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Abstract
Purpose To study the effect of addition of zinc to human
semen sample prior to cryopreservation on post-thaw sperm
quality and function.
Methods Semen samples were collected from men attending
university infertility clinic for semen analysis (n0109). Lique-
fied semen samples were cryopreserved in glycerol-egg yolk-
citrate medium with or without the prior addition of zinc
(100 μM) and stored in liquid nitrogen. After 10 days, the
semen samples were thawed to assess the outcome. Sperm
motility, DNA integrity, mitochondrial potential and the abil-
ity of spermatozoa to undergo capacitation and acrosome
reaction was assessed in post-thaw samples.
Results Semen samples cryopreserved after addition of zinc
had a significantly higher percentage of sperm with intact
DNA (p<0.001), mitochondrial function (p<0.001) and pro-
gressive motility (p<0.01) compared to the semen samples
cryopreserved without zinc supplementation. Apart from
this, ability to undergo capacitation and acrosome reaction
in vitro was significantly higher in semen samples cryopre-
served with zinc (p<0.0001 and p<0.001 respectively).

Conclusions Addition of zinc to semen samples prior to cryo-
preservation helps in preventing the freeze-thaw-induced
sperm DNA damage and loss of sperm function.
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Introduction

Semen cryopreservation is an integral part of infertility treat-
ment and fertility preservation field. The commonly employed
semen cryopreservation techniques have certain limitations.
The reduced motility, membrane damage, ultrastructural
changes [1], DNA damage [2] and loss of mitochondrial func-
tion [3] are themost common detrimental effects of freeze-thaw
process on spermatozoa. The limitations in the current methods
necessitate the research on development of alternative techni-
ques to improve the quality of cryopreserved spermatozoa.

Sperm DNA integrity is critical for successful transmis-
sion of correct genetic material to the next generation. There
is substantial evidence available to prove that the cryopres-
ervation causes oxidative stress to spermatozoa [4–6]. The
lack of cytoplasmic free radical scavengers and high poly-
unsaturated fatty acid (PUFA) content in plasma membrane
make human spermatozoa highly sensitive to free radical
assault. It is known that the lipid peroxides generated from
the oxidation of unsaturated fatty acids targets DNA to
induce DNA fragmentation, base modifications and chro-
matin cross-linking [7–9]. Earlier studies have shown that
sperm DNA damage has adverse effects on fertilization
potential of the spermatozoa [10], pregnancy rate and live
birth rate [11]. Therefore, protecting the spermatozoa from
cryopreservation-induced DNA damage and loss of sperm
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functional competence is clinically relevant in assisted re-
productive technology (ART). Taking this into consider-
ation, the most common approach followed hitherto, was
to protect the sperm DNA during freeze-thaw process by
using free radical scavengers along with the cryopreserva-
tion medium [12, 13].

Zinc is a micronutrient required for the action of more
than 200 metallo-enzymes. It plays a vital role in normal
growth and development of the human body [14]. Defi-
ciency of zinc can impair spermatogenesis and decrease
serum testosterone levels [15]. Additionally, zinc helps in
stabilization of polymeric macromolecules such as RNA,
DNA and protein. Earlier studies have demonstrated that
zinc present in the prostatic secretion provides stability
to human sperm chromatin [16, 17]. Therefore, the pres-
ent study was undertaken to assess whether addition of
zinc to the semen sample prior to cryopreservation can
protect the human spermatozoa from freeze-thaw-induced
DNA damage and preserve the post-thaw sperm func-
tional competence.

Materials and methods

Study subjects

Men attending the university infertility clinic for routine
semen evaluation (n0109) were recruited for the study.
The study was approved by Institutional Ethics Committee.

Semen analysis

After 2–7 days of sexual abstinence, the semen samples
produced by masturbation were collected in a sterile con-
tainer and allowed to liquefy at room temperature. The
sperm count was assessed using Makler’s chamber (Sefi
Instruments, Israel). Rest of the microscopic analysis was
done as described in WHO manual [18].

Cryopreservation and thawing

The liquefied ejaculates were divided into two aliquots; zinc
was added to one aliquot and the other aliquot served as
control. The samples were kept at room temperature for
10 min after which they were mixed with equal volume of
cryoprotective (glycerol-egg yolk-citrate buffered) medium.
The aliquots were transferred to screw-top cryovials (Nunc,
Denmark) and stored in liquid nitrogen for 10 days as
described earlier [19]. The samples were removed from
liquid nitrogen, subjected to rapid thawing and washed in
Earle’s Balanced Salt Solution (EBSS, Sigma Aldrich, USA,
Cat. No. M5017) supplemented with 0.1 % Human serum
albumin (HSA, Sigma Aldrich, USA, Cat. No. A1653).

Elucidation of optimum zinc concentration

A stock solution (1 mg/ml) of Zinc sulfate (MERCK, India,
Cat. No. 7446-19-7) was prepared in Milli Q water. Liquefied
ejaculates from normozoospermic men (n010) were supple-
mented with different concentrations of zinc (0, 10, 50, 100,
250, 500 and 1000 μM) and then mixed with equal volume of
glycerol-egg yolk-citrate buffered cryoprotective media. The
samples were stored in liquid nitrogen and thawed after
10 days. Post-thaw semen samples supplemented with 100
μM zinc had significantly higher percentage of total motility
and progressive motility when compared to control (p<0.01
and p<0.05 respectively). In addition, the percentage of sper-
matozoa with intact DNA in post-thaw samples was almost
two times higher in zinc supplemented group compared to
control (~40 % v/s ~22 % respectively) (Table 1). Therefore,
100 μM of zinc sulfate was used for further studies.

Sperm chromatin dispersion (SCD) test

SCD was performed as described by Fernandez et al. [20] with
minor modifications [13]. Briefly, the fresh and frozen-thawed
semen samples were mixed with 1 % low melting point aga-
rose maintained at 37 °C. Approximately 150 μl of this mix-
ture was layered on a slide pre-coated with 0.65 % of normal
melting point agarose after which a cover slip was carefully
placed and the gel was allowed to solidify. The slides were then
immersed in freshly prepared acid denaturation solution
(0.08 N HCl) for 7 min at room temperature in dark. Proteins
were removed by incubating the slides in lysing solution 1
(0.4 M Tris, 20 mM DTT, 1 % SDS, 50 mM EDTA, pH 7.5)
for 20 min followed by incubation in lysing solution 2 (0.4 M
Tris, 2MNaCl, pH 7.5) for 15min at room temperature. Slides
were washed in Tris buffer (0.4 M Tris, pH 7.5) for 2 min,

Table 1 Sperm motility and DNA damage in normozoospermic semen
samples (n010) cryopreserved after adding different concentration of
zinc to liquefied semen samples

Concentration
of zinc
sulphate (μM)

Percentage Motility
(Mean±SEM)

Sperm with intact
DNA (%)
(Mean±SEM)

Total
motility

Progressive
motility

0 46.7±2.20 29.7±1.86 22.00±5.41

10 49.4±1.76 29.0±1.81 26.32±2.96

50 52.6±1.83 32.2±1.28 32.00±6.40

100 57.0±1.89 b 38.2±1.70a c 40.67±3.04

250 55.0±1.83 36.5±1.67 31.17±7.56

500 48.8±1.84 29.5±1.87d 29.83±6.55

1000 47.3±2.13 27.6±2.10e 26.83±8.45

a p<0.05, b p<0.01 v/s Control; c p<0.01 v/s 10 μM; d p<0.05 v/s
100 μM; e p<0.01 v/s 100 μM
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serially dehydrated in graded ethanol, and air dried. Cells were
stained with DAPI (2 μg/ml) and scored under fluorescent
microscope (Imager- A1 Carl Zeiss, Germany). Minimum of
500 spermatozoa were scored in each slide. Spermatozoa with
no halo, small halo, large halo and fragmented nucleus were
counted separately under oil immersion objective (1000X
magnification). The percentage of sperm with DNA damage
was determined by counting the spermatozoa having frag-
mented nuclei and spermatozoa with no halo.

Sperm mitochondrial potential

The mitochondrial function was assessed in fresh and frozen-
thawed semen samples using the method described by John-
son et al. [21] with minor modifications. Briefly, the samples
were centrifuged at 1800 rpm for 8 min and resuspended in
EBSSmedium containing 10μg/ml of Rhodamine 123 (Sigma
Aldrich, USA, Cat. No. R8004), followed by incubation at
37 °C and 5 % CO2 for 20 min. After washing, a drop of
sperm suspension was placed on a clean glass slide and
observed under fluorescent microscope (Imager A1, Carl
Zeiss, Germany) to assess mitochondrial integrity. Spermato-
zoa exhibiting bright fluorescence only at the mid piece region
were considered to have functional mitochondria. From each
sample a minimum of 500 spermatozoa were scored to deter-
mine functional or non-functional mitochondria.

Chlortetracycline (CTC) assay

The ability to undergo capacitation was assessed in frozen-
thawed spermatozoa by CTC assay as described by Colas et
al. [22] with minor modifications. The frozen-thawed semen
samples were washed, pellet was resuspended in EBSS
medium supplemented with HSA and incubated at 37 °C
and 5 % CO2 for 1 h. The experiment was initiated by
incubating 18 μl of sperm suspension with 2 μl of Ethidium
Bromide (23.3 μM) and 20 μl of 750 μM CTC solution
(Sigma Aldrich, USA, Cat. No. C4881) at 37 °C in the dark.
After 15 s, the reaction was stopped by adding 5 μl of
glutaraldehyde solution (12.2 %) and capacitation pattern
was evaluated using fluorescent microscope (Imager A1,
Carl Zeiss, Germany). At least 200 spermatozoa were scored
from each sample and classified as non-capacitated, capac-
itated, and dead spermatozoa.

Acrosome reaction

The ability to undergo acrosome reaction was assessed in
frozen-thawed spermatozoa by triple stain technique as de-
scribed by Garde et al. [23] with minor modifications. Briefly,
the washed pellet was resuspended with EBSS and the cell
density was adjusted to 5–6 millions/ml. To 0.5 ml of sperm
suspension, 0.5 mM of calcium ionophore A23187 (Sigma

Aldrich, USA, Cat. No. C7522) was added and incubated at
37 °C and 5 % CO2. After 1 h, the suspension was mixed with
equal volume of trypan blue (0.5 %) and incubated further at
37 °C for 15 min. The sperm suspension was washed with
phosphate buffered saline (PBS) and pellet was fixed in 3 %
paraformaldehyde (PFA) at 4 °C for 30 min followed by
washing with distilled water. A thin smear was prepared on
a clean glass slide and air dried at room temperature. The cells
were stained with 2 % Bismark brown (SD Fine-Chem. Ltd.
India, Cat. No. 440-10-0925) for 3 min at 37 °C followed by
washing with Milli Q and later stained with 0.8 % Rose
Bengal (Sisco Research Laboratory, India, Cat. No. 184033)
for 5 min at 37 °C. The slides were serially dehydrated using
graded alcohol, washed twice in xylene and mounted in DPX
mounting agent. The slides were observed under light micro-
scope and acrosome pattern was classified into acrosome
intact live sperm, acrosome intact dead sperm, acrosome
reacted live sperm and acrosome reacted dead sperm. Total
of 200 spermatozoa were counted for each sample and results
were expressed in percentage.

Statistical analysis

Data are presented asMean±SE. TheDNA damage, mitochon-
drial function and motility data were analyzed by one way
ANOVA (Analysis of number of variance) using Bonferroni
post-test method. Capacitation and acrosome reaction data
were analyzed by unpaired Student’s t test. The statistical
evaluation was performed using GraphPadInstat 3.0 software
(San Deigo, CA, USA). Statistical significance was set at 0.05.

Results

The study included 109 infertile men (mean age 35.23±
0.57 years) among which 58 were having normal semen
profile and 51 were with abnormal semen profile. The abnor-
mal group included 27 teratozoospermic, 3 oligozoospermic,
1 asthenozoospermic, 14 oligoteratozoospermic, 3 asthenoter-
atozoospermic and 3 oligoasthenoteratozoospermic subjects.
The seminal characteristics are given in Table 2.

The fresh ejaculates of the abnormal group had significantly
higher (p<0.001) percentage of spermatozoa with DNA dam-
age compared to normozoospermic subjects (Fig. 1a). Freeze-
thaw process resulted in a significant increase (p<0.001) in
DNA damage in normozoospermic as well as abnormal group.
Addition of zinc prior to cryopreservation significantly re-
duced the DNA damage compared to the corresponding con-
trol groups (p<0.001), irrespective of the ejaculate quality.

The mitochondrial function was significantly higher
(p<0.001) in fresh ejaculates of normozoospermic semen
samples in comparison to the abnormal group (Fig. 1b). Loss
of mitochondrial potential was observed in spermatozoa of
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both normozoospermic and abnormal semen samples
subjected to freeze-thaw process (p<0.001). Zinc supplemen-
tation prior to cryopreservation was found to reduce the

mitochondrial damage in both normozoospermic and abnor-
mal semen samples (p<0.05).

The percentage of total motile spermatozoa in fresh
ejaculates of normozoospermic and abnormal group was
67.17±1.21 and 55.80±1.98 respectively (Fig. 2), and the
difference was statistically significant (p<0.001). Freeze-
thaw process resulted in a significant decline in total motility
in both groups. Results indicate that addition of zinc prior to
cryopreservation prevents the loss of motility in both normo-
zoospermic and abnormal groups, although the protective
effect was statistically significant only in normozoospermic
group (p<0.05).

Sperm fertilizing ability was studied in normozoospermic
semen samples (n025) by assessing their potential to undergo
capacitation (Fig. 3) and acrosome reaction (Fig. 4). At the
end of 1 h incubation, ~32 % of spermatozoa were capacitated
in control group, which was significantly higher (p<0.0001)
in the zinc supplemented group (~47 %). Similarly, zinc
supplemented group had almost 2 fold higher percentage of
acrosome reacted spermatozoa compared to control group
(45.20±0.98 and 23.32±1.03 respectively, p<0.001).

Discussion

Cryopreservation induces chromatin instability, DNA strand
breaks and apoptosis in spermatozoa [4, 5, 24, 25] and
thereby reduces their functional competence. Poorly orga-
nized chromatin of spermatozoa from infertile men [26]
increases their susceptibility to freeze-thaw-induced DNA
damage compared to fertile men [27], which poses further
challenge in semen cryopreservation technology. Therefore,
the recent research focus is mainly on the methods to pre-
vent the freeze-thaw-induced DNA damage, especially in
poor quality ejaculates. Previous studies have concentrated

Table 2 The semen profile of study subjects (n0109*)

Parameters Mean±SD

Age (years) 34.69±05.29

Volume (ml) 03.46±01.59

Sperm count (millions/ml) 38.29±30.01

Total motility (%) 61.36±12.76

Progressive motility (%) 44.30±12.50

Rapid progressive motility (%) 06.80±05.27

Morphology (%) 27.30±08.12

Viability (%) 63.55±13.96

*Normozoospermic subjects- 58; subjects with abnormal semen
parameters 51; The abnormal group included oligozoospermic (n03),
asthenozoospermic (n01), teratozoospermic (n027), oligoteratozoo-
spermic (n014), asthenoteratozoospermic (n03) and oligoasthenotera-
tozoospermic subjects (n03)

Fig. 1 a. DNA damage in post-thaw semen samples cryopreserved after
addition of zinc (100 μM) to semen samples. a:p<0.001 compared to
fresh ejaculate of respective group; b:p<0.001 compared to post-thaw
control of respective group; c:p<0.001 compared to fresh ejaculate of
normozoospermic subjects; b: Mitochondrial function in post-thaw se-
men samples cryopreserved after addition of zinc (100 μM) to semen
samples. a:p<0.001 compared to fresh ejaculate of respective group; b:
p<0.05 compared to post-thaw control of respective group group; c:
p<0.001 compared to fresh ejaculate of normozoospermic subjects;

Fig. 2 Total motility in frozen-thawed spermatozoa crypreserved with
or without zinc supplementation to the sample prior to cryopreserva-
tion. a:p<0.001 compared to fresh ejaculate of respective group; b:
p<0.01 compared to post-thaw control of normozoospermic group; c:
p<0.001 compared to fresh ejaculate of normozoospermic subjects;
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on improving the post-thaw sperm quality by freezing the
semen samples with free radical scavengers such as vitamin
C and Vitamin E [12, 13]. In the present study we hypoth-
esized that increasing the chromatin stability of sperm by
adding zinc to the ejaculate prior to cryopreservation can
prevent the DNA damage.

Fresh ejaculates of the normozoospermic subjects had
~37 % DNA damaged spermatozoa which was significantly
lower than that of abnormal semen group (~47 %). Earlier
reports suggest that infertile men, especially with abnormal
semen profile carry higher incidence of DNA damage in
comparison to the fertile donors [4, 5, 28]. Significant
increase in DNA damage (p<0.001) observed in post-thaw
spermatozoa of normozoospermic and abnormal group is in
agreement with earlier reports [4, 13, 19].

The result of present study indicates that adding zinc to
the ejaculates prior to freezing can prevent freeze-thaw-
induced DNA damage. Addition of zinc may help in stabi-
lizing the organization of nuclear proteins and chromatin of
spermatozoa [16, 17]. It is postulated that the human sperm
chromatin contains a zinc ion for each protamine molecule

per turn of the DNA [29] and, helps in stabilizing the
chromatin by forming salt bridges with protamine thiols
and with imidazole groups of histidine. Such a salt bridge
is considered as strong as a covalent disulfide bridge and
can serve as a reversible and temporary stabilizer of the
sperm chromatin [30]. An earlier study by Kvist et al. [31]
demonstrated that zinc prevents the human sperm chromatin
from undergoing decondensation during its storage at 22 °C
for 24 h.

Since motility is the most seriously affected parameter in
spermatozoa after freeze-thaw process it is usually consid-
ered as a reliable parameter to assess the efficiency of
cryopreservation protocol. In the present investigation we
observed that the post-thaw motility declines by ~20 %
compared to the fresh ejaculate (p<0.001). Even though
the exact mechanism by which motility drops is not yet
elucidated, the most probable reason appears to be the loss
of mitochondrial activity [3]. Concurrent loss of mitochon-
drial function and reduction in progressive motility (~15 %
and 22 % respectively) of frozen-thawed spermatozoa ob-
served in the present study further supports this. The role of
zinc on sperm motility has contradictory reports in the
literature. Majority of the studies on human sperm suggest
that zinc has inhibitory effect on motility [32, 33]. In con-
trary to these reports, few studies have observed that zinc
enhances sperm motility [34, 35]. However, no significant
change in the motility pattern was observed in the present
study after supplementing zinc to the semen sample (data
not shown).

The significantly higher percentage of post-thaw motility
in semen samples cryopreserved after addition of zinc could
be due to the stabilizing effect of zinc on the microfilaments
in the outer dense fibers [36]. In addition, the protective
effect of zinc on mitochondrial potential of spermatozoa
observed in this study may help in providing the ATP
required for progressive motility. Mitochondria are rich in
zinc-dependent SOD that may help in preventing the free
radical induced membrane damage, loss of mitochondrial
potential and subsequently the loss of motility.

Spermatozoa subjected to freeze-thaw process are known
to have reduced functional abilities. In the present study, we
have observed a significantly higher percentage of capaci-
tated and acrosome reacted sperm in normozoospermic se-
men samples (n025) stored after addition of zinc. This could
be due to the higher percentage of sperm surviving the
freeze-thaw process which is evident from the data on
motility and mitochondrial potential. In addition, zinc may
help in preventing the freeze-thaw-induced destabilization
of the plasma membrane [37, 38] of spermatozoa and thus
help in retaining the acrosomal contents.

There are reports in the literature indicating that presence
of zinc in culture medium can inhibit capacitation and
acrosome reaction [33, 39–41]. On the contrary, the present

Fig. 3 Capacitation in frozen-thawed spermatozoa of normozoosper-
mic semen samples cryopreserved with or without addition of zinc to
semen sample. a:p<0.0001 compared to control

Fig. 4 Acrosome reaction after ionophore challenge in frozen-thawed
spermatozoa of normozoospermic semen samples cryopreserved with
or without addition of zinc to semen sample. a:p<0.0001 compared to
the post-thaw control group
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study has demonstrated that the survival and ability to
undergo capacitation and acrosome reaction is significantly
increased in semen samples cryopreserved with zinc. It is
possible that the zinc added to semen samples are lost from
the frozen-thawed spermatozoa during washing process and
hence may not have any negative influence on sperm func-
tion. However, we have studied these changes only in nor-
mozoospermic semen samples. Since the protective effect of
zinc on motility, mitochondrial function and DNA damage
is similar in both normal and abnormal group, a similar
effect could be expected on the fertilizing ability of sperma-
tozoa from abnormal semen samples. In conclusion, our
data clearly suggests that adding zinc to semen samples
prior to freeze-thaw process can significantly protect the
spermatozoa from freeze-thaw-induced DNA damage and
maintain the sperm functional characteristics.
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