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Abstract

Introduction: Sperm apoptosis is well characterized but
studies on the effect of male age and necrozoospermia are
lacking. The objectives were: (a) to analyze percentages of
apoptotic and necrotic sperm in ejaculates, and (b) to com-
pare the results between younger and older age groups.
Materials and Methods: Routine semen analyses were car-
ried out (n = 189 males) and sperm cells were analyzed by
dual fluorescence assay Hoechst 33342 and propidium io-
dide, and the acridine orange test. Results: The percentage
of necrotic spermin the ejaculate increased by 22% for males
aged over 35. There was a positive correlation between age
and necrosis (R = 0.30). Sperm apoptosis increased by 17%
in males aged 45 and older. The population of DNA intact
sperm declined in males aged 40 and over (R=-0.21). There
were no age-related changes in strict normal morphology,
sperm concentration and semen volume. A decrease in rap-
id progressive motility was correlated (R = -0.24) with male
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age and was significant after age 35. Conclusions: The study
demonstrated increased necrosis, DNA damage and apop-
tosis while rapid progression and total motility declined with
advancing age in the male beginning as early as age 35. The
order of the observed changes was sequential, suggesting
the involvement of different pathways in sperm necrosis af-

ter age 40. Copyright © 2007 S. Karger AG, Basel

Introduction

The effect of male age on basic sperm parameters has
been reported [1-3]. However, male age-related studies
on sperm apoptosis and necrosis are lacking [4]. These
studies are important because of age-related reproductive
disorders. Abnormal sperm is eliminated by a series of
events starting with apoptosis, a process regulated by
death receptors, p53, p21, Bcl-2, Bcl-Xs, release of mito-
chondrial cytochrome-c, and activation of caspase en-
zymes. The characteristics of apoptosis include: develop-
ment of a semi-permeant membrane; blebbing (zeiosis);
membrane translocation of phosphatidylserine; binding
of annexin V; fixed-length DNA fragmentation, and Fas
positivity [5, 6]. The apoptotic sperm can be detected by
terminal deoxynucleotidyl transferase-mediated dUDP
nick-end labeling, comet assay, annexin V, and the dual-
stain fluorescence assay [4, 6-8].
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The necrotic sperm can be detected using electron mi-
croscopy, comet assay, live-dead stains, and the dual-
stain fluorescence assay [4, 8, 9]. Using the latter assay,
the influence of paternal age and sperm necrosis in males
attending a fertility clinic was investigated. The objec-
tives were: (a) to determine the percentages of apoptotic,
necrotic and DNA intact sperm in the ejaculates, and (b)
" to compare the results between the younger and older age
groups.

Materials and Methods

Routine semen analyses were carried out in 189 male patients
attending a fertility center. The study was approved by the Insti-
tutional Review Board. Cases involving azoospermia, microsur-
gical epididymal sperm aspiration, and donor sperm were exclud-
ed from the study. Sperm DNA integrity was assessed by the ac-
ridine orange DNA fragmentation assay method [10]. Strict
criteria of normal sperm morphology were evaluated as previ-
ously reported [11]. The sperm kinematics and heat-induced hy-
peractive motility parameters were determined using the Hamil-
ton-Thorn HTM-C sperm motility analyzer [12].

Sperm apoptosis and necrosis were analyzed by the dual fluo-
rescence assay procedure [8]. The procedure involved mixing a
drop of semen with a drop of Hoechst 33342 stain (10 pM HO342
or bisbenzimide, Sigma Chemical Co., St. Louis, Mo., USA, dis-
solved in saline) placed on a glass slide. Immediately, a drop of
propidium iodide stain (32 M, Sigma, dissolved in saline) was
added and the stained sperm analyzed after a minute using an
ultraviolet epi-fluorescent microscope. Three types of sperm
could be distinguished: intact DNA sperm (clear or slightly blue-
stained at the postacrosomal region); apoptotic sperm (complete-
ly blue), and necrotic sperm (red-pink).

The results were grouped into subdivisions based on male age:
group 1 (<30 vs. >30); group 2 (<35 vs. >35); group 3 (<40 vs.
>40), and group 4 (<45 vs. >45). Student’s t test was used to com-
pare means while the associations between age and sperm param-
eters were tested by correlation coefficient statistics. A difference
with p < 0.05 was considered significant.

Results

The results (table 1) show that the percentage of ne-
crotic sperm in the ejaculate significantly increased by
22% for male patients over age 35 (group 2) when com-
pared with younger patients. This difference was also
observed for group 3 (24% increase) and group 4 (33%
increase). In addition, there was a positive correlation be-
tween age and percent necrotic sperm (correlation
coefficient R = 0.30) in the ejaculate. In contrast, a sig-
nificant increase (17%) in sperm apoptosis was only ob-
served in males aged 45 and older.
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Table 1. Male age-related effects on strict normal sperm morphol-
ogy and DNA parameters (mean * SEM)

Agegroup n  Strict DNA Apoptosis, Necrosis,
subdivision morphol- integrity, % %
ogy, % %
Group 1
<30 21 77X17 78943 107%16 266%41
230 168 85x05 755*+14 103*07 282*1.2
Group 2
<35 91 85x07 779*18 97*07 252%1.4°
235 98 82%07 739%x18 109%1.0 307x17
Group 3
<40 136 8406 776X15 100*0.6 263+1.2°
240 53 8209 714%25 11.0+15 325*24
Group 4
<45 174 84*05 765%13% 10.2+0.5* 27.3+1.12
245 15 78%x19 68.1%6.6 11.9+46 364%49
*p<0.05.

Table 2. Male age-related effects on basic sperm parameters
{mean * SEM)

Agegroup n  Sperm Total Rapid Hyperactive
subdivision concentration, motility, progression, motility,
105/ml % % %

Group 1

<30 21 564%11.7 59.8%33 409+36 82x18

=30 168 52.0*35 56.0*13 351*12 74%*05
Group 2

<35 91 545%52 584%17 378%16* 8.1x07

=35 98 50.6+43 545%17 337x16 6907
Group 3

<40 136 51.7+4.0 584F%13* 37.1%£13* 7506

=40 53 544*%6.0 51.3%27 32.1%23 74%10
Group 4

<45 174 525+35 57.6%X1.2* 366%1.1° 74£05

245 15 526*11.6 42.1%+56 25450 8.1%18

p <0.05.

Coinciding with the increase in necrotic sperm in old-
er males was the decrease in DNA intact sperm with ad-
vancing age (R = -0.21) demonstrated in groups 3 (8%
decrease) and 4 (11% decrease). The decrease in DNA in-
tact sperm began in males at age 40 and older. However,
there were no age-related changes in the percentage of
sperm with strict normal morphology. Similarly, there
were no age-related differences noted for sperm concen-
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tration and semen volume (table 2). In addition, there
were no differences noted for the abstinence period and
semen pH in all groups (data not shown).

Interestingly, there was a significant decrease in the
percentage of sperm with rapid progressive motility be-
ginning at age 35. The decrease in rapid progression cor-
related (R = -0.24) with advancing age was demonstrated
" in groups 2 (11% decrease), 3 (13% decrease) and 4 (31%
decrease). However, a decrease in total sperm motility
was only noted in males aged 40 and older as shown in
groups 3 (12% decrease) and 4 (27% decrease).

Discussion

The results demonstrate an age-related increase in the
percentage of necrotic sperm in the ejaculates of males
aged 35 and older. This suggests that the number of qual-
ity sperm available for insemination or assisted reproduc-
tive procedures would diminish with advancing male
age. A study of age-related effects on sperm apoptosis and
necrosis is important because aging in males has been as-
sociated with hypogonadism, low testosterone produc-
tion [13], loss of libido [14], loss of DNA integrity [4],
chromosomal anomalies in the sperm (nondisjunction,
acentric fragmentation and complex radial configura-
tion) [15, 16], and genetic disorders in the offspring (Ap-
ert syndrome, polyposis coli, Marfan syndrome, fibro-
dysplasia ossificans progressiva, achondroplasia, basal
cell naevi, and Recklinghausens neurofibromatosis)
[17].

The mechanism involved in increased sperm necrosis
with advancing age is unknown but may involve seminal
plasma enzymes that regulate sperm death such as ami-
nopeptidase N [18], pyroglutamyl peptidase I, and prolyl
endopeptidase [19]. For obvious reasons, an increase in
sperm necrosis would be accompanied by a decline in
sperm motility [1, 20]. Thus, rapid progressive motility
declined in the group aged 35 and older. This parameter
is important and is associated with successful pregnancy
outcomes after assisted reproduction procedures [21].
The present study suggests that the male also contributes
to a reduction in fertility observed after age 35.

Surprisingly, total sperm motility decreased only in
the group aged 40 and older. The reason for this was not
clear although it was attributed to difference$ in meta-
bolic energy output from the mitochondria of sperm
from the different age groups. In older men, a decrease in
zinc removal from the tail outer dense fiber during epi-
didymal maturation was correlated with a decrease in
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motility. Furthermore, reports have indicated an age-re-
lated decrease in biochemical parameters including tes-
tosterone, fructose and accessory gland functions result-
ing in the decline in sperm motility with age [22-24].

The acridine orange DNA integrity test which mea-
sured sperm with intact double-stranded DNA versus
damaged sperm with single-stranded DNA indicated
DNA damage in the sperm of males aged 40 and older.
This result is consistent with other studies showing an
age-related increase in sperm DNA damage [4]. A possi-
ble explanation for the occurrence of DNA-damaged
sperm in older males was an age-related failure in con-
verting DNA-damaged sperm into necrotic sperm.

In terms of apoptosis, several studies do not directly
link DNA damage with apoptosis, rather sperm DNA
damage results either from nuclear remodeling during
spermatogenesis [6], from exposure to radiation and
chemicals or, more likely, from reactive oxygen species
[25]. The results here show significant sperm apoptosis
only in males aged 45 and older. In contrast, a recent re-
port suggested an age-related decrease in sperm apopto-
sis based on the DNA diffusion assay [4]. Although the
exact age at which the decrease in apoptosis occurred was
not addressed in that study, nevertheless they reported
decreased apoptosis in the older age ranges (36-57 and
44-57 years). An explanation for the difference might be
due to assay sensitivities. In this study, the dual fluores-
cence assay detected percentages of apoptotic sperm (9.7-
11.9%) that were similar to other reports based on the
neutral comet assay (10.0%), terminal deoxynucleotidyl
transferase-mediated dUDP .nick-end labeling assay
(<10%), and the annexin V binding assay (11%) [4, 7].

Not surprisingly, age-related effects on sperm concen-
tration weré not observed. This finding is consistent with
previous reports [2, 20]. Furthermore, there were no sig-
nificant age-related changes in strict normal morphology
[11]. Although the percentages of strict normal forms
were lower in older males when compared with younger
males, they were not statistically significant. Some stud-
ies have shown a decrease in normal sperm morphology
with advancing age [3]. However, the use of different
sperm morphology classification systems by different re-
searchers makes comparison between studies tenuous.

In summary, the results showed age-related increases
in sperm necrosis, DNA damage and apoptosis while rap-
id progression and total motility declined with advancing
age. The order of the observed changes was sequential
and not simultaneous, suggesting the involvement of dif-
ferent molecular pathways in necrotizing DNA-damaged
sperm after age 40.
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