentrations and the SOD activity, .0 . A
: . : .~ ’tion of axonemal proteins. Polyunsaturated fatty acids in the
sperm/seminal plasma. The formula for their relationship WA, holibids of human spermatozoa are hiahly susceptible
SOD = 0.0006 concentration + 0.67/SOD = 0.002&on- P 10oPHOIPIC P gnly P
. — : to peroxidation generated by ROS (10). In fact, ROS have
centration + 0.73F-value = 0.43/0.26) (Fig. 3A and B). . . .
beneficial or detrimental effects on sperm functions depend-
ing on the nature and concentration of the ROS involved, as
well as the moment and the location of exposure (11).
Excessive generation of ROS in semen, mainly by neutro-ROS are related to spermatozoa hyperactivation, capacita-
phils but also by abnormal spermatozoa, could be a causdifor, and acrosome reaction (12,13). ROS production is nega-
infertility. Abnormal ROS production is associated with deively related with the sperm-oocyte fusion capacity of human

Normal  Oligoasthenozoospermia

DISCUSSION
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Fig. 2. The lack of correlation between sperm motility and SOD activitifig. 3. The positive but nonsignificant correlation between sperm con-

is shown: A) sperm motility vs. SOD activities of spermatozoa (y = 0.0008xentration and SOD activities is showA:) (sperm concentration vs. SOD

+ 0.6679,P-value = 0.7471); and3) sperm motility vs. SOD activities of activities of spermatozoa (y = 0.0006x + 0.6 P4alue = 0.4339); and|

seminal plasma (y = 0.0006x + 0.8085yalue = 0.8543). sperm concentration vs. SOD activities of seminal plasma (y = 0.0021x +
0.7263,P-value = 0.2555).

spermatozoa (2). ROS at low concentrations may inhiléims (18). Lipid peroxidation triggers the loss of membrane
sperm-egg fusion via oxidation of the sulfhydryl (SH) prdntegrity, causing increased cell permeability, enzyme inacti-
teins in the sperm membrane (14). High lipid peroxidatioration, structural damage to DNA, and cell death (19).
may reduce the capacity of the sperm to undergo acrosomaithere is controversy about the role of SOD activity in sperm
reaction and fertilization (2). The capability of the spermatwiability. Different studies have reported that: 1) SOD could
zoa for oocyte fusion was impaired with the addition of hyrevent oxidative damage in sperm (20); 2) diminished SOD
drogen peroxide (15). activity in seminal plasma was associated with male infertil-
Significantly higher levels of superoxide anion have beéy (21); 3) decreased SOD was responsible for decreased
observed in infertile males (8). The positive correlation bsperm motion and viability (22); 4) high concentrations of
tween superoxide anion level and sperm morphology abn8GD prevented the loss of motility in mouse sperm (23); and
malities has been demonstrated (7,8). Lipid hyperoxidatihthe addition of SOD to the sperm suspension significantly
produced by ROS is strongly related with the morphologidatproved sperm motility (24).
abnormalities of spermatozoa, primarily in tail defects (16). In contrast, some investigators demonstrated that ROS ac-
This could be due to loss of membrane fluidity (17) or tivity was not influenced by the presence of SOD (15). In
selective inactivation of some of the biochemical pathwafect, in one study sperm SOD activities varied widely be-
leading to acrosomal reaction, such as second messengertsyeen individuals (25). The SOD activity in seminiferous
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epithelium is regulated over a wide range during spermaté- PriI_Iaman HM, Turner TT. Rescue of testicular function after acute ex-
genesis Another study reported no difference in the SOD Perimental torsion. J Urol 1997;157:340-345. o

A . . 5., World Health Organization. Laboratory manual for the examination of
af:thItIe_S for spermatozoa or seminal plasma I_n Sf'i_mples Fhathuman semen and semen-cervical mucus interaction. 3rd ed. Cambridge:
either did or did not produce ROS (26). Nonsignificant dif- cambridge University Press; 1992. p. 10-15.
ferences in SOD levels were detected in seminal plasma ®fMarklund S, Marklund G. Involvement of the superoxide anion radical
fertile and infertile men (27). Higher ROS production in in- ih the autoxidation Qf pyrogallol and a convenient assay for superoxide
fertile patients may be due to increased ROS production rath7er‘|’v':a”;:fi‘ie'GE:grnJ0 Egcr;i’:‘mg?;‘r‘]?g:;‘égi;jgtxygen species in sperma
than defective ROS_scavenglng aCtIVI_ty (28)' ngh SQD ac- tozoa of infertile patients. Fertil Steril 1992;57:409-416.
tivities reflect errors in spermatogenesis associated with gen vazzilii F, Rossi T, Marchesini M, Ronconi C, Dondero F. Superoxide
cell exfoliation and the retention of excess residual cytoplasm anion in human semen related to seminal parameters and clinical as-
by the spermatozoa (29). pe_cts. Fertil St_eril 1994;62:862—868. _ _

Hydrogen peroxide is the primary toxic ROS for humaﬁ). A|tl§en RJ, Irvm(_e DS, Wu FC. Prospectlve gnaly3|s _of gperm-oocyte

. . ., fusion and reactive oxygen species generation as criteria for the diag-
_spermat_o_zoa (30)_' ng_h Concentrathns of hydmgen perOX|de nosis of infertility. Am J Obstet Gynecol 1991;164:542-551.
induce lipid peroxidation and result in cell death. Thereforgy selly Mu, Lacey MJ, Bartlett MR, Copeland CM, Ardlie NG. Content
the balance of the SOD in semen and sperm is important forof significant amounts of a cytotoxic end-product of lipid peroxidation
maintaining sperm motility. Some agents used for improving in human semen. J Reprod Fertil 1991;92:291-298. _
sperm quality can influence the SOD activity. Brezezinskél-' de Lamirande E, G_agnon C. Impact of reaf:t_lve oxygen ;pemes on sper-
Slebodzinska et al. (31) observed increased SOD and de_matozoa: a balancing act between beneficial and detrimental effects.
A ) . Hum Reprod 1995;10:15-21.

creased ROS levels after vitamin E treatment. This suggestscriveau JF, Renard P, Le Lannou D. Superoxide anion production by
that vitamin E may improve the sperm motility and fertiliza- human spermatozoa as a part of the ionophore-induced acrosome reac-
tion rates by reducing the ROS. tion process. Int J Androl 1995;18:67-74.

In this study, we observed that the SOD level was positi% de Lamirande E, Gagnon C. A positive role for the superoxide anion in

Lo - e _ triggering hyperactivation and capacitation of human spermatozoa. Int
but nonsignificantly correlated with sperm mobility and con 3 Androl 1093:16:21-25,

Cer_]tratlon‘ ngher SOD may sga_venge the generation of RQ§’MammotoA, Masumoto N, Tahara M, IkebuchiY, Ohmichi M, Tasaka
which may lower the cytotoxicity to human spermatozoa. g miyake A. Reactive oxygen species block sperm-egg fusion via
Higher concentrations of spermatozoa may produce higheroxidation of sperm sulfhydryl proteins in mice. Biol Reprod
levels of SOD. This could interpret their correlation. Although 1996;55:1063-1068.
their correlation in this study was nonstatistically different, #6- Aitken RJ, Buckingham D, Harkiss D. Use of a xanthine oxidase free
may be better defined after Iarger series are studied. In COm_r'adical generating system to investigate the cytotoxic effect; of reac-
paring the SOD activities between both groups, we Observedz\ﬁ oggen species on human spermatozoa. J Reprod Fertil 1993;97:
that Fhe dlﬁ_erence n spermatozoa was more significant t%.ﬁ' Rao B, Souflir JC, Martin M, David G. Lipid peroxidation in human
that in seminal plasma. This may be due to fact that the SODgpermatozoa as related to midpiece abnormalities and motility. Gamete
and ROS were produced mainly by abnormal spermatozoares 1989:24:127-134.
and then released into the seminal plasma (32). 17. Ohyashiki T, Ohtsuka T, Mohri T. Increase of the molecular rigidity of

In conclusion, the SOD activities in sperm and semen were the protein conformation in the intestinal brush-border membranes by
not significantly correlated with seminal quality. A semina]_ 'IPid peroxidation. Biochim Biophys Acta 1988;939:383-392.

. 18. De Jonge CJ, Han HL, Lawrie HL, Mack SR, Zaneveld LJD. Modula-

SOP Su_rvey may _nOt be a useful tool for deter_mlnmg SPEM ion of the human sperm acrosome reacton by effectors of adehylate
fertilization potential. However, the results of this study could ¢ycjase/cyclic AMP second-messenger system. J Exp Zool 1991:
provide a database for further research into the effects of SOD258:113-125.
on sperm. SOD dysfunction is not the single determiner fef: Halliwell B. Free radicals, antioxidants, and human diseases: curiosity,

sperm regulation, which is a complex process involving man¥ cause, or consequence? Lancet 1994,344.721-724.

. . 20. Griveau JF, Le Lannou D. Effects of antioxidants on human sperm prepa-
factors. The re_al role_s played by SQD a_nd other antioxidants .. - techniques. Int J Androl 1994:17:225-231.
in sperm quality merit further investigation. 21. Sanocka D, Miesel R, Jedrzejczak P, Kurpisz MK. Oxidative stress and
male infertility. J Androl 1996;17:449-454.
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