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SUMMARY

Purpose : Reactive oxygen species have been suggested as a major contributing factor to cryodamage of
the spermatozoa. Accordingly, antioxidant supplementation has been used to yield significantly improved
quality of frozen sperm post-thaw. We sought to investigate outcomes with a combination of antioxidants
catalase and N-acetylcysteine respectively. Methods : The cryomedium supplemented with 200U/ml cata-
lase, 5mM N-acetylcysteine and their combination was used. Semen samples were collected from normo-
zoospermic men (n=20) and aliquots frozen in each dose of antioxidant tested. Post-thaw semen analysis
by computer aided sperm analysis was performed. In addition, sperm viability (Eosin-Y staining) and
sperm DNA fragmentation (TUNEL assay) were quantitated. Results : Combined catalase and N-acetyl-
cysteine supplementation during cryopreservation resulted in significantly improved post-thaw recovery of
total motility (from 39.4*15.8% to 49.2+16.1%) and percentage of sperm vitality (from 46.2+13.3% to
53.2+11.8%) (mean=SD, p<0.05). Catalase improved post-thaw DNA integrity analysis for double-
stranded breaks using TUNEL assay. Conclusions : These results indicated that the combination of intra-

cellular and extracellular antioxidants resulted in the pronounced effect in improving post-thaw quality of

human spermatozoa.
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INTRODUCTION

Cryopreservation of human spermatozoa has now
become a routine procedure in assisted reproductive

technology. It has been widely used as an effective
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method for the fertility preservation of male patients
before they undergo chemotherapy, radiotherapy,
and/or surgery that may lead to testicular failure or
ejaculatory dysfunction’. In the case of azoospermia,
cryopreservation of testicular spermatozoa can avoid
repeated testicular biopsy and it is useful for effective
treatment and management?. However, traditional
freezing techniques are not suitable for spermatozoa
from the testis because of their low number and poor
in-situ motility. In addition, the cryopreservation pro-
cess can lead to structural and functional alterations

in spermatozoa, impairing fertilization potential®.
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Many studies have evaluated the structural and func-
tional integrity of the sperm plasma membrane and
DNA, as well as the viability and motility characteris-
tics of frozen-thawed spermatozoa. The most common
types of cryodamage reported are membrane disrup-
tion, diminished motility, deteriorated viability ¥, DNA
damage”, and apoptosis in frozen-thawed spermato-
z0a%. Although mechanisms behind the cryodamage
to spermatozoa are thought to be multifactorial, the
excessive generation of reactive oxygen species
(ROS) has been suggested as a major contributing
factor to cryodamage to spermatozoa”. ROS are fun-
damental for intracellular signaling. In spermatozoa,
they are involved both to apoptosis and to capacita-
tion, and changes in ROS levels can alter the balance
between these two processes®. The excessive ROS
production has been associated with reduction of
sperm motility, decreased capacity for sperm-oocyte
fusion and infertility. Accordingly, antioxidant supple-
mentation has been used to yield significantly
improved quality of frozen sperm post-thaw?.

Several antioxidant agents, such as vitamins C and
E, dimethylsulphoxide, taurine, hypotaurine, melatonin
and catalase have already been tested in vitro or in
vivo studies concerning human'?, bovine'”, boar'?,
canine'”, goat'?, rabbit'®, and stallion'® semen with
controversial efficacy and usefulness. N-acetylcysteine
(NAC) is a thiol antioxidant, which is regarded as
excellent radical scavengers and blockers of lipid per-

17 However, there are no available referenc-

oxidation
es relative to the protection of NAC in human frozen
semen. We sought to investigate outcomes with a
combination of antioxidants catalase and NAC in the

present study.
SUBJECTS and METHODS

Semen preparation and analysis

The semen samples were obtained by masturbation
and collected into sterile containers from 20 normo-
zoospermic men, who were clinically free and within
normal parameters and were recruited from the
Andrology lab in University of Illinois at Chicago from
September 2014 to April 2015. This study was
approved by the Institutional Review Boards of the
University of Illinois at Chicago (Chicago, USA).
Patient’s age ranged between 24 and 52 year with

average of 34.5=8.8. Samples were left to liquefy for
30min at 37 C and were analyzed within an hour by
computer aided sperm analysis (CASA) of Sperm
Class Analyzer from Microptic (Barcelona, Spain).
Semen analysis was carried out according to the crite-
ria mentioned in the World Health Organization
guideline (2010), with volumes =1.5ml, concentration
>15%10° sperm/ml, normal viscosity, normal sperm
count, viability =40% and leucocytes<<1x 10%/ml.

Study design

Each semen sample was divided into four parts.
Each sample was cryopreserved without antioxidants,
with catalase (200U/ml), with NAC (5mM) and
using combination of catalase (200U/ml) and NAC
(5mM). Catalase and NAC were purchased from Sig-
ma-Aldrich (St. Louis, USA). The concentration of
catalase and NAC in this study was chosen on the
basis of published literature'® and our preliminary
study. Cryopreservation in Liquid nitrogen for at least

24 h for all samples was performed.

Sperm cryopreservation

According to the manufacture’s instructions

Freezing : Liquefied semen samples were diluted
with equal volume of SpermFreeze Solution. Sperm-
Freeze Solution is a bicarbonate and MOPS buffered
freezing medium for use with human spermatozoa ; it
contain 15% glycerol as cryoprotective agent, human
serum albumin and cholesterol to protect the sperma-
tozoa from damage due to the freezing processes from
Vitrolife (Englewood, USA). The mixture was left for
10min at room temperature for equilibration. The
sample/medium mixture sucked into the freezing
tubes. The tubes were frozen vertically for 30 min,
3cm above the level of liquid nitrogen. Then, the
tubes were immersed and stored in liquid nitrogen.

Thawing : The tubes were removed as required
from the liquid nitrogen. The tubes were kept in the
water bath at 37C for 30 min, and evaluation of the
different items was carried out after complete thawing

of the samples.

FEvaluation of sperm concentration, motility and
viability

When the frozen-thawed spermatozoa were
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Table 1 The recovered (post-thaw/pre—freeze X 100%) semen parameters of cryopreserveation with

catalase and N-acetylcysteine

without antioxidant

with catalase

with NAC  with catalase + NAC

Concentration (x10°%/ml) 425+154
Total motility (%) 39.4+15.8
Progressive motility (%) 228+15.2
Viability (%) 46.2+13.3

441+16.3 425+11.2 42.9+10.8

47.0+16.4 48.3+15.1 492+16.1*
309+146*  30.7+14.3 30.7x15.9"
49.2+12.6 51.6+12.3 532+11.8"

Note : Data presented as mean = SD

*

n=20

warmed, sperm concentration, total motility and pro-
gressive motility were assessed using CASA. Progres-
sive sperm motility was extensively known to be
related to pregnancy rates. Progressive motility was
categorized as sperm that are moving and actually
getting somewhere. Total motility covered progressive
and non-progressive motile sperm. Sperm viability
was determined according to the World Health Orga-
nization guideline (2010). The semen samples recov-
ered from the tubes were transferred on the micro-
scope slide, then 0.5% (w/v) eosin Y staining
(Sigma-Aldrich, St. Louis, USA) was added to the
samples and mixed well. The samples were covered
with a coverslip and left for 30s at room temperature.
The slides were examined for the viability of sperma-
tozoa using microscope at X400 magnification. The
spermatozoa with red or dark pink head were regard-
ed as dead and damaged, while the spermatozoa with

white or light pink head were alive and intact.

Detection of sperm DNA fragmentation

Sperm DNA fragmentation was examined by
TUNEL assay using In Situ Cell Death Detection Kit
according to the manufacture’s instructions (Roche,
Mannheim, Germany). The sperm DNA integrity was
assessed when thawed spermatozoa were cultured in
37C for 30min. The recovered spermatozoa were
transferred to microscope slides and aid-dried. The
slides were fixed 4% paraformaldehyde for 1h at
room temperature. The samples were then permeab-
lised by 0.5% Triton X-10 solution for 2min on ice.
After that, the permeabilised spermatozoa were incu-
bated with the TUNEL reaction mixture in the dark
at 37C for 1h. The slides were rinsed with PBS three

. significant difference vs. without antioxidant p<0.05

times to remove excess stain and counterstained with
4,6-diamidino-2-phenylindole (DAPI, Roche). The
DNA fragmentation of spermatozoa was examined
with a fluorescence microscope. Spermatozoa with or
without DNA fragmentation present green or blue flu-

orescence respectively.

Statistical analysts

For comparing seminal parameters and DNA frag-
mentation Wilcoxon signed rank test was used for
intra-group comparisons, and differences in mean val-
ues were assayed. In each case, the level of statistical
significance was set at p<0.05 and each domain
scores using the Statcel 3 program (OMS Publishing,
2011, Japan).

RESULTS

Recovered total motility, progressive motility and
viability of frozen-thawed spermatozoa

As shown in Table 1, in the presence of catalase
and NAC, there was no significant difference in sperm
concentration when compared with the each group.
However, the recovered (post-thaw/pre-freeze x 100
%) progressive motility of spermatozoa cryopre-
served with catalase alone and the combination of cat-
alase and NAC was significantly higher than that of
spermatozoa cryopreserved without antioxidants. The
recovered total motility and sperm viability of sper-
matozoa cryopreserved with the combination of cata-
lase and NAC was significantly higher than that of

spermatozoa cryopreserved without antioxidants.

DNA fragmentation of spermatozoa

As shown in Table 2, compared with the pre-freeze
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Table 2 Effects of cryopreserveation, catalase and N-Acetylcysteine supplementation on the DNA

integrity

post-thaw

pre—freeze

without antioxidant

with catalase  with NAC

with catalase + NAC

TUNEL (%) 184+49 58.3+12.9°

43.2+12.7°

555+14.2 458+17.3¢

Note : Data presented as mean = SD
a : significant difference vs. pre-freeze p<0.05

b : significant difference vs. without antioxidant p<<0.01

¢ ! significant difference vs. without antioxidant p<<0.05

n=10

group, the process of freezing and thawing caused an
increased spermatozoa DNA fragmentation. The sper-
matozoa DNA fragmentation in the catalase alone
group and the combination of catalase and NAC

group were less than that without antioxidants group.
DISCUSSION

This study represents the first attempt to supple-
ment NAC with catalase to aid in the cryopreserva-
tion of human sperm. Our data shows that sperm con-
centration, percentage of motility and sperm viability
decreased and DNA damage in cryopreserved sam-
ples increased significantly when compared with pre-
freezing samples. In addition, catalase and NAC sup-
plementation improves sperm motility, viability and
DNA integrity preservation through the frozen-
thawed process when compared with the group not
using antioxidant.

These results indicate that the cryopreservation
process indeed led to a variety of structural and func-
tional injury to human spermatozoa. Possible mecha-
nisms for the cryodamage to human spermatozoa are
thought to be multifactorial, but the excessive ROS
production during freezing and thawing has been pre-
viously demonstrated to be a significant contributing
factor'?.

Many studies have tested the effects of antioxidants
on spermatozoa as a scavenger of ROS, with variable
results. While there is a general agreement that sper-
matozoa are highly vulnerable to the oxidative
stress?”, and that the ROS level in the sperm suspen-
sion was significantly reduced by the addition of anti-
oxidants to the sperm preparation medium?’. So the

use of antioxidants could improve the results of artifi-

cial reproductive techniques?.

It is well known that the integrity of sperm DNA is
also affected by ROS?, which has been associated
with poor semen quality, low fertilization rate,
impaired implantation, increased abortion rate and
even an elevated incidence of disease in the off-
spring®”. In this study, we found that adding catalase
and NAC as antioxidants reduced the fragmentation
of sperm DNA.

Catalase is a common antioxidant, it directly cata-
lyzes the dismutation of extracellular hydrogen perox-
ide into water and molecular oxygen. Hydrogen per-
oxide is considered to be the most toxic element
because of its ability to cross membranes freely and
to inhibit enzyme activities and cellular functions, thus
decreasing the antioxidant defenses of the spermato-
z0a®. Therefore, using catalase appears to protect
DNA integrity from the powerfull attack by hydrogen
peroxide. In the past report, it is reported that cata-
lase alone supplementation during cryopreservation
resulted in better post-thawing percentage of pro-
gressive motility and percentage of sperm vitality and
improved DNA integrity®.

NAC is a derivative of the naturally occurring
amino acid L-cysteine. NAC is a precursor of cyste-
ine/glutathione and as a stimulator of cytosolic
enzymes participating to glutathione metabolism. NAC
increases the concentration of the endogenous reduc-
ing agent intracellular glutathione and/or acts directly
as a free radical scavenger?”. These antioxidant prop-
erties are explained by NAC'’s structure and chemical
reaction, which is similar to glutathione’s. Also NAC
may act through direct chemical interaction with radi-

cal element and/or ROS-dependent byproducts. In
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human semen when tested in vitro it was proven that

NAC had a distinct scavenging effect against ROS%.

The addition of catalase and NAC during cryo-

preservation results in improvement of post-thaw

total and progressive motility, sperm viability, and

protects the DNA from damage. Therefore, the syner-

gistic effects of the combined treatment of catalase

and NAC that were shown only upon simultaneous

treatment with the two compounds might be a result

of reduction in both intracellular and extracellular

ROS in protecting semen sample against cryodamage.
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