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Abstract: Sperm genomic integrity and ultrastructural features of ejaculated spermatozoa contributing to the assessment of
gamete fertility potential in patients with asthenozoospermia are discussed. The proportion of TUNEL-positive cells was signif-
icantly higher in the semen of patients with low sperm motility (n=40; p<0.01) as compared to men with normal sperm motili-
ty (n=54). Sperm DNA fragmentation negatively correlated (n=94) with sperm motility, concentration, and integrity of the sperm
plasma membrane (HOS-test). Two categories of patients were distinguished: (1) patients (23 out of 94 subjects) with <4% of
TUNEL-positive cells and (2) patients (71 subjects) with >4% of TUNEL-positive cells. A significant difference was noted in
the sperm motility and HOS-test results between patients from both groups. Large numbers of immature spermatozoa with exten-
sive cytoplasmic retention, ultrastructural chromatin and midpiece abnormalities, and conglomerates containing sperm fragments
were present more frequently in the semen of asthenozoospermic subjects with >4% of TUNEL-positive sperm cells. Low sperm
motility seems to be accompanied by serious defects of gamete chromatin expressed as diminished sperm genomic integrity and
abnormal DNA condensation as well as by defects of sperm midpiece. These abnormalities may reflect developmental failure
during the spermatogenic remodeling process. The DNA fragmentation test may be considered as an additional assay for the eval-
uation of spermatozoa beside standard analysis and taken together with an electron microscopy may help to determine the actu-
al number of "healthy" spermatozoa thereby playing an important role during diagnosis and treatment of male infertility.
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Introduction DNA abnormalities. In turn, precise qualitative and
quantitative evaluation of spermatogenic defects visual-
ized by fluorochromes is usually performed with the
flow cytometer. Cytofluorometric studies of semen
allow to analyze several thousand cells per sample (e.g.
10 or 20 thousand) in a short time. Therefore, flow
cytometry as a screening test for sperm alternations is
extensively used and is of considerable predictive value
regarding sperm fertilizing ability [10-12, 19-24].

The purpose of this work was to determine the
number of ejaculated spermatozoa with nuclear DNA
strand breaks and to find specific sperm ultrastructural
features in asthenozoospermia. Furthermore, we
decided to establish the relationship between sperm
genomic integrity and routine sperm characteristics.

Sperm nuclear DNA integrity is a novel marker of
male fertility potential [1-5]. DNA fragmentation fre-
quently affecting abnormal spermatozoa present in large
numbers in the semen of subjects with low sperm motil-
ity [6-13] may prevent or hinder fertilization and
embryo development, and increase the risk of genetic
defects [2,4-6,8,10,14-18]. It should be emphasized that
detection of DNA damage is often beyond the scope of
routine seminological analysis which in many cases is
decisive for qualification to assisted fertilization.

Rapid development of molecular diagnostics often
based on the binding of fluorescent dyes to sperm chro-
matin has created the possibility of identifying sperm
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Pomeranian Medical University was analyzed according to stan-
dard criteria recommended by WHO [25]. The men were partners
in couples treated for infertility. This study was approved by the
Ethics Committee of the University. The cut-off value for normal
sperm morphology was set at = 15% and for normal sperm cellular
integrity at >60% (HOS-test positive spermatozoa — hypo-osmotic
swelling test). Two categories of men were distinguished: (1) men
with normal sperm motility (54 out of 94 subjects; = 50% sperma-
tozoa with rapid + slow progressive motility or > 25% with rapid
progressive motility) and (2) men with low sperm motility
(asthenozoospermia; 40 out of 94 subjects). Twenty-six patients
with normal sperm motility exhibited normal sperm concentration
(220 x 10%mL) and morphology (N - normozoospermia), 23 sub-
jects presented with abnormal morphology (T - teratozoospermia)
and 5 with abnormal concentration and morphology (OT - olig-
oteratozoospermia). Isolated asthenozoospermia (A) was found in
3 men only, asthenoteratozoospermia (AT) in 28 subjects and
oligoasthenoteratozoospermia (OAT) in 8 men (Table 1).

The liquefied semen was centrifuged for 15 min at 400 x g at
room temperature. Seminal plasma was removed and the sperm
suspension was washed twice in PBS (phosphate buffered saline,
Sigma-Aldrich Chemie GmbH, Germany). The sperm pellet was
resuspended in 1 mL PBS and was used for cytofluorometric (n =
94), fluorescence and electron microscopic (n = 58) studies.

DNA fragmentation analysis. The incidence of spermatozoa with
nuclear DNA strand breaks was identified by TUNEL method (ter-
minal deoxynucleotidyl transferase (TdT)-mediated dUTP nick
end-labeling assay) using in situ Cell Death Detection Kit (APO-
BrdU a complete Kit for measuring apoptosis by dual color flow
cytometry, BioSource International, Inc. - APO-BrdU test) accord-
ing to the manufacturer's instructions. The negative control was
obtained omitting TdT from the reaction mixture. All spermatozoa
were treated with propidium iodide/RNase solution. The TUNEL-
positive reaction in FITC-antiBrdU mAb labeled cells was checked
in fluorescence microscope (Axioskop, Carl Zeiss, Jena GmbH,
Germany).

Flow cytometry measurements. Sperm DNA fragmentation was
measured in flow cytometer equipped with a 488 nm argon laser
(FACSCalibur, Becton Dickinson, San Jose, CA, USA). Ten thou-
sand events were measured for each sample at a flow rate of 100-
200 events/s. Green (480-530 nm) and red (580-630 nm) fluores-
cence were measured simultaneously in FL1 and FL3 channel
respectively. The fluorescence data were obtained at fixed gain set-
ting in logarithmic (FL1) and in linear (FL3) mode. Emission date
were collected and analysed by means of Cell Quest software
(Becton-Dickinson) [26].

Transmission electron microscopy (TEM). Semen samples for
electron microscopy were prepared using a conventional method
described by Piasecka and Kawiak [27]. Ultrathin sections of sam-
ples were examined in JEM-1200 EX (JEOL Ltd, Tokyo, Japan)
transmission electron microscope at 80 kV. Pathomorphological
evaluation of semen was performed according to Bartoov et al.
(28]

Statistical analysis. All results were expressed as mean =+ standard
deviation (mean + SD) and median. The conformity of variables
with the normal distribution was examined using Shapiro-Wilk W-
test. Mann-Whitney U-test was employed to assess statistical dif-
ferences between groups. Spearman rank correlation (r) test was
used to determine the relationships between sperm nuclear DNA
fragmentation and sperm motility, concentration, morphology, and
integrity of sperm cellular membrane. Statistical significance was
taken at p<0.05. All computations were performed using the Sta-
tistica ver. 6.0 software.
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Fig. 1. TUNEL-positive spermatozoa labeled FITC-antiBrdU
mAb are detected in fluorescence microscope. Note the different
distribution of bright green-yellow fluorescence in the sperm
heads; x 5500.

Results

Fluorescence microscopy and flow cytometry of
spermatozoa with APO-BrdU test

Spermatozoa with normal integrity of DNA (TUNEL-
negative) displayed background fluorescence only,
while those with fragmented DNA revealed bright
green-yellow fluorescence of the heads (Fig. 1).

The percentage of spermatozoa with nuclear DNA
strand breaks was calculated on the basis of results
obtained from histogram analysis (Fig. 2) described by
Piasecka et al. [26]. The proportion of TUNEL-posi-
tive sperm was significantly higher (p<0.01) in the
semen of asthenozoospermic patients (15.10 =+
10.96%; median 12.00%; Q,-Q, = 6.00-23.00%; n=40;
p<0.01) as compared to men with normal sperm motil-
ity (11.69 + 15.74%; median 6.50%; Q,-Q,=4.00-
12.00%; n=54) (Table 1).

According to data of Host et al. [29,30], Benchaib
et al. [6] and Huang et al. [8], we distinguished two
categories of patients using DNA fragmentation
threshold value of 4%: (1) patients (23 out of 94 total
subjects) with < 4% of TUNEL-positive cells and (2)
patients (71 out of 94 subjects) with 4% of TUNEL-
positive cells. The former group included 5 astheno-
zoospermic men (AT=4; OAT=1), while the latter one
included as many as 35 asthenozoospermic men (A=3;
AT=24; OA=1; OAT=7) out of 40 total studied men
with asthenozoospermia. Our studies revealed 32 sub-
jects with >4-10% (N=10; T=7; A=3; AT=9; OT= 1;
OA=1; OAT=1), 21 subjects with >10-20% (N=6;
T=4; AT=8; OT=1; OAT=2) and 18 subjects with
>20% (N=2; T=2; AT=7; OT=3; OAT=4) of sperm
with fragmented DNA. A significant difference was
found only in the integrity of sperm cellular membrane
and sperm motility between patients from both groups.
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Fig. 2. Flow cytometry analysis of semen samples with APO-BrdU test. Density plot (FL3A versus FL3W) obtained after propidium
iodide staining of spermatozoa. Cells gated in R1 region were analyzed, while debrids and aggregates were excluded from the analysis.
FL3 channel - the intensity of fluorescence in the red spectrum. Representative histograms of FITC-antiBrdU mAbD labeled spermatozoa
(FL1-H) in subjects with teratozoospermia (T), normozoospermia (N), asthenozoospermia (A), asthenoteratozoospermia (AT) and with
oligoasthenoteratozoospermia (OAT). The percentages of TUNEL-positive spermatozoa with nuclear DNA strand breaks (emitting green
fluorescence, see Fig. 1.) read from the M2 marker, but the cells without fragmented DNA (TUNEL-negative) from the M1 marker. Posi-
tion of M1 marker was adjusted according to the result of negative control (without TdT) which allows to set a region including all
TUNEL-negative cells [26]. The x-axis: FL1 channel - the intensity of fluorescence in the green spectrum, the y-axis: depicts the fre-
quency in terms of the number of cells; the fluorescence intensity scale is expressed as "channel number" (0-1000).

Subjects with 4% of TUNEL-positive gametes dis-
played significantly lower percentages of HOS-posi-
tive sperm and of spermatozoa with progressive motil-
ity (p<0.01) than subjects with < 4% of TUNEL-posi-
tive cells (Table 2).

There were significant correlations (n=94) between
the percentage of sperm with DNA fragmentation and
percentages of sperm with progressive motility
(r=-0.38), without movement (r=0.35), as well as
sperm concentration (r=-0.33) and percentage of HOS-
test positive sperm (r=-0.43; n =75). No significant cor-
relation was found between percentage of TUNEL-pos-
itive cells and percentages of sperm with non-progres-
sive motility or with normal sperm morphology.

TEM

Electron microscopy revealed a large number of imma-
ture spermatozoa usually with excessive cytoplasmic

remnants, chromatin and midpiece defects as well as
sperm conglomerates, more frequently in the semen of
asthenozoospermic subjects with TUNEL-positive sper-
matozoa exceeding 4%. Granular substructure of sperm
chromatin, pale vacuoles and myelin-like, lamellar,
granular and electron-dense inclusions in the nucleus of
spermatozoa were found (Fig. 4A, B, C). Thickened and
diversely deformed sperm midpieces with irregular
arrangement of mitochondria and with additional (super-
numerary, redundant) mitochondria located usually in
the residual cytoplasm were observed (Fig. 4C-E).
Moreover, immature gametes with cytoplasmic "sack"
instead normal midpiece and flagellum were also noted
(Fig. 4B). Cytoplasmic conglomerates contained sperm
structures (head, midpiece, principal piece) and their
fragments (chromatin, acrosome, mitochondria, outer
dense fibers, axoneme, fibrous sheath). In some cases
the sperm structures within the conglomerates were
degraded (Fig. 5).
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Table 1. Results of flow cytometry and conventional analysis of semen. Comparison of sperm DNA fragmentation rates between patients

with normal sperm motility and patients with low sperm motility.

Routine sperm characteristics
TUNEL- Morpho- Sperm motility (% of spermatozoa)
. Parame | positive | Concen- logy Rapid + Hos-test
Patients ter sperm tration (% Ofl slow Ranid gl Non- I - positive
(%) 6 horma progres- apt oW progres- mmomte Sperm
(x10%/ml) sperm sive (A) B) sive Sperm (%)
forms) (A 4 B)
64.52 +
Total Mean | 13.14% | 6056+ | 1012 | 5074 | 616+ |4450% | 1187 | 3738 | /oo
(n=94) +SD | 13.95 40.73 8.04 | 1667 | 789 | 13.98 8.66 15.37 i
N =26; n="75
T: 233; Median | 8.50 60.00 8.00 5200 | 3.00 | 4500 | 10.00 36.00 62.00
AT=28 | pupee | 1:00- 2.00— 000— | 1500- | 0.00- | 1000- | 1.00- | 12.00- | 38.00-
OA=1: & 76.00 180.00 3000 | 7800 | 3600 | 7500 | 45.00 77.00 90.00
oAt=s | omqs | 300- | 2600- | 200- | 4000- | 000- | 3600- | 600~ | 2600- | s8.00-
173 16.00 90.00 1600 | 6600 | 900 | 5100 | 14.00 48.00 72.00
. 58.94 +
With Mean | 1510+ | 4505+ | 693+ | 3473+ | 128+ | 3345+ | 1500+ | 5028+ | ~g3s
astheno- +SD | 10.96° 35.86 6.49 10.58 199 | 1017 | 1038 12.34 -
Zoospermia n=3l
(n= 49%““ of | Median | 12.00 32.50 6.50 | 3550 | 000 | 3500 | 1150 | 4850 | 60.00
A=3; Ranee | 2:00- 4.50— 000— | 1500- | 0.00- | 1000- | 4.00- | 2400- | 38.00-
AT =28, & 42.00 150.00 2400 | 4900 | 9.00 | 4900 | 4500 77.00 80.00
OA=1;
OAT=8 | oo | 600 19.00— 000— | 2500- | 0.00- | 2450- | 7.50— | 42.00- | 54.00-
173 23.00 60.00 1150 | 4350 | 200 | 4050 | 19.50 59.00 64.00
68.45
: Mean | 11.69+ | 7206+ | 1248+ | 6261+ | 978+ | 5283+ | 956+ | 27.83%
With normal b +9.90
sperm +SD | 15.74 40.59 8.31 8.24 865 | 10.18 6.28 9.16 oy
motility -

(n=s4 | Median | 650 70.00 1300 | 6350 | 750 | 50.00 9.50 28.00 66.00
utold4) | e | 100 2.00- 0.00- | 50.00- | 0.00- | 3000- | 1.00- | 1200- | 54.00-
I%T: gg; & 76.00 180.00 3000 | 7800 | 3600 | 7500 | 36.00 46.00 90.00
OT =5 00, | 400- 50.00— 500- | 56.00- | 3.00- | 46.00- | 5.00- | 2000- | 60.00-

171 12,00 100.00 1800 | 6900 | 1400 | 6000 | 12.00 36.00 79.00

Q,-Q; - lower quartile-upper quartile; SD - standard deviation; ab - means with different letters are significantly different at p < 0.01.

Discussion

In this study, we confirmed that asthenozoospermic
men had significantly higher proportion of spermato-
zoa with nuclear DNA strand breaks (15.10 + 10.96%;
median 12.00%) than men with normal sperm motility
(p<0.01). Some authors [6,7] obtained similar results.
Gandini et al. [7] discovered 11 + 4.3% and Benchaib
et al. [6] found > 12% TUNEL-positive sperm in the
semen of men with abnormal sperm motility. Huang et
al. [8] presented lower percentage of TUNEL-positive
sperm (6.1 = 6.1% or 9.7 + 7.2%), but other authors
[9-13] noted larger numbers of sperm with fragmented
DNA in subjects with low sperm motility. Liu ef al. [9]
discovered 18.8%, Varun et al. [11] found 19.7 £ 8.7%
and 21.9 £ 9.5%, Zini et al. [13] reported 27 £+ 2.5%,
Marchetti et al. [10] observed 30 + 2% and Vicari et al.

[12] noted 37 + 1.7% sperm with DNA damage. Men
with abnormal sperm parameters (especially with
asthenozoospermia), who were frequently infertile,
usually exhibited higher percentage of spermatozoa
with diminished DNA integrity in the semen as com-
pared to men with normozoospermia, normal sperm
motility or fertile [6-13,22,24]. Moreover, our
research reveled as many as 35 asthenozoospermic
men with >4% TUNEL-positive spermatozoa out of 40
total studied men with asthenozoospermia. It should be
emphasized that a selected fraction of semen with low
sperm motility displays more frequent abnormalities
of sperm chromatin than a fraction with high sperm
motility [31,32]. Our findings taken together with the
reported results [8,13,14,31-38] revealed a relationship
between DNA fragmentation and sperm motility.
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Table 2. Comparison of conventional sperm parameters between patients with < 4% TUNEL-positive sperm and patients with > 4%

TUNEL-positive sperm.

Routine sperm characteristics
Subjects with Morpho- Sperm motility (% of spermatozoa)
various levels of TUNEL- 1 Hos-test
Paramete yp Concern- ogy ] os-tes
sperm DNA r positive C (% of Rapid + positive
fragmentation sperm (%o) t{?)%;)nl normal slow Non- Immotile sperm
rate (%) (x10°/ml) sperm progressive | progressive sperm (%)
forms) (Aa+DB)
Mean | 300000 | 6828 1217+ | 5835+ | 1061+ | 31042 Z})";gjf
<4% of tunel- +SD : : 34.55 9.46 16.00 4 6.47 13.74° _ 17
positive sperm n
= 2934;>ut of | Median 3.00 60.00 12.00 64.00 10.00 28.00 72.00
N=8T=10; _ _ 17.00- g 16.00- 52.00-
AT =4 Range 1.00-4.00 [ 4.50-130.00 | 0.00-30.00 76.00 2.00-25.00 62.00 26.00
OAT =1
50.00- 20.00- 60.00—
Q—Qs 2.00-4.00 | 50.00-90.00 | 4.00-20.00 69.00 4.00-14.00 42,00 20.00
> 4% of 62.60 =
" Mean 1642 + 58.06 £ 48.28 + 12.28 + 39.44 B
TUNEL-positive | gpy 14.61 446 | IPETRL go4n 9.26 15.39" 10.00
sperm n=>58
(n= 71 outof )
94) Median 12.00 50.00 8.00 50.00 10.00 38.00 61.00
N=18T=13 15.00- 12.00- 38.00-
A=3 Range 5.00-76.00 | 2.00-180.00 | 0.00-28.00 7300 1.00-45.00 7700 90.00
AT =24
OA=1,0T=35; 34.00- 29.00- 58.00—
OAT =7 Q—Qs 7.00-21.00 | 25.00-90.00 | 2.00-15.00 59,00 6.00-14.00 43 00 68.00

Q,-Q, - lower quartile-upper quartile; SD - standard deviation; ABab - means with different letters are significantly different (AB at p < 0.01; ab at p < 0.05).

A significant negative correlation between DNA dam-
age and sperm progressive motility (p<0.001; n=94)
and a significantly lower percentage of sperm with
progressive motility (p<0.01) in men displaying >4%
TUNEL-positive gametes suggested that abnormal
sperm genomic integrity could be associated with poor
sperm movement. This suggestion is consistent with
conclusion of Ramos et al. [37]. They considered the
sperm motility as a relevant physiological marker for
intact DNA. Similar interpretation have been drown by
Zini et al. [13] and Muratori et al. [36].

Sperm DNA breakage negatively correlated not only
with sperm motility but also with HOS-test results
(p<0.001), and sperm concentration (p<0.01). DNA
fragmentation did not significantly correlate with nor-
mal sperm morphology (p=0.06). The hypo-osmotic
swelling test reflects the viability of spermatozoa
expressed as percentage of cells with functional/integral
cellular membrane. Our data are agreement with other
reports correlating the percentages of sperm with frag-
mented DNA with percentage of HOS-test positive
sperm [35,36]. Regarding the correlation between DNA
integrity and sperm concentration, our results are con-
sistent with those of other investigators [14,15,23,35],
but are in contrast with study of Muratori et al. [36].
Thus, it can be concluded that semen sample with a low

percentage of sperm with normal motility and with low
percentage of sperm with functional cellular membrane
may contain a high percentage of TUNEL-positive
sperm. Furthermore, decreased sperm concentration
may be associated with increased percentage of sperma-
tozoa with nuclear DNA fragmentation. It should be
stressed, that patients with poor standard seminological
parameters and low predictive value concerning the
sperm fertilizing ability are usually enrolled in ART
[1,4-6,14,15,29,30]. Moreover, men with low sperm
progressive motility may display an increased rate of
sperm aneuploidy [39-41]. The intracytoplasmic sperm
injection (ICSI) bypasses a natural selection mecha-
nisms preventing the interaction of both gametes. Cur-
rent reports reveal that DNA fragmentation has an
impact on fertilization, embryo development, pregnan-
cy and may eventually contribute to spontaneous mis-
carriages, genetic anomalies and childhood cancer in the
offspring. Therefore, the extent of nuclear DNA damage
in spermatozoa has important clinical significance in
natural and assisted procreation. From this reason,
sperm DNA fragmentation must not be ignored [2,4-
6,8,10,14-18,42].

So far, the threshold value for the TUNEL assay to
discriminate between fertile and infertile men has not
been established. Some investigators proposed 4%
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Fig. 3. Spearman rank correlation coefficients (r,) for the percentage of TUNEL-positive spermatozoa and routine sperm characteristics.

[6,8], 10% [6,14], others 12% [34], 20% [14,17,24], or
as much as 36.5% [29] TUNEL-positive sperm cells as
a cut-off value for predicting TUNEL positivity of
sperm samples, fertilization, or pregnancy. According
to several reports [6,8,29,30] and using a DNA frag-
mentation threshold value of 4%, we distinguished two
categories of patients: with <4% or with >4% TUNEL-
positive cells. Host et al. [29,30] and Huang et al. [8]
observed a significantly higher fertilization rate when

<4% or <4% spermatozoa with fragmented DNA were
present in semen. In the present research, only 23 men
with <4% were disclosed among 94 subjects.

Huang et al. [8] found that the fertilization rate was
affected when sperm DNA fragmentation was >10%.
Similar results were reported by Benchaib et al. [6]
who noted that the fertilization rate was significantly
higher for DNA fragmentation below 10% and no
pregnancy was obtained when DNA fragmentation
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exceeded 20%. Borini et al. [14] found significantly a
higher percentage of clinical pregnancy and signifi-
cantly lower percentage of pregnancy loss for men
with <10% TUNEL-positive spermatozoa than for
>10%. Duran et al. [34] reported that no semen sample
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Fig. 4. Representative ultrastructural
features of immaturity of ejaculated
spermatozoa reflecting developmen-
tal failure in the spermatogenic
remodeling process in patients with
low sperm motility and TUNEL-pos-
itive spermatozoa exceeding 4%.
Abnormal packaging of sperm chro-
matin: immature chromatin with
granular substructure (white asterisk,
A, B, C), vacuole (black asterisk, B)
and with myelin-like structure (white
arrowhead, A); abnormal morpho-
genesis of the midpiece: spermato-
zoon containing cytoplasmic "sack"
with granular, membranous material
and with redundant membranes of
nuclear envelope (gray arrowhead,
B). Midpiece with irregular arrange-
ment of mitochondria (some of
which have abnormal shape and size,
white arrow, C), with supernumerary,
redundant mitochondria shed outside
the mitochondrial sheath into the
residual cytoplasm (black arrow, D).
Spermatozoon with additional sec-
tion through the midpiece (gray
arrow, E); note excessive cytoplasm
in the head (A, C, E), the neck (C, E)
and in the midpiece (C, D, E); Bac-
cetti et al. [45] have identified the
spermatozoon shown in Fig. B as
apoptotic; a - acrosome; ms - mito-
chondrial sheath; odf - outer (periph-
eral) dense fibers; ax - axoneme; rc -
residual cytoplasm; A, B, C: x 19
000; D: x 18 750; E: x 21 740.

having >12% sperm with fragmented DNA resulted in
pregnancy. In turn, Seli et al. [17] obtained 50% more
blastocysts for subjects with <20% TUNEL-positive
male gametes as compared to = 20%. Some authors
observed a significant negative correlation between
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DNA damage and fertilization rate [10,14,29,30], blas-
tocyst development [17], or clinical pregnancy [15].
Our study revealed 32 subjects with >4-10%, 21 sub-
jects with >10-20%, and 18 subjects with >20% sperm
with fragmented DNA. Taking into account the find-
ings of other researchers [6,8,14,34], the chance for
fertilization will be lower for patients with >10-20%
TUNEL-positive sperm. Likewise, the pregnancy rate
may be diminished for patients with >20% spermato-
zoa having nuclear strand breaks.

We tried to find a relationship between the molec-
ular disorders of sperm chromatin and sperm ultra-
structural characteristics. The electron microscopy of
semen was a probe attempting to specify eventual
reasons for decreased sperm genomic integrity.
According to our results, it seems that sperm DNA
fragmentation in asthenozoospermic subjects was a
result of defective chromatin condensation/packag-
ing. The granular substructure of sperm chromatin,
diverse lamellar inclusions and pale vacuoles in the
sperm nucleus reflected immaturity of the chromatin
[36,43-45]. Incompletely packed DNA (denaturated
DNA) contains persistent endogenous nicks. Strand
breaks in nuclear sperm DNA can be an effect of the
failed replacement of histones by protamines -
impaired protamination (protamine deficiency or
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Fig. 5. Semen conglomerates con-
taining sperm structures reflecting
abnormal spermiogenesis in men
with low sperm motility and
TUNEL-positive  spermatozoa
exceeding 4%. The cytoplasm
reveals granular and membranous
material, condensed chromatin
(white arrowhead, A), degraded
chromatin (white asterisk, B),
sperm head with acrosome (black
arrowhead, C), redundant mem-
branes of nuclear envelope (gray
arrowhead, A), midpiece (white
arrow, A, D), redundant mitochon-
dria (black arrow, A, D) and sec-
tions through the tail which can be
rolled-up (gray arrow, A-D); struc-
tures resemble degeneration of
abnormal, elongating, highly dif-
ferentiated spermatids with fully
developed midpiece (A) and tail
(A, B) and can resemble immature
spermatozoa with excessive cyto-
plasm in the head (C) and at the
midpiece (D); Baccetti et al. [45]
have identified the ultrastructure in
Fig. B as an apoptotic body; a -
acrosome; A: x 9000; B: x 15 000;
C: x 20 500; D: x 14 300.

R |

abnormal activity of endogenous nuclease and topoi-
somerase Il - enzymes involved in the creation and
ligation of DNA nicks during protamination). There-
fore, the observed ultrastructural features of sperm
chromatin may indicate the molecular disorders in
nuclear remodeling process during the differentiation
of round to elongated spermatids, while TUNEL-pos-
itive spermatozoa with endogenous nicks in ejaculate
may be the product of incomplete sperm chromatin
compaction [2,4,5,13,36,46]. On the other hand,
some spermatozoa may be identified as apoptotic
cells [7,43,45]. Hence, TUNEL-positive spermatozoa
can be considered as cells entering programmed
death [7,22,23,45]. The used test is able to detect sin-
gle and double stranded DNA breaks and may sug-
gest a final move to programmed and also non pro-
grammed cell death [7,10,13,22]. However, the dam-
aged DNA is not always indicative of apoptosis. It
should be emphasized that interpretation of DNA-
fragmented spermatozoa is still equivocal as well as
mechanisms involved in generating sperm DNA
lesions are not fully elucidated yet. Abnormal sperm
chromatin condensation, sperm apoptosis and oxida-
tive stress at reduced antioxidant protection are cur-
rently considered as causes of DNA strand breaks
[4,5,7,16,22,36,46,47].



Sperm DNA integrity

In the present research, abnormalities of sperm
midpiece frequently accompanied by excessive resid-
ual cytoplasm and spermatozoa with cytoplasmic
"sack" instead flagellum were found in the semen of
asthenozoospermic men, especially with >4%
TUNEL-positive sperm cells. In considering these
ultrastructural results can be related to sperm maturity
within the midpiece. One may assume that abnormal
morphogenesis of mitochondrial sheath and failed
cytoplasmic retention appeared during spermiogenesis
in studied men with low sperm motility beside
impaired chromatin condensation. Sperm defects
demonstrated in our study were observed by other
authors also in the semen of human subjects with low
sperm motility [7,36,40,41], with Hodgkin's disease
[7], testicular cancer [7,45], vericocele [43,45] and
with endocrine [45] or genetic [40,43,44] disorders.
Sperm ultrastructural characteristics may suggest an
apoptosis or immaturity [7,36,40,44,45]. It is believed
that immature spermatozoa with persistent cytoplasm
generate reactive oxygen species (ROS) which con-
tribute to the loss of sperm DNA integrity [2,5,15,16,
31,37,47-50]. Our previous studies showed (1) normal
oxidoreductive capability (NADH-dependent NBT
assay) of spermatozoa with residual cytoplasm
involved in generating of ROS and (2) functional
supernumerary mitochondria (JC-1 test) localized in
sperm cytoplasmic remnants in some cases of astheno-
zoospermia [27]. Mitochondria are known to produce
ROS [16,49,51]. Therefore, the abnormal spermatozoa
noted in the semen of men with low sperm motility
may be a source of ROS. High DNA fragmentation in
spermatozoa of asthenozoospermic subjects seems to
be understandable.

We may speculate that the immature spermatozoa
with molecular and morphological defects can assem-
ble and form sperm conglomerates discovered in
semen of asthenozoospermic men. These conglomer-
ates contained abundant cytoplasmic material, sperm
fragments, and other structures. Our findings suggest
that abnormal cells are degraded within the conglom-
erates. However, interpretation of these electron
microscopic findings is difficult. Without doubt, sperm
conglomerates reflect spermatogenic failure. More-
over, formation of the conglomerates may be a ade-
quate way to eliminate abnormal cells which can
develop during differentiation of spermatids. In this
case the sperm conglomerates are not destroyed in the
testis or epididymis, but they are liberated from semi-
niferous epithelium and finally appear in the ejaculate.
Some of the conglomerates can be related to apoptotic
sperm, spermatids or bodies [7,36,45].

In conclusion, our study suggest that astheno-
zoospermia is accompanied by (1) intense defects of
gamete chromatin expressed as diminished sperm
genomic integrity and abnormal DNA condensation
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and (2) intense defects of sperm midpiece. These
abnormalities may reflect the developmental failure
during the spermatogenic remodeling process. In such
cases, intense elimination of abnormal, immature cells
possibly associated with their death and with the
increase of sperm conglomerates in the semen may
take place. The DNA fragmentation test may be con-
sidered as an additional assay in evaluation of sperma-
tozoa beside a standard analysis and taken together
with the ultrastructural study may help to determine
the actual number of "healthy" spermatozoa, thus play-
ing an important role during proper diagnosis and
treatment of male infertility.
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