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A B S T R A C T

Objectives: Radical oxidative species (ROS) have an important effect on sperm quality and quantity.

Oxidative stress (OS) occurs when production of potentially destructive reactive oxygen species (ROS)

exceeds the body’s own natural antioxidant defenses, resulting in cellular damage. OS is a common

pathology seen in approximately half of all infertile men. Increased ROS generation and reduced

antioxidant capacity is negatively correlated with sperm concentration and motility in infertile men. For

the first time, we used a more stable and reliable sensitive carbonyl protein (CP) detection method to

determine ROS in seminal plasma than measuring ROS directly to clarify the effect of OS on spermatozoa

in terms of protein dysfunction. This is the first report to measure CP in seminal plasma as an indicator of

OS. Furthermore, for the first time we correlated the results of CP measurement with light microscopy in

combination with ultrastructural analysis by electron microscopy.

Material and Methods: 20 patients with idiopathic oligoasthenoteratozoospermia (iOAT) and 10 fertile

controls were enrolled in this study. CP values were measured by enzyme-linked immuno sorbent assay

(ELISA) to detect the level of OS. Transmission electron microscope (TEM) was used to detect axonemal

anomalies.

Results: Compared to fertile controls, statistically highly significant higher degrees of abnormal sperm

parameters (P < 0.001) could be found in iOAT patients. CP values were highly significantly elevated in

iOAT patients than in normal controls (P < 0.001). A statistically highly significant difference in different

axonemal anomalies were found between iOAT patients and normal controls (P < 0.001). CP values have

been found to be positively correlated with different axonemal anomalies (absence of axoneme

(r2 = 0.841), missing of central singlet tubules (r2 = 0.702) and missing of outer doublet tubules

(r2 = 0.869). A statistically negative correlation were found between different axonemal anomalies

(absent axoneme (r2 = �0.780), missing of central singlet tubules (r2 = �0.611), and missing of outer

doublet tubules (r2 = �0.738) and forward progressive sperm motility.

Conclusion: High levels of CP can be measured in iOAT patients, indicating that OS could underlie the

aetipopathogenesis of the syndrome. OS negatively affects flagellar axonemal structure with subsequent

impairment of forward progressive sperm motility. This can put an attention for antioxidants as a

therapy for iOAT syndrome and further research to find how to decrease ROS production.

� 2009 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Maturation of spermatozoa during passage through the
mammalian epididymis involves changes in motility, metabolism,
morphology, biochemical properties and the development of the
ability to fertilise ova. Linear movement appears to require the
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presence of a specific epididymal protein, the forward motility
protein (FMP) [1–3].

Additional biochemical changes occur in spermatozoon during
epididymal transit including formation of disulfide bonds within
the sperm tail and nucleus, oxidation of sperm membrane
sulphydryl groups, increased capacity of glycolysis, modification
of adenylate cyclase activity, and alteration in membrane
phospholipids content [4,5].

Due to this unique membrane structure, especially the high
concentrations of poly unsaturated fatty acids (PUFAs), which have
double bonds, spermatozoa will eventually undergo lipid
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Fig. 1. CP values in iOAT patients and normal controls.

Table 1
CP values, sperm parameters and axonemal anomalies in iOAT patients and

controls.

iOAT patients N = 20 Normal controls N = 10 P value

CP (pmol/ml) 1684.75 � 834.74 446.3 � 152/42 <0.001*

MP anomalies (%) 31.6 � 8.85 23.1 � 5.51 0.01**

Tail anomalies (%) 11.6 � 2.68 9.2 � 1.48 0.01**

Abscent axoneme (%) 6.65 � 1.35 2.8 � 0.79 <0.001

All data are presented in mean and standard deviation.
* Highly significant.
** Significant.
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peroxidation if the radical oxidative species (ROS) level exceeds the
capacity of the scavengering system [5].

Oligoasthenoteratozoospermia (OAT) is the most common
finding in the era of evaluation of male infertility. In most cases,
the etiology of OAT can be detected by common investigative and
radiological methods. When the etiology of oligoasthenoterato-
zoospermia could not be detected, the syndrome is termed
idiopathic oligoasthenoteratozoospermia (iOAT) [6]. Many factors
have been hypothesized to underlie the aetiology including
chromosomal abnormalities [6–8], asymptomatic infections [9],
mitochondrial abnormalities [10,11], environmental pollutants
[6], subtile hormonal changes [12], age [13], and functional post-
testicular organ alteration [14,15]. Furthermore, it could be shown,
that perfusion has an important effect on sperm production and
motility [16–18].

Another important effect on sperm quality and quantity seems
to be the production of radical oxidative species (ROS) by
leucocytes. A correlation of leukocytospermia with clinical
infection and a positive effect of anti-inflammatory treatment
on semen quality were described previously [19]. These results
could be verified by Gambera et al. Furthermore, it was found that
sperm quality and pregnancy rate of infertile males with abacterial
leukocytospermia increased after COX-2 inhibitor therapy [20].

Oxidative stress occurs when the production of potentially
destructive reactive oxygen species (ROS) exceeds the body’s own
natural antioxidant defences, resulting in cellular damage.
Oxidative stress is a common pathology seen in approximately
half of all infertile men [21,22].

Increased ROS generation and reduced antioxidant capacity is
negatively correlated with sperm concentration and motility in
infertile men.

Unfortunately ROS are very unstable and difficult to determine.
Furthermore, recurrent sampling of seminal ROS demonstrates
great variable results within short periods of time depending on its
generation and current anti-oxidative capacity.

Therefore, for the first time, we used the more stable and
reliable sensitive carbonyl protein (CP) detection method in
seminal plasma from patients with OAT syndrome to clarify the
effect of oxidative stress on spermatozoa in terms of protein
dysfunction.

Furthermore, for the first time we correlated the results of CP
measurement with light microscopy in combination with ultra-
structural analysis by electron microscopy.

2. Patients and methods

2.1. Patients

Of 320 consecutive patients, examined between May 2007 and
May 2008 in the department of urology, 20 patients (Group 1) with
iOAT with the following criteria: sperm concentration is <20 mil-
million/mL, forward progressive motility (A + B) < 50% and normal
sperm morphology <30% were included in this study. Thorough
general and genital examination a complete investigations was
performed to exclude any afore mentioned known cause of OAT (as
genetic causes and infectious causes). 10 subjects (Group 2) with
normal semen parameters and proven fertility admitted to the
department for andrological evaluation were included as a control
group.

2.2. Semen analysis

Semen samples were collected after 3–5 days of sexual
abstinence. Samples were collected by masturbation and exam-
ined directly after liquefaction in period less than 30 min. Semen
analysis was performed according to World Health Organization
(WHO) guidelines [23]. Ejaculatory Volume, pH and Viscosity were
detected under standardized conditions. Sperm concentration and
motility were detected under light microscopy in unstained
smears using the Makler counting Chamber1 (Sefi-Medical
Instruments). Sperm Morphology was detected using the pre
stained testsimplets1 (Waldeck, Germany). 200 sperms have been
counted per sample to detect the percentage of normal sperma-
tozoa, head abnormalities, midpiece abnormalities and tail
abnormalities. Leukoscreen (FertiPro, Belgium) was used to detect
the concentration of leukocytes in seminal plasma, samples with
leukocytes concentration one million or more per milliliter were
considered leukocytospermia according to WHO definition [23]
and were excluded from the study. Samples with positive culture
for any organism were also excluded.

2.3. Carbonyl protein measurement

Directly after semen analysis, an aliquot of each sample was
centrifuged and seminal plasma separated and stored at �70 8C
until measurement. CP Values were measured using Crabonyl-
Proteine ELISA detection Kit (Immundiagnostik AG, Bensheim).

2.4. Electron microscopy examination

Another aliquot was prepared for transmission electron
microscopic investigation (TEM).

Samples were fixed in (4% paraformaldehyde (Fluka) resolved
in 0.1 M cacolylatebuffer (Fluka) + 1% glutaraldehyde (Merck)).
Then Agarose-Pellets were made: 1% Agarose (high gelling Agarose
(Sigma) resolved in PBS) was warmed to 80 8C. The semen samples
were washed in PBS four times and then samples were warmed up
to 60 8C and 1% Agarose was put on the samples and then mixed,
centrifugated and cooled in crush ice for 3 h. Subsequently, pellets
were collected in 0.1 M cacodylatebuffer.

All samples were embedded for 1 day. Embedding procedure
included exchange of the 0.1 M cacodylatebuffer (15 min), then
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3 h in 1% osmiumtetroxyd (2% OsO4 (Agar) resolved in 3%
potassiumhexacyanoferrat (Merck)), then, twice washing for
15 min. Then samples were dehydrated in ascending grades of
ethanol (every step: twice for 15 min: 70–80–96% alcohol
(drugstore, AKH) and 100% alcohol (Prolabo)), then samples were
put in intermedium 1,2 propylenoxide (Merck) twice for
15 minutes, Then in mixture 1:1.2 propylenoxide–epoxy resin
(Serva) for 3 h, then in absolute epoxy resin overnight on the
shaker. The following day all samples were embedded in fresh
epoxy resin in special embedding forms and put into the oven
(60 8C) for 24 h [24,25].
Fig. 2. (A–F) Transverse sections at different levels of spermatozoa showing normal and ab

outer dense fibers (DF), outer doublets (OD) and central singlets (CS) (Mag. 50,000). (B)

(OD), central singlets (CS), radial spokes (RS) and inner and outer dynine arms (arrows) (

outer doublets (arrow) with otherwise normal axoneme (Mag. 5,000). (D) TS at principle t

midpiece level shows absent central singlets (arrow), normal outer doublets (OD) and de

singlets (arrow), normal outer doublets (OD) and dense fibers (DF) (Mag. 50,000).
All samples were sectioned semi thin (about 1.5 mm) and
then ultra thin (about 80 nm) with the Ultracut E (Reichert–
Jung). The ultrathin sections were put on coppergrids (150 mesh,
Balzers), and ‘‘stained’’ with uranylacetate (Agar) and lead citrate
(Merck).

After all, samples were washed and examined on a Jeol
Jem 1010 (Jeol/Japan). In each samples, 200 sections in the tail
were examined to detect the percentage of normal tails, as well as
the percentage of different tail anomalies in both study groups.

Statistics were done using SPSS 15 software (SPSS Inc., USA).
Data are presented as mean with standard deviation. Unpaired t-
normal axonemal structures: (A) TS at midpiece showing normal mitochondria (M),

TS at principle tailpiece level showing the normal dense fibers (DF), outer doublets

Mag. 50,000 and 40,000). (C) TS at principle tailpiece level showing absence of four

ailpiece level showing absence of two outer doublets (arrow) (Mag. 50,000). (E) TS at

nse fibers (DF) (Mag. 50,000). (F) TS at principle tailpiece level shows absent central



Fig. 3. TS at the midpiece level of an abnormal spermatozoon showing total absence

of the axoneme and outer dense fibers (arrows) with abnormal mitochondria (M)

(Mag. 50,000).
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test was used to compare data. Pearson test was used for
correlation.

3. Results

No significant difference (p = 0.37) could be found regarding
patients’ age in iOAT patients and fertile controls. The mean ages
of the two groups were (38.85 � 10.52) and (35.6 � 5.72),
respectively.

3.1. CP values

A statistically highly significant difference in the mean values of
CP was found between iOAT patients (1684.75 � 834.74) and
control (446.3 � 152.42) (p < 0.001), (Table 1, Fig. 1).

3.2. Semen parameters

There was no statistically significant difference in ejaculatory
volume between iOAT patients (3.79 � 1.45) and control
(3.48 � 1.47), (p = 0.59).

Normal fertile controls showed highly significant higher sperm
concentrations than iOAT patients (mean 69.68 � 32.1 and
6.695 � 5.8, respectively, p < 0.001).

A statistically highly significant difference between iOAT
(15.75 � 3.9) and control group (56.6 � 2.7) regarding the Progres-
sive sperm motility could be detected, (p < 0.001).

Abnormal sperm morphology was higher in the iOAT group
(84.4 � 7.43) than control group (67.8 � 1.47) with a statistically
highly significant difference (p < 0.001).

Percentage of midpiece anomalies (MP) was found to be
significantly higher in iOAT patients than normal controls
(p = 0.01) with mean values (31.6 � 8.85) and (23.1 � 5.51),
respectively.

Furthermore, there was a significant difference in the percen-
tage of tail anomalies between the iOAT (11.6 � 2.68) and control
(9.2 � 1.48) (p = 0.01).

3.3. Axonemal abnormalities

We examined the percentage of normal axonemes (Fig. 2A and
B) as well as the major axonemal abnormalities including absence
of one or both central singlets, absence of one or more outer
doublet tubules, and total absence of the axoneme.

A statistically highly significant difference between iOAT
(24.55 � 3.41) and control group (14.90 � 2.13) could be detected
regarding missing of one or more of outer doublet tubules (p < 0.001)
(Fig. 2C and D).

Absence of central singlet tubule(s) was higher in iOAT patients
(11.05 � 2.11) than normal controls (6.0 � 1.56) with a highly
significant difference (p < 0.001) (Fig. 2E and F).

Furthermore, there was a highly significant difference in the
total absence of the axoneme between iOAT patients (6.65 � 1.35)
and fertile controls (2.8 � 0.79) (p < 0.001) (Fig. 2G).

Abnormalities occurred frequently to result in a total absence of
the axoneme and outer dense fibers (arrows) with abnormal
mitochondria (Fig. 3).

3.4. Correlation between CP value and semen parameters

A statistically significant positive correlation between CP levels
and MP anomalies (r2 = 0.524) was found. On the other hand no
significant correlation could be found between CP values and tail
anomalies (r2 = 0.28). A significant negative correlation was found
between CP values and forward progressive sperm motility
(r2 = �0.68).
3.5. Correlation between CP value and axonemal anomalies

A statistically significant positive correlation was detected
between CP level and absence of axoneme (r2 = 0.841), missing of
central singlet tubules (r2 = 0.702) and missing of outer doublet
tubules (r2 = 0.869).

4. Discussion

The most common finding during evaluation of male infertility
is the iOAT syndrome. There are many causes and theories have
been hypothesized to participate in the aetiopathogenesis of iOAT,
the most important of which is the increased ROS and OS theory
[6].

Many methods are now available for detection of oxidative
stress. From these methods, CP is a highly sensitive marker for OS
with the advantage of being more stable than ROS themselves and
furthermore they are considered indicators of protein oxidation.

In our study, we found statistically highly significant higher
concentrations of CP values in iOAT patients compared to normal
controls which indicate higher levels of OS in those patients. Our
results agree with the results of Hsieh et al. [26] who found higher
concentrations of ROS in OAT patients compared to the control in
their study. Moreover, our results support results by Saraniya et al.
[27] who positively correlated CP level to the percentage of
immotile and abnormal spermatozoa.

Statistically highly significant differences in sperm parameters
were found between iOAT patients and normal controls. These
results agree with most of published data on the correlation
between OS and sperm parameters [27–30].

Axonemal anomalies which examined in our study included
either missing of one or both of central singlet tubules, missing of
one or more outer doublet tubules or total loss of the axoneme.

Interestingly we found statistically highly significant higher
percentages of the different axonemal anomalies in iOAT patients
compared to the normal controls. Our results concede with those of
Zavos et al. [31] who found a statistically significant higher
percentage of different axonemal anomalies in the abnormal
semen of smokers compared to normal semen from fertile controls.

In the present study, axonemal anomalies were negatively
correlated with the progressive sperm motility. Our results are
similar to those reported by Wilton et al. [32] who found axonemal
abnormalities in seven of 10 patients with previously unexplained
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asthenozoospermia. From these findings, we suggest a direct effect
of axonemal structure on the sperm motility. This disagrees with
results obtained by Courtade et al. [33] who concluded that
axonemal deficiencies are not the unique cause of decreased
motility in unselected patients with persistent unexplained
asthenozoospermia.

Furthermore, a statistically significant positive correlation
between CP values and different axonemal anomalies were found
in our study. As sperm maturation and further axonemal
development are completed during sperm transfer in the
epididymis, our findings may indicate effects of oxidative stress
on the epididymal sperm maturation which is reflected on sperm
ultrastrucure and morphology [1,34].

From the previous findings we can hypothesize that increased
ROS levels and OS negatively affect the ultrastructure of the human
sperm axoneme in iOAT patients which in turn will be reflected
directly on the sperm motility leading to decreased percentage of
motile spermatozoa in those patients.

5. Conclusion and recommendations

In conclusion, higher CP values, as indicators of increased ROS
and OS, were determined in iOAT patients with a positive
correlation to increased axonemal anomalies and negative
correlation to progressive sperm motility. Furthermore, negative
correlation between axonemal anomalies and sperm motility were
determined.

Our findings suggest that OS stress could be an underlying
cause in iOAT patients leading to increased axonemal anomalies
and resulting decreased sperm motility which may indicate an
effect of OS on sperm transportation.

We recommend the use of antioxidants in those patients as a
line of therapy to decreased OS. Furthermore, we recommend more
investigations to find how to decrease production of excessive ROS.
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