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Does conventional freezing affect sperm DNA
fragmentation?
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Objective: Sperm cryopreservation has been widely used in assisted reproductive technology, as it offers great potential for the treatment of
some types of male infertility. However, cryopreservation may result in changes in membrane lipid composition and acrosome status, as well as
reductions in sperm motility and viability. This study aimed to evaluate sperm DNA fragmentation damage caused by conventional freezing
using the sperm chromatin dispersion test.

Methods: In total, 120 fresh human semen samples were frozen by conventional methods, using SpermFreeze Solution as a cryoprotectant.
Routine semen analysis and a Halosperm test (using the Halosperm kit) were performed on each sample before freezing and after thawing. Se-
men parameters and sperm DNA fragmentation were compared between these groups.

Results: There was a significant decrease in sperm progressive motility, viability, and normal morphology after conventional freezing (32.78%,
79.58%, and 3.87% vs. 16%, 55.99%, and 2.55%, respectively). The sperm head, midpiece, and tail defect rate increased slightly after freezing.
Furthermore, the DNA fragmentation index (DFI) was significantly higher after thawing than before freezing (19.21% prior to freezing vs.
22.23% after thawing). Significant increases in the DFI after cryopreservation were observed in samples with both normal and abnormal motil-

ity and morphology, as well as in those with normal viability.

Conclusion: Conventional freezing seems to damage some sperm parameters, in particular causing a reduction in sperm DNA integrity.
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Introduction

Infertility is a major problem in modern life. Male infertility accounts
for about 50% of cases of infertility experienced by couples, and 90%
of male infertility is due to sperm abnormalities [1]. Fortunately,
sperm cryopreservation has been widely used in assisted reproduc-
tive technology (ART), with great potential for infertility treatment.
Numerous cryopreservation methods exist, but all involve cooling,
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freezing, and thawing. Although the reduction of sperm motility,
morphology, and viability after thawing has been studied widely [2],
controversy remains regarding how sperm DNA integrity is affected
by various cryopreservation methods. Many studies have shown that
these processes may damage sperm function [3]. For example, Ham-
madeh et al. [4] found that cryopreservation resulted in changes in
membrane lipid composition and acrosome status, reductions in
sperm motility and viability, and sperm DNA fragmentation [5]. How-
ever, other studies have found that cryopreservation did not damage
sperm DNA [6]. Thus, the question of whether cryopreservation af-
fects or causes sperm DNA fragmentation remains unresolved.
Conventional semen analysis by itself does not adequately address
this question because sperm parameters such as pH, volume, con-
centration, motility, survival rate, and morphology in this routine
analysis may not reflect molecular factors. Recently, extensive re-
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search has investigated the subject of human sperm DNA integrity,
as well as the mechanisms of sperm DNA damage and its effects on
ART outcomes. Several tests are available to evaluate sperm DNA in-
tegrity based on measurements of abnormalities in sperm chromatin
structure assay (SCSA) or through direct assessments of DNA strand
breaks, including the sperm chromatin structure assay, acridine or-
ange test, toluidine blue test, aniline blue test, terminal deoxynucleo-
tidyl transferase dUTP nick end labeling (TUNEL), the in situ nick
translation assay, the Comet assay, sperm chromatin dispersion
(SCD), or sperm DNA compaction (the CMA3 assay) [7,8]. The Halo-
sperm test is an SCD test based on induced condensation, which is
directly linked with sperm DNA fragmentation [9]. This test is now
performed conveniently using the patented Halosperm kit (Halotech
DNA, Madrid, Spain); its application is easy and cost-effective in labo-
ratories in developing countries such as Vietnam.

Controversy exists about both how much harm cryopreservation
may inflict on sperm DNA integrity and whether some cryopreserva-
tion methods cause more damage than others. Several effective
cryopreservation methods have been used, such as slow program-
mable freezing, conventional freezing, and vitrification. Conventional
freezing is the most popular of these methods in Vietnam because it
does not require special equipment, and it is convenient, easy to per-
form, and inexpensive. In general, the conventional freezing proce-
dure involves first immersing the sample in vapors from liquid nitro-
gen, and then immersing the sample in the liquid itself, at a tempera-
ture of —196°C [10].

In recent years, studies have compared conventional freezing to
vitrification, a newer technique. Some studies found no significant
differences between conventional freezing and vitrification in post-
treatment motility, viability, mitochondrial membrane potential, or
the percentage of normal sperm morphology [11,12]. In contrast,
other researchers found that vitrification yielded superior results
compared to conventional rapid freezing in terms of sperm parame-
ters such as motility, viability, DNA structure, acrosome status, and
morphology [6,13].

The literature shows that disagreements continue regarding the
damaging effects of conventional freezing on DNA integrity. There-
fore, it would be meaningful to identify the impact of conventional
freezing on sperm DNA fragmentation using the Halosperm test.

Methods

1. Study population

A total of 120 semen samples were randomly collected from the
male partners of infertile couples being treated at the Hue Center for
Reproductive Endocrinology and Infertility, Hue University of Medicine
and Pharmacy, Vietnam, between October 2017 and August 2018. This

Clin Exp Reprod Med 2019;46(2):67-75

study was approved by the Ethics Committee of Hue University of
Medicine and Pharmacy, Vietnam.

2. Semen collection and assessment

Semen samples from patients were collected by masturbation and
ejaculation after abstinence for 2—7 days, with the exclusion of sam-
ples with cryptozoospermia, azoospermia, or less than 5 million sper-
matozoa per milliliter. Samples were analyzed and classified accord-
ing to the 2010 World Health Organization (WHO) guidelines for ex-
amination and processing of human semen [14].

3. Semen analysis
1) Sperm motility

Sperm motility was classified as progressive motility or nonprogres-
sive motility through an analysis by manual counting under micros-
copy using a Primo Star microscope (Zeiss, Jena, Germany). The
sperm with progressive motility moved actively, either linearly orin a
large circle. The sperm with nonprogressive motility either moved in
a small circle or were immotile, despite showing clear flagella move-
ment. Sperm samples in which at least 32% of sperm were classified
as showing progressive motility were considered to have normal
motility.

2) Sperm vitality

The percentage of viable sperm was calculated by using the eosin
technique to determine whether sperm were dead or live. Dead
sperm were stained or partially stained red due to dye exclusion,
while live sperm cells were white. According to the WHO criteria, a
sample with normal sperm viability was defined as one in which at
least 58% of sperm were live (WHO, 2010) [14].

3) Sperm morphology

The morphology of the sperm head (shape and size), acrosome re-
gion, sperm neck, mid-piece, tail, and cytoplasmic droplets was de-
termined under microscopy using a Primo Star microscope (Zeiss) at
% 1,000 power using the Giemsa stain procedure, following the WHO
guideline (fifth edition) [14]. At least 200 spermatozoa were counted
to calculate the percentage with normal and abnormal morphology.
A sperm sample was considered to be morphologically normal if at
least 4% of the sperm cells showed normal morphology (WHO, 2010)
[14].

4, Halosperm test

The Halosperm test, which is based on the SCD technique for mea-
suring sperm DNA fragmentation, was performed using the Halo-
sperm kit (Halotech DNA), following the manufacturer’s protocol [15].
Briefly, a diluted semen sample was mixed with melted agarose and
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Figure 1. Classification of human sperm DNA fragmentation using
Halosperm test. (a) Big/large halo: halo width >the diameter of the
core, (b) medium halo: small halo <medium halo <big halo, (c)
small halo: halo width <1/3 of the diameter of the core, (d) without
halo: no halo, (e) degraded: no halo and presents a core irregularly or
weakly stained.

placed on a slide. After removing the coverslip, the sample was then
immersed in HCl solution for 7 minutes. Before washing with water
and ethanol (70%, 90%, and 100%), the sample was immersed in lys-
ing solution for 25 minutes. The halos of dispersed DNA loops were
observed via bright-field microscopy under a x40 objective using a
Primo Star microscope (Zeiss), after staining by the Giemsa proce-
dure. In total, 500 spermatozoa were evaluated in this test. DNA frag-
mentation was assessed in this manner for both fresh and thawed
sperm.

The DNA fragmentation index (DFI), a measure of sperm DNA frag-
mentation, is a calculation of the percent of sperm affected by DNA
damage. Itis calculated using the following formula:
Fragmented+degraded

Total cells

The index was calculated for the number of sperm observed to ex-
hibit each of the five patterns of DNA loop halos described in Figure
1. Sperm with fragmented DNA were defined as those that failed to
produce a halo of dispersed DNA, while sperm with intact DNA mani-
fested such a halo. Spermatozoa were considered to have damaged
DNA if the DFI was over 30% [16]. In this study, we used 30% as the
cutoff value of DFI [15]. The five categories of SCD categories are de-
fined in Figure 1, following previously established criteria [15].

DFI (%)= X100

5. Conventional freezing

The freezing procedure was modified from the SpermFreeze Solu-
tion guideline (REF 10137; Vitrolife, Vastra Frolunda, Sweden). Sperm-
Freeze Solution is a medium consisting of bicarbonate and MOPS
buffered with glycerol. Glycerol acts as a permeating cryoprotectant
agent (CPA) in the freezing process. This CPA protects the sperm
against thermal shock [17].

SpermFreeze Solution was added slowly by drops to the sample in
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a 1.8 mL Nunc Cryotube vial (catalog No. 375418; Thermo Fisher Sci-
entific, Jiangsu, China) at a ratio of 1:1 and gently mixed after each
drop was added. The process took 10 minutes at room temperature.
Next, the Cryotube was placed horizontally 3 cm above the liquid ni-
trogen surface to minimize the heat difference between the two
ends and to increase the surface area in contact with nitrogen va-
pors. During this process, there is a thermal gradient, and the freez-
ing temperature was estimated to be approximately —70°C, —80°C,
and —99°C [10]. After 15 minutes, the Cryotube was submerged into
liquid nitrogen and then stored in a tank at —196°C for at least 1
month before thawing.

6. Thawing of samples

Thawing was performed in a manner modified from the descrip-
tion in the SpermFreeze Solution guideline after 1 month’s freezing.
The Cryotube was removed from the liquid nitrogen and submerged
in warm water (37°C) for 5 minutes. This is an essential step in order
to avoid abrupt thermal changes [10]. After using clean paper towels
to wipe the Cryotube dry, the post-thaw sperm parameters (motility,
vitality, morphology, and DFI) were analyzed.

7. Statistical analysis

All analyses were performed using IBM SPSS ver. 20.0 (IBM Corp.,
Armonk, NY, USA). Data are expressed as mean and standard devia-
tion or as absolute numbers and percentages. The paired-samples t-
test was used to compare results before freezing and after thawing.
The chi-square test was used to compare the ratios of variables. Com-
parisons between groups were evaluated by the independent-sam-
ples t-test and analysis of variance (the Tukey test). Although p <0.05
was initially considered as the cutoff for statistical significance, we
decided to select a cutoff p-value of <0.001 to ensure results of high
significance.

Results

1. Characteristics of the study population

The characteristics of the study population are shown in Table 1.
The mean age was 34.48 +5.82 years, with a range from 24 to 53
years old. Primary infertility was present in 74.2% of the patients.
Their mean duration of infertility was 3.9+2.3 years, with a range
from 1 to 15 years. 38.3% of the men were cigarette smokers, and
60.8% of the men reported regularly drinking alcohol. The mean BMI
of these men was 23.4+ 2.8 kg/m?.

2. Correlations between characteristics of the study population

and DFl in fresh semen
We did not find significant differences in the DFI according to the
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Table 1. Basic characteristics of the study population (n=120) various characteristics of the subject population. When samples were
Characteristics No. (%) dichotomized into those with intact or non-intact DNA using a DFI
Age (1) cutoff of 30%, statistical significance was likewise not found accord-
>35 50(41.7) ing to the various characteristics of the population (Table 2).
<35 70(58.3)

Infertility type . .

Primary 89 (74.) 3. Effects of conventional freezing on sperm parameters
Secondary 31(25.8) The results of the baseline semen analysis are shown in Table 3. The

'“ie;t'"tyd”rat'o” () 60 (50) population in our study had a large range of concentration, progres-
<3 60 (50) sive motility, and viability. Generally, the fresh semen samples

BMI (kg/m?) showed no outliers worthy of exclusion. Moreover, the pre-freezing
<185 5(4.2) . . .

185-229 40(333) and post-thawing sperm parameter values are displayed in Table 4.
23-249 43(35.8) .
>25 32(26.7) Table 3. Fresh semen analysis (n=120)

Occupation o
Ofﬁge 48(40) Sperm parameter Mean +SD (range) W"'(goﬂrgf fla
Manual 32(26.7)

Others 40(33.3) pH 7.05+0.24 (6.0-8.0) >7.2

Smoking Volume (mL) 1.67+0.87 (0.5-4.0) >15
Yes 46(383) Concentration (million/mL)  33.23+12.86 (5.0-64.0) >15

Arighol consumption 74(617) Progressive motility (%) 32.78+12.38(3.0-65.0) >32
Yes 73(608) Viability (%) 7958+7.3(50.0-940) =58
No 47 (39.2) Normal morphology (%) 3.87+2.01(1.0-12.0) >4

BMI, body mass index. SD, standard deviation; WHO, World Health Organization.

Table 2. Correlations between characteristics of the study population and the DFl in fresh semen (n=120)

Characteristics DFI (%) p-value DFI >30% DFI <30% p-value

Age (yr) 0.73 0.51
>35 19.59+9.73 7(14.0) 43(86.0)
<35 18.94+10.34 13(18.6) 57(81.4)

Infertility type 0.52 093
Primary 19.56+9.23 15(16.9) 74(83.1)

Secondary 18.21+12.23 5(16.1) 26(83.9)

Infertility duration (yr) 0.69 033
>3 18.84+10.19 8(13.3) 52(86.7)
<3 19.58+9.99 12(20.0) 48(80.0)

BMI (kg/m?) 0.24 0.56
<185 27.92+9.15 2 (40.0) 3(60.0)
18.5-22.9 18.16£9.12 6(15.0) 34(85.0)

23-249 19.17+£10.57 7(16.3) 36(83.6)
>25 19.21+10.06 5(15.6) 27 (84.4)

Occupation 0.59 0.57
Office 19.88+9.58 8(16.7) 40(83.3)

Manual 19.86+9.51 7(21.9) 25(78.1)
Others 17.89+11.11 5(12.5) 35(87.5)

Geography 0.13 0.57
Urban 20.79+10.65 10(18.9) 43(81.1)

Rural 17.96+9.46 10(14.9) 57(85.1)

Smoking 0.54 04
Yes 18.49+8.46 6(13.0) 40(87.0)

No 19.66+10.96 14(18.9) 60 (81.1)

Alcohol consumption 0.29 0.93
Yes 19.99+10.55 12(16.4) 61(83.6)

No 17.99+9.21 8(17.0) 39(83.0)

Values are presented as mean * standard deviation or number (%).
DFI, DNA fragmentation index; BMI, body mass index.
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Table 4. Comparison of sperm parameters prior to freezing and following thawing (n=120)

Sperm parameter Before freezing After thawing p-value
Progressive motility (%) 32.78+12.38 16+9.08 <0.001
Viability (%) 79.58+73 55.99+8.14 <0.001
Normal morphology (%) 3.87+2.01 2.55+1.45 <0.001
Head defect (%) 85.13+4.54 86.03+4.66 <0.001
Midpiece or tail defect (%) 64.2+9.54 65.3%£9.32 <0.001
DFI (%) 19.21+£10.6 22.23+89 <0.001
Values are presented as mean =+ standard deviation.
DFI, DNA fragmentation index.
Table 5. The effects of conventional freezing on DFI in groups dichotomized by different parameters (n=120)
DFI (%)
Group p-value
Before freezing After thawing

Motility

Normal (=32%) 18.38+9.89 22.15+9.56 <0.001

Abnormal (< 32%) 20.16+10.25 2231+8.14 0.024
Viability

Normal (= 58%) 18.78+9.42 22.09+8.89 <0.001

Abnormal (< 58%) 4430+19.37 30.20+5.09 2
Morphology

Normal (=4%) 19.03+9.88 22.57+9.32 <0.001

Abnormal (< 4%) 19.35+10.26 21.96+8.61 0.004

Values are presented as mean =+ standard deviation.
DFI, DNA fragmentation index.

A statistical analysis could not be done because there were too few samples with abnormal viability (n=2).

As shown, the percentage of sperm showing progressive motility, vi-
ability, and normal morphology significantly decreased after thaw-
ing. In particular, progressive motility before freezing was generally
two-fold greater than the progressive motility index after thawing
(32.78%+12.38% and 16% + 9.08%, respectively). Although the via-
bility rate after cryopreservation was lower than that of fresh sperm,
the mean of the post-thaw viability values was still over 50%. Similar-
ly, the normal morphology rate dropped from 3.87% +2.01% to
2.55% + 1.45%. In addition, the head defect rate and the midpiece or
tail defect rate increased after conventional freezing. Of note, a statis-
tically significant increase was observed in the post-thawing DFI
(compared with the pre-freezing values).

4, Effects of conventional freezing on DFl related to semen
parameters

The post-thawing DFI increased in all groups defined by abnormal
or normal values of all the parameters. These differences were gener-
ally statistically significant (Table 5). A statistical analysis of the in-
creased DFI in the group with abnormal viability group after freezing
could not be done because there were too few samples with abnor-
mal viability (n=2).
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Discussion

The DFI gives more information on men’s reproductive potential
than other parameters. Moreover, sperm with fragmented DNA have
been found to be involved in failure of fertility and pregnancy loss
[18]. As a result, interest has emerged in identifying causes of sperm
DNA damage and establishing relationships between DNA fragmen-
tation and conventional semen parameters. Many studies have re-
ported correlations of DNA fragmentation with certain individual-
level characteristics and semen parameters. We found that the DFI
did not significantly vary across groups with different characteristics.

Since conventional freezing is a technique that can preserve sperm
for a long time, it can be an important component of the treatment
of male infertility in ART. Because the processes of freezing and thaw-
ing are thought to damage both sperm structure and function, it is
important to be aware of the effects cryopreservation may have on
features of sperm that are important for egg fertilization, such as
DNA content, acrosomal integrity, motility, and viability [2,19]. Cryo-
preservation has been shown to cause significant decreases in sperm
parameters, including progressive motility, viability, and normal mor-
phology [4]. Di Santo et al. [10] suggested that the damage caused
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by the freezing and thawing process may be related to methodologi-
cal inadequacies, such as difficulties in controlling the freezing tem-
perature drop curve. Others have proposed that these decreases are
due to damage during the freezing and thawing processes from ele-
ments such as thermal shock, which causes formation of intracellular
and extracellular ice crystals, cellular dehydration, and osmotic shock
[20]. As a result of cryopreservation procedures, the susceptibility to
lipid peroxidation (LPO) increases because more reactive oxygen
species are produced. Therefore, sperm cells that are sensitive to LPO
must tolerate stress at their membranes [21]. The formation of intra-
cellular or extracellular ice crystals results from rapid cooling, which
causes breaches in membranes and affects organelle function [10].
Moreover, the efflux of water from the internal to the external envi-
ronment increases the concentration of solutes and osmotic pres-
sure, with consequential toxicity damage, dehydration, and cell vol-
ume changes. This also occurs during the thawing process when ice
melts or recrystallizes [22]. The greater the temperature increase, the
greater the damage caused by recrystallization [23].

Our study had results similar to other reports, including the obser-
vation of a significant decrease in the progressive motility and sur-
vival rate after thawing [2,10,24]. However, the degree to which
these parameters decrease has shown variation according to the use
of various cryopreservation/thawing methods or CPAs. In many pre-
vious studies, motility after thawing decreased by 20% to 50% fol-
lowing different cryopreservation methods [25-27]. The decrease in
sperm motility that we found may have been due to cryopreserva-
tion-induced damage to the mitochondrial membrane.

We also found that sperm viability was lower after thawing than
before freezing. This effect may be associated with structural chang-
es in membranes during the freezing and thawing processes. Ice
crystals, which result in membrane leakage and impaired organelle
function, causes a decrease in viability [10]. In the literature, plasma
membrane destruction in the tail region has been suggested to be a
probable reason for tail defects. Ozkavukcu et al. [19] showed that an
increase in the frequency of coiled tails usually occurred after osmot-
ic changes. The effects of low temperatures on membrane lipid
structure and transmembrane water canal proteins have been stud-
ied. The addition or removal of CPA and changes occurring in water
content during freezing may lead to tail coiling [19]. The formation of
reactive oxygen species is one of the major deleterious effects of the
procedure. In our study, native sperm were used, allowing any anti-
oxidant features of seminal plasma to exert their protective effect
[19].

In our study, glycerol was used as a cryoprotectant in the freezing
protocol. Glycerol has a certain effect on motility, although freezing
and thawing seem to cause more damage [28,29]. Because thereis a
strong correlation between the increase in immotile sperm and the
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decrease in viability after thawing, the decrease in motility may be
due to the loss of viability [19]. Glycerol acts by decreasing the freez-
ing point of a substance, reducing the concentration of salts and sol-
utes in the sample, and decreasing ice formation in sperm. Further-
more, it supports the membrane structure, permeability, and stability
of the lipid bilayer, the association of surface proteins, and cellular
metabolism [10]. However, glycerol can cause poor outcomes in
terms of membrane and acrosome structure. Furthermore, a variety
of undesirable effects may result from using glycerol as a cryoprotec-
tant, such as acrosomal internal membrane alteration, the presence
of an undulating membrane, nucleus inhomogeneity, and disorgani-
zation in mitochondrial crests. Thus, during freezing, the cells may be
partially damaged, bringing about a decrease in sperm parameters
and harm to DNA integrity.

We found a significant difference in the DFI after conventional
freezing. Both normal and abnormal groups defined in terms of pro-
gressive motility, viability, and morphology showed statistically sig-
nificant increases in the DFl when comparing the observations made
before freezing with those made after thawing. This result demon-
strates that the conventional freezing procedure can damage DNA
integrity. This hypothesis has been controversial for many years.
Some authors have reported that DNA fragmentation after cryo-
preservation increased [27,30]. According to Spano et al. [31], sperm
quality (including sperm DNA integrity assessed by SCSA) worsens
after thawing. Similarly, some authors compared the DFI before
freezing and after thawing by the TUNEL assay, and reported that
cryopreservation negatively affected DNA integrity [32]. On the con-
trary, Lusignan et al. [8] reported that freezing and thawing did not
damage sperm chromatin integrity. Isachenko et al. [33] also con-
cluded that DNA fragmentation did not increase after thawing.

Some studies have reported that freezing and thawing produce
DNA damage to different degrees in different subjects. Donnelly et
al. [34] concluded that spermatozoa from fertile men seemed to be
more resistant to damage than samples from infertile men. Others
have shown no significant decrease in DNA integrity after freezing
[35]. It is known that poor-quality sperm due to reduced protamina-
tion contains partially decondensed chromatin. Chromatin conden-
sation may produce functional immaturity [34]. In contrast, some au-
thors have concluded that sperm DNA fragmentation does not result
from the freezing and thawing procedure. Isachenko et al. [33] com-
pared the effects of slow freezing and vitrification on sperm DNA in-
tegrity in the absence of a CPA. They found that cryopreservation did
not damage DNA integrity. Similar results were also reported by Duru
et al. [36], who found that cryopreservation was associated with dis-
ruption of the mitochondrial membrane potential and activation of
caspase 3, 8, and 9, but had no significant effect on DNA fragmenta-
tion. Caspase 3 is an important marker of the entry of a cell into the
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apoptotic pathway. Cryopreservation increases its activation, leading
to DNA fragmentation [37]. Some studies have also revealed relation-
ships between caspase activation, phosphatidylserine externaliza-
tion, and DNA fragmentation [38].

Although the Halosperm test has recently become popular [39,40]
because it is simple, readily available, and a cost-effective choice for
assessing DNA fragmentation [16], and it does not require expensive
and complex instrumentation and can be performed using equip-
ment available in andrology laboratories, there are still some limita-
tions involving its techniques. The Halosperm test is an indirect tech-
nique measuring the amount of halos formed when nuclear proteins
are removed, which is directly correlated to single-stranded DNA
damage [41]. Furthermore, the sperm analyzed by the test cannot be
used, especially for intracytoplasmic sperm injection. Additionally, it
was reported that results from the SCD test in some circumstances
depend on observers in a subjective fashion [42]. However, the use
of standard categories for the halos may reduce interobserver vari-
ability. Another disadvantage is that the Halosperm test is not rec-
ommended for patients with severe oligozoospermia or cryptozoo-
spermia. Furthermore, although there are several methods of per-
forming DNA fragmentation assays, the Halosperm test was selected
for this study because it is a validated, improved version of the SCD
test. Chohan et al. [43] found that the TUNEL, SCD, acridine orange,
and SCSA tests were significantly correlated, so that it is thought that
sperm integrity tests generally correlate moderately with each other.

In conclusion, the present study revealed significant effects of con-
ventional freezing on sperm progressive motility, viability, morphol-
ogy, and DNA fragmentation. The cryoinjury mechanism in the cryo-
preservation of human sperm requires further study.
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