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Abstract: Cryopreservation provides available sperm for subsequent use in Assisted Reproductive 
Technology (ART), but it still has detrimental effects on sperm quality. Although several 
investigations of the use of antioxidants in cryopreservation mediums had conducted, the result 
remains unsatisfactory. Therefore, this study aimed to contribute to the references of the antioxidant 
role in preserving the quality of sperm in cryopreservation by examining post-thawing sperm quality, 
cryosurvival rate, and post-thawing malondialdehyde (MDA) concentration. The semen sample of 35 
infertile patients was classified as normozoospermic and non-normozoospermic. The semen sample 
was divided into four aliquots, with the following antioxidants supplemented to cryomedium: 
vitamin C (Vit C), alpha lipoic acid (ALA), and pentoxifylline (PTX). Subsequently, it was 
cryopreserved in liquid nitrogen, and the parameters: sperm quality (concentration, motility, and 
morphology), cryosurvival rate, and MDA concentration were evaluated after thawing. All 
parameters showed a reduction in post-thawing analysis. PTX group significantly improves sperm 
progressive motility and cryosurvival rate (CSR) in normozoospermic (42.71 ± 4.30% and 78.54 ± 
6.62%) among other treatments. The ALA and PTX groups decreased MDA concentration in 
normozoospermic, while Vit C showed a decrease in non-normozoospermic as well. We assumed 
that the antioxidants used in this study differently improved the sperm quality parameter post-
thawing in different types of sperm abnormalities, such as PTX optimally increasing sperm motility 
after thawing, even though all antioxidants are likely to suppress MDA concentration after thawing.. 
These interventions may be beneficial in improving thawed sperm quality to improve ART program 
success. 

Keywords: Antioxidant; Cryoprotectant agent; Cryosurvival rate; Sperm cryopreservation; 

Sperm quality 
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1. Introduction 

Assisted reproductive technology (ART) is a method for managing infertility that is carried out 
by direct collection and in vitro handling of the couples’ gamete outside of the body, including the 
implantation of the eventual embryo results in the woman’s uterus. The in vitro handling also takes 
place outside of infertility setting to preserve fertility by cryopreservation (Amjad and Rehman, 
2021). Cryopreservation of the gamete can be employed to preserve the fertility of a person, 
provided as an option for future use of spermatozoa for ART, including in vitro fertilization (IVF) 
and intracytoplasmic sperm injection (ICSI). This beneficial procedure has provided couples with 
an opportunity to obtain embryos from stored sperm for longer than 20 years (Özekici et al., 2020). 
However, several investigations have identified a decrease in sperm quality and functionality after 
cryopreservation. 

In cryopreservation, the temperature change and osmotic stress were well established to induce 
structural alteration leading to cell injury and further causing the overproduction of reactive oxygen 
species (ROS) (Larasati et al., 2022; Peris-Frau et al., 2020). Therefore, it is essential to maintain the 
original pre-freezing sperm quality. The cryopreservation medium, cryoprotectant (CPA), is one of 
the factors contributing to the optimum cryosurvival. This idea has driven several studies focused 
on supplementing CPA with antioxidant species to minimize oxidative damage and improve the 
recovery of the cryopreserved sperm.  

Vitamin C (Vit C) is an antioxidant capable of reducing metals by acting as an electron donor and 
regenerating Vit E (Torres-Arce et al., 2021). This vitamin type of micronutrient is proven to be a 
beneficial characteristic of sperm because it is naturally found abundantly in seminal plasma 
(Ribeiro et al., 2021). In vitro, Vit C administration to human semen could improve motility and 
viability, reduce H2O2-induced DNA damage, and minimize lipid peroxidation (Amidi et al., 2016; 
Fanaei et al., 2014; Jenkins et al., 2011; Branco et al., 2010).  Meanwhile, in a clinical study, Vit C 
intake also showed an improvement in sperm parameters (Rafiee et al., 2016; Cyrus et al., 2015; 
Akmal et al., 2006), a decrease in oxidative stress level (Kowalczyk, 2022), and had a positive 
relationship with the fertilization rate in ART (Li et al., 2019). The benefits of Vit C for reproduction 
can be obtained by consuming a variety of citric fruits and vegetables (Henkel et al., 2019; Torres-
Arce et al., 2021). Another antioxidant that is described as a potent antioxidant and detoxifying 
agent in sperm is ALA (Shay et al., 2009). It exerts its antioxidant potential by acting as a ROS 
scavenger, inhibiting cell death and apoptosis, recycling Vit C and inducing glutathione (GSH) 
synthesis, contributing to the Krebs cycle, and improving adenosine triphosphate (ATP) production, 
which is essential for the viability of sperm (Asa et al., 2020; Ibrahim et al., 2008). Furthermore, 
pentoxifylline (PTX) can increase the rate of sperm motility post-thawing (Xian et al., 2021; Nabi et 
al., 2017; Stanic et al., 2002). It has been proposed that PTX functions in improving motility by 
inducing the production of nitric oxide (NO), inhibiting xanthine oxidase from reducing reactive 
oxygen species (ROS) in abnormal sperm, reducing tumor necrosis factor-alpha (TNF-α), and 
suppressing lipid peroxidation (Nateghian et al., 2023; Parekattil et al., 2020). A previous report 
established that normozoospermic contains sperms with ameliorating conditions compared to 
oligo-/astheno-/terato-/combination (non-normozoospermic) (Shivaprasad et al., 2015). Therefore, 
this study aims to administer the three antioxidants to the cryopreservation medium/CPA and 
determine their effectiveness in cryopreserved sperm in two types of sperm abnormalities. This 
study was the first to analyze the effect of different antioxidants in cryopreservation in two types of 
sperm abnormalities. The effect of treatment was evaluated by the post-thaw sperm parameters, 
cryosurvival rate, and MDA concentration in normozoospermic and non-normozoospermic groups. 

2. Methods 

2.1. Study Population 
This experimental study involved 35 infertile male patients who were recruited from Yasmin 

Infertility Clinic, Cipto Mangunkusumo Hospital, Jakarta, Indonesia, between June and September 
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2022. These patients had provided informed consent prior to their participation. The experimental 
procedures were approved by the Ethical Committee of Universitas Indonesia with the ethical 
number KET-382/UN2.F1/ETIK/PPM.00.02/2022. 

2.2. Semen Quality Analysis 
Semen samples were collected in a sterile container through masturbation after 3-5 days of sexual 

abstinence. After the liquefaction process, the semen analysis was performed according to WHO 
2010 guidelines, which include sperm concentration (million sperm/ml) and motility rate (%) that 
are differentiated into three categories as follows: motile progressive (actively moving in linear or 
in a large circle), non-progressive (motile without progression), and immotile (no movement), and 
normal morphology rate (%) (World Health, 2010). Meanwhile, the two different semen analysis 
results included in this study were normozoospermic and non-normozoospermic (oligo-/astheno-
/terato-/oligoasthenoterato-zoospermic). 

2.3. Sperm Cryopreservation and Thawing 
The semen sample was divided into four aliquots (300 µl each) and diluted 1:1 with cryomedium 

(Kitazato, Biopharma, Japan) in 1.8 ml cryovials: control (diluted with cryomedium only); 
supplemented with Vit C 300 µM; ALA 0.02 mM; and PTX 25 mmol/ml (Sigma Aldrich, St. Louis, 
Missouri, USA) (Xian et al., 2021; Asa et al., 2020; Li et al., 2010). Subsequently, cryovials in a 
cryocane were placed ± 5 cm above the liquid nitrogen level in a coolbox, exposed to the vapor for 
15 – 30 min until freezing, and immersed directly into liquid nitrogen. The samples were thawed by 
incubating them at 37℃ for a minimum of 24 hours. Following the thawing process, the samples 
were analyzed to evaluate their post-thawing quality. The cryosurvival rate was determined by 
dividing the post-thawing total motile percentage by the pre-freezing total motile percentage and 
multiplying the result by 100 (Saleh et al., 2018). 

2.4. Malondialdehyde (MDA) Determination Assay 
Altered ROS production and increased oxidative stress levels cause lipid peroxidation (LPO) of 

the sperm membrane, which is associated with a decrease in motility and fertilizing ability (Agarwal 
et al., 2014). The thiobarbituric acid reactive substances (TBARS) method was used to determine the 
oxidative stress level. Two hundred microliters of 20% trichloroacetic acid (TCA) were added to 
approximately 400 µl of lysed semen samples in 0.8% SDS buffer, followed by centrifugation at 5.000 
rpm for 10 min. Afterwards, 400 µl of 0.67% thiobarbituric acid (TBA) was added to the supernatant. 
The samples were further incubated in a water bath at 96–100℃ for 10 min. Next, the absorbances 
were measured at 530 nm in a spectrophotometer. The standard solution used was 
tetraetoxypropane (TEP), and the calibration equation obtained was y = 0.069x + 0.0031. 

 
Figure 1 A brief methodology scheme in this study. TBARS: Thiobarbituric acid reactive substances 
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2.5. Statistical Analysis 
Statistical analysis was carried out using IBM SPSS Statistics version 26 for Windows. The data 

for semen quality in each parameter were analyzed between two groups, control vs each treatment, 
using an independent t-test and Mann-Whitney for the normally and non-normally distributed 
data, respectively. The cryosurvival rate was analyzed using one-way ANOVA. A paired t-test or 
2-independent sample non-parametric test was used to analyze the pre-freezing and post-thawing 
MDA concentration, and then one-way ANOVA was used to analyze between groups post-
thawing. Meanwhile, the statistical analysis is considered significant when the p-value is below 
0.05. 

3. Results and Discussion 

3.1.  Semen analysis post-thawing 
Based on the data in Table 1, Vit C showed the highest sperm concentration, and the PTX group 

demonstrated the highest progressive motility and morphology parameter. There were significant 
differences in motility parameters of the PTX group compared to the control cryomedium. In Table 
2, ALA had the highest concentration and was likely to improve progressive motility among other 
groups. 

 
Table 1 Semen analysis result after thawing of normozoospermic group 

 Fresh Control Vit C ALA PTX p 

Concentration 
(106 sperm/ml) 

76.16 ± 
8.37 

60.10 ± 
14.96 

84.80 ± 
13.59 

51.63 
± 8.32 

81.27 ± 
9.10 

a0.118 
b0.171 
c0.296 
d0.379 

e0.245 
f0.609 
g0.406 

Motility (%)        

a. Progressive 
58.54 ± 

0.41 
21.43 ± 

5.31 

22.00 ± 
5.46 

28.71 
±7.01 

42.71 ± 
4.30 

a0.018 
b0.001 
c0.001 
d0.008 

e0.937 
f0.338 
g0.008 

b. Non-
progressive 

15.72 ± 
0.82 

11.14 ± 
1.70 

9.00 ± 
2.14 

6.71 ± 
2.19 

14.43 ± 
3.24 

a0.107 
b0.028 
c0.176 
d0.577 

e0.544 
f0.404 
g0.355 

c. Immotile 
25.54 ± 

0.78 
67.43 ± 

5.44 

69.00 ± 
7.30 

64.57 
± 9.05 

42.86 ± 
5.44 

a0.000 
b0.001 
c0.005 
d0.023 

e0.858 
f0.564 
g0.011 

Morphology 
(%) 

4.6 ± 
0.4 

3.9 ± 0.5 3.3 ± 0.7 
3.6 ± 
0.4 

4.0 ± 0.6 

a0.257 
b0.147 
c0.102 
d0.705 

e0.505 
f0.479 
g0.732 

The data are shown in mean ± SE. aFresh vs Control; bFresh vs Vit C; cFresh vs ALA; dFresh vs PTX; 
eControl vs Vit C; fControl vs ALA; dan gControl vs PTX. Vit C: Vitamin C; ALA: Alpha Lipoic Acid; 
PTX: Pentoxifylline. *: significance level with p<0.05. 
 

Vit C had the highest sperm concentration in the normozoospermic and the sperm's normal 
morphology in the non-normozoospermic group. At the same time, PTX showed an increase in 
sperm motility significantly and an insignificant increase in the normal morphology of the 
normozoospermic group. Meanwhile, in non-normozoospermic, ALA had the highest sperm 
concentration and progressive motility but was insignificant (Tables 1 and 2). 
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It is considered bias in sperm concentration to be assessed due to the dilution which was carried 
out with cryomedium (ratio 1: 1). Although this ratio is the best dilution in producing sperm harvest 
after cryopreservation (Zidni et al., 2022; Nomura et al., 2018). Concentration and dilution volume 
both reported altering sperm quality after thawing (Liu et al., 2022). Therefore, in most publications, 
the sperm parameter concentration is often combined with progressive motility and semen volume, 
namely motile sperm count. 

Based on the sperm motility parameter, the PTX group in the normozoospermic occupied the 
position with the highest progressive motility and was significantly different compared to the 
control. Pentoxifylline is widely used in sperm preparation as a motility enhancer. The role of PTX 
as an activator of sperm motility is by inhibiting the phosphodiesterase (PDE) enzyme as a cyclic 
adenosine monophosphate (cAMP) degrader. Cyclic AMP stimulates cAMP-dependent kinase that 
induces protein phosphorylation in flagella for sperm movement (Henkel and Schill, 2003). 
Supplementation of PTX in cryomedium has been proposed by Xian et al., (2021) on testicular sperm 
samples. It has been discovered that PTX helps in maintaining the motility of sperm during 
cryopreservation, leading to an increased rate of motility recovery after thawing (Xian et al., 2021). 
 

Table 2 Semen analysis result after thawing of non-normozoospermic group 

 Fresh Control Vit  C ALA PTX p 

Concentration 
(106 sperm/ml) 

37.88 ± 
4.47 

27.28 ± 
8.80 

39.73 ± 
7.87 

46.76 ± 
12.24 

29.55 ± 
5.25 

a0.022 
b0.169 
c0.295 
d0.338 

e0.310 
f0.217 
g0.828 

Motility (%)        

1. Progressive 
32.19 ± 

1.91 
16.38 ± 

4.45 
16.75 ± 

3.71 
19.13 ± 

2.93 
14.00 ± 

3.55 

a0.001 
b0.012 
c0.012 
d0.011 

e0.916 
f0.371 
g0.683 

2. Non-
progressive 

12.91 ± 
0.45 

10.00 ± 
2.80 

8.00 ± 
0.93 

11.13 ± 
2.39 

11.38 ± 
2.47 

a0.502 
b0.303 
c0.012 
d0.639 

e0.508 
f0.460 
g0.718 

3. Immotile 
54.91 ± 

1.89 
73.75 ± 

5.70 
76.50 ± 

3.71 
69.75 ± 

4.87 
74.63 ± 

3.47 

a0.001 
b0.016 
c0.012 
d0.013 

e0.692 
f0.527 
g0.898 

Morphology 
(%) 2.8 ± 0.4 2.8 ± 0.3 2.5 ± 0.4 2.1 ± 0.4 2.4 ± 0.5 

a1.000 
b0.451 
c0.096 
d0.442 

e0.658 
f0.153 
g0.413 

The data are shown in mean ± SE. aFresh vs Control; bFresh vs Vit C; cFresh vs ALA; dFresh vs PTX; 
eControl vs Vit C; fControl vs ALA; dan gControl vs PTX. Vit C: Vitamin C; ALA: Alpha Lipoic Acid; 
PTX: Pentoxifylline. *: significance level with p<0.05. 

 
 In non-normozoospermic, the ALA group likely showed the highest percentage of progressive 
motility. The effect of ALA on cryopreserved sperm motility was suggested by Asa et al., (2020) and 
Shen et al., (2016). ALA stimulates and maintains mitochondrial activity and integrity by its action 
as a co-enzyme and protects the organelle from the increasing free-radical (Shaygannia et al., 2018). 
Mitochondrial status is an essential matter in sperm due to its relation to cell energy (ATP), which 
is essential for sperm motility and fertilization ability. Furthermore, ALA is also involved in the 
regeneration of Vit C (Asa et al., 2020). 
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In the morphology parameter, the highest percentage of normal morphology in 
normozoospermic was shown by the PTX group. This result is in line with the study of infertile 
men by Nasimi Doost Azgomi et al. (2018) and Safarinejad (2011). The mechanism of PTX in 
improving normal morphology is through its ability as an antioxidant to inhibit lipid peroxidation. 
This ability prevents damage to membrane lipids, which can impact the integrity of the sperm 
membrane, thereby causing morphological changes (Nasimi Doost Azgomi et al., 2018; Safarinejad, 
2011). However, Vit C showed the highest normal morphology than other groups in non-
normozoospermic. Vit C regenerates oxidized Vit E, thereby reducing lipid peroxidation and 
maintaining the structural integrity of the cell (Mangoli et al., 2018). 

3.2. Cryosurvival rate 

Based on the data in Figure 2, the highest recovery rate by motility (cryosurvival rate or CSR) 
was demonstrated significantly by PTX in normozoospermic and insignificantly by ALA in non-
normozoospermic. 

 
(a) (b) 

Figure 2 Cryosurvival rate (%) in (a) normozoospermic and (b) non-normozoospermic groups. Bars 
represent the mean ± SE. *: significance level at p<0.05. Vit C: Vitamin C; ALA: Alpha Lipoic Acid; 
and PTX: Pentoxifylline 
 

Cryosurvival rate (CSR) is one of the success indicators of sperm survival in cryopreservation 
based on pre-freezing and post-thawing total motility (Saleh et al., 2018). Although motility is 
indirectly related to fertilization ability, it is considered a crucial factor affecting sperm quality. 
Sperms need to move actively to achieve the existence of an egg in the female tract from the point 
of ejaculation or insemination for fertilization, pregnancy, and birth to occur (Kumar and Sharma, 
2017). Motility is also used as an indicator of good sperm to be selected in the ICSI procedure 
(Henkel and Schill, 2003). 

Pentoxifylline improved CSR significantly. This result is in line with the higher rate of post-
thawing progressive motility than the other groups. The role of PTX in improving motility is to 
reduce the rate of cAMP degradation by inhibiting the PDE enzyme (Henkel and Schill, 2003). The 
metabolic status of sperm was found to be lower after thawing compared to the pre-freezing state. 
In this regard, PTX plays a role in activating immotile sperm by stabilizing cAMP, thereby 
facilitating their movement. Additionally, PTX has been reported to act as an antioxidant by 
inhibiting superoxide production, which can otherwise lead to peroxidative damage to cell 
membranes (Xian et al., 2021; Stanic et al., 2002). 

In non-normozoospermic, ALA demonstrated the highest CSR, yet insignificant. ALA preserves 
motility by a mechanism related to the three factors of sperm motility: regulation, structural 
integrity, and energy supply. ALA forms an aqueous layer outside the membrane and between the 
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lipid bilayers of the midpiece, resulting in the inhibition of the reaction of ROS to polyunsaturated 
fatty acid (PUFA). This inhibition maintains the structural integrity of the sperm membrane. This 
substance also indirectly maintains ATP production, which production in mitochondria depends 
on the organelle’s internal and external integrity (Ibrahim et al., 2008). As an antioxidant, ALA 
improves the quality of sperm through its contribution to the regeneration of Vit C (Gürler et al., 
2016; Plotnikov et al., 2007). 

3.3. MDA concentration post-thawing 

The evaluation of oxidative stress level is determined by MDA concentration. The result 
demonstrated an increase after thawing but showed an insignificant reduction in antioxidant 
groups (Figure 3). 

This study demonstrated an increased in MDA concentrations post-thawing compared to the 
pre-freezing. This result is in line with the study that has been reported to be increased more than 
fivefold after thawing (Valipour et al., 2021). 

The lowest MDA concentration after thawing was obtained in the ALA and PTX groups of the 
normozoospermic sample. ALA has a role in preserving sperm by suppressing lipid peroxidation 
events, as Najafi et al. (2021) described. These nucleophiles containing thiol groups generally react 
with endogenous electrophiles such as free radicals or reactive chemical metabolites. This 
antioxidant also maintains endogenous antioxidant enzymes, such as superoxide dismutase (SOD), 
glutathione (GSH), and catalase (CAT). Enzyme glutathione peroxidase (GPx) activity is also 
known to be increasing during cryopreservation with the addition of ALA (Najafi et al., 2021). 
Meanwhile, the effect of PTX on reducing lipid peroxidation events is in line with the study 
conducted by Pal et al., (2005). 

In non-normozoospermic, Vit C suppressed the MDA concentration after thawing. In line with 
the study by Singh et al. (2020), 5 mM of Vit C suppressed MDA production up to two times 
compared to the control (Singh et al., 2020). The role of Vit C in breaking the chain of lipid 
peroxidation reactions is by recycling Vit E, which can directly interact with lipid peroxidation, and 
scavenging ROS as a trigger for lipid peroxidation events. Furthermore, Vit C increases the activity 
of antioxidant enzymes in cells (Sönmez et al., 2005). 

To the best of our knowledge, this is the first study that investigated the modification of CPA 
with antioxidants (Vit C or ALA or PTX) supplementation into cryomedium that improved sperm 
analysis parameters, CSR, and decreased MDA concentration after thawing in normo- and non-
normozoospermic (oligo-/astheno-/terato-/combination) infertile men (Table 3). 

 
(a) (b) 

Figure 3 MDA concentration (nmol/ml) in pre-freezing (fresh) and post-thawing of (a) 
normozoospermic and (b) non-normozoospermic groups. Bars represent mean ± SE. *: significance 
level at p<0.05. Vit C: Vitamin C; ALA: Alpha Lipoic Acid; and PTX: Pentoxifylline 
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Table 3 Summary table of studies with the modification of CPA with antioxidants in human sperm 
cryopreservation 

Antioxidant 
Patient 

population 
Intervention Control Outcome References 

Vitamin C 
Fertile and 

infertile men 

10 mM 
supplemented into 

cryomedium 

Unsupplem
ented 

medium 

Reduce sperm DNA 
damage after thawing in 

infertile men only. 

(Branco et al., 
2010) 

Vitamin C 
(ascorbic 
acid-2-

glucoside) 

Infertile men 
100 µmol/L 

supplemented into 
cryomedium 

Unsupplem
ented 

medium 

Improve motility 
insignificantly. 

(Jenkins et al., 
2011) 

Vitamin C Fertile men 
300 µM 

supplemented into 
cryomedium 

Unsupplem
ented 

medium 

Improve motility, viability, 
and MMP, reduce ROS level 

and DNA damage. 
(Li et al., 2010) 

Vitamin C 
Normozoosp
ermic infertile 

men 

1. Prepared sperm 
supplemented with 

600 µM into 
cryomedium 

2. Neat semen 
supplemented with 

600 µM into 
cryomedium 

1. Prepare
d sperm 
without 

supplement
ation 

2. Neat 
sperm 

without 
supplement

ation 

Improve motility, viability, 
morphology. Reduce 
apoptosis, DNA and 

chromatin damage, and 
acrosome reaction in 

prepared sperm. 

(Mangoli et al., 
2018) 

ALA 

Astheno-
teratozoosper
mic infertile 

men 

0.02, 0.05, 0.1, 0.5, 
and 1 mmol/ml 

supplemented into 
cryomedium 

Unsupplem
ented 

medium 

Supplementation of 0.02 and 
0.05 mmol/ml of ALA 

improves motility, viability, 
and morphology 

significantly. ALA 0.02 
mmol/ml decrease DNA 

fragmentation and OS level, 
acrosome damage, and 
improve non-apoptotic 

marker significantly. 

(Asa et al., 
2020) 

PTX 
Normozoosp

ermic men 

3 mmol/l of PTX 
added to: 

1. Fresh sperm 
during incubation 

prior to 
cryopreservation 
2. Cryomedium 

3. Thawed sperm 
sample 

No 
treatment 

Improve motility in thawed 
sperm samples significantly. 

(Stanic et al., 
2002) 

PTX 
Astheno-

zoospermic 
men 

3.6 mmol/l added to 
sperm after thawing 

No 
treatment 

Improve motility 
significantly and preserve 

the ultrastructure of sperm. 

(Nabi et al., 
2017) 

PTX 
Azoospermic 

men 

2.5 mmol/l 
supplemented into 

cryomedium 

Unsupplem
ented 

medium 

Improve motility and 
recovery rate. 

(Xian et al., 
2021) 

Abbreviation: MMP: Mitochondrial membrane potential; ALA: alpha lipoic acid; PTX: pentoxifylline. 

4. Conclusions 

Antioxidants used in this study of cryopreservation (vitamin C, ALA and pentoxifylline), affected 
and improved sperm quality in different parameters and types of sperm abnormalities. 
Pentoxifylline has an optimal effect in the improvement of sperm quality after thawing based on 
significant increase in progressive motility and cryosurvival rate. Meanwhile, MDA concentration 
is likely to be suppressed by all antioxidants insignificantly. Moreover, a further study evaluating 
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molecular parameters and embryo quality as the result of fertilization in vitro using thawed sperm 
intervented with antioxidants is recommended to clarify these overall results. 
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