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Abstract. Spermatozoa cryopreservation is an effective method for maintaining male fertility in 
humans. Nevertheless, there are some limitations of sperm cryopreservation, which is called as cell 
injury by cryoprotectant, that cannot be avoided. This process will affect embryo quality. Therefore, 
it is mandatory to modify cryoprotectant in spermatozoa cryopreservation, to improve embryo 
quality. This review aimed to summarize the modification of cryoprotectant that can damage the 
cell, thereby improving embryo quality. To this purpose, a computerized search of EMBASE, 
PubMed, Scopus and Google Scholar databases from 2008 to 2022 were performed on general term 
such as “sperm cryopreservation”, “cryoprotective agent”, “modified cryoprotectant”, “cell injury”. 
Of these, 1847 publications were screened and 38 articles were obtained and evaluated. Although 
no formal conclusions can be drawn regarding the cryopreservation of spermatozoa to obtain good 
embryo quality, our results suggest that modified cryoprotectants can be an alternative 
cryoprotectant compared to commercial cryoprotectants. In addition, the use of antioxidant in 
spermatozoa cryopreservation can also prevent cell damage due to the negative effects of 
cryoprotectants.  However, further researches still need to be performed to investigate the cellular 
mechanisms. 
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1. Introduction 

 Cryopreservation is needed for medical purposes such as the preservation of organs, 
tissues and pharmaceutical research (Bojic et al., 2021). To maintain reproductive ability 
in women, cryopreservation of adult oocytes is required (Jang et al., 2017). Furthermore, 
the main reasons for cryopreservation of semen and testicular tissue are autoimmune 
diseases, neoplasia, spinal cord injury, vasectomy, urological pathology, patients 
undergoing assisted reproductive programs, or due to changes in spermatogenesis(Gandini 
et al., 2017) . The first successful embryo cryopreservation dates back in 1996, in a woman 
with breast cancer diagnosis and undergoing natural IVF before chemotherapy.
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Overall, cryopreservation is useful for preserving the fertility of men planning to undergo 
vasectomy or procedures that could compromise their fertility, such as surgery, 
radiotherapy or chemotherapy (Singer et al., 2019). 
 Cryopreservation spermatozoa cells are an effort to store spermatozoa cells in a frozen 
state so that they can be used at any time when needed and used in support application of 
assisted reproductive technology (Höfner et al., 2020). Cryopreservation is the process of 
cooling and storing cells in liquid nitrogen at a temperature of -196oC to stop all metabolic 
processes. There are two major methods of cryopreservation - slow freezing and 
vitrification (Jang et al., 2017). Slow cooling involves a heating rate of about 1°C/min with 
a cryoprotectant of less than 1.0 M, using a controlled rate freezer or a benchtop portable 
freezing container (Jang et al., 2017; Li et al. 2019). Slow freezing is advantageous due to 
the lower risk of contamination during procedures and requires fewer manipulation skills.  
 On the other hand, slow freezing has a higher risk of extracellular ice formation that 
may cause harm to the cells (Agarwal & Tvrda, 2017; Jang et al., 2017). In recent times, 
vitrification has become a more popular alternative to slow freezing. Vitrification is directly 
changing the nature of the cell suspension from an aqueous phase to a glassy state with 
liquid nitrogen. This process lowers the risk of cell injury and increasing cell survival rate 
dramatically. The vitrification technique, however, carries a higher risk of contamination 
from pathogenic agents and requires high manipulation skills (Jang et al., 2017). Slow 
cooling and vitrification techniques aim to protect the cells from temperature-induced 
damage, intracellular ice formation (Sieme et al., 2015), dehydration, and preventing toxic 
effects at high and low temperatures (Pegg, 2015). Temperature changes on the process of 
osmosis results in an increase in water flux. This situation relates to the effect of 
temperature on density and viscosity (Sutijan et al., 2022). 
 Cryopreservation involves a decrease in temperature. A further drop in temperature 
below 0°C causes the water in the extracellular environment to freeze, resulting in the 
increase of the concentration of solutes. The imbalance in solutes creates osmotic pressure, 
causing the solvent to flow through the plasma membrane from the inside to the outside of 
the cell and the abrupt flow of solvent can affect the structure of the sperm plasma 
membrane (Peris-Frau et al., 2020). The effect on the structural integrity of the membrane 
threatens the viability of the biological samples and lowers the quality of cryopreservation. 
To limit the structural damage, cryoprotectants that possesses minimum cytotoxic effects 
are often utilized (Whaley et al., 2021; Sieme et al., 2016). Unfortunately, the simple 
cryoprotective agents still have a negative effect to the cell, related to cell injury issues. Cell 
injury is damage that can result from spermatozoa cryopreservation induced by cellular 
stress during the cell freezing process. Cell injury can decrease cell viability due to cold 
shock and crystal ice formation (Morris et al., 2012). Direct damage will affect cellular 
structure and function, e.g. degradation processes spermatozoa metabolism, whereas 
damage does not directly difficult to observe and only seen after thawing. The main effect 
of cold shock on spermatozoa cells is a decrease in motility and vitality, changes in 
permeability and changes in components lipids in the spermatozoa membrane. Meanwhile, 
the effect on spermatozoa cells is due to the formation of ice crystals is a decrease in motility 
and viability spermatozoa, increased release of intracellular enzymes outside the cell, and 
damage to organelles such as lysosomes and mitochondria. An optimal freezing 
temperature is required before the cells are stored in liquid nitrogen to avoid cryoinjury. In 
addition, during cell thawing, cryoprotectants must be removed to prevent toxicity. 
Therefore, it is really needed to modify the cryoprotective agents, so that cells, particularly 
sperm cells can be preserved well. This review aimed to summarize the modification of 
cryoprotectant that can damage cell injury, thereby improving embryo quality. 
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2.  Methods  

 This review article was conducted using several search engines such as EMBASE, 
PubMed and Google Scholar. The relevant publications have been located using a boolean 
search method (AND, OR, NOT) which included the phrases sperm, vitrification, freezing, 
cryopreservation, fertility preservation, cryoprotectant and cell injury. The search term 
‘sperm cryopreservation’, ‘cryoprotectant agent’, ‘modified cryoprotectant’ and ‘cell injury’ 
were all included (Figure 1). 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1 Search strategies for literature review 
 
3. Results and Discussion 

3.1.  Cryoprotectant Agent  
 Cryoprotectants are substances nonelectrolyte chemicals that play a role in reducing 
lethal effect during freezing either form the influence of the solution and the formation of 
ice crystals so that cell viability can be maintained (Whaley et al., 2021; Fahy & Wowk, 
2015). Osmotic stress become dangerous for the cells during frozen storage (Sieme et al., 
2015). Cryoprotectant agents (CPAs) are utilized during the freezing process for tissue or 
other biological samples to reduce osmotic stress. Therefore, it is necessary to identify 
proper CPAs that are safe for use for biological samples. Table 1 shows some of the 
concentrations of cryoprotectants commonly used during the freezing process. CPAs can be 
classified into two major categories: a) cell membrane-permeating cryoprotectants, such as 
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glycerol, dimethyl sulfoxide (DMSO), ethylene glycol, propylene glycol (Varisli et al., 2009; 
Sieme et al., 2016) and b) non-membrane permeating cryoprotectants, such as 2-methyl-
2,4-pentanediol and polymers such as polyvinyl pyrrolidone, hydroxyethyl starch, and 
various sugars. (Whaley et al., 2021; Best, 2015; Sztein et al., 2001). Based on the summary 
of table 1, it is known that glycerol is the best and most commonly used cryoprotectant for 
spermatozoa cryopreservation. Because of glycerol has hydroxyl groups (Ni’mah et al., 
2019) so as to prevent the formation of ice crystals ( Hanifah et al., 2020; Hamidi, 2010). 

Table 1 A brief overview of the several forms of CPAs, along with their characteristic 
concentrations and properties 

Cryoprotective 
agent 

Commonly used 
concentrations 

Organism and 
biological samples 

Effects and 
features 

References 

Glycerol 50% - 70% Buffalo bull sperm, 
Human sperm*  

Less hazardous at 
elevated 
concentrations 

(Tariq et al. 2020) 
(Kitporntheranunt 
et al., 2017) 

DMSO 5% - 10% Sea bream sperm Toxic but widely 
accessible 

(Zilli et al. 2014) 

Ethylene glycol 60% Mice sperm 
Boar sperm 

Some toxicity, 
although the most 
efficient 
cryoprotectants 

(Critser & 
Mobraaten 2000) 
(Guthrie & Welch 
2005) 

Propylene 
glycol 

5% - 15% Rat sperm A synthetic organic 
substance that it also 
utilised as antifreeze 

.(Varisli et al. 2009) 
 

Trehalose 90% Ram semen Contains two glucose 
molecules and is 
generated by 
numerous species 

(Pelufo et al. 2015)  

*GEYC = glycerol egg yolk citrate. 

3.1.1. Glycerol 
 Glycerol is a typical cryoprotectant that has been used extensively for storing sperm 
cells ( Sztein et al., 2018; Jang et al., 2017) , and there has been a significant amount of 
research on it. Glycerol aids in the protection of cells by crossing the cell membrane and 
beginning to influence the water molecules (Best, 2015; Pegg, 2007) . During freezing-
induced membrane phase transitions, glycerol can permeate cellular membranes and affect 
the rate and extent of cellular dehydration (Sieme et al. 2016). Glycerol establishes 
hydrogen bonds with water molecules, which, when exposed to freezing temperatures, 
results in the formation of an amorphous solid. This process is also referred to as 
vitrification. After recovery, cells cryopreserved in glycerol exhibit excellent vitality 
(Wessel & Ball, 2004). In addition, glycerol also affects the rate of reaction and the balance 
of chemical reactions (Sulistyo et al., 2020). 

3.1.2.  Dimethyl sulfoxide (DMSO) 
 Similar to Glycerol, Dimethyl sulfoxide (DMSO) is a permeating agent. It functions 
identically to glycerol but is harmful to live cells. Commonly, it is utilised at a concentration 
of 10%. Today, it is the most common CPA. DNA methylation and histone modification have 
been associated with a decrease in cell survival and the induction of cell differentiation 
(Miyagi-Shiohira et al.,  2015). 

3.1.3.  Ethylene glycol  
 Additionally, ethylene glycol is a regularly used CPA. It was discovered that substituting 
ethylene glycol for propylene glycol in vitrification solutions lessens the solution's non-
specific toxicity. When combined with water, it modifies the hydrogen bonding, and water 
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forms the same amorphous solid. Ethylene glycol makes weaker hydrogen bonds than 
propylene glycol, therefore macromolecules are shielded by a greater number of residual 
water molecules, resulting in increased hydration. (Bojic et al., 2021). However, since it 
cannot pass through the cell membrane, it is a non-permeable agent that operates on the 
cell's outside. 

3.1.4. Propylene glycol  
 Propylene glycol is a non-permeable substance that acts on the cell's outside. It showed 
the highest percentage of motility recovery following freezing and warming of all CPAs 
examined (about 70%; P <0.05). In addition to that, it is a widely utilized CPA (Varisli et al., 
2009) 

3.1.5. Trehalose  
 Trehalose is a kind of sugar that may be produced by various species, including fungi, 
bacteria, yeast, and even certain insects and plants (Whaley et al., 2021). It aids these 
organisms in their ability to endure frigid conditions. The optimal method for preparing 
ram ejaculates for deep freezing appears to be the simultaneous addition of glycerol and 
disaccharide after cooling to 5 °C, utilising trehalose as the impermeable sugar. Sperm 
motility after thawing suggested that trehalose possessed a stronger ability for 
cryopreservation than sucrose. Consequently, it is applied in cryopreservation (Pelufo et 
al., 2015). 

3.2.  In Vitro Fertilization and Embryo Quality 
 Male fertility is influenced by sperm morphology, sperm motility, plasma membrane 
integrity and acrosomal reactions. Further analysis of other factors is needed to provide a 
complete picture of the potential for male fertility. In vitro fertilization process is influenced 
by sperm and oocyte quality. Many factors affect sperm quality in freezing and thawing e.g. 
the freezing method, temperature control, sperm preparation technique, and type of 
cryopreservative agent (Kitporntheranunt et al., 2017). Likewise, many factors affect 
oocyte quality. Ideally, good quality sperm and oocytes will produce good embryos too. But 
on the contrary, the embryo quality will decrease if the sperm quality is low due to frozen 
storage. Table 2 describes the research results related to in vitro fertilization using sperm 
cryopreservation. Embryo quality can be measured through the normal stages of cell 
division and blastocyst. On day three, embryos of high grade are identified as having 7-8 
uniformly sized cells that are not fragmented (Lestari, 2019). 

Table 2 Summary table of studies sperm cryopreservation to evaluate the quality embrio 
before or after in vitro fertilization 

Year Sample size Cryoprotectant 
agent 

Main outcome Conclusion References 

2021 There were four 
main groups based 
on the origin of 
oocytes and 
semen; the FO/FS 
group (n = 19); the 
FO/CrS group (n = 
14); the CrO/FS 
group (n = 85); 
and the CrO/CrS 
group (n = 34). 

Cryopreserved 
semen: 
glycerol 12%, 
egg yolk 20% 
 
Vitrification 
and warming 
oosit by 
Kitazato® 
(Tokyo, Japan 

The CrO/CrS group had 
significantly lower 
normal day 3 cleavage 
rates (55.5%), 
blastocyst development 
(24%), and 
implantation rates 
(14.5%) than the FO/FS 
group. 

In an egg-sharing 
donation 
programme, frozen 
sperm was inserted 
into vitrified 
oocytes, embryo 
developmental 
competence and 
implantation 
potential were 
diminished. 

(Setti et 
al., 2021) 
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2019 Chicken sperms 
25week old 

Sucrose and 
raffinose 
(1 mmol,  
5 mmol,  
10 mmol) 

1 mmol sucrose 
concentration is 
efficient in increasing 
sperm plasma 
membrane 
integrity/viability, 
acrosome integrity, and 
mitochondrial potential 

Sucrose is more 
efficient than 
raffinose in chicken 
sperm 

(Thananu
rak et al., 
2019) 

2010 The sperm of 
C57BL/6J mice. 
Female and 
male donors 
were 8-to-10 
weeks old and a 
12-to-15 weeks 
old 

R18S3 A combination of R18S3 
with L-glutamine & 
MBCD in preincubation 
media was able to 
increase fertilization 
(69.2%). then, the two-
cell embryonic 
development potential 
of frozen stored sperm 
was normal (thawed 
51.5%) 

R18S3 modified 
with L-glutamine 
and MBCD is 
suitable for sperm 
cryopreservation of 
frozen strain 
C57BL/6J mice 
with a high 
fertilization rate. 

(Takeo & 
Nakagata, 
2010) 

1997 Mice (B6D2F1 
males; B6C3F1 
females) (2 to 3 
months old) 

Raffinose and 
glycerol were 
added EY at 
37oC  

Development of 
embryos produced in 
vitro with spermatozoa 
frozen to -196oC 
significantly differed 
between frozen and 
fresh. Cleavage rate 
(68.8%) and into 
blastocysts (61.5%) 
with frozen sperm  

In frozen mice 
sperm, the 
combining of 
raffinose and 
glycerol can 
increase the 
success of in vitro 
fertilization and the 
potential for 
embryonic 
development. 

(Songsase
n et al., 
1997) 

 Abbreviations: ICSI = intracytoplasmic sperm injection; CrO=cryopreserved oosit; 
CrS=cryopreserved semen; FO=Fresh oosit; FS=Fresh semen; R18S3=18% raffinose 
pentahydrate and 3% skim milk; methyl-b-cyclodextrin MBCD EY=egg yolk 
 Table 2 shows, that currently various methods have been developed to improve the 
quality of embryos from frozen stored spermatozoa. In this case the authors will develop 
cryoprotectant modifications to suppress cell injury and improve embryo quality. 

3.3.  Cryoprotectant Modification 
 Cryopreservation occurs through a decrease in temperature to a level below the normal 
temperature at which all biochemical reactions take place. This proved successful because 
all the normal functions of the cells were preserved. The cryopreservation process exposes 
cells to stress caused by osmotic imbalance as well. This creates an osmotic pressure, 
causing the solvent to flow across the plasma membrane, from the inside to the outside of 
the cell. The gradient results in the extracellular need for water leading to a reduction in 
cell volume and further dehydration, an essential process in protecting cells from 
intracellular ice formation, which can cause cell deaths. 
 Cell injury in cryopreservation is often associated with intracellular ice formation, and 
slow cooling causes osmotic changes due to the effects of exposure to highly concentrated 
intra- and extracellular solutions or mechanical interactions between cells and extracellular 
ice. The procedures involved in the freezing/thawing of spermatozoa cause cell damage to 
temperature oscillations, oxidative injury, ice crystal formation, plasma membrane damage, 
DNA damage, cryoprotectant toxicity, and osmotic stress. Freezing causes changes in sperm 
structure, sperm function, and sperm lipids (Pini et al., 2018). Therefore, to minimize the 
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cellular damage that arises, in large part, from the effects of these solutes, it is important to 
use an added or combined cryoprotectant and antioxidant. 
 The modified cryoprotectant is a substance that must be present in the 
cryopreservation medium to minimize damage physical and chemical stress on 
spermatozoa cells resulting from the cooling, freezing and thawing processes. The modified 
cryoprotectant used is a combination of glycerol and raffinose. Permeable cryoprotectants 
can pass through the plasma membrane to inhibit the formation of ice crystals and reduce 
membrane/protein damage while reducing cytotoxic injuries. DMSO and glycerol are the 
most common CPAs used to freeze sperm cells but have toxic effects making them 
unsuitable for many clinical applications. Therefore, new non-toxic CPAs should be 
developed. Glycerol is a typical cryoprotectant that is frequently used to store sperm cells. 
Glycerol helps protect cells by penetrating cell membranes due to its small size and starting 
to affect water molecules (Best, 2015; Pegg, 2007).  Combining glycerol with non-
permeating cryoprotectants (egg yolk, raffinose, fructose, sucrose, or trehalose) appears to 
be the optimal method for reducing the concentration of glycerol and its negative effects in 
rams sperm (Rostami et al., 2020), buffalo (Iqbal et al., 2018) and bull (Hu et al., 2010). 
 Survival of animals under significant environmental stress often requires two primary 
strategies: (a) preservation of cell macromolecules via stabilizing/protective preservation 
mechanism and (b) inducing the hypometabolic state to reduce energy expenditure and 
prioritize essential vital functions (Storey & Storey, 2013). These preservation strategies 
are crucial in extending the lifespan of cellular components. Two protein groups involved 
and crucial in cellular stress response are chaperones and antioxidants (Kultz, 2005). 
Chaperones are constitutively present in cells and tightly regulated under stressful 
environmental conditions while others are induced by stress such as Heat Shock Protein 
(HSP). The HSP family were first defined by their molecular mass: Hsp100, Hsp90, Hsp70, 
Hsp60, Hsp40, and small Hsps (sHsps) (sizes < 30kDa) (Bai et al., 2019; Schmitt et al., 2007; 
Zhang et al., 2015). Antioxidants are capable of overcoming the ROS problem. In addition, 
antioxidants used in semen cryopreservation are vitamins (Vitamin C and  E), 
nanocompounds (fullerenol), amino acids (L-arginine and melatonin), minerals (selenite, 
selenocystine, and selenomethionine), natural (quercetin and resveratrol) and synthetic 
compounds (Trolox, butylated hydroxytoluene) and miscellaneous (pyruvate, butylated 
hydroxyanisole, n-propyl gallate (n-PG), deferoxamine mesylate dimethyl sulfoxide and 
glycerol), and enzyme or enzyme-based formulas (superoxide dismutase, glutathione, 
catalase, cytochrome c, and glutathione peroxidase) (Moradi et al., 2020). Higher 
concentration of ROS were detected in human, ruminant and canine spermatozoa during 
cooling to 5°C (Santiani et al., 2014) and following cryopreservation (Kim et al., 2010) when 
compared to fresh spermatozoa. Table 3 shows various attempts to overcome 
cryopreservation-induced cell injury due to cryopreservation. It is not yet known to 
determine the best course of action to treat cell injury. However, efforts such as protecting 
spermatozoa damage with the addition of antioxidants to minimize cell injury.  
 Abbreviation: ROS = reactive oxygen species, TAC = total antioxidant capacity; MMP = 
mitochondrial membrane potential; MDA = malondialdehyde; CPLL = carboxylated poly L-
lysine; Me2SO = dimethyl sulfoxide; GFE = good freezability ejaculates; PFE = poor 
freezability ejaculates; PMI = plasma membrane integrity; SVPMI = supravital plasma 
membrane integrity; HR = hypo-resistivity; ACR-I = acrosome integrity; LPO = lipid 
peroxidation; iPAM = the integrity of the plasma and acrosomal membranes; TBARS = thio-
barbituric acid reactive substances; 8OHdG = e 8-oxo-7,8-dihydro-20 deoxyguanosine. 
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Table 3 Summary of efforts to overcome cell injury due to cryopreservation 

Publication 
Year 

Sample Result Conclusion References 

2022 Normoz
oosperm
ic 
samples  
(n = 25) 

The diluent with exosomes or 
microvesicles had improved sperm 
motility, morphology and viability 
compared with untreated samples. 
ROS levels decreased significantly 
with a decrease due to DNA 
damage. TAC activity and MMP 
levels also increased significantly; 
MDA levels and apoptotic rates 
remained unchanged. 

Seminal plasma 
microvesicles and 
exosomes could protect 
spermatozoa from 
cryopreservation 
chilling injuries 

(Mahdavine
zhad et al., 
2022) 

2021 Normoz
oosperm
ic semen 
(n=12) 

The addition of 5% PRP 
significantly improves sperm 
progressive motility, viability and 
membrane integrity after 
cryopreservation 

Autologous PRP has a 
partial protective effect 
on human spermatozoa 
cryopreservation 

(Yan et al., 
2021) 

2021 Rabbit 
sperm 
cells 

The concentration of Me2SO (5 or 
8%) in the sample after thawing, 
significantly effected on the rate of 
total motility and progressive 
motility as well as the level of live 
sperm and intact acrosomes. 

Supplementation of 
CPLL to the extender in 
the presence of Me2SO 
improved the 
parameters of sperm 
quality and DNA 
integrity after thawing 

(Küçük et 
al., 2021) 

2020 Normoz
oosperm
ic semen 
(n=21) 

After the sperm is stored frozen, 
there is rupture of the head of the 
plasma membrane, damage to the 
acrosome, decompression of the 
nucleus and chromatin, damaged 
mitochondria and disruption of the 
axonema, with an irregular 
structure. 

Further research is 
needed to improve 
sperm lyophilization 
results. In the future, 
using spermatozoa 
lyophilization can 
reduce the cost of 
fertility preservation, 
because it does not need 
storage space and 
transportation is 
simpler.  

(Bossi et al., 
2021) 

2019 Buffalo 
bull 
(Bubalus 
bubalis) 
sperm 

Group (G5C0.75) containing 0.75% 
CPLL and 5% glycerol 
demonstrated an increase in total 
motility and progressive motility 
after sperm thawing, with higher 
plasma membrane integrity, 
acrosome integrity, and MMP when 
compared to the control group. 

The addition of 0.75% 
CPLL in combination 
with 5% glycerol in 
extender freezing 
improved structure, 
function and fertility in 
vivo post-thawing 
(56%) 

(Tariq et al., 
2020) 

2019 Buffalo 
bull 
(Bubalus 
bubalis) 
sperm 
(n = 32) 

At post-thawing, D4 showed higher 
sperm progressive motility, PMI, 
SVPMI, HR, ACR-I, and DNA-I than 
the control. Sperm MMP and in-vivo 
fertility rate was higher in treated 
groups than the control  

The addition of L-
tryptophan improved 
semen quality, in vitro 
and in vivo fertility of 
buffalo spermatozoa 
after frozen storage. 

(Ahmed et 
al., 2020) 

2016 Ram 
Spermat
ozoa (n = 
6) 

There was an increase in sperm 
motility in the control group and 
the addition of canthaxanthin but 
did not affect the production of 
intracellular ROS in spermatozoa, 
iPAM or LPO. 

The addition of 10 and 
25 mM canthaxanthin 
which was incubated at 
37oC for 2 hours after 
thawing, protected 
ovine sperm from 
kinetic changes. 

(Souza et 
al., 2017) 
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2016 Canine 
sperm  
(n = 6) 

The GSH-20 addition group resulted 
in lower acrosomal damage and 
better sperm quality with lower 
mitochondrial activity and higher 
TBARS concentrations. 

The addition of 20 mM 
GSH increased 
mitochondrial activity 
whereas 10 mM GSH 
was better in the 
fertility aspect by 
showing acrosomal 
protection 

(Lucio et al. 
2016) 

2015 Human 
sperm  
(n = 43) 

Cryopreservation significantly 
reduces viability and motility, but 
with increased intracellular ROS 
and MDA of human sperm 

Melatonin protects 
sperm by counteracting 
intracellular ROS and 
reducing the effects of 
MDA 

(Karimfar et 
al., 2015) 

2015 Stallion 
sperm  
(n = 24) 

After frozen storage, the sperm 
viability of the GFE group was 
significantly higher than PFE group. 
However, there was no difference 
between GFE and PFE groups from 
the aspect of DNA fragmentation 
and disulfide bonding in the sperm 
head protein. 

There was a difference 
in the level of reactive 
oxygen species between 
ejaculated sperm with 
good and bad freeze 
ability after 
cryopreservation but 
does not interfere to the 
sperm nucleus  

(Yeste et al., 
2015) 

2014 Sea 
bream 
sperm 

The ability of AFPIII to protect sea 
bream sperm quality is associated 
with a decrease in sperm protein 
profile during cryopreservation 

The addition of AFPIII 
to DMSO extender 
improved the protection 
against freezing  

(Zilli et al., 
2014) 

2013 Cat 
sperm  
(n = 18) 

PMI and sperm quality decreased 
significantly due to the influence of 
cryopreservation 

Ejaculated cat sperm 
quality is better due to 
the influence of 5% 
glycerol 

(Villaverde 
et al., 2013) 

2009 Human 
sperm 
(n = 60) 

Spermatozoa DNA was not 
fragmented due to the 
supplementation of 50 and 100 mM 
genistein to the cryoprotectant 

Genistein can reduce 
oxidative stress during 
cryopreservation 

(Thomson 
et al., 2009) 

 
4. Conclusions 

 Although no formal conclusions can be drawn regarding the cryopreservation of 
spermatozoa to obtain good embryo quality, our results suggest that modified 
cryoprotectants can be an alternative cryoprotectant compared to commercial 
cryoprotectants. In addition, the use of antioxidants in spermatozoa cryopreservation can 
also prevent cell damage due to the adverse effects of cryoprotectants.  However, further 
researches still need to be performed to investigate the cellular mechanisms. 
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