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Association of sperm apoptosis and DNA ploidy with
sperm chromatin quality in human spermatozoa
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Objective: To examine the relationship among sperm apoptosis, sperm chromatin status, and DNA ploidy in
different sperm fractions.
Design: Prospective study.
Setting: Reproductive research center in a tertiary care hospital.
Intervention(s): Sperm prepared by density gradient were evaluated for sperm count, motility, apoptosis, and
sperm chromatin assessment.
Main Outcome Measure(s): Sperm count, sperm motility, toluidine blue (TB) results, DNA fragmentation index
(%DFI), high DNA stainability, DNA cytometry, and early and late apoptosis.
Result(s): Sperm motility was related to late apoptotic and subhaploid apoptotic sperm (r ¼ �0.56 and �0.53,
respectively). The sperm %DFI showed significant correlation with late apoptotic and subhaploid sperm (r ¼
0.62 and 0.68). TB-stained sperm were significantly correlated with late apoptotic sperm (r ¼ 0.51). Significantly
higher proportions of haploid sperm and light blue TB-stained sperm were seen in mature compared with immature
fractions.
Conclusion(s): Even in semen samples with low %DFI, semen processing results in a lower incidence of nuclear
immaturity and subhaploidy, but the incidence of late apoptotic sperm remains unchanged. Therefore, simulta-
neous evaluation of apoptosis and sperm chromatin status is important for processing sperm in assisted reproduc-
tive procedures. (Fertil Steril� 2009;91:1110–8. �2009 by American Society for Reproductive Medicine.)
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Sperm preparation techniques are a vital component of assis-
ted reproductive technologies (ART). Density-gradient cen-
trifugation is commonly used for sperm preparation, which
leads to an increased conception rate (1). This technique sep-
arates superior motile spermatozoa with normal morphology
from the total sperm population, leaving behind immature,
morphologically abnormal, and senescent spermatozoa with
damaged DNA (2–6).

In mature spermatozoa, the compact chromatin results
from replacement of histones by arginine- and cysteine-rich
protamines during spermatogenesis. Additional conforma-
tional changes in sperm chromatin structure occur during
maturation by formation of disulfide bridges between cyste-
ine residues providing highly compacted chromatin. Sperm
DNA integrity is critical for accurate transmission of paternal
genetic information (7, 8). Although fertilization can occur
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with damaged DNA spermatozoa, abnormal sperm chromatin
structure has been negatively correlated with the fertility
potential of the spermatozoa and subsequent embryo devel-
opment (9).

Sperm chromatin status can be evaluated by several
methods; the more widely reported are the sperm chromatin
structure assay (SCSA) and the terminal transferase dUTP
nick-end labeling (TUNEL) assay. Numerous reports indi-
cate that SCSA correlates with clinical outcomes (9–12).
In this assay, the DNA fragmentation index (%DFI) repre-
sents the proportion of sperm with abnormal DNA integrity,
while high DNA stainability (%HDS) is suggested to indi-
cate sperm chromatin immaturity (11). The toluidine blue
(TB) image cytometry test can also be used as a relatively
inexpensive, feasible, alternative test for sperm chromatin
conformation assessment. In this assay, spermatozoa with
intact and mature chromatin when stained with TB will
stain light blue (%LB), while sperm with damaged and/or
immature chromatin will stain dark violet (%DV) with two in-
termediate reaction colors, light violet (%LV) and blue (%B),
according to the degree of sperm chromatin maturity and in-
tegrity (12).

Although the mature spermatozoa are transcriptionally in-
active and the typical apoptosis characteristics seen in so-
matic cells are absent, recent studies have demonstrated
0015-0282/09/$36.00
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apoptosis-like conditions (or abortive apoptosis), including
single-stranded DNA damage, presence of activated cas-
pases, and externalization of the phosphatidyl serine on the
sperm plasma membrane in ejaculated human spermatozoa
(13–21). In addition, we have reported the separation of non-
apoptotic spermatozoa from apoptotic spermatozoa using
annexin V–labeled microbeads by the magnetic-activated
cell-sorting technique (17, 22, 23). All these studies indicate
that ejaculated spermatozoa may exhibit some form of apo-
ptotic features.

In apoptotic cells, the membrane phospholipid phosphati-
dylserine (PS) is translocated to the outer leaflet of the plasma
membrane, exposing the PS to the cellular environment (24).
Changes in plasma membrane composition and function can
be detected by the appearance of PS on the plasma mem-
brane, which reacts with annexin V–fluorochrome conju-
gates. When annexin V is combined with propidium iodide
(PI) staining, this method can distinguish among the viable,
necrotic, early, and late apoptotic cells (25–27). During ca-
pacitation and acrosome reaction of spermatozoa, PS does
not become exposed on the outer surface of the viable cells.
Only in a subpopulation of PI-positive sperm cells does PS
become accessible upon capacitation (28). Caspase activa-
tion also has been reported only in an annexin V–positive
sperm fraction after cryopreservation (29).

Decreased elimination and subsequent accumulation of the
DNA-damaged spermatozoa results in poor-quality sperm.
This is due largely to inefficient apoptotic machinery and
poor DNA integrity and abnormal chromatin packaging
(15, 30). In the embryonic genome, any modifications at
the level of the DNA nucleotides and/or DNA strand breaks
that originate from the paternal genome that are beyond the
oocyte repair capacity after fertilization are not compatible
with normal embryo and fetal development (31).

The association of the indices of sperm chromatin structure
tests such as the SCSA and the TB test and the possible ram-
ifications of apoptosis (annexin V–PI assay) in ejaculated
spermatozoa are unclear. Characterization of this relationship
may be helpful in evaluating many of the diagnostic and ther-
apeutic intervention procedures, ranging from semen collec-
tion and preparation to analysis of sperm for use in any
assisted reproduction program (9, 32).

Our aim was to examine the relationship of the sperm chro-
matin status with apoptosis markers in different sperm frac-
tions after preparation of sperm by density-gradient
separation and to analyze immature and mature sperm for
chromatin packaging, distribution of subhaploid, haploid,
and apoptotic sperm using TB staining, SCSA, and sperm
DNA cytometry.

MATERIALS AND METHODS

Sample Collection and Preparation

This study was approved by the Cleveland Clinic Institutional
Review Board. Semen samples were collected from 18 do-
Fertility and Sterility�
nors according to World Health Organization guidelines
(33). All samples were collected by masturbation after sex-
ual abstinence for at least 48 hours. After complete liquefac-
tion, routine semen analysis was done for all samples using
MicroCell counting chambers (Conception Technologies,
San Diego) under a phase-contrast microscope. Samples
with low volume and high viscosity and those with leukocy-
tospermia (white blood cell count>1 � 106 /mL) were ex-
cluded.

Each sample was divided into two aliquots; 300 mL of un-
processed (neat) semen sample was removed, and the remain-
ing was subjected to double density-gradient centrifugation
(40%: 80%; PureCeption, SAGE BioPHARMA, Bedminster,
NJ). After centrifugation at 300 g for 20 minutes, the result-
ing interfaces between the 40% and 80% layers comprising
immature spermatozoa were aspirated and resuspended in
human tubal fluid media (HTF; Irvine Scientific, Santa
Ana, CA). The resulting pellet in the 80% phase consisting
largely of highly motile, mature spermatozoa was resus-
pended in HTF media. Neat as well as mature and immature
fractions were washed with phosphate-buffered saline (PBS).
All fractions were evaluated for sperm chromatin status and
apoptosis.

Toluidine Blue (TB) Test

The TB test was performed as described elsewhere (12).
Briefly, 200 mL of sperm suspension from each fraction
was washed with PBS at 250 g for 10 minutes and resus-
pended in 5% bovine serum albumin. Thin smears were pre-
pared on precleaned slides and air-dried for 30–60 minutes.
These were fixed with freshly prepared fixative (96% ethanol:
acetone; 1:1) at 4�C and air-dried. Hydrolysis was performed
in 0.1 M HCl at 4�C for 5 minutes, followed by three washes
of distilled water, each wash for 2 minutes. Smears were
stained in TB (0.05% in 50% McIlvain’s citrate phosphate
buffer at pH 3.5) for 5 minutes. Slides were rinsed briefly
in distilled water and dehydrated in tertiary butanol at 37�C
for 2 � 3 minutes followed by xylene at room temperature
(2� 3 minutes) and mounted with distrene plasticizer xylene.
The stained slides were scored by light microscopy by count-
ing at least 200 cells. The TB test was categorized on the basis
of the chromatin staining as normal (%LB), abnormal
(%DV), and two intermediate chromatin conformations
(%B and %V). All slides were coded and scored in a blinded
fashion by one experienced observer (JE) only. The assay is
reproducible with acceptable intraobserver variability as
demonstrated by our earlier studies (12, 34, 35).

Sperm Chromatin Structure Assay

Aliquots of 250 mL of neat, mature, and immature sperm frac-
tions were treated with an acid detergent solution (pH 1.2)
containing 0.1% Triton X-100, 0.15 mol/L NaCl, and 0.08
mol/L HCl for 30 seconds and stained with 6 mg/L purified
acridine orange (Polysciences Inc., Warrington, PA) in
a phosphate-citrate buffer, pH 6.0, to be subjected to analysis
1111



FIGURE 1

Flowcytograms showing examples of data generated by SCSA. Example of: (A) Normal DNA integrity (normal
%DFI); (B) poor sperm DNA integrity (high %DFI); and (C) Normal sperm chromatin maturity (normal HDS).
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by flow cytometry (FCM). Sperm chromatin damage was
quantified by the FCM measurements of the metachromatic
shift from green (native, double-stranded DNA) to red (dena-
tured, single-stranded DNA) fluorescence and displayed as
red versus green fluorescence intensity cytogram patterns
(Fig. 1). The %DFI is the ratio of the percentage of sperm
showing an increased red florescence/total fluorescence in-
tensity (red þ green). In addition, we included the fraction
of cells with high DNA stainable (%HDS) cells representing
immature spermatozoa with incomplete chromatin condensa-
tion (11, 36).

Annexin V–Propidium Iodide Assay

To perform this assay the Annexin-V FITC Apoptosis Detec-
tion Kit was used (Pharmingen, San Diego). Aliquots of 100
mL of neat, mature, and immature sperm fractions were resus-
pended in 400 mL cold reaction buffer (HEPES; N2-hydrox-
yethyl piperazine-N’2-ethanesulfonic acid) containing 2.5
mM CaCl2. Sperm cells were labeled with 10 mL each of
annexin-V/fluorescein isothiocyanate solution and PI for
detecting apoptotic and necrotic sperm. Samples were incu-
bated for 15 minutes at room temperature in the dark. Cells
were washed with 1 mL PBS, centrifuged, and resuspended
in 300 mL of reaction buffer. The FCM analysis was done
to quantitatively determine the percentage of early and late
apoptotic, necrotic, and viable cells (37–39).

Although the term ‘‘cell ploidy’’ is usually used in cytoge-
netics to refer to the chromosomal status/number, various in-
vestigators have used this term to indicate the DNA ploidy
and cell cycle analysis by calculating the DNA index (ratio
of normal, G0-G1; ratio of abnormal, G0-G1). Therefore,
by using DNA cytometry, we can differentiate aneuploidy,
triploidy, or tetraploidy from diploidy (40, 41) and even dif-
1112 Mahfouz et al. Sperm chromatin status and apoptos
ferentiate various maturation stages of spermatozoa (42–45).
Essentially, these are the haploid sperm with different levels
of differentiation (representing the immature haploid and ma-
ture condensed spermatozoa) and loss of DNA content (rep-
resenting the subhaploid sperm). DNA cytometry analysis
was done on PI-stained sperm and reanalyzed for PI fluores-
cence intensity histograms. The PI-negative aliquot (control)
did not contain any PI stain. This aliquot was run simulta-
neously along with each specimen. The PI-negative sperm
population was gated on the basis of the PI-negative control.
The PI-negative sperm population therefore did not show PI
red (FL-2) fluorescence. The entire sperm population was
classified based on the presence or absence of PI fluorescence
into positive PI and negative PI populations. The PI-positive
population was further subclassified based upon the PI fluo-
rescence intensity into subhaploid, haploid, and immature
sperm subpopulations. PI intercalates between bases in sperm
DNA strands and displays red fluorescence. Apoptotic sperm
will lose DNA, and thus PI will produce lower fluorescence
intensity. FCM analysis of cells stained with PI can distin-
guish different sperm cell subpopulations according to their
fluorescence. PI red fluorescence intensity (which reflects
DNA content) recorded on a logarithmic scale allows easy
differentiation among the intensities of tetraploid, diploid,
and haploid round spermatid and spermatozoa containing
condensed chromatin (42, 46). DNA fragmentation associ-
ated with apoptotic stages leads to subdiploid cells in somatic
cells or subhaploid cells in germinal cells such as spermato-
zoa; these are called apoptotic bodies (42, 47, 48).

FCM Analysis

All fluorescence signals of labeled spermatozoa were ana-
lyzed by the flow cytometer FACScan (Becton Dickinson,
San Jose, CA). About 10,000 spermatozoa were examined
is Vol. 91, No. 4, April 2009



for each assay at a flow rate of <100 cells/second. The exci-
tation wavelength was 488 nm supplied by an argon laser at
15 mW. Green fluorescence (480–530 nm) was measured in
the FL-1 channel, and red fluorescence (580–630 nm) was
measured in the FL-2 channel. Gating was done to exclude
debris and aggregates using 90� and forward-angle light scat-
ter. Both percentage of positive cells and the mean fluores-
cence were calculated on a 1023-channel scale using the
flow cytometer software FlowJo version 6.2.4 (FlowJo,
LLC, Ashland, OR).

Statistical Analysis

The data were analyzed for normality. One-way analysis of
variancewas used for multiple group comparison, and the Bon-
ferroni test was used post hoc for comparison of two groups.
Results are represented as mean� SEM throughout the study.
Bivariate Pearson’s correlations were also tested. P%.05 was
considered statistically significant. All analyses were done
using SPSS version 11 for windows (SPSS Inc., Chicago).

RESULTS

The mean ejaculate volume (mL) was 3.0 � 1.7, the mean
sperm concentration (�106/mL) was 57.9 � 33.9, and the
mean sperm motility (%) was 59.5 � 18.5. Motility was sig-
nificantly improved in all the samples after density-gradient
separation. Descriptive data of neat, mature, and immature
sperm for various sperm chromatin and sperm apoptosis pa-
rameters are shown in Table 1.
Fertility and Sterility�
Relationship of Sperm Ploidy and Apoptosis with Routine
Semen Parameters and Sperm Chromatin Integrity

In Figure 2A, the sperm concentration was positively corre-
lated with haploid sperm (r ¼ 0.628, P¼.005). In Figure
2B, a significant negative correlation was seen between
sperm motility and late apoptotic sperm (r ¼ �0.56,
P¼0.01). Sperm motility was negatively related to percent-
age of subhaploid apoptotic sperm (r ¼ �0.53, P¼.02; Fig.
2E). The %DFI was positively correlated with the percentage
of subhaploid apoptotic sperm (r¼ 0.717; P<.001; Fig. 2C).
The %DFI was correlated with PI-positive (late apoptotic)
sperm (r ¼ 0.65; P<.001; Fig. 2D). Similarly, a significant
positive correlation was seen between TB-stained sperm
and late apoptotic sperm (r ¼ 0.51; P¼.03). The TB-DV
stained cells showed a significant positive relationship with
subhaploid sperm (r ¼ 0.2, P¼.03).

Sperm Apoptosis and Chromatin Structure Characteristics

A significantly lower %HDS was seen in the mature sperm
compared with the neat or immature fraction (P<.004 and
< .001, respectively). A higher but nonsignificant level of
%DFI was seen in the immature sperm fraction compared
with the neat and mature fractions (Fig. 1A–1C).

Using the TB staining test, a higher incidence of spermato-
zoa stained light blue (normal chromatin conformation) was
seen in the mature fraction compared with the immature frac-
tion samples (P¼.01). The mature sperm fraction sample
showed a lower incidence of spermatozoa with dark violet
TABLE 1
Sperm chromatin structure and apoptosis stages in different sperm fractions.

Sperm chromatin/apoptosis
assays: parameter

Neat sample
(n [ 18), mean ± SE

Mature fraction,
(n [ 18), mean ± SE

Immature fraction
(n [ 18), mean ± SE

TB (%):
Light blue 58.6 � 4.4 68.7 � 3.7a 51.4 � 4.2
Blue 0.8 � 0.25 0.7 � 0.2 0.6 � 0.2
Light violet 16.6 � 1.4 15.7 � 1.6 16.3 � 1.4
Dark violet 24.4 � 3.4 16.9 � 2.7a 31.9 � 3.8

SCSA (%):
DFI 17.6 � 3.5 17.5 � 4.3 18.7 � 3.4
HDS 6.4 � 0.6 3.1 � 0.5a,b 7.5 � 1.0

Annexin V-PI (%):
Early apoptotic sperm 15.4 � 3.7 10.8 � 3.5 15.9 � 4.2
Necrotic sperm 4.9 � 1.6 2.9 � 1.7 4.6 � 1.8
Late apoptotic sperm 32.0 � 2.8 30.2 � 3.2 25.5 � 1.7

Sperm DNA cytometry (%):
Haploid sperm 17.5 � 2.0 18.9 � 3.1a 12.1 � 1.9
Immature sperm 4.7 � 0.7 4.6 � 1.5 6.7 � 2.2
Subhaploid sperm 15.9 � 1.4 10.4 � 0.9b 13.4 � 1.7

Note: P< .05 was statistically significant between each pairs.
a Significant difference between mature and immature fractions.
b Significant difference between mature and neat sample.

Mahfouz. Sperm chromatin status and apoptosis. Fertil Steril 2009.
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FIGURE 2

Sperm parameters and their correlations. (A) Sperm concentration and percentage of apoptotic haploid sperm%;
(B) sperm motility and percentage of late apoptotic sperm%; (C) SCSA-%DFI and subhaploid % apoptotic
sperm; (D) late apoptotic sperm and SCSA-%DFI; and (E) sperm motility and subhaploid %.
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stain (abnormal chromatin conformation) compared with the
immature fraction sample (P¼.002).

In the mature fraction, low levels of early apoptotic and ne-
crotic sperm were seen that were comparable with the neat
and immature fractions. Low levels of late apoptotic sperm
were comparable in the immature fraction with both the
neat and mature fractions (Fig. 3). This figure shows pseudo-
color FCM histograms of the neat, mature, and immature
fractions with the percentage of the viable, early apoptotic,
late apoptotic, and necrotic spermatozoa in each fraction.

A higher percentage of haploid sperm were seen in the ma-
ture fraction compared with the immature fraction (P¼.04).
The percentage of subhaploid sperm in the mature fraction
was significantly lower compared with the neat fraction
(P¼.007; Fig. 4). This figure shows overlay marker FCM his-
tograms to compare viable, apoptotic sperm types in different
sperm fractions.
1114 Mahfouz et al. Sperm chromatin status and apoptos
DISCUSSION

Sperm chromatin status and sperm DNA integrity are critical
factors that may affect individual fertility potential. Infertile
men are reported to have a higher incidence of sperm with
chromatin defects and DNA breaks than are found in fertile
controls (49). Some investigators suggest that resolving the
nature of sperm DNA lesions present in the spermatozoa of
infertile men will be an important step toward uncovering
the etiology of this damage and developing strategies for its
clinical management (50). Others reports indicate that sperm
damage in infertile men may be due to abortive apoptosis in
the germ cells (43) and oxidative stress (51).

ART is essential for infertility management of either male
or female factors or both. Sperm processing procedures used
for ART are aimed at improving sperm quality by increasing
the number of progressive motile and morphologically nor-
mal sperm cells (52). Sperm preparation by density-gradient
is Vol. 91, No. 4, April 2009



FIGURE 3

Dot plot histograms showing apoptotic and necrotic changes in (A) PI control, (B) annexin V control, (C) unstained
control, (D) neat sperm, (E) mature sperm, and (F) immature sperm. The lower left quadrant shows viable sperm
(%). The lower right quadrant shows early apoptotic sperm (%). The upper left quadrant shows necrotic sperm
(%). The upper right quadrant shows late apoptotic sperm (%).
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centrifugation allows the selection of good-quality mature
and actively motile spermatozoa, depending on their size,
shape, and density (2, 5).

The mature sperm fraction prepared by density-gradient
centrifugation has improved longevity and sperm DNA integ-
rity (53), although a recent report recommended immediate
semen preparation before use for ART to overcome the neg-
ative effect of extended (6–24 hour) incubation (54). The aim
of this study was to evaluate the association of sperm chroma-
tin integrity and maturity with sperm apoptotic stages and the
apoptotic subpopulation in unprocessed as well as mature and
immature sperm fractions processed by density-gradient sep-
aration. To achieve our objective, SCSA and TB staining
were employed, and their relationship with the stages of
sperm apoptosis was assessed by annexin V–PI assay.

Our results reveal a definite correlation between the %DFI
measured by SCSA with late apoptotic and necrotic and the
percent of subhaploid sperm. From the correlative results be-
tween %DFI in the SCSA and two direct tests for sperm DNA
fragmentation (the TUNEL and COMET assays), it has been
suggested that %DFI reflects sperm DNA fragmentation.
However, SCSA is an indirect probe for sperm DNA integrity,
and it is still not clear exactly what it tests. Therefore, our re-
sults also help in understanding the biological mechanisms of
this assay.
Fertility and Sterility�
Our results (correlation between %DFI and apoptotic
markers) are in agreement with the findings of Weng et al.
(55), who measured sperm DNA integrity by the TUNEL as-
say. Our findings are also in agreement with Chen et al., who
reported that percentage of sperm apoptosis was associated
with several measures of semen quality, including sperm mo-
tility and morphology (56). In contrast, Stronati et al. re-
ported no correlation between sperm DNA damage as
measured by TUNEL assay and apoptotic (Fas) markers after
exposure to organochlorine pollutants. However, the apopto-
tic markers measured by Stronati et al. were different from
the apoptotic markers examined by us. They used immuno-
fluorescence for detecting apoptotic (Fas) and anti-apoptotic
(Bcl-xL) markers (57). In our study, we examined both early
and late apoptosis and apoptotic sperm by DNA cytometry to
identify early membrane and sperm DNA damage.

Our findings of a positive correlation of the percentage of
subhaploid sperm with both %DFI and %DV sperm (abnor-
mal chromatin conformation) with TB staining also agree
with the findings of Kajstura et al. (58), who reported that ap-
optotic cells can be identified using DNA ploidy frequency
histograms as ‘‘subnormal’’ cell subpopulations with low
DNA content due to apoptotic DNA fragmentation.

Recent reports demonstrate the occurrence of aneuploidy
during sperm maturation. This may lead to sperm DNA
1115



fragmentation as part of a genomic screening mechanism de-
veloped to genetically inactivate sperm with a defective ge-
nomic makeup. The investigators suggest that the burden of
genomic damage in sperm cannot be inferred from semen
quality and that a small fraction of men are at increased
risk for transmitting multiple genetic and chromosomal de-
fects (59–61). These reports confirm the disequilibria of
sperm chromosome and the degree of DNA fragmentation
that provide a clue for the sperm ploidy importance.

The biological significance of the two intermediate groups
in relation to normal sperm chromatin structure by the TB test
identified by sperm staining violet and blue is not clear (35).
Interestingly, in our study, spermatozoa that stained blue, in-
dicating chromatin structure disorganization, correlated with
late apoptotic spermatozoa, confirming the earlier suggestion
that these sperm may represent a population with deeply dis-
organized chromatin structure (12).

We report that mature fractions separated by density gradi-
ent demonstrate low but not significant levels of early apopto-
tic sperm and necrotic sperm compared with both neat and
immature fractions. This may be due to the small sample
size in our study. Other investigators have also demonstrated
that density-gradient centrifugation is more efficient than

FIGURE 4

Histograms showing fluorescent intensity of PI
staining on the X-axis with cells count on the Y-axis.
Region 1 (r1) shows PI-negative sperm (equal to the
unstained negative control). Region 2 (r2) shows
PI-positive sperm. The PI-positive sperm were
further divided into subpopulations according to
their fluorescent intensity. Region 2a (r2a) shows
subhaploid fragmented sperm. Region 2b (r2b)
shows haploid condensed sperm. Region 2c (r2c)
shows haploid noncondensed spermatid.

Mahfouz. Sperm chromatin status and apoptosis. Fertil Steril 2009.
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simple washing in recovery of actively motile, nonapoptotic
spermatozoa (62). Furthermore the presence of apoptotic
sperm cells in both fractions is in accordance with the reports
by Weng et al. (55). However, Paasch et al. recommended se-
lection of annexin V–negative spermatozoa from mature
sperm fraction prepared after density gradient for clinical
use. They found this selection to be effective in removing
spermatozoa with activated caspase from the mature sperm
fraction. These investigators reported caspase activation
before and after artificial capacitation (29).

Our study findings show some interesting correlations and
may help explain the biological meaning of one of the TB-
stained intermediate cell groups: blue stained spermatozoa,
suggesting disorganized sperm chromatin that may be related
to late apoptosis. The %DFI was positively related to late ap-
optosis and subhaploid apoptotic spermatozoa. The fact that
our results on the %DFI were similar in the neat semen frac-
tion and in the fraction after sperm preparation by density
gradient may be explained by the fact that we used semen
samples from normal, healthy men. The mean %DFI in all
these semen samples was well below (<18%) the cutoff es-
tablished by the SCSA, that is, 27%–30%. The density gradi-
ent can separate only the spermatozoa with normal chromatin
maturity and good motility; it cannot differentiate spermato-
zoa with DNA or membrane damage (annexin V–PI assay).
This finding may not be critical in normal healthy men, but
it is important in semen samples from infertile men. We rec-
ommend a large-scale study to include infertile patients with
high spermatozoa damage.

We report in this study some unique observations. [1] We
have shown for the first time the usefulness of the TB assay,
SCSA, annexin V assay, and sperm DNA cytometry in iden-
tifying sperm chromatin status in sperm prepared after den-
sity gradient in men with normal sperm parameters. [2]
These differences may be more relevant in sperm prepared
from infertile men. [3] Both TB (sperm staining blue) and
%DFI may be associated with late apoptotic sperm. [4]
Sperm prepared by density gradient may still have some
degree of sperm DNA fragmentation.

Correct interpretations of the sperm chromatin integrity
and immaturity results are important and may be related to
different stages of apoptosis. These associations may provide
a better understanding of the various sperm chromatin assays
that are available and may explain the repeated assisted repro-
duction failures despite the use of sperm with normal chroma-
tin structure. Our results may be of value in the management
of unexplained male factor infertility and may provide techni-
cal interpretation for the laboratory testing of spermatozoa.

In conclusion, our findings suggest that even in semen
samples with a low %DFI, the incidence of late apoptotic
sperm remains unchanged, although semen processing re-
sults in a lower incidence of nuclear immaturity and subha-
ploidy, Therefore, simultaneous evaluation of apoptosis and
sperm chromatin status is important for processing sperm
in assisted reproductive procedures.
is Vol. 91, No. 4, April 2009
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