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Effect of Abstinence Duration on Sperm Sex Ratio
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ABSTRACT

Objective: To evaluate the effect of abstinence duration and semen processing on sperm sex ratio and semen
parameters.

Methods: 100 normozoospermic samples from men who had abstinence for 1 - 10 days were processed with
combined Percoll gradients with swim-up method. The ratio of X- to Y-bearing spermatozoa was determined
using fluorescence in situ hybridization. The ratio of X- to Y-bearing spermatozoa and semen parameters in fresh
and prepared samples in correlation with abstinence duration were assessed.

Results: No statistically significant influence of abstinence duration on the mean ratio of X- to Y-bearing sper-
matozoa was detected in fresh or prepared samples. The mean values of total sperm count and total motile sperm
in fresh samples were significantly increased after abstinence of more than 3 days. In the prepared samples, the
peaks of total sperm count and total motile sperm were noted in day 4 of abstinence while the percentage of
morphologically normal spermatozoa remained constant during 1-10 days of abstinence.

Conclusion: There was no statistically significant effect of abstinence duration on the sperm sex ratio in either
fresh or prepared samples. The total motile sperm in fresh samples were significantly increased after 4 days of
abstinence. After sperm processing, the peak of the total motile sperm was observed at day 4 of abstinence while
the abstinence duration did not affect the percentage of morphologically normal spermatozoa.

Keywords: Abstinence duration, sperm sex ratio, Percoll gradients, swim-up

Siriraj Med J 2014;66:103-112
E-journal: http://www.sirirajmedj.com

INTRODUCTION

he objectives of sex selection in humans
T are to prevent sex-linked genetic disor-

ders and to balance sex composition
within the family. Many sperm sex pre-selec-
tion methods were studied. Flow cytometric
separation is the most effective method,' but
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there were some studies which reported this
method might cause mutation in the sperm.>’
For other selection methods,*’ swim-up,
discontinuous albumin gradients, Sephadex
filtration, or Percoll gradients technique, the
sex ratio is not clinically significantly changed.

The natural method, the timing of inter-
course in relation to ovulation has some influ-
ence on the sex ratio, but it is not a practical
method." For gender selection by setting some
period of sexual abstinence before the sexual
intercourse, the myth was the proportion of
Y-bearing spermatozoa would be increased
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after sexual abstinence of more than 3-5 days.
However, from the previous studies, sperm
DNA fragmentation correlated positively with
a long abstinence time'"'” and sperm that car-
ried more DNA fragmentation had less viability
rate;” while Y chromosome was sensitive to
fragmentation and the ability to repair the DNA
was extremely limited'>'*" so the proportion
of Y-bearing spermatozoa should be decreased
after longer abstinence duration. To date, there
has been no evidence for the effect of absti-
nence duration on sperm sex ratio.

Moreover there were conflicting data in the
effect of sexual abstinence on sperm para-
meters. From the study of De Jonge C,'° se-
men volume and sperm number increased with
duration of abstinence, but there was no effect
of abstinence duration on sperm motility, mor-
phology, or viability whereas other studies'" "
found sperm motility and normal morphology
significantly decreased with longer duration
of abstinence.

MATERIALS AND METHODS

The study was a prospective observa-
tional study, conducted in the Division of
Infertility, Department of Obstetrics and Gy-
necology, Faculty of Medicine Siriraj Hospital,
Mahidol University, Bangkok, Thailand. This
study protocol was approved by Siriraj Insti-
tutional Review Board (COA No0.679/2011).
From January 2012 to March 2012, men who
attended our division for semen analysis were
recruited after providing their informed con-
sent. The semen from healthy men, age =18
years, duration of abstinence 1 to 10 days and
normozoospermia samples according to World
Health Organization (2010) criteria® were
included (semen volume >=1.5 mL and sperm
concentration =15x 10° /mL). The subjects
who had history of receiving radiotherapy or
chemotherapy and who had history of abnor-
mal sex chromosome were excluded from the
study.

The primary objective was to evaluate
the effect of abstinence duration on the ratio
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of X- and Y-bearing spermatozoa in semen
prepared with combined Percoll gradients with
swim-up method (combined method) by us-
ing fluorescence in-situ hybridization (FISH).
The secondary objectives were to evaluate the
effect of abstinence duration on sperm sex ratio
and semen parameters in the fresh semen; and
to evaluate the effect of semen processing on
the sperm sex ratio and semen parameters in
correlation with abstinence duration.

Semen analysis and preparation

Semen were obtained by masturbation.
After liquefaction, semen were analyzed follo-
wing WHO (2010) guideline. Sperm concentra-
tion was evaluated in a hemocytometer cham-
ber. Sperm motility and morphology were
examined by using computer-aided sperm analy-
sis (CASA, Hamilton Thorn IVOS system).
Sperm vitality was determined after eosin-
nigrosin staining. Some portion of fresh semen
was reserved for FISH analysis.

After semen analysis was completed, the
Percoll-gradient medium (Percoll™ PLUS,
GE Healthcare Bio-Science AB, Sweden) was
prepared by layering 1 mL of 40% Percoll so-
lution over 1 mL of 80% Percoll solution in a
conical centrifuge tube (BD™ Falcon 15 mL
polypropylene conical tube, Fisher Scientific,
USA). 1 mL of liquefied semen was placed
above the Percoll-gradient medium. The whole
solution was centrifuged at 300 g for 20 minutes.
The supernatant was removed then the pellet
was resuspended with 2 mL of sperm washing
media (Quinn’s Advantage®, SAGE" In vitro
Fertilization, Inc. Trumbull, USA). After cen-
trifugation at 300 g for 10 minutes, the pellet
was resuspended and recentrifuged. The super-
natant was discarded. Some part of the pellet
was aspirated for FISH. Thereafter, ImL of
medium was gently placed on the pellet and the
tube was placed in a 5% CO,, 37°C incubator
for 30 minutes. Finally the uppermost portion
was aspirated for FISH and evaluation of sperm
concentration, motility and morphology with
CASA. The recovery rate of total motile sperm
was calculated as:



Total motile sperm in swim-up fraction

X100
Total motile sperm in fresh semen

Fluorescence in-situ hybridization (FISH)
procedure

FISH was used to determine the propor-
tion of X- and Y-bearing spermatozoa in fresh
semen, semen prepared with Percoll gradients
method and semen prepared with combined
method. These three types of specimen from
each subject were mixed with methanol and
acetic acid (3:1) and stored at -20°C until ready
for FISH procedure.

The semen were smeared onto glass
slides and air dried. The FISH procedure was
performed using the method described by Ku-
nathikom S et al.”' Sperm nuclei were decon-
densed by incubating the slides in 25 mmol/L
dithiothreitol (Sigma) and 0.1% trypsin in 2x
saline-sodium citrate buffer (SSC) at 37°C
for 15 minutes. The slide was periodically
visualized under a phase-contrast microscope
(Bx40, Olympus, Tokyo, Japan) until the sperm
heads were swollen to twice their normal size.
Then the slide was rinsed twice with 2x SSC,
dehydrated through a series of cold ethanol
(70%, 80% and 100%) for 1 minute each, and
allowed to air dry. 1 pL of DNA was added

Fig 1. Photograph of spermatozoa after triple-
probe FISH analysis, chromosome 18 (aqua
or blue signal), chromosome X (green signal),
chromosome Y (orange signal)

A. Normal haploid X-bearing spermatozoa

B. Normal haploid Y-bearing spermatozoa
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to the slide. The samples were then denatured
in a humidified chamber (HYBrite™, Abbott
Molecular, Inc. IL, USA) at 73°C for 5 minutes
and hybridized at 37°C overnight. Commer-
cial DNA probes (XA X/Y/18, MetaSystems
GmbH, Altlussheim, Germany), comprising
centromeric probes for chromosomes X, Y, and
18, were employed. Post-hybridization washing
was performed with following steps: the slides
were washed in 0.3% Nonidet P-40 (NP-40,
Vysis)/0.4x SSC at 73°C for 2 min, then in 0.1%
NP-40/2x SSC at room temperature for 1 min,
and allowed to air dry at room temperature.
The slides were then counterstained with 125
ng/mL DAPI II solution (Vysis). Finally, the
slides were covered with coverslips and sealed
with nail polish. The slides were stored at -20°C
until ready for evaluation.

The slides were evaluated by two investi-
gators under a fluorescence microscope (Carl
Zeiss Metasystem with Isis FISH Imaging
System) with 4 single bandpass filters at a mag-
nification of x400. After image capturing, 200
sperm nuclei in each slide were counted, the
mean value was considered. If the interobserver
variation was more than 10%, repeated evalua-
tions were performed. Sperm nucleus contained
one signal of chromosome 18 (aqua) and one
of X (green) or Y (orange) chromosome was
classified as normal X and Y sperm respectively
(Fig 1). Sperm nucleus without any signal was
classified as hybridization failure. Sperm which
contained only one signal or contained both X
and Y signals were not evaluated. The numbers
of X- and Y-bearing spermatozoa were calcu-
lated.

Statistical method

Values were expressed as mean+SD.
ANOVA test was used to determine the dif-
ferences in the ratio of X- to Y-bearing sper-
matozoa between abstinence durations, the
differences in the ratio of X- to Y-bearing sper-
matozoa between semen preparation methods
and the difference in the semen parameters
between abstinence durations. Paired Student’s
t-test was used to evaluate the effect of semen
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processing by comparing the sperm parameters
between fresh semen and semen after prepared
with the combined method. Data were tested
for normality of distribution.

All statistical analyses were performed
using Statistical Programs for Social Sci-
ences (SPSS Inc. version 14.0, Chicago, IL).
A p-value <0.05 was considered statistically
significant.

Sample size calculation was based on
the ratio of X- to Y-bearing spermatozoa in
semen which was prepared with the combined
method which was 50:50. With a type I error
of 0.05 and allowable error of 0.1, at least 97
normozoospermic samples were needed for this
study.

RESULTS

During the 3 months of the enrollment
period, 185 participants were recruited into
the study. 85 participants were excluded due
to abnormal semen analysis. Therefore, there
were 100 participants who completed the study,
10 cases in each abstinence duration.

The mean age of the participants was
35.3445.02 years. The hybridization efficiency
was 98.50+1.37% in fresh semen, 98.93+0.94%

in semen after prepared with Percoll gradients,
and 99.22+0.74% in semen after prepared with
combined method.

Abstinence duration and sperm sex ratio

Overall, the mean ratio of X- to Y-bearing
spermatozoa were 0.98+0.13, 0.95+0.16, and
0.95+0.12 1n fresh semen, in 80% Percoll frac-
tion, and in swim-up fraction, respectively.
There was no significant difference from 1:1
ratio in all three groups.

No statistically significant influence of
abstinence duration on the mean ratio of X- to
Y-bearing spermatozoa was detected in the
fresh semen, semen after prepared with Per-
coll gradients or after prepared with combined
method. (Table 1)

Following sperm processing, there was
no statistically significant difference in sperm
sex ratios between the processed samples and
the fresh samples in the same abstinence dura-
tion. (Table 1)

Abstinence duration and semen parameters

The mean values of semen parameters
in the fresh samples and semen after prepared
with combined method have been shown in
Tables 2-3.

TABLE 1. The ratio of X- to Y- bearing spermatozoa in fresh semen, in 80% Percoll fraction, and
in swim-up fraction in relation to abstinence duration.

Abstinence X:Y ratio
duration Fresh semen 80% Percoll fraction = Swim-up fraction P value*
(days)
1 0.99 +0.10 0.98+0.12 0.97 +£0.10 0.97
2 0.98 +0.21 0.93+0.15 0.93+0.14 0.80
3 1.07 £0.17 0.95+0.19 0.94+0.11 0.19
4 0.97+0.14 0.84 £ 0.15 0.94 +0.05 0.08
5 1.03+0.11 0.99 £0.12 1.04 +£0.13 0.52
6 0.91 +£0.07 0.94 £ 0.15 0.88+0.10 0.50
7 0.92 +0.09 0.93+0.16 0.95+0.12 0.86
8 0.98 £0.07 0.90 +0.16 0.98 +0.18 0.27
9 1.00 +£0.12 0.93+0.18 0.94 +0.16 0.24
10 0.99 + 0.07 1.06 £ 0.20 0.97 £0.08 0.23
P value** P**0.19 P**0.21 P **0.30

*compared between preparation techniques
**compared between abstinence durations
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Semen volume

In fresh semen, the means of semen
volume from the abstinence period of 4 days
(3.07+1.24 mL) and 7 days (3.14+1.10 mL)
were significantly higher than 1-3 days of ab-
stinence.

Sperm concentration

Among fresh samples, there was a signi-
ficant increase in the mean sperm concentration
on day 7 of abstinence (68.00+£32.85 x10°
mL), compared with 2 days of abstinence
(41.30+23.83 x10°/mL). However, no further
increase in the mean sperm concentration after
7 days of abstinence was observed.

The prepared samples showed a signifi-
cant decrease in the mean sperm concentration
(32.89429.26 x10°/mL), compared with the
fresh samples (58.66+30.44 x10°/mL). The
peak of mean sperm concentration in prepared
samples was observed on day 4 of abstinence
(54.20+70.37 x10°/mL). This value was also
significantly higher than the mean values of day
1(23.40+19.40 x10°/mL), day 2 (22.30+11.40
x10°/mL) and day 9 of abstinence (19.50+8.48
x10°/mL).

Total sperm count

The peaks of the mean total sperm count
per ejaculate in the fresh samples were noted
on day 4 (220.43+180.74 x10°) and day 7
(203.51£97.95 x10°) of abstinence which were
significantly higher than 1-3 days of abstinence.

There was a significant difference in
the mean of total sperm count per ejaculate
between fresh sample (149.46+£107.39 x10%
and prepared samples (16.44+14.63x10°).

Among prepared samples, the peak mean
total sperm count was noted on day 4 of absti-
nence (27.10+35.19 x10°). This value was also
significantly higher than the mean values of day
1 (11.7049.70 x10°), day 2 (11.15+5.70 x10°)
and day 9 of abstinence (9.75+4.24 x10°).

Sperm motility

In fresh samples, the peak mean sperm
motility was obtained after abstinence for 4
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TABLE 3. Comparison of the mean values of semen parameters in semen prepared with combined
method in relation to abstinence duration.

Semen parameters
Abstinence Concentration Total sperm

duration (x106/mL)" count
(days) (x10%"
1 23.40+1940 11.70+9.70
2 22.30 £11.40 11.15+5.70
3 3690+ 19.26 18.45+9.63
4 54.20+70.37 27.10+35.19
5 37.20+21.16 18.60+10.58
6 28.86 £25.05 14.43+12.52
7 41.90 +£26.63 20.95+13.31
8 3270 £19.01 16.35+9.51
9 19.50 + 8.48 9.75+4.24
10 3191 £17.16 15.96 £ 8.58

Motility Total motile Normal
(%) sperm morphology
(x10%)° (%)

92.40+£3.34 10.70 £ 8.82 22.40 £+ 6.60
92.30+£5.85 10.47+5.69 20.50 +£9.40
88.90 +4.86 16.58+9.14 22.30 +£5.62
86.40 £ 6.24 22.88+2793 24.60+7.29
91.70 £3.95 16.83 £9.33 24.70 +£5.42
91.80£2.49 13.07+11.11 24.20+8.04
89.10+7.32 1835+£11.59 26.50+8.33
91.60 £2.55 14.96 + 8.68 24.30 +£10.27
91.10+9.43 9.03+4.41 19.80 +£9.20
90.30 £5.60 14.33 +7.81 22.20 £6.09

* P<0.05 from day 1, 2, and 9, to day 4, * P<0.05 from day 1,2, and 9 to day 4, © P<0.05 from day 1, 2, 5, 6, and

8 to day 4,  P<0.05 from day 1, 2, and 9 to day 4

days (64.20+14.12%). There was a significant
decrease of this value in the group of 1 to 3
days ofabstinence, compared with 4 days of
abstinence. The mean sperm motility from 1
day of abstinence was significantly higher than
abstinence interval of 6-10 days.

The mean sperm motility increased from
54.06£11.61% in fresh to 90.56+6.61% after
prepared with the combined method whereas,
the abstinence duration did not have any ef-
fect on the mean sperm motility in prepared
samples.

Total motile sperm

The mean total motile sperm per ejacu-
late in the fresh samples was statistically sig-
nificantly higher after abstinence for 4 days
(151.18+133.91 x106) in comparison with the
samples collected after other abstinence dura-
tions. The low mean total motile sperm was
observed on days 1-3 of abstinence.

After sperm preparation with combined
method, the recovery rate of motile sperm was
22.85+15.89%. The mean total motile sperm
per ejaculate peaked at day 4 of abstinence
(22.88427.93), like the mean of total sperm
count.
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Sperm morphology

Among the fresh samples, there was no
significant difference in the mean percentage of
morphologically normal spermatozoa between
abstinence durations.

A significant improvement in the mean
percentage of morphologically normal sper-
matozoa was observed after sperm prepa-
ration (16.55+£5.67% in fresh samples and
23.15+7.69% in prepared samples). However,
no statistically significant influence of absti-
nence duration on this parameter was demon-
strated in prepared samples.

Sperm viability

The mean sperm viability among the
fresh samples was significantly decreased at
day 6 (70.40+7.86%) and day 7 of abstinence
(69.20+9.89%), compared with day 4 of absti-
nence (76.50+7.55%)).

DISCUSSION

Abstinence duration and sperm sex ratio
The inclusion criteria of normozoosper-

mia according to WHO criteria (2010) can be

applied for the men who receive in vitro fertil-



ization for prevention of sex-linked disorders
in the offspring and who wish to balance sex
ratio in their family with the natural method.
Moreover this criterion can exclude the men
who had sex chromosome abnormalities be-
cause the patients with these disorders often
had oligozoospermia.

Fluorescence in-situ hybridization is the
accurate method for determining the ratio of
X- to Y-bearing spermatozoa because it uses
specific DNA probes for each chromosome.”
In the present study, chromosome 18 was used
as internal control which helped to differentiate
nullisomy from hybridization failure.”

Because of the inability to have homolo-
gous recombination repair,"* Y chromosome
favors accumulated transposable elements
which makes it unstable.”* Moreover, spermato-
zoa are deficient in both antioxidant and DNA-
repair systems so oxidative stress can cause
additional DNA fragmentation in Y-bearing
spermatozoa. From the study of Richthoff J
et al,'' DNA fragmentation index correlated
positively with abstinence time (r=0.17). Fur-
thermore, Ozmen B et al,” had demonstrated
the negative correlation between increased
DNA damage and viability of sperm. Therefore,
the Y-bearing spermatozoa might be susceptible
to decreasing viability after a long abstinence
period.

This is the first study to evaluate the ef-
fects of abstinence period on sperm sex ratio.
Based on our hypothesis, the ratio of X- to
Y-bearing viable spermatozoa from long absti-
nence period should be higher than the samples
from short period of abstinence.

From the present study, the ratio of X-
to Y-bearing spermatozoa in fresh semen was
nearly 1:1 among different abstinence periods
because the fresh specimen composed of both
live and dead spermatozoa, so the ratio between
X-and Y-bearing spermatozoa was 1:1 accord-
ing to spermatogenic meiotic division principle.
Sperm preparation methods were performed
in order to select only the viable spermatozoa.
We used the combined Percoll gradients and
swim-up method to process the semen because
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this technique can select highly motile, mor-
phologically normal spermatozoa with lower
percentage of sperm DNA fragmentation in
comparison with density gradient centrifuga-
tion alone.””

The principle of sperm preparation with
Percoll gradients is based on a combination
of sperm motility and the retention of sper-
matozoa at the phase border.”” This technique
can select the motile, viable spermatozoa with
good chromatin integrity.” On the basis of the
difference in DNA content between X and Y
chromosomes, the X chromosome is 160 Mb
long, while the Y chromosome is only 60 Mb, '*
but there is no difference in the size between
X-and Y-bearing spermatozoa. Therefore, the
density of X-bearing spermatozoa should higher
than Y-bearing spermatozoa. Additionally,
X-bearing spermatozoa were more likely to
have less DNA damage than Y-bearing sper-
matozoa. Thus Percoll gradients method might
be able to separate the two types of sperm.

The result of our study demonstrated
that the ratio of X- to Y-bearing spermatozoa
was not significantly different between fresh
samples and the semen after prepared with
Percoll gradients method. This finding was
compatible with the previous studies.”” The
two possible explanations for the indifference
were, firstly, the differences in DNA content
and DNA damage between X- and Y-bearing
spermatozoa were too small to show the dif-
ference in the density of spermatozoa, and
secondly, spermatozoa with good motility did
not represent spermatozoa with good DNA
integrity.”®

After the semen samples were further
processed with swim-up method, the mean
ratio of X- to Y-bearing spermatozoa was still
not different from 1:1. This finding was similar
to the previous studies.”® The results of the
previous studies showed no significant change
in the distribution of X- or Y-bearing sperma-
tozoa following swim-up technique from the
unprocessed controls. This may be explained by
the indifference in swim-up velocity between
X- and Y-bearing spermatozoa.
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There may be other factors that can in-
terfere with the efficacy of sperm preparation
techniques such as changing of sperm density
after sperm maturation,”’ discrepancy in sperm
morphology, and random sperm motility.”
Hence it might not be possible to separate the
X- and Y-bearing spermatozoa with Percoll
gradients or swim-up method.

Among the prepared samples, abstinence
duration did not effect on the sperm sex ratio.
This result might be because the normozoosper-
mic samples contained few DNA fragmenta-
tion, so the viability between X- and Y-bearing
spermatozoa from different abstinence periods
may not be significantly different.

Abstinence duration and semen parameters

The effect of abstinence duration on
semen parameters was also evaluated. In fresh
semen, the mean value of semen volume, sperm
concentration, and total sperm count were signi-
ficantly increased after abstinence of more
than 3 days. Because of the increase in mean
total sperm count after 3 days of abstinence,
the mean total motile sperm also significantly
increased in the same trend despite the mean
percentage of sperm motility was significantly
decreased after that period. There was a statis-
tically significant decrease in the mean sperm
viability when the abstinence period was more
than 5 days, while the abstinence duration did
not affect the mean percentage of morphologi-
cally normal spermatozoa.

The results regarding the semen vo-
lume, sperm concentration, total sperm count,
sperm motility, total motile sperm, and sperm
morphology were nearly compatible with
data reported by many previous studies.'*'””'
From the retrospective study of Levitas E, et
al,”” there was a significant increase in semen
volume after day 5 of abstinence, and the mean
sperm concentration significantly increased
starting on day 3 of abstinence and continued
through day 6; a significant increase in mean
total sperm count was observed between day
1 and day 7 of abstinence; there was also a
significantly increase in the mean total sperm
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count on every additional day of abstinence
from day 3 to day 6 of abstinence; and there was
a significant improvement in mean percentage
of sperm motility after 1 day of abstinence, but
a decrease in percentage of sperm motility was
observed after day 8-10 of abstinence with a
further significant decrease after 11-14 days;
mean total motile sperm gradually increased
from day 0-7 and a steady level of normal sperm
morphology was observed on the succeeding
abstinence days. In contrast, de Jonge C, et al,'’
and Carlsen E, et al,”* did not find any influ-
ence of abstinence duration on sperm motility,
morphology, or viability. These studies had
evaluated the effect of abstinence duration
on within-subject semen parameters whereas
our study and the study from Levitas E, et al,
analyzed inter-subject semen parameters.

Due to the prolonged stasis of sperma-
tozoa in the epididymis, the spermatozoa were
likely to be exposed to reactive oxygen species
(ROS) from leukocytes and dying spermatozoa.
This ROS attacks the integrity of DNA* which can
deteriorate sperm motility and viability.'>>**’

From the evidence mentioned above, it
could be used to explain why the mean values
of sperm concentration and total sperm count
in prepared samples were decreased after long
abstinence duration.

Not surprisingly, the improvement in the
mean percentage of motile spermatozoa and
mean percentage of morphologically normal
spermataozoa were noted after sperm process-
ing with the combined method. There is no
significant difference in these two parameters
among abstinence durations.

After sperm preparation with the com-
bined method, the recovery rate of total motile
spermatozoa was poor (22.85+15.89%) in com-
parison with the preparation method of Percoll
gradients alone or swim-up method alone. From
the study of Chen S, et al,”® their recovery rates
of total motile spermatozoa were 55.9+4.4%
after Percoll gradients and 26.7+3.5% after
swim-up method. The decreases in the mean
percentage of sperm motility and the mean of
total motile sperm after day 4 of abstinence



could be explained by the significant decrease
of sperm viability after days 6-7 of abstinence.
Although the mean total motile spermatozoa
in prepared semen from our study were only
14.71£12.24 x10°, the amount of spermatozoa
was enough for both in vitro fertilization and
intrauterine insemination so nOrmMozoospermic
men can be abstinent for up to 10 days before
sperm preparation for assisted reproduction.
However, in oligozoospermic men, this prepa-
ration method might not yield adequate sperm
for intrauterine insemination.

Our study had some limitations. The
numbers of sperm scored in each slide were
only 200 nuclet, and higher numbers may give
more accuracy. The semen samples in this study
were obtained from different participants, so the
results could not represent within-subject varia-
tion on sperm sex ratio and sperm paramters.

CONCLUSION

There was no statistically significant
effect of abstinence duration on the ratio of
X- to Y-bearing spermatozoa in either fresh
normozoospermic samples or semen after
prepared with combined Percoll gradients with
swim-up method. Semen volume, sperm con-
centration, total sperm count, and total motile
sperm were significantly increased after 4 days
of abstinence. The process of combined method
could improve the percentages of sperm motil-
ity and morphologically normal spermatozoa,
but the recovery rate of total motile sperm
was low. The peak of total motile sperm was
observed at day 4 of abstinence. The percentage
of morphologically normal spermatozoa in both
fresh and prepared samples remained constant
during 1-10 days of abstinence.

Funding

This study was supported by Siriraj
Grant for Research Development, Faculty of
Medicine Siriraj Hospital, Mahidol University,
Thailand.

Siriraj Med J, Volume 66, Number 4, July-August 2014

ACKNOWLEDGMENTS

The author would like to thank Orawan
Makemaharn for her critical review of this
manuscript; the staff of the Infertility Unit,
Siriraj Hospital; and Saowalak Hunnangkul
and Pimrapat Tengtrakulcharoen from Clini-
cal Epidemiology Unit, Office for Research
and Development, Faculty of Medicine Siriraj
Hospital, Mahidol University for their assis-
tance in statistical analysis.

REFERENCES

1. Johnson LA, Welch GR, Keyvanfar K, Dorfmann A,
Fugger EF, Schulman JD. Gender preselection in humans?
Flow cytometric separation of X and Y spermatozoa for
the prevention of x-linked diseases. Hum Reprod. 1993
Oct;8(10):1733-9.

2. Munne S. Flow cytometry separation of X and Y sperma-
tozoa could be detrimental for human embryos. Hum
Reprod. 1994 May;9(5):758.

3. Johnson LA, Schulman JD. The safety of sperm selection
by flow cytometry. Hum Reprod. 1994 May;9(5):758-9.

4.  Lobel SM, Pomponio RJ, Mutter GL. The sex ratio of
normal and manipulated human sperm quantitated by the
polymerase chain reaction. Fertil Steril. 1993 Feb;59(2):
387-92.

5. Han TL, Flaherty SP, Ford JH, Matthews CD. Detection
of X- and Y-bearing human spermatozoa after motile sperm
isolation by swim-up. Fertil Steril. 1993 Dec;60(6):1046-51.

6.  DelJonge CJ, Swann NJ, Flaherty SP, Matthews CD, Barnes
AM. Failure of multitube sperm swim-up for sex preselec-
tion. Fertil Steril. 1997 Jun;67(6):1109-14.

7. Brandriff BF, Gordon LA, Haendel S, Singer S, Moore DH,
Gledhill BL. Sex chromosome ratios determined by karyo-
typic analysis in albumin-isolated human sperm. Fertil
Steril. 1986 Oct;46(4):678-85.

8. Wang HX, Flaherty SP, Swann NJ, Matthews CD. Assess-
ment of the preparation of X- and Y-bearing sperm on
albumin gradients using double-label fluorescence in situ
hybridization. Fertil Steril. 1994 Apr;61(4):720-6.

9.  Wang HX, Flaherty SP, Swann NJ. Matthews CD. Discon-
tinuous Percoll gradients enrich X-bearing human sperma-
tozoa: a study using double-label fluorescence in-situ
hybridization. Hum Reprod. 1994 Jul;9(7):1265-70.

10.  Wilcox AJ, Weinberg CR, Baird DD. Timing of sexual
intercourse in relation to ovulation: Effect on the probabi-
lity of conception, survival of the pregnancy, and sex of
the baby. N Engl J Med. 1995 Dec 7;333(23):1517-21.

11. RichthoffJ, Spano M, Giwercman YL, Frohm B, Jepson
K, Malm J, et al. The impact of testicular and accessory
sex gland function on sperm chromatin integrity as asses-
sed by the sperm chromatin structure assay (SCSA). Hum
Reprod. 2002 Dec;17(12):3162-9.

111



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

112

Atiken RJ, Krausz C. Oxidative stress, DNA damage and
the Y chromosome. Reproduction. 2001 Oct;122(4):497-
506.

Ozmen B, Caglar GS, Kaster F, Schopper B, Diedrich K,
Al-Hasani S. Relationship between sperm DNA damage,
induced acrosome reaction and viability in ICSI patients.
Reprod Biomed Online. 2007 Aug;15(2):208-14.

Cheng H, Shang X, He Y, Zhang T, Zhang YP, Zhou R.
Insight into human sex ratio imbalance: the more boys
born, the more infertile men. Reprod Biomed Online. 2007
Nov;15(5):487-94.

Atiken RJ, Jennifer A, Graves M. Future of sex. Nature.
2002 Feb 28;415(6875):963.

de Jonge C, LaFromboise M, Bosmans E, Ombelet W,
Cox A, Nijs M. Influence of the abstinence period on
human sperm quality. Fertil Steril. 2004 Jul;82(1):57-65.
Magnus O, Tollefsrud A, Abyholm T, Purvis K. Effects of
varying the abstinence period in the same individuals on
sperm quality. Arch Androl. 1991 May-Jun;26(3):199-203.
Pellestor F, Girardet A, Andreo B. Effect of long absti-
nence periods on human sperm quality. Int J Fertil Meno-
pausal Stud. 1994 Sep-Oct;39(5):278-82.

Levitas E, Lunenfeld E, Weiss N, Friger M, Har-Vardi I,
Koifman A, et al. Relation between the duration of the
abstinence and semen quality: analysis of 9,489 semen
samples. Fertil Steril. 2005 Jun;83(6):1680-6.

World Health Organization. WHO laboratory manual
for examination and processing of human sperm. Switzer-
land; World Health Organization; 2010.

Kunathikom S, Rattanachaiyanont M, Makemaharn O.
Analysis of aneuploidy in mini-Percoll gradient centrifuged
human sperm for intracytoplasmic sperm injection (ICST)
using fluorescence in situ hybridization. J Obstet Gynaecol
Res. 2002 Aug;28(4):224-30.

Flaherty SP, Matthews CD. Application of modern mole-
cular techniques to evaluate sperm sex selection methods.
Mol Hum Reprod. 1996 Dec;2(12):937-42

Egozcue J, Blanco J, Vidal F. Chromosome studies in
human sperm nuclei using fluorescence in-situ hybridiz-a
tion (FISH). Hum Reprod Update. 1997 Sep-Oct;3(5):
441-52.

Gvozdev VA, Kogan GL, Usakin LA. The Y chromosome
as a target for acquired and amplified genetic material in
evolution. Bioessays. 2005 Dec;27(12):1256-62.

Zini A, Finelli A, Phang D, Jarvi K. Influence of semen
processing technique oh human sperm DNA integrity.
Urology. 2000 Dec 20;56(6):1081-4.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Matsuura R, Takeuchi T, Yoshida A. Preparation and
incubation conditions affect the DNA integrity of ejacuilated
human spermatozoa. Asian J Androl. 2010 Sep;12(5):753-9
Hankel RR, Schill WB. Sperm preparation for ART. Reprod
Biol Endocrinol. 2003 Nov 14;1:108.

Zini A, Mak V, Phang D, Jarvi K. Potential adverse effect
of semen processing on human sperm deoxyribonucleic
acid integrity. Fertil Steril. 1999 Sep;72(3):496-9.
Morrell JM, Rodriguez-Martinez H. Practical applications
of sperm selection techniques as a toll for improving repro-
ductive efficiency. Vet Med Int. 2010 Aug 4;2011. pii:
894767.

Hossain AM, Barik S, Rizk B. Preconceptional sex selec-
tion: past, present, and future. Arch Androl. 1998 Jan-Feb;
40(1):3-14.

Elzanaty S, Malm J, Giwercman A. Duration of sexual
abstinence: epididymal and accessory sex gland secretions
and their relationship to sperm motility. Hum Reprod.
2005 Jan;20(1):221-5.

Carlsen E, Petersen JH, Andersson AM, Skakkebaek NE.
Effects of ejaculatory frequency and season on variations
in semen quality. Fertil Steril. 2004 Aug;82(2):358-66.

Sakkas D, Mariethoz E, Manicardi G, Bizzaro D, Bianchi
PG, Bianchi U. Origin of DNA damage in ejaculated hu-
man spermatozoa. Rev Reprod. 1999 Jan;4(1):31-7.
Griveau JF, Le Lannou D. Reactive oxygen species and
human spermatozoa: physiology and pathology. Int J Androl.
1997 Apr;20(2):61-9.

Henkel R, Kierspel E, Stalf T, Mehnert C, Menkveld R,
Tinneberg HR, et al. Effect of reactive oxygen species
produced by spermatozoa and leukocytes on sperm func-
tions in non-leukocytospermic patients. Fertil Steril. 2005
Mar;83(3):635-42.

Velez de la Calle JF, Muller A, Walschaerts M, Clavere
JL, Jimenez C, Wittemer C, et al. Sperm deoxyribonucleic
acid fragmentation as assessed by the sperm chromatin
dispersion test in assisted reproductive technology pro-
grams: results of a large prospective multicenter study.
Fertil Steril. 2008 Nov;90(5):1792-9.

Moskovtsev SI, Willis J, White J, Mullen JB. Sperm
DNA damage: correlation to severity of semen abnormali-
ties. Urology. 2009 Oct;74(4):789-93.

Chen SU, Ho HN, Chen HF, Chao KH, Lin HR, Huang
SC, et al. Comparison between a two-layer discontinuous
Percoll gradient and swim-up for sperm preparation on
normal and abnormal semen samples. J Assist Reprod
Genet. 1995 Nov;12(10):698-703.



