
Effect of Pre-Incubation of Cryopreserved 
Sperm with either Kisspeptin or Glutathione  
to Mitigate Freeze-Thaw Damage

Abstract
Background: Sperm cryopreservation reduces sperm quality. 
Kisspeptin (KP) has beneficial effects on sperm functions. 
This study compares the effect of KP and Glutathione (GSH) 
on mitigating the detrimental effects of the freeze-thaw cycle 
on sperm. 
Methods: An experimental study was conducted in Birjand (Iran) 
during 2018-2020. Thirty normal swim-up semen samples were 
treated with Ham’s F10 medium (negative control), 1 mM GSH 
(positive control), or KP (10 µM) for 30 min before freezing. The 
motility, acrosome reaction, capacitation, and DNA quality of 
the frozen-thawed sperms were assessed according to the WHO 
guidelines. Statistical analysis was performed using paired t test, 
one-way analysis of variance, and least significant difference.
Results: Pre-incubation with KP significantly increased the 
percentage of sperm motility (34.00±6.7, P=0.003) compared to 
the control (20.44±7.4) and GSH-treated (31.25±12.2) aliquots. 
The frequency of non-capacitated spermatozoa was significantly 
higher in the KP-treated group (98.73%) than in the control 
(96.46%) and GSH-treated (96.49%) aliquots (P<0.001). The 
percentage of acrosome-intact spermatozoa in the KP-treated 
group (77.44%) was significantly higher than the control 
(74.3%) and GSH-treated (74.54%) groups (P<0.001). The sperm 
frequency with normal histone in the KP-treated group (51.86%) 
and with normal protamine (65.39%) was significantly higher 
than the controls (P=0.001 and P=0.002, respectively). The 
percentage of TUNEL-positive sperm was significantly lower 
in the KP-treated group (9.09±2.71) than both GSH-treated 
(11.22±2.73) and control (11.31±2.2) groups (both P=0.002).
Conclusion: Pre-incubation with KP protects sperm motility 
and DNA integrity from the detrimental effect of the freeze-
thaw cycle. KP is suitable as a pre-treatment to control sperm 
quality during freezing-thawing.
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What’s Known

• Kisspeptin has an antioxidant effect, 
and its receptors are present on the sperm 
surface.
• Kisspeptin plays a role in sperm 
quality and is a potential male reproduction 
health indicator.

What’s New

• Pre-incubation of sperm with 
kisspeptin before cryopreservation 
preserves sperm motility and DNA integrity. 
It also inhibits spontaneous acrosome 
reaction and premature capacitation of 
sperm.

Original Article

Introduction 

Cryopreservation is the process of cooling sperm at low 
temperatures to protect and preserve the normal structure 
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and function of living cells. It is a common 
procedure used in assisted reproductive 
technology (ART) to prevent testicular failure 
and preserve male fertility due to the iatrogenic 
effects of chemotherapy, radiotherapy, and 
surgical treatments.1 However, it was reported 
that the use of cryopreservation in ART has 
severe detrimental effects on the structure 
(nucleus, membrane, mitochondrion) and 
function (motility) of sperm. For instance, it was 
reported that sperm quality was impaired after 
543 samples cryopreserved from 1995 to 2015 
were thawed.2 Other cryopreservation-induced 
damages include reduced sperm motility 
and viability, changes in the composition of 
sperm plasma and mitochondrial membranes, 
abnormal acrosome reaction, plasmalemma 
glycoconjugate modification, and DNA 
fragmentation (DNAf).3 In addition, lower levels 
of cholesterol in the sperm plasma membrane 
make it susceptible to damage from the freeze-
thaw cycle, which may lead to premature 
capacitation.4 Physical damage caused by 
cryopreservation also affects cell surface 
glycoconjugates5 or induces acrosome reaction 
by producing reactive oxygen species (ROS) 
due to changes in the fluidity and potential of 
the mitochondrial membrane.6 Cryopreservation 
diminishes antioxidant enzyme activity in 
spermatozoa, making them more vulnerable to 
oxidative stress. Elevation of ROS and lower 
antioxidant capacity can induce apoptosis, 
leading to DNAf. A previous study assessed the 
effect of antioxidants on reducing the harmful 
effects of cryopreservation.7 Superoxide 
dismutase and/or catalase in the semen play a 
role in the neutralization of ROS but are diluted 
by the cryoprotectant medium.8 Glutathione 
(GSH) acts as an antioxidant by neutralizing 
ROS or activating exogenous antioxidants. 
Supplementing the freezing media with GSH, a 
popular antioxidant in infertility clinics, improves 
sperm quality.7 Therefore, in the present study, 
we used samples pre-incubated with GSH as a 
positive control.

Kisspeptin (KP) is a neuropeptide that binds to 
G protein-coupled receptor 54 (GPR54). Studies 
showed that GPR54, a KP receptor, is found in 
mature sperm of mice9 and monkeys.10 For the 
first time, Pinto and colleagues showed that KP 
and GPR54 are present in human spermatozoa 
and modulate several sperm functions.11 The 
potential of KP-based therapies was reported in 
several studies. It was shown that KP increases 
the activity of catalase and superoxide dismutase 
in male rats,12 and antioxidant capacity in rat 
testis by KP injection.13 It is also reported that 
serum KP levels are significantly low in infertile 

men14 and treatment with KP increases sperm 
motility, prevents premature acrosome reaction,11 
and induces capacitation.15 Therefore, KP may 
be considered a potential male reproductive 
health marker in the blood and semen, and an 
alternative strategy for treating infertility.16 

Given the above, to the best of our knowledge, 
there are no experimental studies on the 
effect of KP on the freeze-thawing of human 
spermatozoa. We hypothesize that KP might 
play a role in preventing the detrimental effect 
of the freeze-thaw cycle on human sperm. The 
present study, therefore, aimed to assess the 
effect of pre-incubation of cryopreserved sperm 
with KP or GSH on motility, plasma membrane 
integrity, DNA quality, and apoptosis.

Materials and Methods

In an experimental study conducted during 2018-
2020, semen was collected from 30 healthy men 
aged 18-35 years, who were referred to Emam 
Reza Hospital, Birjand University of Medical 
Sciences (Birjand, Iran). In accordance with the 
WHO guidelines, all samples were considered 
normal.14 All participants were requested to 
abstain from ejaculation 2-3 days before sample 
collection. Semen with any abnormalities (sperm 
count and motility, morphology, pH, viscosity) 
were excluded from the experiment. The study 
was approved by the Ethics Committee of Shiraz 
University of Medical Sciences (IR.SUMS.
REC.1396.S808). 

Sperm Preparation 
One milliliter of each sample of liquefied 

semen was mixed with 2 mL of Ham’s F10 
(Sigma, USA), supplemented with 20% human 
serum albumin (HSA) (Kedrion Biopharma, 
Italy), and centrifuged at 300 g for 10 min. 
The supernatant was decanted, and 1 mL of 
Ham’s F10 was added. The tubes were gently 
positioned at a 45-degree angle for one hour 
at 37 °C and 5% CO2 for swim-up separation 
of motile spermatozoa. This supernatant was 
carefully aspirated, and its volume was adjusted 
to 1 mL using Ham’s F10. 

Experimental Design
Each sample was divided into three equal 

parts and incubated at 37 °C for 30 min, namely 
control group: 0.25 mL of the sample and  
0.25 mL of Ham’s F10 containing HSA (N6908; 
Sigma, USA), KP-treated group: 0.25 mL of the 
sample and 0.25 mL of 20 μM human KP-13 at 
a final concentration of 10 μM (H5962.0001; 
BACHEM, Switzerland),9, 11 and GSH-treated 
group: 0.25 mL of the sample and 0.25 mL of 
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2 mM GSH at a final concentration of 1 mM 
(G4251; Sigma, USA).17

The sperm motility was evaluated based on 
the WHO criterion and classified as progressive 
(moving forward linearly or in a large circle), non-
progressive (moving in the site or slowly without 
any forward progression), and immotile (no 
movement).14 The evaluation involved systematic 
random sampling of 10 microscopic fields. The 
number of progressive, non-progressive, and 
immotile sperms was counted in each field and 
expressed as percentages.

Freezing and Thawing of Sperms
A half milliliter of the aliquots was diluted 

(1:1) with a cryopreserved medium (LGSF-
020; Life Global, USA), drop-wise in cryotubes 
at room temperature, and then positioned 
horizontally at 5 cm above liquid nitrogen vapor 
for 20 min. Then, they were quickly immersed 
in liquid nitrogen for extended storage. After 
48 hours, the cryotubes were thawed at 37 °C 
for 10 min. One milliliter of fresh Ham’s F10 
was then added and centrifuged at 300 g for  
10 min. Spermatozoa were resuspended in 
Ham’s F10 containing 20% HSA. After thawing, 
sperm motility was re-examined.

Plasma Membrane Integrity Assessment
Lectins Histochemistry: Wheat germ 

agglutinin (WGA), peanut agglutinin (PNA), and 
concanavalin A (ConA) (all from Sigma, USA) 
were used to detect non-capacitated, acrosome 
intact, and acrosome-reacted spermatozoa, 
respectively. The smears of the thawed samples 
were fixed with 2% paraformaldehyde for 20 
min. After washing with phosphate-buffered 
saline (PBS), the samples were incubated with 
fluorescein isothiocyanate (FITC)-conjugated 
lectins at 10 μg/mL dilution for two hours and 
double stained with Hoechst (Sigma, USA) for 
five min. The slides were evaluated using the 
Eclipse E600 fluorescent microscope (Nikon, 
Japan).

Flow Cytometry: Thawed samples were 
washed with 800 µL of PBS, centrifuged at 170 g 
for 10 min, and fixed with 2% paraformaldehyde 
for 30 min at 4 °C. Thereafter, the aliquots were 
centrifuged, and the pellets were resuspended 
in PBS. The aliquots containing 1×105 cells 
were exposed to FITC-conjugated lectins at a 
dilution of 10 μg/mL for two hours at 37 °C. The 
samples were assessed using the FL1 channel 
(wavelengths ≈495 nm) and FL3 channel 
(wavelength >575 nm) of the FACSCaliburTM 
flow cytometer (BD Biosciences, USA). The 
data were analyzed using FlowJo software (BD 
Biosciences, USA).

DNA Quality Assessment
The smears were prepared to measure 

DNA and chromatin status using acridine 
orange (AO) 65-61-2 (Sigma, USA), aniline blue 
28631-66-5 (Sigma, USA), Chromomycin-A3 
(CMA3) 7059-24-7 (Sigma, USA), and terminal 
deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL) staining. A total of 200 sperms 
were evaluated per smear in randomly selected 
microscopic fields. The microscopic slide was 
scanned from one side, and every three fields 
were selected. The counting continued until 200 
sperms were evaluated.

Acridine Orange Test
The smears from thawed samples were fixed 

in methanol:acetic acid (3:1) and then stained with 
2-3 mL of 19% AO solution in a citrate-phosphate 
buffer for 10 min. Stained spermatozoa were 
evaluated using a fluorescence microscope. 
Three types of staining patterns were identified, 
namely green (double-stranded DNA), yellow 
(partially denatured DNA), and red (completely 
single-stranded DNA).5

DNA Structure Assay
The sperm aliquots stained with AO were 

also analyzed using the flow cytometry 
technique. Briefly, 0.2 mL of thawed samples 
with 1 million events was diluted with TNE buffer 
(0.01 M Tris–HCl, 0.15 M NaCl, and 1 mM EDTA, 
pH: 7.4) containing 10% glycerol at a density of 
1-2×106 sperm/mL. Then, they were immediately 
mixed with 0.4 mL of the solution containing 
0.1% Triton X-100, 0.15 M NaCl, and 0.08 N 
HCl (pH 1.2) at 4 °C. After 30 seconds, they 
were incubated in 1.2 mL of AO at a 6 μg/mL 
concentration in a solution containing 0.037 M 
citric acid, 0.126 M Na2HPO4, 0.001 M disodium 
EDTA, and 0.15 M NaCl (pH 6.0) at 4 °C. These 
were analyzed using the FACSCaliburTM flow 
cytometer. Strong green (FL-1) and negative 
red fluorescence (FL-2) depicted normal sperm 
integrity (excitation wavelength at 488 nm and 
emission wavelengths at 520 nm for FL1 and 
640 nm for FL3). A sample of acid-treated sperm 
was used as a positive control. DNAf index (DFI) 
was calculated using the formula below and 
expressed as a percentage.
DFI=Mean value of red fluorescence/(mean 
value of red+green fluorescence).

AO shows green fluorescence in the 
monomeric state (when it binds to DNA) and 
red fluorescence in the polymeric state (when 
it binds to RNA or denatured single-stranded 
DNA). Larger cells with higher histone and lower 
protamine content are found in the upper quartile 
of the dot blot chart. These cell populations 
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show high DNA stainability (HDS) and represent 
immature cells.17 

Aniline Blue Staining
Air-dried smears were fixed in 3% buffered 

glutaraldehyde for 30 min and then stained with 
5% aqueous aniline blue in 4% acetic acid (pH 
3.5) for seven min. The staining intensity of the 
sperm head was divided into three categories, 
namely unstained (gray/white), partially stained, 
and entire sperm head stained dark blue.

Chromomycin A3 Staining
The smears were fixed in methanol:glacial 

acetic acid (3:1) at 40 °C for five min and treated 
with 100 µL of 0.25 mg/mL chromomycin A3 
in a McIlvaine buffer containing 10 mM MgCl2 
(pH 7.0) for 20 min. The slides were mounted 
using buffered glycerol and observed with a 
fluorescent microscope. Two types of staining 
patterns of the sperm head were identified, 
namely bright green fluorescence and dull 
green staining (abnormal and normal chromatin 
packaging, respectively).

TUNEL Staining
The DeadEndTM Fluorometric TUNEL 

System kit (Promega, USA) was used according 
to the manufacturer’s protocol to detect DNA 
fragmentation. Briefly, the samples were fixed 
in buffered formaldehyde, washed twice in PBS, 
treated with 0.2% Triton X-100 in PBS, and 
incubated in an equilibration buffer. Then, they 
were incubated in the reaction mix prepared 
according to the manufacturer’s instructions. 
The reaction was stopped by adding 2× saline-
sodium citrate buffer and was counterstained 
with Hoechst (0.1 mg/mL). The slides were 
evaluated using a fluorescent microscope.

Statistical Analysis
Paired t test was used to compare sperm 

motility before and after the freeze-thaw cycle. In 
addition, one-way analysis of variance (ANOVA) 
and least significant difference (LSD) tests were 
used to analyze the data. All data were expressed 
as mean±SD. The level of statistical significance 
was set at 0.05. The data were analyzed using 
SPSS software for windows, version 24.0 (IBM, 
USA). GraphPad Prism software, version 6.0 
(Graphpad, USA) was used to create the graphs.

Results

Sperm Motility Assessment
The percentage of motile spermatozoa was 

evaluated before freezing and after thawing. The 
results before freezing showed that both KP- and 

GSH-treated groups exhibited a significant 
increase in the frequency of progressive sperms 
(both P=0.003) and a significant decrease in 
immotile sperms compared to the control group 
(P=0.004 and P<0.001, respectively). The 
results of the paired t test revealed a significant 
decrease in the percentage of progressive and 
non-progressive motile sperms in each sample 
before freezing compared to those after thawing 
(all P<0.001). After thawing, the frequency of 
the total motile spermatozoa was significantly 
higher in the KP- and GSH-treated groups 
than the control group (P<0.001, figure 1). Pre-
incubation with KP led to a significant increase 
in the frequency of progressive (P=0.016) and 
non-progressive (P=0.001) sperms compared to 
the controls. Before freezing, the frequency of 
progressive motile sperms in the GSH-treated 
group was the same as those in the control group 
(P=0.06). In contrast, after thawing, a significant 
increase in the frequency of immotile sperms 
(P<0.001) was observed. The frequency of 
immotile spermatozoa after thawing significantly 
decreased in the KP- and GSH-treated groups 
compared to the control group (both P<0.001). 
As indicated in table 1, the percentage of 
immotile sperms in the GSH-treated group 
was statistically similar to the KP-treated group 
(P=0.205).

Plasma Membrane and Acrosome Integrity 
Incubation of the sperms with KP before 

freezing led to a significant increase in the 
percentage of acrosome-intact spermatozoa 
compared to both GSH-treated and control 
groups (both P<0.001). The percentage of 
acrosome-intact spermatozoa (PNA-positive) 
in the GSH-treated and control groups was 

Figure 1: Data comparison revealed that the percentage 
of total motile (progressive and non-progressive) sperms in 
the samples pre-treated with KP and GSH was significantly 
higher than control aliquots both before and after freezing. 
Results showed that both GSH and KP pre-treatment 
prevented sperm motility loss. The total number of samples: 
30. *Significant difference with matched groups after 
freezing (P<0.0001). αSignificant difference with control 
after freezing (P<0.05).
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statistically similar (P=0.343). Fluorescent 
microscopy showed intense PNA staining of the 
acrosome in the anterior part of the head of the 
intact spermatozoa (figure 2).

Mannose residues in the posterior membrane 
of the acrosome were exposed to acrosome-
reacted spermatozoa and stained using ConA. 
Treatment with KP and GSH showed no significant 
change in the percentage of acrosome-reacted 
spermatozoa compared to the controls (P=0.114 

and P=0.772, respectively). The percentage of 
acrosome-reacted spermatozoa in both KP- and 
GSH-treated groups was statistically the same 
(P=0.195). Based on the results of fluorescent 
microscopy, acrosome-reacted spermatozoa 
showed intense staining with Con A, while 
acrosome-non-reacted spermatozoa showed 
weak staining (figure 2).

Flow cytometric assessment of the sperm 
acrosome reaction with FITC-conjugated WGA 

Table 1: Comparison of sperm motility in different groups before freezing and after thawing
Groups Stage Progressive

(n=30)
(Mean±SD)

Non-progressive
(n=30)
(Mean±SD)

Immotile
(n=30)
(Mean±SD)

Control Before freezing 71.9±12.53* 2.94±3.12* 26.16±10.22*
After thawing 8.76±5.73 11.5±4.52 79.74±7.34

GSH-treated Before freezing 75.82±6.66* 4.61±3.6* 19.51±5.7*φ

After thawing 12.98±9.79 18.27±12.37 69.13±11.59£

KP-treated Before freezing 78.71±8.15*α 4.45±2.86 17.03±7.8 β*
After thawing 14.18±6.59€ 19.82±8.72£ 66.35±6.6µ

*Significant difference with matched aliquots after thawing (all P<0.001), αSignificant difference with control before freezing 
(P=0.003), φSignificant difference with control before freezing (P=0.004), βSignificant difference with control before freezing 
(P<0.001), €Significant difference with control after thawing (P=0.016), £Significant difference with control after thawing 
(P<0.001), µSignificant difference with control after thawing (P<0.001), GHS: Glutathione, KP: Kisspeptin

Figure 2: The semen samples were stained with FITC-conjugated lectins and analyzed using the flow cytometry technique. Each 
chart is a representative sample of the controls, GSH-, and KP-treated groups stained with either PNA, ConA, or WGA (panel 
a). Panel b shows a comparison between the percentage of lectin-positive cells in the control, GSH- and KP-treated groups. 
Panel c shows micrographs of sperms stained with PNA, ConA, and WGA. The top micrograph shows intact spermatozoon 
(arrowhead) and the release of the spermatozoon acrosome content (arrow). The middle micrograph shows the release of the 
spermatozoon acrosome content (arrowhead) stained with ConA and intact unstained sperm (arrow). The bottom micrograph 
shows sugar residues on the membrane of non-capacitated spermatozoa (arrow) stained with WGA. Sperms with weak 
reactions to WGA represent capacitated spermatozoa (arrowhead). The total number of samples: 30. *Significant difference 
with all other groups (P<0.001)
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indicated that pre-freezing treatment with KP 
significantly elevated the percentage of non-
capacitated spermatozoa compared to both 
GSH-treated and control groups (P<0.001). The 
percentage of non-capacitated spermatozoa 
in the GSH-treated and control groups was 
statistically the same (P=0.842). Histochemistry 
staining showed that sperm populations reacted 
differentially to WGA according to their status 
(intact vs. capacitated). Non-capacitated sperm 
heads responded to WGA uniformly (figure 2).

DNA Quality
Acridine Orange Staining: Both AO-stained 

smears and the sperm chromatin structure 
assay showed that all samples contained some 
sperms with denatured nuclei. Pre-incubation 
with KP or GSH significantly decreased sperm 
frequency with red fluorescence (%DFI, figure 3)  
compared to the controls (P=0.001). The 
percentage of DFI was the same in the KP- and 
GSH-treated groups (P=0.889). The results of 
the smear analysis confirmed the flow cytometric 
assessment (figure 3).

Aniline Blue Staining: There was a 
significantly higher number of sperms with 
normal chromatin in the KP-treated group than 
the other groups (both P<0.001). However, 
no significant changes were observed in the 
frequency of normal spermatozoa of the GSH-
treated group compared with the control group 
(P=0.29, figures 4a and 4b)

Chromomycin A3 Staining: The percentage 
of spermatozoa with normal protamine content 
was significantly higher in the KP-treated 
group than the control and GSH-treated 
groups (P<0.001, P=0.013, respectively). GSH 
supplementation did not create significantly 
better conditions for histone-protamine 
substitution compared to the control condition 
(P=0.175, figures 4c and 4d).

TUNEL Staining: The percentage of DNA-
fragmented spermatozoa was significantly lower 
in the KP-treated group than the other groups 
(both P=0.002). The percentage of apoptotic 
sperm in the GSH-treated group was equal to 
the control group (P=0.986), and GSH treatment 
was unable to reduce the frequency of apoptotic 
sperm. However, treatment with KP created 
better conditions for the protection of sperm 
from apoptosis than in other groups (figure 5).

Discussion

The results showed that treatment with KP 
improved sperm motility, diminished acrosome 
reaction, premature capacitation, and damage 
to plasma membrane and DNA. Significant 

reduction in sperm motility is the most common 
problem in the cryopreservation of human 
spermatozoa.18 KP receptors are found in the 
sperm head and neck. The administration of 
the KP inhibitor reduces sperm motility and 
activates signal transmission pathways via 
GPR54, leading to its modulatory role in sperm 
movement.11 Oxidative stress induced by 
methotrexate has a negative impact on sperm 
motility. However, the antioxidant property of KP 
was shown to improve sperm motility in rats, and 
increase the activity of superoxide dismutase 
and catalase, GSH, Ca2+, and total antioxidant 
capacity.15, 19, 20 Increased ROS production is 
one of the most critical issues of the freeze-thaw 
cycle, as it adversely affects sperm motility.21, 22

Considering the effect of cryopreservation 
on enzymes capable of reducing oxidative 

Figure 3: DNA integrity of the sperm chromatin was 
evaluated using acridine orange staining (a). Sperms with 
denatured nuclei showed metachromasia (arrowhead), 
while normal double-stranded DNA showed green 
fluorescence (green arrows). DNA fragmentation index was 
calculated by determining sperm frequency in the gated 
region (b). Acid-treated samples were used as technical 
controls. Dot plots of representative sperm aliquots are also 
depicted (c). The Gated area in the acid-treated sample 
is depicted after excluding high DNA stainability (HDS) 
cells and debris. The HDS population represents more 
rounded immature sperms. The total number of samples: 
30. *Significant difference with the other groups (P<0.0001)
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Figure 4: Normal histone content was evaluated using aniline blue staining. (a): The micrograph shows normal spermatozoa 
(white arrow) versus those with higher histone content (blue arrow). (b): The graph compares the percentage of sperms with 
normal histone in different groups. (c): Normal protamine content was evaluated by CMA3 staining. The micrograph shows 
normal spermatozoa (green arrow) versus sperms with protamine deficiency (yellow arrow). (d): The graph compares the 
percentage of sperms with normal protamine in different groups. The total number of samples: 30. *Significant difference with 
the other groups.

Figure 5: The graph shows a comparison between the percentage of TUNEL-positive cells in different groups (a). Apoptotic 
spermatozoa (arrowhead) and non-apoptotic spermatozoa (arrow) (b). Hoechst staining of the sperms in the same field (c). The 
total number of samples: 30. 
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stress,3 many researchers add GSH in 
cryopreservation media to reduce oxidative 
stress-induced damage. As a positive control, 
we compared the effects of pre-incubation 
with GSH and KP on sperm quality following 
cryopreservation. Cryopreservation causes 
premature capacitation and spontaneous 
acrosome reaction. Pretreatment of sperm with 
various antioxidants improves the integrity of the 
plasma membrane.23 Cryo-capacitation reduces 
the performance of spermatozoa in the female 
reproductive tract, accompanied by loss of 
acrosome reaction. Our results showed that a 
higher number of spermatozoa in the KP-treated 
group maintained acrosomal content, and 
escaped from early capacitation. KP prevented 
undesired acrosome reactions by interacting 
with KP receptors.11 It is also reported that KP 
inhibitors reduce the fertilization rate of non-
capacitated sperms in mice.9 Since GSH, a well-
known antioxidant, had no effect on the number 
of capacitated, acrosome-reacted, and thawed 
sperms, it is possible that the effect of KP on 
capacitation and acrosome reaction was due to 
a mechanism other than its antioxidant capacity.

Cryopreservation also compromises 
the integrity of sperm DNA, necessary for 
fertilization, embryo development, and the 
success of ART.24 A possible mechanism of 
damage to sperm DNA is oxidative stress. It has 
been widely reported that ROS is associated 
with poor semen quality and impairment of 
human spermatozoa function.20

The freeze-thaw process on semen 
samples from fertile men causes sperm DNAf 
and abnormal chromatin structure.22 After 
cryopreservation, live DNA-fragmented sperm 
has an insufficient quality for fertilization. 
Results concerning cell damage induced by 
cryopreservation are conflicting. It was found 
that sperm cryopreservation of infertile men 
induced higher lipid peroxidation,25 which could 
be due to the loss of peroxidation protective 
enzyme activity26 and higher ROS production. In 
contrast, another study reported no significant 
improvement in lipid peroxidation after sperm 
cryopreservation.27 Such contradictory results 
could be due to different cryopreservation 
procedures, final preparation of semen before 
cryostorage, and difference in tests for evaluating 
DNA integrity. 

Sperm DNA damage was attributed to 
high ROS levels in fresh and frozen-thawed 
semen.28 It is reported that adding GSH to the 
thawing medium reduced ROS generation and 
DNAf, and improved fertilizing ability of bull 
spermatozoa.29 The same mechanism may be 
exerted by pretreatment with KP.

Treatment of brain tissues with KP-10 reduces 
L-methionine-induced DNAf, associated with 
increased GSH activity.30 Oxidants can react 
with cellular and structural components, change 
the Ca2+ code, and modify essential pathways.31 
Calcium is a signaling molecule that responds to 
oxidant stimuli.32 In this study, pretreatment with 
KP, an antioxidant, resulted in the modulation 
of DNA integrity possibly by regulating calcium 
signaling. 

DNA-protamine packaging protects sperm 
from ROS attack, and impaired protamination 
makes sperm DNA susceptible to ROS 
damage.33 Therefore, oxidative stress is not the 
only mechanism that causes simultaneous DNA 
damage. Two other molecular mechanisms of 
sperm damage include defective chromatin 
packaging and apoptosis.28 We showed that 
pretreatment with KP could improve protamination, 
and as a result it prevented apoptosis. However, it 
did not have any effect on DNA quality. 

The freeze-thaw process causes defects in 
chromatin, problems with protamine packaging, 
DNAf,34 and changes in protamine transcript in 
stallion sperm. A decrease in protamine-2 and an 
increase in protamine-3 mRNA were reported in 
frozen sperm compared to the controls. However, 
protamine-1 mRNA did not change.35 This 
result shows the impact of cryopreservation on 
histone-to-protamine transition. In our study, pre-
incubation with KP improved the protamine-to-
histone transition. Since pretreatment with GSH 
did not affect this mechanism, it seems that it was 
not the antioxidant activity of KP that affected 
the protamine-to-histone transition. Further 
investigation on this topic is therefore necessary. 
Histone acetyltransferase activity is an essential 
step in protamine-to-histone transition36 and 
KP induces histone acetylation/methylation.37 
Treating GT1-7 cells with KP up-regulates histone 
acetylation and chromatin conformation,38 in 
which chromatin remodeling plays a critical 
role in the protamine-to-histone transition.36 In 
addition, the presence of KP receptors in the dog 
epididymal fluid indicates a functional role of KP 
in sperm maturation and protamination.39

The main limitation of the study is the lack 
of measuring ROS and antioxidative enzyme 
activity, which is important for an in-depth 
understanding of the mechanism of the 
protective effect of KP. 

Conclusion

Pretreatment with KP can improve sperm quality 
and tolerance to cryopreservation. KP provided 
a better effect on sperm freezing tolerance than 
GSH since KP improved both motility and DNA 
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quality during the freeze-thaw cycle, whereas 
GSH only improved sperm motility. Therefore, 
KP can be a suitable candidate for ART 
procedures as it improves the quality of frozen-
thawed sperm.
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