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Background. Reactive oxygen species are a necessary condition for the maturation,
existence and ability of spermatozoa to fertilize the oocyte. The excess reactive oxygen
species in semen can initiate pathological changes in sperm, causing oxidative damage
to cell membranes, proteins, and DNA. The aim of the present study was to investigate
changes in standard microscopic parameters and the level of ROS in the ejaculate in
men with low reproductive function, to determine the influence of paternal age on the
mentioned parameters, and to establish a possible relationship between the level of ROS
generated in the sperm and an early embryonic development in infertile patients.

Materials and Methods. The development of the embryos from 26 married couples
with combined factors of infertility was analyzed. Microscopic analysis of the ejaculate
was performed according to the WHO recommendations from 2021. The level of oxida-
tive stress in the ejaculate was analyzed using Oxisperm kits (Halotech DNA, Spain).
Donor oocytes were fertilized by the method of intracytoplasmic sperm injection (ICSI).
Embryos that reached the blastocyst stage were evaluated by morphological characte-
ristics according to the criteria of D. Gardner (2000). Preimplantation genetic testing
of blastocysts for aneuploidy was performed using the next-generation sequencing
method. Statistical hypotheses were tested using the chi-square and r; criteria at signifi-
cance levels of 0.05 and 0.01.

Results and Discussion. The present study demonstrates the negative effect of
the excess of ROS in the ejaculate on early embryo development and embryo ploidy.
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Increased ROS level negatively affects both total blastocyst formation rate (r, = -0.66,
p = 0.00247) and euploid blastocyst formation rate (r, = -0.65, p = 0.04034). Among
the infertile patients the part of men with an excess of ROS in ejaculate is significantly
higher compared with sperm donors (p = 0.000063). A significant negative correlation
was found between sperm motility and paternal age (r, = -0.54, p = 0.01795). No corre-
lation was observed between ROS levels in the ejaculate and sperm motility, concentra-
tion, and morphology in infertile patients.

Conclusion. The negative influence of the excess of reactive oxygen species in
semen on the early embryo development in vitro has been proved. A negative effect of
increased ROS levels on male reproductive function has been demonstrated. Excess of
ROS in ejaculate results in a decrease of both total blastocyst formation rate (r, = -0.66,
p =0.00247) and euploid blastulation rate (r, = -0.65, p = 0.04034). A negative effect of
paternal age on microscopic sperm parameters has been shown. An excess of ROS in
sperm does not lead to fertilization failure in ICSI. No correlation was found between
microscopic sperm parameters and early embryo development in vitro.

Keywords: reactive oxygen species, male infertility, blastocyst formation,
aneuploidy, in vitro embryo development

INTRODUCTION

According to the literature, in European countries and in Ukraine, male factor is
the cause of infertility in couples in more than 50 % of cases (Mazzilli, 2023). Currently,
several scientific studies indicate that high levels of reactive oxygen species (ROS) in
the ejaculate are one of the causes of low male reproductive function. Reactive oxygen
species are a necessary condition for the maturation, existence and ability of sper-
matozoa to fertilize the oocyte (Mannucci, 2022; Wagner, 2018). The content of ROS
at an optimal level is maintained by the antioxidant system. Oxidative stress arises
from an imbalance between ROS production and antioxidant defense mechanisms. On
the other hand, the measurement of ROS is hampered by the lack of standardization,
including the choice of controls and sample selection (Latchoumycandane, 2020). In
particular, oxidative stress may cause changes in standard sperm fertility parameters
(sperm motility, concentration, and morphology), whereas its effects on the integrity of
sperm DNA in the ejaculate are controversial. Indeed, most studies suggest that excess
ROS in semen can initiate pathological changes in sperm, causing oxidative damage to
cell membranes, proteins, and DNA (Bisht, 2017). However, no effect of ROS on sperm
quality was found in some works (O’Flaherty, 2020). The question of whether the excess
of ROS in sperm affects human embryo development in vitro is still open. Some authors
showed that a high percentage of hydrogen peroxide in tne ejaculate reduced the good-
quality day 3 embryo rate and the good-quality blastocyst rate (Liu, 2023). On the other
hand, S. Kuroda (2020) demonstrated that the reactive oxygen species level in semen
did not reduce the fertilization rate in in vitro fertilization cycles (IVF) when the method of
intracytoplasmic sperm injection (ICSI) was used to fertilize the oocytes. It remains rele-
vant to study the question of whether the level of ROS in sperm leads to the formation
of aneuploid embryos when assisted reproductive technologies are used. For example,
V. Burruel (2014) showed that high ROS levels in sperm can result in aneuploidy and
failure to develop normally to the blastocyst stage. On the other hand, Y. Fu (2025)
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found that there was no significant difference in blastocysts’ aneuploidy rates in groups
of patients with different levels of ROS in the ejaculate.

The aim of the present work was to investigate changes in standard microscopic
sperm parameters and the level of ROS in the ejaculate in men with low reproductive
function to determine the effect of paternal age on sperm indices and to establish a pos-
sible relationship between the generated level of ROS in the sperm with infertility factors
in men and an early embryonic development.

MATERIALS AND METHODS

The collection of primary information and laboratory studies were conducted at
the “Clinic of Professor Feskov O. M.” (Kharkiv) during the period of January-August
2025. The study was approved by the Ethics Committee of LLC “Sana-Med” (Center for
Human Reproduction “Clinic of Professor Feskov O. M.”) in accordance with Protocol
No 3 dated December 20, 2024. Each spouse signed the Informed Consent for the Use
and Processing of Data.

The control group consisted of 25 sperm donors with an average age of 32 + 4 years.
In the control group, IVF embryos were obtained using donor male and female gametes.
The age of the oocyte donors in the control group ranged from 23 to 31 years. The ICSI
method was used to fertilize donor eggs with donor spermatozoa.

The treatment group comprised 26 married couples with combined factors of infer-
tility. The study included only couples with both spermatogenesis failures in men and
with premature ovarian failure in women. Oocyte donation was used in the studied infer-
tile group. The average male age in the infertile group was 39 * 4 years. The age of the
oocyte in the treatment group ranged from 24 to 30 years. Donor oocytes were fertilized
by the method of intracytoplasmic sperm injection due to poor sperm parameters in men
in the mentioned group. The effect of the ROS-level in semen on fertilization rates, blas-
tocyst formation rate and blastocyst aneuploidy rate were studied in the infertile group.

Microscopic analysis of ejaculate was performed according to the WHO recom-
mendations from 2021 (Chung, 2024). The ROS levels in th ejaculate were analyzed
using Oxisperm kits (Halotech DNA, Spain). The assay is based on the ability of nitro
blue tetrazolium and other molecules associated with ROS to be converted by superox-
ide anions into a water-insoluble blue formazan crystal that changes the color intensity
in the reactive gel (from yellow to various levels of violet-blue). The results of the assay
were determined by the color scale according to the color intensity. According to the
manufacturer’s grading, 4 levels of oxidative stress were distinguished (levels 1 and
2 are low ROS exposure; level 3 is medium ROS exposure; level 4 is high ROS expo-
sure) (Castleton, 2022). The principle of determining the level of ROS in the ejaculate is
schematically shown in Fig. 1.

Controlled ovulation stimulation (COS) of egg donors was performed using the
ant-GnRH protocol. Fertilization of the obtained oocytes was done by the ICSI technique.
Embryo culture to the blastocyst stage was performed in GAIN medium Single-step
(Austria) at a temperature of 36.9 °C-37.1 °C and a CO, content of 5.5-5.7 % (Gruber,
2011). Embryos that reached the blastocyst stage were evaluated by morphological
characteristics of the intracellular mass (ICM) and trophectoderm (TE) according to
the criteria of D. Gardner (Gardner, 2000). Preimplantation genetic testing of blasto-
cysts for aneuploidy was performed using the next-generation sequencing method
(Doroftei, 2022).
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Fig. 1. Scheme for determining the level of oxidative stress in the ejaculate using Oxisperm kits (Halotech DNA,
Spain): N1, N2 — low exposure to ROS; N3 — average exposure to ROS; N4 — high exposure to ROS

N1 N2

Comparison of arithmetic means was carried out using the Student’s t-test. To study
the relationships between the features, Spearman correlation analysis was used. The
chi-square test was used to assess the significance of the differences in such param-
eters of the IVF cycle as the fertilization rate and blastocyst formation rate between
the group of infertile patients and the control group. Statistical hypotheses were tested
using the chi-square and r, criteria at significance levels of 0.05 and 0.01. (Petrie, 2000).
The Apache Open Office 4.0.0 software package (Sana-Light Ltd., Sana-Med Ltd.) was
used for calculations.

RESULTS AND DISCUSSION

When studying the effect of paternal age on microscopic sperm parameters, a sta-
tistically significant negative correlation was found between sperm motility and the age of
the patients (r, =-0.54, p = 0.01795). There was no correlation between paternal age and
sperm concentration and a part of spermatozoa with normal morphology in the ejaculate
in the studied group of infertile men. The data obtained are mentioned in Table 1.

Table 1. The correlation between paternal age and classical parameters of the spermogram
in men with low reproductive function

Sperm parameter

Name of parameter Average mean, X+ My : P
Motility, % 46.5+11.2 -0.54 0.01795
Concentration, x10° cell/mL 49.9+242 0.06 p>0.05
Normal sperm morphology, % 7.3+5.0 -0.16 p>0.05

Notes: p — significance level; r, — Spearman coefficient

The effect of paternal age on the level of ROS in the ejaculate was not proved in the
examined group of infertile men. The study did not prove the effect of high levels of ROS
in the ejaculate on sperm motility, concentration, and morphology in infertile patients
(p > 0.05). Nevertheless, it was found out that among the infertile patients, the part of
men with an excess of ROS in the ejaculate was significantly higher compared with
sperm donors (61.6 % vs. 8.0 %, df = 1, x2,,.,.. = 15.9966, p = 0.000063, respectively).
The obtained results are demonstrated in Fig. 2.
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Fig. 2. Proportion of the detected ROS levels in ejaculate among infertile patients and among sperm donors:
N1, N2 — low exposure to ROS; N3 — average exposure to ROS

In total, 317 mature MII donor oocytes were fertilized by the method of ICSI in the
infertile group of patients. On average, there were 10 + 2 MIl donor eggs per patient. The
fertilization rate in these patients was 72.9 % (231 zygotes with two pronuclei). The total
blastocyst formation rate (BFR) was 50.2 % (116 blastocysts) in the examined infertile
group.

In the control group, where donor male and female gametes were used, 93 mature
MIl oocytes were fertilized by ICSI. The fertilization rate in this group was 80.6 %
(75 zygotes with two pronuclei). The total BFR was 76.0 % (57 blastocysts), respectively.
There was no statistically significant difference between the fertilization rates in the
infertile group and in the control group. On the other hand, the total blastocyst formation
rate was significantly higher in the control group, compared with the mentioned parame-
ter in the infertile patients (76.0 % vs. 50.2 %, df = 1, 2., = 15.3173, p = 0.000157,
respectively). Such results confirmed the fact that the process of blastocyst formation
depends on the general quality of sperm (Piccolomini, 2018). Nevertheless, no correla-
tion was found between microscopic sperm parameters and blastocyst formation rate in
the infertile group (p > 0.05).

In the infertile group, the preimplantation genetic testing was performed for 105 blas-
tocysts. Biopsy was performed on the fifth day of culture for 63 embryos, and on the sixth
day for 42 blastocysts. A photo of a blastocyst before the biopsy procedure is shown in
Fig. 3. The strong negative correlation between the ROS level and both total blastocyst
formation rate and euploid blastocyst formation rate was found (r, = -0.66, p = 0.00247
and r, = -0.65, p = 0.04034, respectively). In the treatment group, ROS level did not
affect the fertilization rate after the procedure of ICSI. The results obtained are presented
in Table 2. In the control group, the rate of formation of euploid blastocysts was 56.0 %
(42 blastocysts). The euploid blastocyst formation rate was significantly higher in the
control group, compared with the mentioned parameter for the infertile patients (56.0 %
vs. 11.6 %, df =1, x2,,,. =40.2702, p < 0.001, respectively). The difference between stan-
dard in vitro parameters in the infertile men and in the control group is shown in Fig. 4.
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Fig. 3. Blastocyst 5AA according to the D. K. Gardner
classification in vitro, before the procedure
of biopsy. Magnification: x250. Representing
a hatching blastocyst (stage 5) with a tightly
packed inner cell mass (A) and a cohesive,
high-cell-count trophectoderm (A). It indicates
a highly developed embryo ready for implantation

Table 2. Correlation between the level of reactive oxygen species in semen and standard
in vitro fertilization parameters

In vitro fertilization parameters

— ROS level r P
Name of parameter Average mean, X + my
Total number of donor Mll-oocytes, N 10+2 N3 - -
Fertilization rate, % 729+7A1 N3 0.05 p>0.05
Total blastocyst formation rate, % 50.2+14.9 N3 -0.66 0.00247
Euploid blastocyst formation rate, % 11677 N3 -0.65 0.04034

Notes: p — significance level; r, — Spearman coefficient

W Control group M Infertile group

goe /29

76

56

In vitroparameter rates, %
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Fig. 4. Standard in vitro parameters of embryo development in patients with excess of ROS in ejaculate and
in the control group

At this stage of the study, the negative effect of an excess of ROS in the ejacu-
late on the total blastocyst formation rate and euploid blastulation rate was proved.
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As no correlation was observed between ROS levels in semen and sperm maotility,
concentration, or morphology in the infertile patients, it may be assumed that more
complex mechanisms underlie the ROS effects on male reproductive function result-
ing in early embryo development failures (total blastulation rate and euploid blasto-
cyst formation rate). For example, some authors suggested that high amounts of ROS
may impair mitochondrial function, potentially causing sperm dysfunction and, conse-
quently, infertility (Durairajanayagam, 2021). The next possible explanation for such
a decreased developmental potential could involve sperm DNA integrity (Kumaresan,
2020). Therefore, further studies are warranted to better understand the influence of the
mechanisms of ROS in semen on male reproductive function.

CONCLUSION

The negative influence of the excess of reactive oxygen species in semen on the
early embryo development in vitro has been proved. A negative effect of increased ROS
levels in semen on male reproductive function has been demonstrated. The excess of
reactive oxygen species in the ejaculate decreased both total blastocyst formation rate
(r, =-0.66, p = 0.00247) and euploid blastocyst formation rate (r, = -0.65, p = 0.04034).
Among the infertile patients, the part of men with an excess of ROS in the ejaculate was
significantly higher compared with sperm donors (p = 0.000063). Paternal age nega-
tively affects sperm motility (r, =-0.54, p =0.01795). The level of ROS in sperm does not
affect fertilization rate. No correlation was found between microscopic sperm parame-
ters and early embryo development in vitro (p > 0.05). The study did not prove the effect
of the level of reactive oxygen species in the ejaculate on sperm motility, concentration,
and morphology in infertile patients (p > 0.05). In the future, ROS concentrations may
be used as a marker in preconception diagnostic testing in men.
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HAOMIPHA KIJIbKICTb AKTUBHUX ®OPM KUCHIO B EAKYJIATI BIJIUBAE
HA PO3BUTOK EMBPIOHIB IN VITRO 3A BUKOPUCTAHHA AONOMDKHUX
PENPOOYKTUBHUX TEXHOJOIA

OnekcaHOp ®ecbkos, €s2eHis Xunkoea,
Hamanis Yymakoea, IpuHa ®ecbkoea, OneHa €2yHbKOBa

Lienmp Penpodykuii lTroduHu (KniHika npogpecopa ®ecbkosa O. M.)
8yn. XonodHozipceka, 15, Xapkie 61098, YkpaiHa

O6rpyHTYBaHHS. AKTMBHI POPMM KUCHIO € HEOBXiAHOK YMOBOI AN 403PiBaHHS,
iCHyBaHHA Ta 34aTHOCTI CNepMaro30idiB 3annigHioBaTU oouunT. Haanuwok akTUBHUX
OPM KUCHIO Y CrepMi MOXe iHiLitoBaTK naTonorivyHi aMiHKM B cnepmMarosoifgax, cnpu-
UMHSOYN OKCUOATMBHE MOLUKOAXKEHHS KITITMHHMX MembpaH, 6inkie i AHK. MeToto aaHoi
pob6oTu Byno focniguT 3MiHK CTaHOAPTHMUX MIKPOCKONIYHUX napameTpiB i piBeHb ADK
B €SIKyNSATi Y YOMOBIKIB 3i 3HMKEHHAM MOKa3HWKIB penpoayKTUBHOI (PyHKLiT, 3’AcyBaTn
BMAMB BiKy 6aTbka Ha 3a3HayeHi napameTpu Ta BCTAHOBUTU MMOBIPHNIA 3B’SI30K MiXK PiB-
HeM reHepauii A®K y cnepmi 4yonogikiB i3 dhakTopoM 6e3nnigaa Ta paHHIM PO3BUTKOM
emMbpioHa.

Matepianu Ta metoam. NpoaHanisoBaHO PO3BUTOK €MOPIOHIB 26 MogpyXHiX nap
i3 kOMOiHOBaHMMK dhakTopammn 6e3nnigas, 3 BUKOPUCTAHHSAM [OOHOPCBKMX OOLMTIB.
MikpockonidHMI aHani3 esaKkynsTy NpoBOAUNM BignoBigHo Ao pekomeHaauin BOOS Big
2021 p. PiBeHb akTMBHUX hOPM KUCHIO B €AKYNATI BU3HA4Yanu 3a 40onomMoro Habopis
Oxisperm (Halotech DNA, IcnaHis). [JoHOpCbKi oouMTK 3anfigHoBanM METOAOM iHTpa-
uuTonnasmaTmyHoi iH'ekuii cnepmatosoigis (IKCI). EmOpioHu, wo gocarnu ctagii bnac-
TOUMCTW, OUiHIOBanM 3a MOPMONOriYHUMM XapakTepuCTUKamMmM 3rigHO 3 KpUTepiamu
. MapaHepa. lMpeimnnaHTauiiHe reHeTUYHe TecTyBaHHA GrnacTouucT Ha aHeynmnoiaito
NPOBOANIN METOLOM CEKBEHYBAHHSA HACTYMHOIO MNOKOMiHHS. CTaTUCTUYHI rinoTe3n nepe-
BipANN 3a JOMOMOrOK KpUTEpIiB Xi-kBaapar Ta r, 3a piBHiB 3HadywocTi 0,05 ta 0,01.
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PesynbraTtn. Y LbOMYy OOCHIOKEHHI NPOAEMOHCTPOBAHO HEraTUBHUIW BMNMB Haa-
TIALLIKY aKTUBHUX POPM KUCHIO B €SIKYNATI HA paHHiN PO3BUTOK i MMOIOHICTL eMOpPIOHIB
in vitro. 36inbweHHa APK y cnepmi HeraTMBHO BNMBAE SIK HA 3araribHy YacToTy hopmy-
BaHHA BnactouucT (r, = -0,66, p = 0,00247), Tak i Ha YacToTy popmMyBaHHSA €ynmoigHNX
6nactoumcrt (r, = -0,65, p = 0,04034). Cepen 6e3nnigHMX NauieHTiB YacTka YOmOoBIKiB
i3 HAOSIMLIKOM aKTMBHUX (POPM KMCHIO B €AKYNSTI 3Ha4YHO BULLA NOPIBHAHO 3 JOHOPaMU
cnepmu (p = 0,000063). BusiBneHo 3Ha4Hy HEraTUBHY KOPENSILIiF0 MidK PyXIMBICTIO criep-
MaTo30igiB i Yonosiynum Bikom (r, = -0,54, p = 0,01795). He BnsBneHo »oaHoi Kopensuii
Mk Hagnuwwkom ADK B eskynaTi 1 pyxnmBicTHO, KOHLEHTpaLe Ta Mopdpornorieto cnep-
MaTo30iAdiB y nauieHTiB 3 6e3nniggam.

BucHoBKu. [loBegeHO HeraTVBHUA BMAWB HaASIMLWIKY aKTUBHUX (POPM KUCHIO
y CNepMi Ha paHHin po3BUTOK eMOpioHa in vitro. NpogeMOHCTPOBAHO HEraTUBHMWI BB
NiABULLIEHOrO PIBHSA aKTMBHUX (POPM KUCHIO Ha YOMOBIMY PENPOAYKTUBHY (OYHKLIIO.
Hapnvwok akTUBHUX hOPM KUCHIO Y CnepMi NMpU3BOAUTb A0 3HWXKEHHS K 3aranbHOl
YacTotn chopmyBaHHs GnactouuncT (r, = -0,66, p = 0,00247), Tak i YacToTV popmMyBaHHS
eynnoigHux bnactoumcr (r, =-0,65, p = 0,04034). 3’acosaHo, LU0 36inbLUEHHS BiKy 40M0-
Bika HeraTMBHO BMSIMBAE Ha MIKPOCKOMIYHI MOKa3HMKK eaKynaTy. PiBeHb akTMBHUX hopm
KWUCHIO Y CrepMi He BMNAMBAE Ha 4acToTy 3anfigHEeHHSA Yy pasi BUKOPUCTaHHA MeToay
IKCI. He BusiBneHO kopensuii Mixk MIKpOCKOMIYHMMM napameTpamMu criepMorpamm Ta
paHHIM po3BUTKOM eMOpioHa in vitro.

Knroyoei cnoea: akTuBHI QOpPMM KUCHIO, YornoBivye 6e3nnigasa, dgpopmyBaHHS
OracTouucT, aHeynnoigisi, po3BUTOK emMbpioHa in vitro
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