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Cryopreservation of spermatozoa is widely used in the treatment of infertility by assisted reproduc-
tive technologies. However, the cryopreservation causes an oxidative stress which can induce pathological
changes in the male gametes. The aim of the research was to evaluate lipid peroxidation (LPO) and DNA
fragmentation as well as correlation between these parameters in the fresh and cryopreserved spermatozoa
of men with normozoospermia or oligoasthenoteratozoospermia (OAT) and spermatozoa derived from the
epididymis of men with azoospermia. The level of malondialdehyde (MDA) in a TBA test, superoxide dis-
mutase (SOD) activity and total antioxidant activity (AOA) were assessed. DNA integrity was estimated by
acridine orange staining technique. It was shown that MDA level and SOD activity were significantly higher
in the fresh spermatozoa of oligoasthenoteratozoospermic group compared with the fresh spermatozoa of
normozoospermic group. After cryopreservation the MDA level increased in all groups and was the highest
in OAT group where the greatest AOA decline was detected. DNA fragmentation frequency was 2.6 and 4.1
times higher in the fresh and cryopreserved OAT spermatozoa respectively as compared with the fresh normo-
zoospermic ones (7.2%). DNA fragmentation was found to be the lowest in the fresh (6.2%) and cryopreserved
(5.8%) epididymal spermatozoa. After cryopreservation SOD activity in epididymal spermatozoa was lower
than in normozoaspermic. In spermatozoa of the studied groups the MDA level positively correlated with
DNA fragmentation (0.79 Pearson’s correlation coefficient) both before and after cryopreservation. It is sug-
gested that due to the detected low DNA fragmentation and LPO level in epididymal spermatozoa their use
could be an alternative approach for infertility treatment by assisted reproductive technologies.
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T here is no doubt that reactive oxygen species
(ROS) play an important role in the functio-
ning of different cell types, including male
gametes [1, 2]. Production of ROS is a mandatory
step of the natural processes such as posttesticular
spermatozoa maturation, apoptosis, in capacita-
tion, hyperactivation, acrosome reaction, and sper-
matozoa-oocyte fusion. On the other hand, an ac-
cess ROS level can indicate pathological processes.
Thus, ROS influence the seminal parameters such as
motility, count, volume, activity [3]. ROS implement

their effects on spermatozoa functional state by oxi-
dizing the proteins, inducing damage to nucleic acids
and peroxidation of lipids (LPO) [4-6]. Clinical ob-
servations are increasingly showing the relationship
between the spermatozoa LPO processes and male
infertility as well as play an important role in oocyte
fertilization outcomes [7, 8]. Since ROS can cause
DNA fragmentation and LPO in human spermato-
z0a, it is important to investigate the relationship of
these processes in men with different spermatogene-
sis state [9]. Additionally, spermatozoa cryopreser-
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vation can induce injury by ice formation and os-
motic stress following reducing membrane fluidity
and causing excessive production of endogenous and
exogenous ROS [10, 11].

Thus, the aim of the study was to investigate
the level of lipid peroxidation and DNA fragmenta-
tion in fresh and cryopreserved spermatozoa of men
with different spermatogenesis state, as well as to
establish a correlation between these parameters.

Materials and Methods

Ejaculated sperm samples obtained from the
patients, who underwent infertility treatment from
2017 to 2019, were analyzed. The study included
138 patients (mean age of 32 + 3.4). The study was
approved by the Biomedical Ethical Committee of
the Institute for Problems of Cryobiology and Cryo-
medicine of the National Academy of Sciences of
Ukraine, in line with the Law of Ukraine “On Per-
sonal Data Protection” (2010). Informed consents
were obtained from all the participants in line with
the WHO regulation [12].

The following study groups were identified: the
spermatozoa retrieved from the ejaculates of normo-
zoospermic men (group 1), spermatozoa retrieved
from the ejaculates from men with oligoasthenotera-
tozoospermia (OAT) (group 2), and spermatozoa re-
trieved by microsurgical or percutaneous epididymal
aspiration in men with azoospermia (group 3).

The active motile sperm fraction was isolated
in a density gradient Sperm Grade (LifeGlobal,
USA) [13]. A two-stage method was used for sper-
matozoa cryopreservation. Active motile sperm
fraction was mixed in 1 : 1 ratio with cryoprotective
medium containing 10% glycerol (Sigma Pharma-
ceutical, Buchs, Switzerland), 20% human serum
albumin (LifeGlobal, USA) based on Global total
for fertilization medium (LifeGlobal, USA) in 1 ml
cryovials. After 10 min of exposure, the cryovials
were placed 10 cm above the liquid nitrogen mir-
ror level for 15 min and then plunged into the liquid
nitrogen, where they were stored during 1-3 months.
Samples were warmed in a water bath at 40°C until
complete disappearance of the solid phase. The cell
suspension was centrifuged and the supernatant was
removed. The culture medium of 0.1 ml was added
to the precipitate.

The concentration of MDA was determined by
the intensity of the color formed during the reaction
of MDA and thiobarbituric acid (TBA), which takes
place in an acidic environment at high temperature
[14]. The superoxide dismutase (SOD) activity was

determined by the reduction of the dye nitrosine
tetrazolium and expressed in conventional units: for
1 conventional unit was 50% of inhibited redox re-
action [15]. Optical density was measured using a
Shimadzu QV-50 spectrophotometer (Japan). Anti-
oxidant activity (AOA) was determined in a model
system of suspension of yolk lipoproteins [16]. AOA
was expressed as a percentage from inhibition of
50% LPO in the model system compared to the clas-
sical antioxidant ionol.

The DNA fragmentation rate of spermatozoa
was measured using acridine orange (AQO) staining
and fluorescent microscopy [17]. AO fluoresces
green when it binds to native DNA and it does red
when it binds to the fragmented DNA (Fig. 1). In
each sample, the number of red and green fluores-
cence cells were counted among 100 cells and repre-
sented in percentage.

Statistica 6.0 was used for the results proce-
ssing. When comparing the samples, the Mann-
Whitney U-test was used at a significance level of
P <0.05.

Results and Discussion

At the first stage, the LPO processes are
characterized by formation of primary (diene, triene,
tetraene conjugates) and secondary products. One
such compound is MDA, an intermediate product

Fig. 1. Acridine orange staining of human sperma-
tozoa, cells with red fluorescence have fragmented
DNA, cells with green fluorescence have native DNA
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of enzymatic arachidonic acid oxidation and the fi-
nal product of oxidative degradation of lipids. MDA
refers to the products that interact specifically with
TBA being a marker of oxidative stress.

It has been established that there is a quantita-
tive relationship between LPO processes and MDA
concentration. When studying the oxidative state
and antioxidant systems in spermatozoa of men with
different spermatogenesis state, it was found that the
level of MDA was significantly higher in group 2
compared with this index in group 1 (Table 1). The
level of MDA in sperm of group 3 was compara-
ble to group 1. The level of SOD in group 2 was
significantly higher than in group 1. This fact can
be considered as a compensatory response to the
excess ROS level in OAT spermatozoa. However,
AOA levels in OAT spermatozoa tended to decrease
compared with normozoospermic and epididymal
spermatozoa.

The study of the DNA fragmentation rate
showed that in group 2, this indicator was the highest
and amounted to 19.7 + 7.73%. There were no signifi-
cant differences in groups 1 and 3.

After cryopreservation, the MDA concentra-
tion increased and was the highest in group 2 (Ta-
ble 2). The accumulation of peroxidation products
can lead to appearance of peculiar membrane pores
by increasing the hydrophilic hydrocarbon tails con-
tent, as well as to increase its stiffness by reducing
the content of unsaturated fatty acids and thereby
affecting the membrane permeability [18]. Thus, the
membranes of OAT spermatozoa undergo significant
structural changes, which may affect their cryore-
sistance.

The activity of SOD in cryopreserved sperma-
tozoa was significantly higher in group 2 compared
with group 1. In group 3, there was a decrease in this
index by 1.9 times relative to normal spermatozoa.

Table 1. Level of MDA, SOD, AOA in fresh hu-
man spermatozoa of men with different states of
spermatogenesis
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Groups
Fig. 2. DNA fragmentation rate in cryopreserved
human spermatozoa of men with different states
of spermatogenesis, *difference is significant
compared to the corresponding index in group 1
(P <0.05)

AOA decreased 5.4 times in group 2 cryopre-
served spermatozoa compared with group 1. There
was also a tendency to decrease in group 3 sperma-
tozoa compared with group 1.

DNA fragmentation rate in group 2 cryo-
preserved spermatozoa increased 4.1 times com-
pared with group 1 and was the lowest in group 3
(5.8 + 1.3)% (Fig 2).

The values of MDA concentrations in the
studied groups both before and after cryopreserva-
tion positively correlated with DNA fragmentation
rate (Pearson’s correlation coefficient was 0.79 and
was significant at 95% confidence interval). There is
also a negative correlation between SOD and DNA
fragmentation in spermatozoa in the studied groups
(Pearson’s correlation coefficient was 0.77).

It should be noted that the presence of positive
or negative correlation between the indices does not
indicate a causal relationship between them. A si-

Table 2. Level of MDA, SOD, AOA in cryopre-

served human spermatozoa of men with different
states of spermatogenesis

MDA, MDA,
Groups uM/108 SOD, c.u. | AOA, % Groups uM/10° SOD, c.u. | AOA, %
sperm sperm
Group 1 8.0+0.6 45+03 8507 Group 1 9.8+0.8 33+03 65+06
Group 2 97+11* 6.3+x04* 73%08 Group2 128+12* 43+0.3* 12+01*
Group 3 8.2+0.6 3.2+0.3* 80+0.9 Group 3 10.2+0.9 23+0.2* 58+04

Note: * difference is significant compared to correspon-
ding index in group 1 (P < 0.05)
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multaneous variation is likely due to the influence of
another variable and the mechanism or system con-
nections of this phenomenon can be complicated. We
assume that the increase in MDA in spermatozoa is
associated with a higher level of DNA fragmentation
and may indicate apoptosis activation. MDA forma-
tion occurs during the cleavage of lipid hydroperoxi-
des induced by oxidative stress [19]. Also, it could
cause the destruction of covalent complexes with
amino groups of proteins, induces specific nuclease
activation leading to DNA fragmentation. The nega-
tive impact of cryopreservation increases the ROS
effects.

The detected elevated level of LPO products
in spermatozoa of OAT men indicates the negative
effects of activation of peroxide processes in cells.
Normally, the processes of ROS peroxidation, in
particular LPO, are maintained at a stationary level
due to the antioxidant system. The accumulation of
LPO products can be an important factor, leading to
disordered integrity of the spermatozoa membrane
after freeze-warming [20].

The results of the antioxidant status study in-
dicate a deficiency of antioxidant protection in both
fresh and cryopreserved OAT spermatozoa in com-
parison with normozoospermic and epididymal
spermatozoa. As noted above, an increase in SOD
level was observed in OAT spermatozoa probably
due to the compensatory response to the ROS in-
creasing. However, after cryopreservation, the SOD
activity was lower than in fresh OAT spermatozoa
despite the increased LPO level and DNA fragmen-
tation rate. Thus, cryopreservation of gametes from
OAT men leads to a decrease in SOD activity. And
since the SOD addition to spermatozoa can decrease
the DNA fragmentation rate, it may be promising
for using for OAT spermatozoa cryopreservation in
order to increase their fertilization capacity [21]. It is
well known that high spermatozoa DNA fragmenta-
tion rate is one of the causes of male infertility, and
in case of high index of this parameter no patient
has reached pregnancy when underwent infertili-
ty treatment by assisted reproductive technologies
(ART) [22]. An alternative approach may be the use
of epididymal spermatozoa for infertility treatment
by ART due to the much lower DNA fragmentation
rate and LPO level.

Conclusions. The level of MDA and SOD was
significantly lower in normozoospermic spermato-
zoa than in OAT. After cryopreservation, the con-
centrations of MDA and SOD were increased while

AOA was decreased in OAT spermatozoa. DNA
fragmentation rate in fresh OAT spermatozoa was
2.6 times higher than normozoospermic and in-
creased 4.1 times after cryopreservation. Epididy-
mal spermatozoa had the lowest DNA fragmentation
rate (6.2 + 1.3)%. It was found that DNA fragmen-
tation of OAT sperm is significantly higher than in
epididymal after cryopreservation (19.7 £ 7.73 vs
5.8 + 1.3)%. A correlation between the MDA level
and DNA fragmentation rate (r = 0.79, P < 0.05) was
found in all the studied groups before and after cryo-
preservation.
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I3 PI3BHUM CTAHOM
CHHEPMATOI'EHE3Y
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KpiokoHcepByBaHHSI CHEpMAaTo30iliB IIHUPO-
KO BUKOPUCTOBYETBCS Ui JIIKYBaHHS O€3IUTLAIsL
32 JIONIOMOTOI0  PEMPONYKTHBHHUX TEXHOIOT1H.
OnHak Tporec KPIOKOHCEPBYBaHHS CIPHYHHIOE
OKCHUJIATHBHUU CTpeC, 10 MOXe IHAYKYBaTH
[aTOJIOTIYHI 3MIiHM B 4YOJOBIYMX rameTax. Me-
TOK JOCHIJDKEHHST OyJI0O OI[IHUTU TEPOKCUJIHE
okucnennst minigie (ITOJI) Tta Qparmenranito
JHK, a Takox KOpemsImito MiX IIMMH MTOKa3HHKa-
MU Yy IIOWHO OJCPIKAaHUX Ta KPIOKOHCEPBOBAHUX
CIepMaTO030i/1aX YOJOBIKIB 13 HOPMO300CIEPMIEIO,
OJIIr0AaCTEHOTEPATO300CIEPMIEIO (OAT) Ta
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CIepMaTo30ijiax i3 emiAUANMYCY 3a a300CIepMil.
Busnauanu piBeHb MaJOHOBOTO  JiaJibJETiay
(MJ1A),  aKTHUBHICTh  CYNEPOKCHIJUCMYTa3u
(COJl) Ta 3aranbHy aHTHOKCUIAHTHY aKTHBHICTb
(AOA) cnepmaro3oiniB. [lokazaHo, 1110 piBEHb
MIA ta COJ] OyB 3Ha4HO BHIIUM Yy MIOK-
HO ofiepkaHuX crnepMarosoigax rpynu OAT
MOpIBHSIHO 3 HOpMo3oocnepMmiunumu. [licns
KpiOKOHCEpBYBaHHs piBeHb MJIA migBUIIMBCS
B CIEpMaTO30ifax YCiX Tpyml, HaiBUIIUM OyB
y rpyni OAT, ne BusBieHO HaWOiNbLIe 3HU-
J)KEHHS aHTHOKCHUIAHTHOI akTuBHOCTI. YacTtoTra
¢parmenranii JIHK y cnepmarosoigax rpynu OAT
JI0 Ta MicJst KPIOKOHCEPBYBaHHs1 OyJia BiIMIOBITHO y
2,6 Ta'y 4,1 pa3a BUIIIOK MOPIBHSHO 3 TIOKA3HUKOM
y HATUBHUX HOPMO300CHEPMIUHUX CHIEpPMaTO30i1ax
(7,2%). Yactora ¢parmentanii JHK Oyna Haii-
HUKYOI0 B EHiAMAMMAaIbHUX CIepMaro30igax Sk
10 (6,2%), tak i micns (5,8%) KpiOKOHCEpBYBaHHSL.
Pienr COJ] y emiaumauMalibHUX CIEPMAaTO30i1ax
MiCJsl  KPIOKOHCEPBYBAaHHS OyB HWXKYHMM, HIXK
y HOPMO300CTEpMiYHUX. BHSBIEHO MO3UTHB-
Hy Kopensimito Mik piBaeM MJIA Tta wacro-
toto ¢parmenrtauii JJHK (koedimienT xopemsiii
[Tipcona — 0,79) y cnepmaro3oinax ycix rpyn 1o Ta
sl KPiOKOHCEepBYBaHHs. J{IMIITM BUCHOBKY, IO
nopiBHsHO HU3bKUH piBeHb [10J] Ta ¢pparmenranii
JHK B enmiguauMalbHUX CIEPMATO30iaX po-
OUTb MOXKJIMBUM IX BUKOPHCTAaHHS AN Teparii
Oe3rIiaas.

KniouoBi CIIOBaA: CIIepPMAaTO30i 11,
kpiokoHcepyBanHs, MJIA, CO/l, aHTHOKCHIAHT-
Ha aKTUBHICTB, IMEPOKCUIHE OKHCJICHHS JIIiIiB,
(parmenranis JJHK, pizauii ctan criepmarorexesy.
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