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ABSTRACT

Objectives: (1) To examine the role of apoptosis in the pathogenesis of DNA damage in semen from infertile men. (ii) To
assess the effects of smoking on apoptotic markers and seminal parameters among infertile men. (iii) To assess the cor-
relation of apoptosis with conventional semen parameters.

Materials and Methods: The study was carried out on 70 men with idiopathic infertility, divided into two groups: thirty
infertile non smokers and forty infertile smokers. In addition to 60 fertile men (30 non smokers and 30 smokers) as con-
trol group. Each subject provided semen for analysis of parameters, determination of % of DNA fragmentation, s-Fas,
caspase-3 activity levels and cotinine levels.

Results: The results revealed that infertile men, particularly smokers have significantly lower semen variables and sig-
nificantly higher levels of apoptotic variables (% of DNA fragmentation, s-Fas and caspase-3 activity) in addition to
cotinine.

Conclusions: The present findings provide additional evidence supporting the importance of the evaluation of apoptotic
markers to test male infertility particularly among smokers.
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INTRODUCTION

Despite worldwide anti-smoking cam-
paigns, cigarette smoking is very common. A
strong body of evidence has indicated the negative
effect of cigarette smoking on male fertility (1).

Cotinine is widely applied as a marker of
both tobacco use and exposure to environmental
tobacco smoke because it has a longer half-life
(average, 18 to 20 hours) than nicotine does (av-
erage, 2 to 3 hours) (2). The cotinine level was
shown to be associated with modest reduction
in semen quality, so smokers with marginal se-
men quality might be categorizes as infertile men.
However, it is controversial whether nicotine or

its metabolite cotinine are responsible for harmful
effects on sperm kinetic parameters (3).

Many studies have associated cigarette
smoking and male infertility; but the exact mo-
lecular mechanisms are not well understood (4).

Sperm DNA damage and sperm apoptosis
have been considered as potentially useful indices
of male fertility. Apoptosis is a mode of cellular
death based on a genetic mechanism that induces
a series of cellular, morphological and biochemi-
cal alterations, leading the cell death (5). In mam-
malian testes, clonal expansion is excessive and
thus requiring a mechanism such as apoptosis to
match the number of germ cells with the support-
ive capacity of Sertoli cells (6). Sperm DNA in-
tegrity is essential for the accurate transmission
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of genetic information. Any form of sperm chromatin
abnormalities or DNA damage may result in male in-
fertility (7,8). Moreover, the study of Calogero et al.,
(9) showed that cigarettes smoke extract has a negative
impact on sperm motility and DNA/chromatin integ-
rity in a concentration- and time-dependent manner.

One factor implicated in sperm apoptosis is
the cell surface protein, Fas. The interaction between
Fas (CD95/Apo-1) a type I transmembrane glycopro-
tein receptor and cellular death inducing ligand a type
II transmemberane glycoprotein (Fas L) plays an im-
portant role in triggering the apoptotic pathway. Both
Fas and Fas L exist as membrane bound and soluble
forms. It is suggested that sFas may be a marker of
overall apoptosis triggering, at the same time regulat-
ing apoptosis by competing with the cell surface re-
ceptor. Previous reports have suggested that the Fas-
mediated system is implicated in the elimination of
defective spermatozoa from the ejaculate and shows
possible irregularities that could account for certain
forms of male infertility (10-12).

The apoptotic cell death is a highly regulated
process that in many cases requires activation of cas-
pases, a superfamily of cysteine aspartyl-specific pro-
teases. Caspase-3, an executioner caspase is thought
to play a central role in apoptosis in a wide variety
of cells. The presence of activated form of caspase-3
marks the point of no return within the complex apop-
totic signaling cascade (13,14). Interestingly, higher
percentage of spermatozoa with activated caspases
was found in infertile men confirming the existence of
a caspase-dependant apoptotic pathway in ejaculated
human sperm (15).

The objectives of the present study are: (i)
To examine the role of apoptosis in the pathogen-
esis of DNA damage in semen from infertile men.
(i1) To assess the effects of smoking on apoptotic
markers and seminal parameters among infertile
men. (iii) To assess the correlation of apoptosis
with conventional semen parameters (sperm con-
centration, motility and morphology).

MATERIALS AND METHODS
The Ethics Committee of Faculty of

Medicine, Assiut University approved the study.
Informed consent was obtained from each par-

ticipant before entering the study. The study was
carried out on 70 men with idiopathic infertility
who attended the Infertility Clinic of Andrology
Department of Assiut University from May 2006
to June 2008. All of them had been married for >
2 years and failed conception for > 1 year, with
unprotected intercourse. They were diagnosed as
idiopathic oligoasthenoteratozoospermia (iOAT).
Female factors were excluded by a gynecologist
as indicated by physical and laboratory examina-
tions. A complete detailed infertility sheet was
reviewed with each participant by a physician at
the time of the physical examination. The sheet
included information on occupation, smoking
habits (e.g. number of cigarettes smoked per day,
number of years of smoking, brand of cigarette,
and whether or not others smoked in the house)
and consumption of caffeine. Complete general
and local genitalia examination were carried to
exclude signs of hypogonadism. The genitalia
were also, examined to exclude scrotal varico-
cele, cryptorchidism and congenital anomalies.
Selected men had normal serum levels of growth
hormone, FSH, LH, testosterone, estradiol, pro-
lactin and thyroid hormones. The exclusion cri-
teria included leucospermia, frank pyospermia,
hemospermia or chronic urinary tract infection;
history of intake of medications or tonics; azo-
ospermia; and age above 45 years old, to avoid
effects of aging on sperm variables. Also, any
participants with history of injury to the testes,
varicocele, hydrocele, undescended testis, his-
tory of chronic illness and long-term medication
were excluded from the study. They were divided
into two groups: thirty infertile nonsmokers with
mean age (= SD) 33.03 = 5.91 years old and forty
infertile smokers with mean age (+ SD) 31.60 +
5.10 years old. Smokers were categorized accord-
ing to smoking status into mild (< 10 cigarettes
per day), moderate (> 10 and < 20 cigarettes per
day) and heavy smokers (> 20 cigarettes per day).

In addition, the study included 60 fertile
men (controls): they were healthy subjects with
normal semen parameters. The partners of fertile
men had to be pregnant or to have delivered a
child within the previous two years. They were
divided into two groups (30 men each): Fertile
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Table 1 - Demographic variables and semen parameters in infertile men and fertile controls.

Patients groups Fertile Infertile
Group | Group II Group III Group IV
Non smokers smokers (n=30) non smokers smokers
(n=30) (n=30) (n=40)
Age Mean + SD 31.83+4.33 31.70 +4.09 33.03+£591 31.60+£5.10
(years) Range 25-40 26-41 24-45 25-45
significance TPNS iP NS §P NS
Number of Mean + SD - 12.96 +6.93 - 14.60+7.12
cigarettes/day Range - 2-22 - 2-25
iP NS
Duration of smoking Mean + SD - 11.70£3.75 - 12.02+£5.23
(years) Range - 7-20 - 5-27
IPNS
Volume (mL) Mean +SD 3.74+0.71 3.31+0.89 3.16+0.92 3.07+0.88
Range 2.5-5.5 2-5 1.5-5 1.5-4.5
significance P* tP NS §P NS
Sperm concentration Mean £SD 66.16+21.44 61.66+£19.84 21.73+£5.25 18.85+4.27
x10° Range 30-100 30-100 15-35 10-27
significance i PP**% §P NS
Motility % (A+B) Mean +SD 61.60+8.53 58.60+5.35 31.66+5.62 29.90+4.72
Range 50-80 50-70 25-40 22-40
significance FP*E* TP*** §P NS
% of normal forms Mean +SD 39.66+8.50 35.00+5.08 12.60+2.02 10.05+1.43
Range 30-60 30-45 10-17 8-12
significance FPHE* TP*E* §P*

7P: group Il versus I; }P: group IV versus II; §P: group IV versus 111
*F% P<0.001; *:P<0.05; NS: non significant

nonsmokers with mean age (= SD) 31.83 + 4.33
years old and fertile smokers with mean age (£
SD) 31.70 + 4.09 years old. Demographic vari-
ables and semen parameters in infertile men and
fertile groups are presented in Table-1.

Semen samples: The samples were self-
collected into 50 mL sterile plastic screw-capped
containers, after 3-5 days of sexual abstinence. They
were allowed to liquefy for 30 minutes at room tem-
perature (22°C) and were then evaluated according to
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guidelines of World Health Organization criteria (16).
The variables taken into consideration were: ejaculate
volume (mL), sperm concentration (n x 10%mL), for-
ward motility (%) (WHO A + B, where A and B in-
dicate rapid and slow progressively motile spermato-
zoa, respectively) and morphology (%normal forms).
Morphological differentiation of sperms was carried
out by light microscopy examination of the stained
smears (by Spermac stain Kit, Catolog No FP09 SPS,
supplied by Stain Enterprises Inc., RSA) (17).

Infertile patients with IOAT were selected
with a sperm concentration of < 20 million/mL, pro-
gressive motility (grade A+B) of < 50% with a de-
crease in rapid linear forward progression (grade A)
of <25% and < 30% of normal forms. Samples with
a white blood cell count of > 1 million/mL or positive
culture were excluded.

After the above analysis each sample was
divided into two tubes, centrifuged at 1000 g for 10
min., followed by an additional centrifugation of the
supernatant at 4000 g for 20 min. The supernatant was
collected and stored frozen at - 70°C to be used for
assay of seminal Fas/Apo-1 and cotinine levels. The
seminal pellet of one tube was reconstituted in warm
trichloroacetic acid (TCA) 25 % (1:1, V/V) followed
by centrifugation. Then the supernatant was collected
and the pellet was reconstituted in 200 pL hypotonic
lysis buffer then each was stored frozen at - 70°C till
time of assay of sperm DNA fragmentation. The semi-
nal pellet of the second tube was reconstituted in 500
uL hypotonic lysis buffer then stored frozen at - 70°C
till time of assay of the activity of caspase-3.

Sperm DNA fragmentation was determined
by a colorimetric assay (18). Briefly, 200 uL perchlo-
ric acid (0.5 M) was added to the pellet (reconstituted
in 200 pL hypotonic lysis buffer) containing native
DNA and to the supernatant containing fragmented
DNA, followed by the addition of 2 volumes of a so-
lution containing 0.088 M diphenylamine, 98% V/V
glacial acetic acid, 1.5 % V/V sulfuric acid and 0.5%
acetaldehyde solution. The samples were kept at 4°C
for 48 hours. The developed color was then spectro-
photometrically measured at 575 nm. The percentage
of DNA fragmentation was expressed by the formula:

Percent of DNA fragmentation = OD 575 supernatant X 100
OD 575 supernatant + OD 575 pellet

Human Fas/Apo-1 levels were determined
in seminal fluid by an ELISA technique using an
immunoassay kit, (Cat. No. KHS 9502, supplied by
Biosource International Inc. California, USA) (19).
Seminal caspase-3 proteolytic activity was performed
using the ApoTarget Caspase-3/CPP32 Colorimetric
protease assay, Cat. No. KHZ0022 provided by Bio-
source International Inc. California, USA (20). The
activity of caspase-3 was calculated as a ratio of opti-
cal density of caspase-3 to the protein concentration
(mg) of each cell lysate. Protein concentration was de-
termined by the method of Lowery et al. (21). Seminal
plasma cotinine levels were determined by the chemi-
cal method described by Smith et al. (22).

STATISTICAL ANALYSIS

Data were analyzed using statistical pro-
gram (SPSS Version 11). The results were presented
as mean = SD. Normally distributed data were ana-
lyzed using two tailed paired or unpaired student t-
test while abnormally distributed data (skewed) were
statistically analyzed using Mann-Whitney test. For
multiple comparisons, one-way analysis of variance
(ONE-WAY-ANOVA) test followed by Least Signifi-
cant Difference (LSD) were used. Pearson correlation
coefficient was used for correlations. A value of p <
0.05 was considered to be significant.

RESULTS

The demographic variables and semen param-
eters in infertile men and fertile controls are presented
in Table-1. Infertile men (non smokers and smokers)
showed significant lower values of semen parameters
in comparison to those of their corresponding controls.
Infertile smokers showed significant lower % of nor-
mal forms than that of non smokers (p < 0.05). Table-2
demonstrates seminal plasma levels of % of DNA
fragmentation, s-Fas, caspase-3 activity and cotinine
in infertile men and fertile controls. Significant higher
levels of semen % of DNA fragmentation, s-Fas cas-
pase-3 activity and cotinine were observed in infertile
men particularly among smokers (p < 0.001). Infertile
men with heavy smoking status were significantly old-
er in age, had a longer duration of smoking and had
significant lower semen parameters than those of mild
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Table 2. Plasma levels of % of DNA fragmentation, s-Fas, Caspase-3 activity and cotinine in infertile men and fertile

controls.
Parameters % of DNA s-Fas (ng/mL) Caspase-3 Cotinine
fragmentation (pmol/min/mg (ng/mL)
Groups protein)
Group [
(Fertile non smokers) Mean + SD 8.206+2.974 4.246 +0.95 22.333 +4.68 12.62+2.14
(n=30) Range 3-13 3-65 15-30 10-17
Group II 5.083 +1.22 1068.3 +173.9
(Fertile smokers) Mean + SD 10.526 +2.440 3-7 24.133 +4.44 800-1400
(n=30) Range 6-15 17-32
Group III
(Infertile non smokers) Mean + SD 22.280 + 4.65 8.756 £ 0.87 59.73 £10.56 13.35+2.75
(n=30) Range 15-30 7-10.5 40-77 9-19
FPE Pk Pk #P:NS
Group IV
(Infertile smokers ) Mean + SD 30.550 £ 6.26 10.380+1.04 67.75+9.16 1355 +259.1
(n =40) Range 19-40 85-12 50-85 1000 — 1800
TP P TP P
gk g gk P+

#P: group Il versus I; }P: group IV versus II; §P: group IV versus 111
% P<0.001; **: P<0.01; NS: non significant

and moderate smoking (Table-3). Also, significant
higher levels of seminal % of DNA fragmentation, s-
Fas caspase-3 activity and cotinine were observed in
moderate and heavy smokers in comparison to those of
mild smokers, with significant highest levels in heavy
smokers (p < 0.001) (Table-4). Correlation coefficient
(r) among various bioindices in infertile smokers is
presented in Table-5. Significant positive correlations
were observed between age, number of cigarettes/day,
duration of smoking (years), % of DNA fragmenta-

tion, s-Fas, caspase-3 activity and cotinine. Also, each
of age, number of cigarettes/day, duration of smoking
(years), % of DNA fragmentation, s-Fas, caspase-3
activity and cotinine was significantly negatively cor-
related with each of semen parameters.

DISCUSSION

Many studies have examined the effects of
cigarette smoking on male fertility and the results
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have suggested a substantial negative impact on
sperm production, motility and morphology (23-26).

The present study revealed significant low-
er values of semen parameters (particularly in %
of normal forms) and significant higher % of DNA
fragmentation and cotinine levels in semen of infer-
tile smokers in comparison to those of the controls
and infertile non smokers. These findings were very

prominent among moderate and heavy smokers in
comparison to those of mild smokers. Moreover,
cotinine showed significant positive correlations
with each of number of cigarettes smoked /day, du-
ration of smoking and significant negative correla-
tions with each of semen parameters.

Different studies have assessed the rela-
tionship between smoking and semen quality us-

Table 3. Demographic variables and semen parameters in infertile men according to smoking status.

Mild smokers Moderate smokers Heavy smokers
(n=10) (n=19) (n=11)
Age Mean + SD 26.50 +1.26 31.36 £3.45 36.63 £4.98
(years) Range 25-28 26-40 30-45
significance Fp** FPAgE fp Aok
Number of Mean + SD 5.0+2.44 14.84 +3.43 22.90 £ 1.70
cigarettes/day Range 2-9 11-20 21-25
significance FPxE FPAxE ppkk
Duration of Mean + SD 8.30+£2.40 11.10 +£3.81 17.00 £5.72
smoking (years) Range 5-11 5-20 10-27
significance TPNS TPk fpk
Volume (mL) Mean + SD 3.80+£0.34 3.29+0.73 2.02+0.42
Range 3.5-5.5 2-4 1.5-2.5
significance TP* FP*FE fPrkk
Sperm Mean + SD 23.90 £2.92 18.73 £2.02 14.45+3.07
concentration Range 18-27 15-22 10-19
x10%/mL
significance FPpxE FPAEE ppkk
Motility % (A+B) Mean = SD 35.80+3.82 29.52 +2.63 25.18+1.32
Range 31-40 25-35 22-27
significance Pk FP**E pprkk
% of normal Mean + SD 11.70 £ 0.48 10.15+0.95 8.36 +0.50
forms Range 11-12 8-12 8-9
significance Pk i ekl doloy

Mild smokers: (< 10 cigarettes per day); Moderate smokers: (>10 and < 20 cigarettes per day); Heavy smokers: (> 20 cigarettes per day).

7P: versus mild smokers; }P: versus moderate smokers; *: P< 0.05; **: P< 0.01; ***: P<(0.001,; NS: non significant
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Table 4. Seminal plasma levels of % of DNA fragmentation, s-Fas, Caspase-3 activity and cotinine in infertile men ac-

cording to smoking status.

Parameters % of DNA s-Fas (ng/mL) Caspase-3 Cotinine (ng/mL)
fragmentation (pmol/min/mg
Groups protein)
Mild smokers Mean + SD 22.99 +2.63 9.09 £ 0.40 56.70 £ 3.56 1075+ 54.0
(n=10) Range 19-27 8.5-9.8 50-62 1000-1150
Moderate smokers Mean + SD 30.45+4.10 10.35+0.61 67.89+6.08 1313.1 +158.8
(n=19) Range 22.5-38 9.2-12.0 55-83 1100-1700
Pk P Pk P
Heavy smokers Mean + SD 37.59+2.18 11.60 £ 0.31 77.54 +£4.65 1681.8+120.9
(n=11) Range 33.4-40 11-12 72-85 1450-1800
P FPrEk P Pk
P TPk TPk Pk

Mild smokers: ( < 10 cigarettes per day).; Moderate smokers: (>10 and < 20 cigarettes per day); Heavy smokers: (>20 cigarettes per day).

7P: versus mild smokers; }P: versus moderate smokers
**kx P<0.001
NS: non significant

ing seminal cotinine as a measure of tobacco con-
sumption. The present findings agree with those of
previous studies (1,3,25-28). On the contrary, some
researches reported different results (29-32). They
reported that smoking did not affect conventional
semen variables. Moreover, Ozgur et al. (33) re-
ported that heavy smokers have a higher percent-
age of rapidly progressive spermatozoa than light
smokers. Hassa et al. (31) added that number of
cigarettes/day did not correlate with any of sperm
parameters. However, Collodel et al.,(26) reported
that although the semen quality of males with id-
iopathic infertility seems to not be dramatically
affected by cigarette consumption, heavy smok-
ers show significantly lower sperm concentration.
They attributed this discrepancy to the small size of
sample group, or to the possibility that non-smoker
patients may have been exposed to second hand
smoke, which can cause immediate harm (23) and
in particular, to prenatal exposure to tobacco smoke

which has been demonstrated to have an adverse
effect on semen quality (34).

The mechanism behind the harmful effect of
smoking on semen quality is not fully understood.
Disturbance of the hypothalamo—pituitary—gonadal
system (35) or mild hypoxia caused by the disrup-
tion of the testicular microcirculation (36) are pos-
sible explanations, but a direct toxic effect of the
many chemical components in cigarette smoking on
the germinative epithelium is a more likely (37,38).
Oxidants in cigarette smoke are thought to damage
sperm DNA, and smokers have more oxidative DNA
damage in their sperm than do non-smokers (39).
An adverse effect of reactive oxygen species (ROS)
on sperm quality is a possibility that could justify
the observed sperm damage, since elevated levels
of ROS have been found in infertile smoking men
(28,40). Another causative factor would be the fact
that seminal plasma in smokers contains lower levels
of antioxidants than that of non smokers (28,41).
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Table 5. Correlation coefficient (r) among various bioindices in infertile smokers.

Age Number of Duration of % of s-Fas Caspase-3  Cotinine
cigarettes/day smoking DNA
fragme
ntation
Number of 0.790%**
cigarettes/day
Duration of smoking 0.897#** 0.656**
% of DNA 0.729%** 0.9271%** 0.643%*
fragmentation
s-Fas 0.718%* 0.907*** 0.617** 0.908***
Caspase-3 0.684** 0.867*** 0.575%* 0.919%**% (.94 %**
Cotinine 0.748*** 0.913%** 0.662** 0.954***  (.888***  (.903%**
Volume -0.662%** -0.786%** -0.673**  -0.846%**  -0.770**  -0.788*** -0.893%x*
Sperm concentration  -0.713%%* -0.858*** -0.581**  -0.886%**  -0.878***  -(.886*** -0.912%**
Motility % -0.688** -0.867*** -0.576**  -0.884%**  -0.886***  -0.879%** -0.861***
% of normal forms -0.751%* -0.876%** -0.667**  -0.878%**  -0.869%**  -0.863%** -0.913***

Pearson’s correlation was used.
**: P<0.01; ***: P<0.001

Sperm nuclear chromatin abnormalities/
DNA damage could occur at the time of or result
from DNA packing at spermatogenesis (42). Alter-
natively, it could be the result of free-radical induced
damage (43) or a consequence of apoptosis (44). The
observed findings of the present study that infertile
men with poor semen quality have increased DNA
fragmentation agree with many other studies that es-
tablished the fact that infertile men have higher DNA
strand damage than fertile men (particularly in smok-
ers) (28,32,44-47). Moreover, % of DNA fragmenta-
tion was significantly negatively correlated with each
of semen parameters. These findings are consistent

with others (5,45,46,48,49). However, they disagree
with Sepaniak et al. (32); Saleh et al. (40). They con-
cluded that sperm DNA damage analysis usually
reveals hidden abnormalities in men with infertility
that is classified as an idiopathic based on appar-
ently normal semen parameters (40). Previous “in
vivo” studies showed that benzo(a)pyrene, a carcino-
genic polycyclic aromatic hydrocarbon resulting from
cigarette combustion, is able to bind to DNA form-
ing adducts. These adducts have been reported to be
increased in spermatozoa of smoking men compared
with non-smoking and show a direct correlation with
plasma concentration of cotinine (50). However, Ex-
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posure of spermatozoa obtained from healthy men
with normal sperm parameters to cigarette smoke ex-
tract (CSE) resulted in sperm apoptosis, suggested by
the increased number of spermatozoa with phospha-
tidyl-serine (PS) externalization and with fragmented
DNA (sign of late apoptosis) after both short- and
long term incubation (9).

The regulation of apoptosis is based on the
intracellular dominance of various proteins that in-
duce or inhibit the apoptotic process (51). In the
present study, seminal s-Fas levels were significantly
higher in infertile men particularly among smokers
with highest levels in heavy smokers. Also, signifi-
cant negative correlations were observed between s-
Fas and each of semen parameters. Similar findings
were reported by previous studies. The Fas system
is a widely recognized as a key physiological regula-
tor of apoptosis of testicular germ cells (52). Sakkas
et al. (11) reported that the number of spermatozoa
expressing Fas is low in men with normal sperm
parameters but higher in men with abnormal sperm
parameters. They predicted that the Sertoli cells do
not produce adequate levels of FasL and thus could
not sufficiently trigger the Fas pathway in develop-
ing spermatogonia. Production of ejaculated sper-
matozoa that possess apoptotic markers, indicate
that in some men with abnormal sperm parameters,
an “abortive apoptosis” has taken place. They would
therefore predict that the normal apoptotic mecha-
nisms have, misfunctioned, been overridden, or not
been completed due to the release of the “quasi-apop-
totic” spermatozoa into the seminiferous tubule (53).
However, the study of Pentikainen et al, (1999) (54)
provided that the Fas system may, not be the only
mechanism relied upon to mediate apoptosis in the
testes as, interestingly, Fas- and FasL-deficient mice
are fertile. Other systems may also play key roles in
regulating apoptosis.

It is well known that one of the earliest and
most consistent observed features of apoptosis is the
activation of caspases. The present study showed
significant higher levels of seminal caspase-3 ac-
tivity in infertile men, particularly among smokers
in comparison to those of the controls and infertile
non smokers. Significant higher levels of seminal
caspase-3 activity were found in heavy smokers in
comparison to those of mild and moderate smokers.

Also, significant negative correlations were observed
between caspase-3 and each of semen parameters.
These findings agree with those of previous studies
(13,15,55,56).

Moreover, several lines of evidence associat-
ed low sperm motility and poor morphology with the
presence of high caspase, regardless of the method
for caspase determination (14,56). Paasch et al. (15)
reported that caspases are not completely removed
during undisturbed spermatogenesis and may there-
fore be contributors of inhibition of normal sperm
function. The present finding that seminal caspase-3
activity was significantly positively correlated with %
of DNA fragmentation agree with those of previous
reports (13, 14, 56). Moreover, Weng et al. (13) found
that % of DNA fragmentation appeared to be rela-
tively higher than the percentage of sperm that had
positive immunostaining for active caspase-3. They
attributed this to a temporal dissociation between cas-
pase activation and the expression of cellular changes
suggestive of apoptosis. Alternatively, triggering of
PS externalization and DNA fragmentation could be
due to activation of other caspases or cellular path-
ways. Understanding of these mechanisms may pro-
vide the means to manipulate apoptosis for therapy.

The present study, also, revealed significant
negative correlation between age and each of se-
men parameters. These findings are consistent with
those of others (57-60). Levitas et al. (59) added that
the most significant reduction in sperm parameters
occurred after the age of 55 years old. However it
disagrees with those of Chen et al. (61); Winkle et
al. (62). However, in an earlier study they found in-
verse associations between age and sperm concentra-
tion, motility and morphology. They attributed those
findings to an older population of males compared to
their earlier study (63). Also, age was significantly
positively correlated with the studied apoptotic mark-
ers. These findings disagree with those of Gandini et
al. (64) as they did not find any correlation in studied
groups. They added that this is not an absolute find-
ing and relates only to the patients in their study.

Study limitations

The present study has the following limita-
tions: small number of the studied subjects. Another
limitation is that the information on current smoking
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was, as all other variables, collected through self-com-
pleted questionnaires, which may have introduced a
risk of misclassification of the exposure variable and
lack of accurate smoking dose information. Neverthe-
less, underreporting of current smoking would have
caused the underestimation of the true association.

CONCLUSIONS

The present findings support the impor-
tance of apoptotic markers evaluation to workup
male infertility, particularly among smokers. More-
over, cigarette smoking may have negative impact
on sperm quality and DNA integrity. Therefore, it
would be advisable for men to abstain from smok-
ing to avoid decreased fertility.
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