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Sperm cyropreservation and oxidative damage. 
What does it mean?
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About 15% of couples that desire children are affect-
ed by infertility. Oxidative stress has been involved 
in unexplained subfertility with a male factor [1]. 
Although the excessive production of reactive oxygen 
species (ROS) is detrimental to human spermatozoa, 
there is a growing body of evidence that suggests 
that ROS are also involved in the physiological con-
trol of some sperm functions. Under physiological 
conditions, small amounts of ROS are produced by 
spermatozoids. These ROS are necessary for efficien-
cy, acrosomal reaction, and finally fertilization [2], 
but its excessive levels can negatively affect sperm 
quality. There is a current presumption that the 
most prolific source of ROS in sperm suspensions is 
an NADPH oxidase located in leukocytes or in sper-
matozoa that produces superoxide, which is further 
converted to peroxide by the action of superoxide dis-
mutase (SOD). 
Since antioxidants suppress the action of ROS, these 
compounds have been used in the medical treatment 
of male infertility (they are beneficial in terms of im-
proving sperm function and DNA integrity) or have 
been added to the culture medium during sperm 
separation techniques. Antioxidants have demon-
strated their impact on sperm improvement in sev-
eral studies, in particular in men with high levels 
of ROS in their sperm. However, in many cases, no 
beneficial effect was obtained after antioxidant sup-
plementation. Negative effects could be observed in 
long–term treatment or with excessive doses. This 
medical therapy should not be used in patients with 
known genetic factors such as karyotype anomalies 
or Y chromosome deletion. Therefore, it is essential 
to perform a complete diagnostic workup of the man 
before deciding which men will respond to medical 
therapy and which will need to be referred to assist-
ed reproduction.
Treatment of oxidative stress should first involve 
strategies to reduce or eliminate stress–provoking 
conditions including smoking, varicocele (increases 
ROS levels in testes and semen), genital infection, 
gonadotoxins, and hyperthermia. In recent years, in-
terest has increased in the role of antioxidants and 
B vitamins as modulators of fertility outcome. The 
antioxidants – alpha–tocopherol (vitamin E), ascor-
bic acid (vitamin C), and the retinoids (vitamin A) 

– are potent scavengers of ROS. Deficient vitamin B 
concentrations cause elevated homocysteine concen-
trations and impair the remethylation cycle of phos-
pholipids, proteins, DNA, and RNA. These processes 
are essential in spermatogenesis. 
Treatment with oral antioxidants has generally been 
associated with improvement in sperm DNA integ-
rity and in some cases pregnancy rates after assisted 
reproduction. Actually, antioxidants are provided in 
diet or can be found in enriched food. It is possible 
that a subset of infertile men with specific lifestyles 
(e.g., smoking, increased alcohol intake, and dieting) 
may be at risk for antioxidant deficiency, particular-
ly vitamin C deficiency. A low intake of antioxidant 
nutrients was associated with a poor semen quality 
[3]. Overall, the data published suggest that no sin-
gle antioxidant is able to enhance the fertilization 
capability of infertile men, whereas a combination of 
them seems to provide a better approach [4]. 
Few studies have shown that the incidence of ROS 
caused DNA fragmentation in ejaculated spermato-
zoa can be reduced by oral antioxidant treatment. 
Oral antioxidant treatment appears to improve 
ICSI (intracytoplasmic sperm injection) outcomes in 
those patients with sperm DNA damage, in whom 
this treatment reduces the percentage of damaged 
spermatozoa [5]. It is not clear why some men re-
sponded to antioxidants by reducing the extent of 
sperm DNA fragmentation while others did not. 
Greco et al. [6] suggest that the increased percentage 
of DNA–damaged spermatozoa may be a sequela of 
different pathophysiological mechanisms in differ-
ent patients and only some of these conditions may 
be responsive to antioxidant treatment. This would 
also explain the discrepancies in the literature con-
cerning the clinical usefulness of antioxidants in the 
treatment of male infertility (reviewed in Agarwal 
et al., 2004) [7].  
Sperm cryopreservation is a widely used procedure 
in the context of assisted reproductive techniques. 
Cryopreservation and thawing is a procedure that 
inflicts irreversible injury on human spermatozoa. 
One of the possible mechanisms involved in sperm 
cryoinjury is apoptosis upon exposure to oxidative 
stress. Cryopreservation can also result in increased 
lipid peroxidation in human spermatozoa [8] and has 
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been shown to reduce antioxidant defenses. Thus, 
the observed protective effect of vitamin E addition 
on post–thaw motility might be due to vitamin E sup-
pression of lipid peroxidation via the sperm plasma 
membrane. The positive effect of vitamin E on motil-
ity is greater in semen samples from men over 40 
years of age. The spermatozoa from older males had 
increased ROS and lipid peroxidation, suggesting a 
reduced capacity to cope with oxidative stress [9].
During in vitro fertilization the seminal plasma is 
removed during semen processing and the toxic oxy-
gen metabolites (generated by immature spermato-
zoa and leukocytes) are able to attack spermatozoa 

without being protected by seminal plasma antioxi-
dants. In addition, the detrimental effect of oxidative 
stress on sperm functional competence can be exag-
gerated by the in vitro sperm processing techniques 
(centrifugation and prolonged incubation) that usu-
ally precede assisted reproductive techniques. The 
addition of an antioxidant to the cryopreservation 
medium (vitamin E, both ascorbate and catalase) 
significantly reduces ROS concentrations in post–
thaw spermatozoa [10].
Taking into account the pros and the cons of anti-
oxidant treatment of male infertility, the potential 
advantages that it offers cannot be ignored.

1.  Jarow JP, Sharlip ID, Belker AM, Lipshultz LI, 
Sigman M, Thomas AJ. Best practice policies 
for male infertility. J Urol. 2002; 167: 
2138–2144.

2.  Griveau JF, Le Lannou D. Reactive oxygen 
species and human spermatozoa: physiology 
and pathology. Int J Androl. 1997; 20: 61–69.

3.  Mendiola J, Torres–Cantero AM, Vioque J, 
Moreno-Grau JM, Ten J, Roca M, et al. A low 
intake of antioxidant nutrients is associated 
with poor semen quality in patients 
attending fertility clinics. Fertil Steril. 2010; 
93: 1128–1133. 

4.  Lanzafame FM, La Vignera S, Vicari E, 
Calogero AE. Oxidative stress and medical 
antioxidant treatment in male infertility. 
Reprod Biomed Online. 2009; 19: 638–659.

5.  Greco E, Romano S, Iacobelli M, Ferrero S, 
Baroni E, Minasi MG. ICSI in cases of sperm 
DNA damage: beneficial effect of oral 
antioxidant treatment. Hum Reprod. 2005; 
20:2590–2594. 

6.  Greco E, Iacobelli M, Rienzi L, Ubaldi F, 
Ferrero S, Tesarik J. Reduction of the 
incidence of sperm DNA fragmentation by 
oral antioxidant treatment. J Androl. 2005; 
26: 349–353.

7.  Agarwal A, Nallella KP, Allamaneni SSR, Said 
TM. Role of antioxidants in treatment of 
male infertility: an overview of the 
literature. Reprod Biomed Online. 2004; 8: 
616–662

8.  Alvarez JG, Storey BT. Evidence of increased 
lipid peroxidative damage and loss of 
superoxide dismutase activity as a mode of 

sublethal cryodamage to human sperm 
during cryopreservation. J Androl. 1992; 
13: 232–241.

9.  Taylor K, Roberts P, Sanders K, Burton P. 
Effect of antioxidant supplementation of 
cryopreservation medium on post–thaw 
integrity of human spermatozoa. Reprod 
Biomed Online. 2009; 18: 184–189.

10. Li Z, Lin Q, Liu R, Xiao W, Liu W. Protective 
effects of ascorbate and catalase on human 
spermatozoa during cryopreservation. 
J Androl. 2010; 31: 437–444.  

Correspondence 
Dr. hab. Dorota Olszewska–Slonina 
dorolsze@poczta.onet.pl

References


