
Introduction
Reactive oxygen species (ROS) have beneficial as well
as detrimental effect on sperm functions, depending on
the nature and the concentration of the ROS involved.
Hydrogen peroxide (H2O2) - a main toxic ROS for
human spermatozoa in low concentrations causes
sperm immobilization. High concentrations of H2O2
induce lipid peroxidation, which results in cell death.
On the other hand, the superoxide anion (O2

-) appears
to play an important role in the process of sperm
hyperactivity and capacitation [1].

ROS in semen are generated mainly by neu-
trophils and also by abnormal spermatozoa. Human
spermatozoa are rich in polyunsaturated fatty acids
(PUFA) and are very susceptible to attack by ROS,
that initiate peroxidation of PUFA in the sperm plas-

ma membrane [2,3]. It results in the inhibition of both
sperm ATP production and sperm movement, particu-
larly forward progression [2]. Excessive generation
of ROS in semen could play a key role in the etiolo-
gy of male infertility [1,6]. Several different studies
have demonstrated that high ROS production was
associated with oligoasthenozoospermia and poor
sperm fertilization potential [6-8]. Zini et al. detected
ROS in the semen of 40% of infertile men, whereas
none was detected in semen from healthy sperm
donors [8]. The other report demonstrated 72% of
sperm preparations producing detectable amounts of
ROS in patients consulting for infertility, compared
to only 25% of preparations from a population of fer-
tile men [6]. The Canadian authors additionally con-
cluded that leukocytes are the predominant source of
ROS in human sperm preparations. The ROS they
produce have detrimental effects on the overall sperm
motility, whereas the production of ROS by deficient
spermatozoa is low and of no consequence to that
semen quality parameter [9].
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Testis germ cells as well as epididymal maturing
spermatozoa are endowed with enzymatic and non-
enzymatic scavenger systems to prevent lipoperoxida-
tive damage. Also seminal plasma has a highly spe-
cialized scavenger system that defends the sperm
membrane against lipoperoxidation. The system con-
tains following main antioxidative defence enzymes:
superoxide dismutase (SOD), catalase (CT) and glu-
tathione peroxidase (GPx) [10,11]. Apart from the
enzymatic scavenger antioxidant capacity, also α-
tocopherol, ascorbic acid and zinc are regarded as the
scavengers of excessive superoxide anions production,
although simultaneously zinc was found to be a dose-
dependent inhibitor of SOD-like activity in human
spermatozoa [8]. 

It is considered that the ROS detected in semen
are a reflection of the imbalance between ROS pro-
duction and degradation [8]. In normal conditions a
balance is maintained between the amount of ROS
produced and that scavenged. When this equilibrium
is disturbed through the systemic predisposition or a
number of pathologies, the sperm cellular damage
arises and the fertilizing ability of spermatozoa is
jeopardized  [2,3].

The purpose of this work was to evaluate SOD
activity, as one of the most important antioxidative
defence enzymes, in seminal plasma of patients con-
sulting for male infertility. The study includes also
determination the influence of SOD activity on select-
ed human semen quality parameters.

Materials and methods
A study was performed in the years 2000-2002 in the I-rst Depart-
ment of Gynecology and Obstetrics as well as Department of Med-
ical Biochemistry of Medical University in Wroc³aw, Poland. The

material represents semen samples obtained from 15 men, which
were divided into two groups: Group I (n=10) including patients
consulting for infertility and Group II (n=5) containing healthy
sperm donors as a control. All fresh semen samples were collected
by masturbation into sterile containers after 48 to 72 hours of sex-
ual abstinence. After complete liquefaction, the ejaculates were
analyzed for selected semen quality parameters - sperm concentra-
tion and overall motility. They were measured with use of a
haemocytometer, according to World Health Organization (WHO)
guidelines. The study of  semen analysis within Group I showed
sperm pathological changes classified as oligoasthenozoospermia.
All of the examined semen quality parameters in Group II were
contained within the range of WHO norms. The samples of this
Group were stated as normospermic.

All of the semen samples were then cryopreserved using the
Test Yolk Buffer with Glycerol as a freezing medium, according to
the protocol described in WHO guidelines (4-th edition, 1999). The
cryo straws filled with frozen sperm were plunged in a liquid nitro-
gen container, where they were stored in a temperature -196°C.
This method allowed a long-time sperm preservation without any
risk of negative freezing impact on semen quality parameters.

The frozen semen samples at the same time were thawed by
incubation for 30 minutes at room temperature, after removing the
straws from liquid nitrogen storage tank. The equal 0.1 ml amounts
of sperm were transferred into small conical tubes with caps and
subjected to the biochemical examinations.

SOD activity was determined spectrophotometrically as the
degree of inhibition of the competitive reaction using RANSOD kit
(Randox Laboratories Ltd). The role of superoxide dismutase
(SOD) is to accelerate the dismutation of the toxic superoxide rad-
ical (O2

-),  produced during oxidative energy processes, to hydro-
gen peroxide and molecular oxygen.

SOD
O2

- + O2
- + 2H + → O2 + H2O2

This method employs xanthine and xanthine oxidase (XOD) to
generate superoxide radicals,  which react with 2-(4-iodophenyl)-
3-(4-nitrophenol)-5-phenyltetrazolium chloride (I.N.T.) to form a
red formazan dye.

XOD
Xanthine      → Uric acid + O2

-
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Fig. 1. Comparison of SOD activity
within Group I and II



O2
-

I.N.T.          → formazan dye

The superoxide dismutase activity is then measured by the
degree of inhibition of this reaction.

Statistical analysis. All statistical calculations were performed
using the Instat ver. 2.0 program from GraphPad Software. The
numerical data were subjected to arcsine transformation and are
expressed as mean (M) and standard deviation of the mean (SD).
The data were evaluated statistically by one-way analysis of vari-
ance and statistical significance (p<0.001) was assessed by Tukey-
Kramer multiple comparisons test. When two means were com-
pared, statistical analysis was carried out using the Student's t-test
for incoherent trials. 

Results
The results obtained in the study, comparing the SOD
activity within both investigated groups were present-
ed graphically in Fig. 1.

The numerical data concerning SOD activity (in
U/mg protein) for particular semen samples, with M
and SD values for both investigated groups were
placed in Table 1.

Mean value of SOD activity within Group I was
calculated as 0.338 ± 0.063, whereas within Group II
was evaluated as 0.542 ± 0.074. There was statistical-
ly significant difference (p=0.000083) between SOD
activity within Group I and Group II. SOD activity is
distinctly decreased in semen of infertile men compar-
ing to sperm of healthy donors.

Discussion
The analysis of the results of our investigations indi-
cates a significantly lower semen SOD activity detect-
ed in oligoasthenozoospermic patients, comparing to
the activity found in normospermic men. The statisti-
cal difference in the activity of this enzyme between
two evaluated groups of semen samples was calculat-
ed on the level of significance p<0,001. This outcome
confirms previously published observations of the
other authors [5,13,14].

Our study showed a positive correlation between
SOD activity in seminal plasma and semen quality
parameters - sperm concentration and overall motility,
which are regarded as the most important for normal
fertilizing ability of the spermatozoa. However, some

investigators suggest that the beneficial impact of
SOD activity concerns only sperm movement, where-
as no influence on sperm count has been noticed
[15,16]. In contrast, some authors reported a signifi-
cantly higher SOD activity detected in spermatozoa
from infertile men, compared to the activity found in
normospermic samples. In these trials the SOD activi-
ty level was found to be increased in cases with an ele-
vated production of ROS. The over expression of SOD
may reflect a defect in the development or maturation
of spermatozoa, as well as sperm cellular damage,
resulting in decreased sperm fertilization potential
[7,17,18]. No significant difference in the SOD activi-
ty measured in seminal plasma from normospermic
samples and from infertile men (that did produce ROS)
was observed by Zini et al. [8]. Also no significant cor-
relation between SOD activity in seminal plasma and
semen quality was found by Chinese authors [19].

SOD as an important element of seminal plasma
superoxide anion scavenging capacity plays an essen-
tial role in maintaining the balance between ROS gen-
eration and degradation. Decrease of the capacity can
result in abnormal sperm motility determined as sperm
hyperactivation [20]. Several toxic substances includ-
ing chemical reagents, drugs, heavy metal ions or nico-
tine decrease semen quality as well as SOD levels in
seminal plasma. It was demonstrated that all of these
parameters were negatively correlated with the amount
and duration of cigarette smoking [21,22]. 

The essential role of SOD as antioxidative defence
enzyme is inferred from the observation that complete
loss of motility of a sperm sample is directly propor-
tional to the SOD activity of that sample [14].

In 1998 three Japanese scientists reported that some
antioxidants can reverse the decrease in sperm motili-
ty in the seminal plasma of infertile men. They started
to treat them with oral administration of antioxidant -
AOA, a natural medicinal product, achieving marked
improvement in approximately 50% of cases [23].

In conclusion, the preliminary study demonstrates
that increased ROS production and decreased seminal
plasma scavenger antioxidant capacity, particularly in
form of low SOD activity, can be responsible for male
infertility [5]. Significantly lower SOD activity in
seminal plasma of infertile patients, comparing to
healthy sperm donors, as well as positive correlation
and beneficial impact of SOD activity on human
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Table 1. SOD activity for particular semen samples, with M and SD values for Group I and II; case number: 1-10 - Group I; case num-
ber: 11-15 - Group II.



semen quality parameters seem to confirm these
observations. This trial shows that SOD activity sur-
vey in seminal plasma could be a useful tool for deter-
mining sperm fertilization potential and could improve
the diagnosis of male infertility.

References
[ 1] de Lamirande E, Gagnon C. Impact of reactive oxygen

species on spermatozoa: a balancing act between beneficial
and detrimental effects. Hum Reprod. 1995;10(Suppl 1):15-
21.

[ 2] Dandekar SP, Nadkarni GD, Kulkarni VS, Punekar S. Lipid
peroxidation and antioxidant enzymes in male infertility. 
J Postgrad Med. 2002;48(3):186-189.

[ 3] Sharma RK, Agarwal A. Role of reactive oxygen species in
male infertility. Urology. 1996; 48(6): 835-850.

[ 4] Armstrong JS, Rajasekaran M, Chamulitrat W, Gatti P, Hell-
strom WJ, Sikka SC. Characterization of reactive oxygen
species induced effects on human spermatozoa movement
and energy metabolism. Free Radic Biol Med. 1999;26(7-8):
869-880.

[ 5] Alkan I, Simsek F, Haklar G, Kervancioglu E, Ozveri H, Yal-
cin S, Akdas A. Reactive oxygen species production by the
spermatozoa of patients with idiopathic infertility: relation-
ship to seminal plasma antioxidants. J Urol. 1997;157(1):
140-143.

[ 6] Ford WC, Whittington K, Williams AC. Reactive oxygen
species in human sperm suspensions: production by leuko-
cytes and the generation of NADPH to protect sperm against
their effects. Int J Androl. 1997;20(Suppl 3):44-49.

[ 7] Zalata A, Hafez T, Comhaire F. Evaluation of the role of reac-
tive oxygen species in male infertility. Hum Reprod. 1995;
10(6):1444-1451.

[ 8] Zini A, de Lamirande E, Gagnon C. Reactive oxygen species
in semen of infertile patients: levels of superoxide dismutase-
and catalase-like activities in seminal plasma and spermato-
zoa. Int J Androl. 1993;16(3):183-188.

[ 9] Plante M, de Lamirande E, Gagnon C. Reactive oxygen
species released by activated neutrophils, but not by deficient
spermatozoa, are sufficient to affect normal sperm motility.
Fertil Steril. 1994;62(2):387-393.

[10] Lenzi A, Gandini L, Lombardo F, Picardo M, Maresca V, Pan-
fili E, Tramer F, Boitani C, Dondero F. Polyunsaturated fatty
acids of germ cell membranes, glutathione and glutathione-
dependent enzyme-PHGPx: from basic to clinic. Contracep-
tion. 2002;65(4):301-304.

[11] Lenzi A, Gandini L, Picardo M, Tramer F, Sandri G, Panfili
E. Lipoperoxidation damage of spermatozoa polyunsaturated
fatty acids (PUFA): scavenger mechanisms and possible scav-
enger therapies. Front Biosci. 2000;1;5:E1-E15.

[12] Gavella M, Lipovac V, Vucic M, Sverko V. In vitro inhibition
of superoxide anion production and superoxide dismutase
activity by zinc in human spermatozoa. Int J Androl.
1999;22(4):266-274.

[13] Siciliano L, Tarantino P, Longobardi F, Rago V, De Stefano C,
Carpino A. Impaired seminal antioxidant capacity in human
semen with hyperviscosity or oligoasthenozoospermia. 
J Androl. 2001;22(5):798-803.

[14] Storey BT. Biochemistry of the induction and prevention of
lipoperoxidative damage in human spermatozoa. Mol Hum
Reprod. 1997;3(3):203-213.

[15] Kurpisz M, Miesel R, Sanocka D, Jedrzejczak P. Seminal
plasma can be a predictive factor for male infertility. Hum
Reprod. 1996;11(6):1223-1226.

[16] Sanocka D, Miesel R, Jedrzejczak P, Kurpisz MK. Oxidative
stress and male infertility. J Androl. 1996;17(4):449-454.

[17] Gavella M, Lipovac V, Vucic M, Rocic B. Relationship of
sperm superoxide dismutase-like activity with other sperm-
specific enzymes and experimentally induced lipid peroxida-
tion in infertile men. Andrologia. 1996;28(4):223-229.

[18] Sinha S, Pradeep KG, Laloraya M, Warikoo D. Over-expres-
sion of superoxide dismutase and lack of surfacethiols in
spermatozoa: inherent defects in oligospermia. Biochem Bio-
phys Res Commun. 1991;174(2):510-517.

[19] Hsieh YY, Sun YL, Chang CC, Lee YS, Tsai HD, Lin CS.
Superoxide dismutase activities of spermatozoa and seminal
plasma are not correlated with male infertility. J Clin Lab
Anal. 2002;16(3):127-131.

[20] de Lamirande E, Gagnon C. Human sperm hyperactivation in
whole semen and its association with low superoxide scav-
enging capacity in seminal plasma. Fertil Steril. 1993;59(6):
1291-1295.

[21] Zhang JP, Meng QY, Wang Q, Zhang LJ, Mao YL, Sun ZX.
Effect of smoking on semen quality of infertile men in Shan-
dong, China. Asian J Androl. 2000;2(2):143-146.

[22] Zhang JP, Meng OY, Zhang LJ, Mao YL, Sun ZX. Study of
correlation and effect of smoking on semen quality of men.
Zhonghua Nan Ke Xue. 2002;8(1):35-37.

[23] Niwa Y, Tominaga K, Yoshida K. Successful treatment of
severe atopic dermatitis - complicated cataract and male
infertility with a natural product antioxidant. Int J Tissue
React. 1998;20(2):63-69. 

126 M. Murawski et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


