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Pedbepar: Y ormsagi npeactaBneHo AaHi LWOAO BNMBY KPiOKOHCepBYBaHHA Ha ctaH [HK cnepmaTtosoifiB CBIMCbKMX TBapwH,
OonuncaHo OCHOBHI NpuumHu dparmeHTadii OHK, metogn BM3HaueHHst Ta cnocobu 36epexeHHs i uinicHocTi. [MokasaHo, Wwo HasiBHi
meToan Bu3HadeHHs dparmenTauii JHK € gocute edexkTuBHMMK, ane BUBIp onTumanbHOro metogy obyMOBMEHWIN BUAOBOK MpUHa-
nexHicTio TBapnHN. OCHOBHMM YMHHMKOM KpionolikomkeHb [HK BM3HAaHO okcuaaTUBHWUIA CTPEC, CMPUYMHEHWI NiABULLEHUM BMICTOM
aKTMBHMX hOpM kucHio. [nsa 3anobiraHHs gaHoro edekTy po3pobrneHo GaraTo 3axuMcHMX cepedoBull Ta peabiniTauinHuX po3duHIB
3 [OAABaHHAM aHTUOKCUAAHTIB (HeepMeHTHI, PepMEeHTHI CnomykM Ta HaHOYaCTUHKM). TakuM YMHOM, BU3HAYEHHS PiBHA dparmeHTa-
uii OJHK cnepmarosoigiB Ta 36epexeHHs ii LinicHOCTI € HeobXiAHO CKNaAoBOK ANS NiABULLEHHS e(PEKTUBHOCTI KPIOKOHCEPBYBaHHS
rameT CBINCbKMX TBapWH, L0 € CKIagoBO PENpOAYKTUBHUX TEXHOIONIN.

KniouoBi cnoBa: kpiokoHcepByBaHHS crnepmaro3oigiB, dparmerTauis [OHK, cnepmartosoign CBIiCbKMX TBapwH, OKCUAATUMBHUN
CTpec, aHTUOKCUAAHTH.

Abstract: Here, we have presented the data describing the cryopreservation impact on DNA status of domestic and farm
animal sperm, and described the main causes of DNA fragmentation and methods of its detection and DNA integrity preservation.
The current methods to identify the DNA fragmentation rate have been shown to be quite efficient, but the choice for the optimal
way is stipulated by animal species. The oxidative stress caused by an increased content of reactive oxygen species was recognized
as the main mechanism in DNA cryodamage. To prevent this negative effect on germ genetic material, many protective media
and rehabilitation solutions supplemented with antioxidants (non-enzymatic, enzymatic compounds and nanoparticles) have
been developed. Thus, determining the sperm DNA fragmentation rate and maintaining its integrity are the necessary steps to improve

the efficiency of domestic animal gamete cryopreservation as a part of reproductive technologies.
Key words: sperm cryopreservation, DNA fragmentation, sperm of domestic animals, oxidative stress, antioxidants.

KpiokoHCEpBYBaHHS CIIEPMATO30idiB € TIHPO-
KOBKHBAHUM Ta €(PEKTHUBHUM METOIOM 30epiraHHs
repMIDIa3Md TBapuH IS MOJAJNBIIOTO BiITBOPEH-
HSl TIOTOJIIB’S Ta BHBEICHHsS HOBUX mopia. Kpio-
koHcepByBaHHs crniepmaro3oiniB (KC) moB’szane 3
PI3HUMH METOJaMH AOTIOMIKHUX PENpOIYKTUBHHX
TEXHOJIOTiH, 110 3aCTOCOBYIOTBCS IJISI PO3BEICHHS
TBapyH LiHHUX C1IbCHKOTOCIIONAPCHKUX MOP1Jl Ta THX,
SIKi 3HAXOASATBCS Ha Mexi 3HuKkHEeHHs [27]. Ilep-
M 3BIT MPO CIPOOH KPiOKOHCEPBYBAHHS CIIEPMHU
HAaJICKUTh ITATIMCHKOMY CBSIIEHUKY Ta (hizionory
L. Spallanzani, sixuit HamMmaraBcst 3aMOPO3UTH CIIEPMY
3a momoMororo cHiry (1776 p.) i Bueprie 3miHCHUB
YCHINTHE MTy4YHEe OoCiMeHiHHs cobaku B 1785 p. [9].
3 Toro yacy 0ysio po3po0IeHO METOAM KPIOKOHCEPBY-
BaHHS CIIEpMAro030iiB OaraTthbOX IHIIUX BHJIB TBa-
pUH: BiBLi, OapaHa, KpymHOI poraroi XymoOH, Kpo-
751 TOIIO. BUKOpUCTAaHHS SI€YHOTO KOBTKA 3 METOIO
YHUKHEHHSI 200 3HM)KEHHSI €()EKTY XOJIOA0BOTO LHIOKY
CTaJl0 B&KJIMBUM KPOKOM [UIs IIHUPOKOTO 3acCTOCY-
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Sperm cryopreservation (SC) is the widely
used and efficient tool for animal germplasm
storage, future livestock reproduction and deve-
lopment of new breeds. SC is associated with various
techniques of assisted reproductive technologies
used to develop the valuable and endangered
breeds in animal agriculture [27]. The first report
on the attempts to cryopreserve sperm belongs to
the Italian priest and physiologist L. Spallanzani,
who tried to freeze sperm by means of snow
(1776) and first performed the successful artificial
insemination in a dog in 1785 [9]. Since then,
there have been developed the cryopreservation
techniques for semen of many other animal species
such as: sheep, ram, cattle, rabbit, etc. The use
of egg yolk either to avoid or reduce the cold
shock effect became an important step for a wide-
spread use of cooled semen [52]. A. Bernstein
et al. [7] were the first to show the possibility
of using glycerol solution for SC in mammals
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BaHHs 0XoJIo/keHoi ciepmu [52]. A. bepHureiin ta
criBaBT. [1] mepmmMu Mmoka3anu MOXKIHUBICTh BUKO-
puctanus po3uuny rminepuny it KC ccaBuiB (OuKk,
ka0aH, MOpChbKa CBUHKA, KPOJIHK, OapaH, jkepeOerlb)
Ta nTuIi (kauka) [44, 45]. OCHOBHUMHU KpPUTEPIIMHU
PE3yABTAaTUBHOCTI MITyYHOTO OCIMEHIHHS TIPH BHKO-
pUCTaHHI KPiIOKOHCEPBOBAHO1 CIICPMH TBAPHH € YKHT-
TE€3AATHICTH 1 pyxnmBicTh TameT [43]. OpHak came
nigicaicts Mosiekyan JJHK Mae BusHauanbHy poiib
JUIsl IPOBEICHHS TAKUX PETPOTYKTHBHUX TEXHOJIOTIH,
SK IITy4HE OCIMEHiHHS, 3artigHenns in vitro (IVF)
Ta IHTPAaUUTOIIa3MaTHYHE BBEICHHS CIIEPMaTo30ia
B oot (ICSI), ockiibku JI0Ka3aHO B3a€MO3B’SI30K
Mixk piBHeM ¢parmenrtauii JHK crnepmarosoinis Ta
PO3BUTKOM eMOPiOHIB in Vvitro [63]. Y 3B’s3Ky 3 UM
OIliHKA SIKOCTI KPIOKOHCEPBOBAHMX CIIEPMATO30iIiB
[MOBUHHA TPYHTYBATUCS HAa BU3HAYEHHI PiBHA (par-
menTanii JJHK.

Merta poboTH — crucTeMaTH3allis pe3yabTariB J10-
CJIJKeHb BIUIMBY KpioKoHCepByBaHHS Ha ctaH JIHK
CIIEpPMaTO30i/iB CBIHCHKMX TBapUH 1 BUBHAYCHHS OC-
HOBHHMX YMHHUKIB, 5IKi BIUTMBAIOTh HA ()parMEHTAII0
JIHK Ta i1 migicHICTS.

Memoou docniosicenns ppaemenmayii J[HK cnep-
mamo3z0idis. Cepen; HaAOUIBII MOMNPEHUX METOJIB
ominku piBHA Pparmentanii JJHK, 3a3Buyaii, Bumins-
FOTh HACTYIIHI: MPSMi — aHaJi3 CTPYKTYPH XpOMaTH-
Hy crepmaro3oifiB (SCSA), aHamiz 3a TOTIOMOTOIO
MapKyBaHHSI KiHIIEBOIO JI€30KCHHYKIICOTHI-TPaHC-
tdepazoro dUTP (TUNEL), omocepenkoBaHi — of-
HOKJIITUHHUH Tenb-enekTpodope3 (Comet), a Takoxk
SCD-tect Ha aAmcriepciro XpOMaTHHY CIIepMaTo-
30imiB. [IpsiMi MeToau JOCIIIKEHHS Mepen0ayaroTh
3B’s13yBaHHs (DIIYOPECIICHTHOTO 30HJa Oe3rnocepes-
HBO 3 caiitoM pospuBy nBonaniorosoi JHK, toxi
SIK OTIOCEPEIKOBaHI METOIM OCHOBAHI Ha BU3HAYCHHI
30aTHOCTI XpOMAaTHHY 10 AMCTIEPCil Micis AecTpyKIii
nporamiHiB. Huwkye HaBelneHO KOPOTKUH OMHC Tie-
peiueHNX METOIIB.

Meton SCSA 3acHOBaHO Ha pi3HIH YyTIMBOCTI
intaktHOi Ta (hparmenroBanoi JIHK mo kuciotHOl
neHaryparii. Ilicas 3abapBieHHS MeTaxpoMaTH4-
HUM (DITyOPOXPOMOM aKPHUIMHOBUM ITOMapaHuYEBUM
peectpyerhesi (IyOpecCIlCHIsE Y 3eJIeHId YacTHHI
CIICKTpa y BUMNAJKY IHTAKTHOI JaBoJaHIrorosoi JJHK,
a00 y YepBOHIN — y BUMAJIKY MOIIKOKCHHS OJTHOTO
3 panmgorie JIHK. Meronx TUNEL kinbKiCHO BH3-
Haua€e BKJIIOUCHHS TepMIiHAIBHOI (IyopecleHT-
Hoi ae3okcunykneoruanntpanchepasnoi dUTP-mit-
ku (TUNEL) o ogHO- Ta ABONAHIIOTOBUX PO3PUBIB
JHK nursixom mivenns 3°-OH-kinng TdT.

Metonom TdT omocepeaxoBanoi mitkum dUTP-
KiHms po3puBy naHirora JIHK BuMiproeTbes cTymiHb
ymkomkenas JIHK mumsixom BOymoByBamus JIHK-
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(bull, boar, guinea pig, rabbit, ram, stallion) and
poultry (duck) [44, 45]. The gamete viability and
motility are the main criteria in successful artificial
insemination when using the cryopreserved sperm
of animals [43]. However, it is the DNA molecule
integrity that plays a decisive role in realizing
such reproductive technologies as artificial inse-
mination, in vitro fertilization (IVF) and intra-
cytoplasmic sperm injection into the oocyte
(ICSI), since the relationship between the sperm
DNA fragmentation rate and embryo development
in vitro has been proven [63]. In this regard, the
quality of cryopreserved sperm should be asses-
sed basing on the DNA fragmentation rate detec-
tion.

We here aimed to systematize the findings of
cryopreservation impact on sperm DNA state in
domestic animals and to detect the main factors
affecting the DNA fragmentation and its integrity.

Research methods of sperm DNA fragmentation.
Among the most common ways to test DNA
fragmentation rate, the commonly distinguished ones
are as follows: direct — sperm chromatin structure
assay (SCSA), terminal deoxynucleotidyl trans-
ferase dUTP nick end labelling (TUNEL) assay;
indirect — single-cell gel electrophoresis (COMET
assay), as well as sperm chromatin dispersion test
(SCD). Direct research methods involve the binding
of a fluorescent probe right to the double-stranded
DNA break site, while the indirect ones are based
on detecting the chromatin ability to disperse after
protamine destruction. The listed methods are briefly
described below.

The SCSA method is based on a different
sensitivity of intact and fragmented DNA to acid
denaturation. After staining with metachromatic
fluorochrome acridine orange, a fluorescence in
green region of spectrum is recorded in case
of the intact double-stranded DNA, or in the red
one when one of the DNA chains is damaged. The
TUNEL method quantifies the incorporation of the
terminal fluorescent deoxynucleotidyl transferase
dUTP label (TUNEL) into the single- and double-
stranded DNA breaks by labelling the 3’-OH termi-
nus with TdT.

The TdT-mediated dUTP nick end labelling
assay of DNA strand break measures the degree of
DNA damage by embedding a DNA probe (modi-
fied nucleotide) at the DNA damage site.

The SCD test is based on chromatin ability
to disperse around the nucleus, allowing to detect the
spermatozoa with different DNA fragmentation rate.

The Comet assay is based on gel electrophoresis
of individual cells and registration of their motility
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30H12 (MOM(IKOBAaHOTO HYKJIEOTHIA) Y Miclle MO~
komkenns JIHK.

Merton SCD rpyHTyeTbCcs Ha 3IaTHOCTI XpoMa-
THUHY 10 AWCIEpCii HaBKOJIO S/Apa, 32 PaxyHOK 4YOro
MOKHA PO3PI3HHUTH CIIEPMATO30i 3 PI3HUM piBHEM
(dparmenramii JJHK.

Meton Comet 6a3yeThcsi Ha renb-elIeKTpodopesi
OKPEeMHUX KIITHH 1 peecTparil IXHbOI PyXJIMBOCTI Y
MOCTIMHOMY eJIeKTpUYHOMY 1o nomkokenol JJHK
ta/abo ¢parmentis JJHK iHauBigyanbHUX J1i30BaHUX
KIIITHH, 3aHYPEHHX Y TOHKHI arapo3Huil reip Ha
cTangapTHoMmy npeamernomy ckii. [Ipu npomy JTHK
KIITHHU Mirpye, (QOpMYyIOuH eleKTpOPOpeTHUHHMA
CIIiJ, 110 Harajaye «XBiCT KOMETH», JIOBKHHA SIKO-
ro 3anexuthb Big cxwibHOCTI JJHK mo menaryparii.
PiBenp ¢parmenranii JJHK B okpemomy cnepmaro-
30ii omiHOOTH 3a yacTkoro JIHK y «xBocTi xome-
TH», a CaMe: 3a JOBXKHHOIO «XBOCTa» Ta IHTCHCHUBHI-
CTIO H1OTO 3a0apBIICHHS.

EdexTuBHICT, OMHCAaHUX METOMIB JOBeleHA Oa-
rarbMa JAociipkeHHsMu. Tak, pesyneratn SCSA
MOKa3alli KOpEISIiHHNN 3B’S130K MiX piBHeM (par-
menTauii JIHK, pyxiuBicTio Ta MOpQOIOTiYHUME Xa-
paKTepHCTUKaMH criepMaTo30iaiB ouka [55]. 3a gomo-
MOTOIO IaHOTO MeToay Oyllo BCTAHOBJIIEHO MOPOTOBi
3HaueHHA piBHA (parmentanii JHK cnepmarosoinis
CUIBCBKOTOCTIONAPCHKUX TBAPHH, 32 SKHX BUSBICHO
3ryOHMH BIUIMB Ha (EPTHIBHICTH: CBUHEH — 6%);
oukiB — 10-20%; xoHeit — ~28% [13]. LlimicHicTh
JHK 3aMOpoXeHO-BiMIrpiTHX KOTSYHX CIIEpMaTo-
30iM1iB, BUAUICHUX 13 PI3HUX BIIIUTIB CIiTHINMICY,
ominroBann Mertogamu SCSA Ta SCD. Jlume SCD-
TECT BHSIBHB 3HauyIlle BUINUHA piBeHb (parMeHTaiii
JHK criepmaro30iniB, oTpuMaHuX i3 Tija IpUaaTKa
si€4Ka TBAPHUH, TIOPIBHSHO 3 KJIITHHAMH, BHITYYCHUMH
3 XBOCTOBOI yacTuHU oprana (p < 0,05). BinminaocTi
JAHOTO TIOKAa3HHWKAa B PI3HHUX BiJJIUIaX MPHUIATKIB
sl€9Ka MOXKYTh BKa3yBaTH Ha Te, IO CIIEPMaro3oi-
JI1 3HAXOSThCS Ha PI3HUX CTaAisX O3piBaHHS Ta
BIJIPI3HSIOTBCS CTyINEHEM KOHJCHCAIii XpOMAaThHY,
IO BIUIMBA€ Ha PE3YJAbTATHBHICTH IHcIEpcii Xpo-
MaTHHYy micis 3actocyBanaa SCD-tecty [30].

3actocyBanus SCSA Ta SCD pmna Bu3Ha4YeH-
Hs momkomkeHHs nuticaocti JIHK crepmaro3oimis
co0aK TakoX BHSBWIOCS C(QEKTUBHHM, TPHU IHO-
My 3a3Hauayiocsi, IO JaHi METOJH OLIHIOITHh Pi3Hi
nokokeHHs JIHK [42].

Meton TUNEL € Outblnl uyTiaMBUM JJISL OILiH-
ku piBHA (parmentanii JJHK cnepmarosoinis Ouka,
OCKIJIKM J0TIOMara€ BCTAHOBUTH OiJbIe MOIIKO-
XKeHb, HK SCSA 3a 3a0apBiIeHHSAM aKpUIUH I1OMa-
panyeBuM [36], ognak ans SCD xapakTrepHa MEHILA
BIJITBOPIOBAHICTh pe3yibTaTiB mopiBHAHO 3 SCSA
[37]. [ BU3HAUEHHS KITBKOCTI KIIITHH 13 MUTICHOIO
JIHK cmepmaro30iniB kepeOIliB yCHINIHO 3aCTOCO-
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in a constant electric field of damaged DNA
and/or DNA fragments of individual lysed cells
immersed in a thin agarose gel on a standard glass
slide. Herewith, the cell DNA migrates, by forming
an electrophoretic trace that visually resembles
a ‘comet’s tail’, the length of which depends on
the DNA’s tendency to denaturation. The DNA
fragmentation rate in an individual spermatozoon
is assessed by DNA proportion in the ‘comet tail’,
i. e. by the ‘tail’ length and its colour intensity.

The efficiency of the described techniques was
confirmed by numerous studies. For example, the
SCSA results showed a correlation between the
DNA fragmentation rate, motility and morphology
in bovine sperm [55]. Using this method, there
were established the threshold values of sperm
DNA fragmentation rate in farm animals, at which
a detrimental effect on fertility was revealed,
namely 6% for pigs; 10-20% for bulls and 28%
for horses [13]. DNA integrity of frozen-thawed
cat spermatozoa, isolated from different parts of
the epididymis was evaluated using SCSA and
SCD tests. Only the SCD test revealed a signifi-
cantly higher DNA fragmentation rate in epidi-
dymal sperm from corpus region as compared with
cauda spermatozoa (p < 0.05). The discrepancy of
this index between epididymal regions may indicate
different maturation stages of spermatozoa and
distinct level of chromatin condensation, which
affects the efficiency of chromatin dispersion after
SCD test application [30].

The SCSA and SCD tests were found to be
efficient methods in detecting a damaged DNA
integrity in canine sperm, and they were reported
to assess different damages to DNA[42].

The TUNEL assay is more sensitive to evaluate
the DNA fragmentation rate in bovine spermato-
zoa, because it helps to detect more damages than
SCSA test by acridine orange staining [36], ho-
wever, SCD test exhibits lower reproducibility than
SCSA [37]. To determine the cell number with
integral DNA in stallion sperm, the neutral Comet
and SCSA assays are successfully used [56].
Comparing the results of SCSA and TUNEL tests
showed the advantages of the first method, since
in this case the dye molecules were much smaller
in size, and binding to DNA in densely packed
chromatin occurred more efficiently, unlike the
larger TdT enzyme (TUNEL method) [13].

The DNA fragmentation rate can also be iden-
tified by quite a simple method of toluidine blue
staining using light microscopy, but an interme-
diate staining extends the operator variability. The
findings obtained using this technique correlate
with the data of other classical methods for assessing
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BylOTbcad MeTonu HeWTpanbHoro Comet ta SCSA
[56]. IlopiBusinus pesyasrariB SCSA Ta TUNEL
[OKa3aJi IepeBaru IEpIIOr0 METOAY, OCKUIBKH Y
LbOMY BUIAJKy MOJIEKYJIH OapBHHKa 3HAUHO MEHII
3a posMmipom, i 3B’s3yBanHs 3 JIHK y miinpHO yma-
KOBAaHOMY XpOMAaTHHI BiOyBaeThCsl eQeKTUBHIIIS
Ha BiAMiHYy Big Oinbmoro 3a po3mipoM TdT depmen-
Ty (Metom TUNEL) [13].

Pienb ¢parmentanii JIHK Takox MoxHa BUSBU-
TH JIOCUTh IPOCTUM y BUKOHAHHI METO/IOM 3a 3a0ap-
BJICHHSIM TONYiTMHOBHM CHHIM 13 BHUKOPUCTAHHSIM
CBITIIOBOT MIKPOCKOMI{, MPOTE MPOMiKHE 3a0apBIicH-
HSl TIOIIMPIOE BapiaTUBHICTH OLIHKH OIEPaTopiB.
OTtpumani 3a MM METOAOM PE3YJIbTaTH KOPETIOIOTh
3 JaHUMM 1HIOMX KJIAQCMYHHMX METOMIB BHM3HAUCHHS
piBas mimicHocti JIHK [57] Ta XapakTtepusyrorbes
BiJITBOPIOBaHICTIO BiTHOCHO ramMeT co0ak, OWKiB, yxKe-
peO11iB, KoTiB Ta OapaniB [48].

TakuM YwHOM, Hapasi icHye Oararo MeETOIiB
Bu3HaueHHs 1uticHocTi JIHK crepmaro3zoinis, ski €
BaKIIMBUMH JUIS1 TIarHOCTUKHU PEMPOIYKTUBHOTO TI0-
TEHI[IaJIy TBAPUH 1 PE3UCTEHTHOCTI CTaTEBUX KJIITHH
MicJIs BIUIMBY KpPiOKOHCEPBYBaHHS, OIHAK Yy Jesi-
KHX BHUIAJIKaX BHOIp IMEBHOTO METOMY 3aJICKHUTh BiJl
BHJI0CTICIN(DIYHOCTI OpraHi3allii KOMITAaKTH3allii Xpo-
MaTUHY Ta CTYICHS 3pIJIOCTI KITITHH.

Pigenv gppaemenmayii J[HK kpioxkoncepsosanux
cnepmamo30i0ig csiticokux meaput. PiBeHs hparmen-
tamii JIHK cnepmaro3oiniB Mae mporHOCTHYHE 3HA-
YEHHS 1J151 BU3HAUCHHS €(DEKTUBHOCTI 32CTOCOBAHOIO
MeToAy KpiokoHcepByBaHHs. Ha ramerax 6apana mo-
Ka3aHo KopeJsiiiro Mixk cranoM JIHK ciepmaro3oizis
Ta IXHBOI PYXJIMBICTIO, LITICHICTIO aKpPOCOMaJIbHOT
30HH, piIBHEM MEMOPaHHOTO MIiTOXOHJIPiaJbHOTO TO-
terniany [18]. Ilicns iHkyOanii KpioOKOHCEPBOBaHUX
CrepMaro30iliB OapaHa MPOTATOM 6 TONWH ITiJIBH-
uryBaBcst piBeHb (parmenranii ixueoi JHK. Ilpm
LOMY BUMIpPIOBaHUH [TOKAa3HUK 3aJI€XKAaB Bl KOHIICH-
Tpauii KIiTHH y 3pasky: npu 6 x 10° kin/mn — 30%,
ampu 100 x 10° ki/mn — 60% [34]. [Tepuri 6 roaux
iHKyOaIlii BUSBWINCA KPUTHYHUMH U 30epekeH-
Hs mimicaocti JJHK crmemaro3oinmiB, OCKUIBKHA came
B Il TTPOMDKOK Yacy BimOyBarOThCS HAWOUTBII 11
MOIIKO/DKEHHSI, a Y KIITHHAX JISSIKUX BHJIB TBapUH
BoHHU JocsararTsb 50% [33].

BceranoriieHo BujocnenuivyHICTh BILUTUBY Kpio-
KOHcepByBaHHs Ha nuticHicTh JJHK cnepmaro3oinis,
HaBiTh y ONMM3BKUX BHUIIB TBapHH. Tak, pe3yabra-
TH Bu3HaueHHs piBHA (parmentanii JJHK 3a SCD-
TECTOM T[OKa3alld, IO JOCIiKYBaHUH ITOKAa3HUK
KpPIOKOHCEPBOBAaHMX CIIEPMATO30i/iB BICIIOKIB OyB
Ha 20% Hmwk4e, HIK y xepeOuiB. OLiHKa cTaHy Tre-
HETUYHOTO arapary CIIepMaTo30imiB KOHEH 1 BICIIO-
kiB 3a SCD-TecToM BHUSBWIA Pi3HY OpraHi3aIliio ix-
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DNA integrity [57] and show the reproducibility
for dog, bull, stallion, cat and ram gametes [48].

Thus, there are currently several techniques to
assess the sperm DNA integrity, which are important
to assess the reproductive potential of animals
and reproductive cell resistance after exposure to
cryopreservation, but in some cases the choice of
a certain way depends on the species-specificity
of organization of chromatin compaction and ma-
turity degree of cells.

Cryopreserved sperm DNA fragmentation rate
in domestic animals. The sperm DNA fragmen-
tation rate has a prognostic value to assess the
efficiency of the applied cryopreservation techni-
que. A correlation between the sperm DNA state
and its motility, integrity of acrosomal zone, and the
level of membrane mitochondrial potential has been
shown in ram gametes [18]. After incubating the
cryopreserved ram spermatozoa for 6 hrs, their DNA
fragmentation rate was increased. At the same time,
the measured index depended on cell concentration
in the sample, i. e. it made 30% at 6 x 10° cells/ml,
and 60% at 100 x 10° cells/ml [34]. The first 6 hrs
of incubation occurred to be critical to maintain
the sperm DNA integrity, since during this time
period the highest damage occurred, and in cells
of certain animal species it reached 50% [33].

The species-specific effect of cryopreserva-
tion on sperm DNA integrity has been established
even in related animal species. For example, the
results of determining the DNA fragmentation
rate using SCD test showed the studied index
of cryopreserved spermatozoa in donkeys to be
20% lower than in stallions. Evaluation of genetic
apparatus state in horse and donkey spermato-
zoa using the SCD test revealed a different organiza-
tion of their chromatin [12], which might be con-
sidered as the cause of species-specific cryoresis-
tance of animal gametes.

A comparative analysis of DNA fragmentation
rate in cryopreserved bovine spermatozoa showed
this index as not significantly different in the
representatives of different breeds, in contrast to
the morphology, motility and gamete viability [41].
Of interest is the fact that the seasonal changes
also do not disrupt the DNA integrity in bull sperm,
which may indicate the stability of genetic appa-
ratus of these species representatives [50].

Study of DNA fragmentation rate of epidi-
dymal canine spermatozoa showed no negative
impact of cryopreservation, however its damaging
effect on cell acrosome motility and integrity has
been revealed [61]. Such DNA resistance may
be due to the lack of protamine 2 in the head of
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HBOIO XpoMaTuHy [12], mo0 MO)XXHa BBaXKaTH IpH-
YHHOIO BUAOCHENN(IYHOT KPiOPE3UCTEHTHOCTI TaMeT
TBApUH.

[opiBHsmbHUI aHami3 piBHA ¢parmenranii [JHK
KpIOKOHCEPBOBaHMX CIEPMATO30i/1iB OMKIB ITOKa3aB,
110 TIeH TTOKa3HUK CYTTEBO HE BIMPI3HAETLCS Y TIPEII-
CTaBHUKIB PI3HUX TOpPiA, Ha BiIMiHY Bix Mopdoio-
TIYHAX XapaKTePUCTHK, PYyXJIMBOCTI Ta JKUTTE3/AT-
HocTi Tamet [41]. LlikaBo, mo ce30HHI 3MIHA TaKOXK
HE TpPU3BOIATH a0 mopymeHHs 1imicHocti JIHK
CIIepMaTo30i/1iB OMKiB, II0 MOXKE BKa3yBaTh Ha CTa-
OUIBHICTh TEHETUYHOTO arapary MpeJICTaBHUKIB Jia-
Horo Buny [50].

Hocnimxennst piBas ¢parmenrtaunii JHK eninu-
JUMallbHUX CIIEPMAaTO301MiB CO0aK MOoKa3aylo Bij-
CYTHICTh HETaTUBHOI'O BIUIMBY KPiOKOHCEpPBYBAaHHS,
OZIHAaK INpH LBOMY OyJO BHUSBICHO HOTO MOIIKOJ-
JKYBallbHY N0 Ha PYXJHMBICTH 1 HIJICHICTH aKpoCo-
mu kiitaH [61]. Taka crifikicte JITHK moxe Oytu
3yMOBJICHa HECTauel0 MPOTaMiHy 2 y TOMNIBII CIep-
MaTo30i1iB cobak [35]. IlokazaHo KopessiiiHui
3B’S130K MK HasBHICTIO MpoTaMiHiB | 1 2 y romiBIi
cnepmaro3oigiB ta crarycom [AHK micis po3mopo-
xyBaHHsA. CriepMaro30iiM OKpPEeMHUX BH[IB TBapHH
(MOpchKa CBUHKA, cO0aka, OMK), SIKi BMIIIYIOTh TLIb-
KM TIpoTaMiH 1, XapakTepu3ylOTbcs OBILIOI0 Kpio-
pesucteHTHicTIO BitHOoCcHO (parmentanii JHK, nix
BH/IU 3 HASBHICTIO 000X MpoTaMiHiB (Tpu3yHH) [32].
CriepmaTo3oian, ki MICTATh JHIIe mpoTaMid 1, me-
MOHCTpPYIOTh MeHITy koHmeHcamiro JIHK ta Oimbmn
MIITHI TIPOTaMiHHO-TIPOTAMIHOBI 3B’SI3KM, IO TI0-
ACHIOE CcTalimpHICTE Monekynu [47]. Ognak mompu
TE, IO CIIEPMATO30iJj CBUHEH MICTAThH TIJIbKH MPO-
TaMiH 1, BOHM XapakTepH3yIOThCsS HHU3BKOIO Kpio-
pesuctenTHicTio [17]. [opiBHsIHO 3 iHIIMMHU BUA-
MU (BICIIOK, KiHb) CHEpMAaTO30il1M CBHHEH MICTAThH
HaHOLIBLIY KUTBKICTh 3alUILIKIB IHUCTEIHY, SKI TO-
BUHHI 3a0e3neunTtd cTalinbHicTh Mojekyan JIHK
y KOHjAeHCOBaHOMY xpomaruHi [19]. 3a3nauaers-
csl, MO OWdYadnii mpoTamiH 1 Mae MeHIe 3aJUIIKiB
LUCTEiHY, HDK MOro aHaior y crepMmaro3oigax CBU-
HEH, 10 NpU3BOJUTH O MEHILIOIO CTYNEHIO JEKOH-
nencartii JIHK. Omnak, itMOBipHO, came Taka Bill-
MiHHICTD cTpykrypu JIHK cBuHE# poOuts xpomarnx
CIIEPMATO30i/iB OUIbII BPa3JIMBUM O IOIIKOIKECHb
iz yac KpiokoHcepByBaHHs. [Ipy IboMy MOXKe 3MiHIO-
BaTUCh HE TUJIBKU MPOTaMiH 1, ajie i CTpyKTypa spa
CIIEPMaTOo30i/IiB CBUHI B ILJIOMY, K€ Ma€ OCOOIUBY BH-
nocnetudiuny Oynoy [15]. [lokasaHo, 1o siapa crep-
MAaTo30iiB CBHHI Ta OMKa MarOTh JIUCKOTIOTIOHY CTPYKTYPY,
TOJIi SIK CITEPMATO30i/T! KOHsI — OBaJIbHY [21].

Sk 3a3Havanocs BHIE, KOHICHCALIS XpPOMAaTUHY
3HAYHO BIUIMBAE€ Ha CTaOLTBHICTH cTpykTypu IHK
1 BU3HAYa€ KPiOPE3UCTEHTHICT CriepMaTo30imiB [47].
[imeHa ymakoBka Mosekynn JIHK BigOyBaetbest
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dog spermatozoa [35]. A correlation between the
presence of protamines 1 and 2 in the head of
spermatozoa and the DNA status after thawing
was shown. Spermatozoa of certain animal species
(guinea pig, dog, bull), containing protamine 1 only,
are characterized by higher cryoresistance to DNA
fragmentation than the species with both prota-
mines presented (rodents) [32]. Spermatozoa,
containingtheprotamine 1 only showalower DNA con-
densation and stronger protamine-protamine bonds,
which explains the molecule stability [47]. Howe-
ver, despite the fact that boar spermatozoa comprise
the protamine 1 only, they are characterized with
low cryoresistance [17]. Compared to other species
(donkey, horse), the boar spermatozoa contain
the highest number of cysteine residues, which
should ensure the stability of DNA molecule in a
condensed chromatin [19]. Bovine protamine 1 is
reported to have fewer cysteine residues than its
analogue in boar spermatozoa, that causes lower
DNA decondensation. However, that is the diffe-
rence in boar DNA structure that likely makes the
sperm chromatin more vulnerable to damage du-
ring cryopreservation. At the same time, not only
the protamine 1 can be altered, but the overall
nuclear structure of boar sperm as well, which has a
particular species-specific structure [15]. It has been
shown that the nuclei of boar and bull spermatozoa
have a disk-like structure, while those of horse are
oval [21].

As mentioned above, the chromatin conden-
sation significantly affects the stability of DNA
structure and determines the spermatozoa cryo-
resistance [47]. Dense packaging of DNA molecule
occurs as a result of the replacement of histones
with protamines at the terminal stages of sper-
matogenesis in caudal epididymis [5]. This fact
explains the higher level of DNA damage in
cryopreserved feline testicular spermatozoa, whe-
re the chromatin is less condensed if compared
with ejaculatory and caudal epididymal spermato-
zoa [10].

An increased rate of DNA fragmentation may
result from deprotamination caused by cryo-
preservation. This effect was shown in goat sper-
matozoa [28].

In addition, the impact of age-related changes on
increased cell sensitivity to cryodamage, entailing
the rise of DNA fragmentation rate, was revealed
in dog spermatozoa [8].

Thus, the cryoresistance of sperm genetic
apparatus is determined by many factors such as:
a species-specific organization of chromatin com-
paction, individual initial characteristics of DNA
integrity, and age-related changes.
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B pe3y/bTari 3aMiHU TICTOHIB Ha MPOTaMiHHU Ha Tep-
MiHAJbHHUX CTaisX CIIEPMATOTeHE3y y XBOCTOBIH
yacTHHi eniguaumicy [5]. Jaauii GakT rmosicHIoe OUThII
BHCOKMH piBeHb momkomkeHHs JHK xpiokoncep-
BOBAHUX TECTHKYSIPHUX KOTAYMX CIIEPMAaTO30iMiB,
y SKHX XpOMAaTHH MEHII KOHJEHCOBAaHUM HMOPIBHSIHO
3 eSKYIATOPHHMH CIIEPMATO30ilaMU Ta CIepMaTo-
30iIlaMy BUX1THOTO Bimainy eniguaumycy [10].

[MigBumenns pieas ¢parmenTanii JHK wmoxke
BifOyBarucss B pe3yJabTari JenpoTamiHizaiii, CrpH-
YMHEHOI KpioKoHcepByBaHHSM. [lanuii edekt Oyno
[OKa3aHO Ha CIIepMaTo30iaax maris [28].

Kpim toro, Ha cnepmarozoinax cobak Oyno mpo-
JIEMOHCTPOBAHO BILJIMB BIKOBHX 3MiH Ha ITiIBUILCHHS
YYTIMBOCTI KJIITHH JI0 KPiOMOIIKOIKEHb, BHACIIIOK
SIKUX 3011bITy€ThCs piBeHb (parmenTanii JTHK [8].

TakuM 9UHOM, KPIiOCTIHKICTh TE€HETHYHOTO aria-
paTy CHepMaTo30iliB BH3HAYAETHCS OararbMa YHH-
HAKAMH, a caMme: BHUIOCHEIU(IUHICTIO opraHizamii
KOMIIaKTH3aIlii XpOMaTHHY, IHIUBITyaIbHIMHA BUXi]I-
HUMH XapakTeprctukamu niiicaocti JJHK Ta BikoBu-
MU 3MiHAMH.

Tpuyunu nowxoodxcenns /J[HK y kpiokoncepeso-
saHux cnepmamo3oidis. Ha cborogHi icHye Kinbka
rinoTe3 MOSCHEHHs MPUYHMHU moinkopkeHHs JIHK:
HenpaBwibHa ynakoBka JIHK ta xongencamis xpo-
MaTHHY IIiJ] Yac JO3piBaHHs criepMaTto3oiniB [3, 38],
OKCUAATUBHUM cTpec [53] ta amonTos [40, 51].

Crmig 3a3HaYUTH, IO aKTHBHI (HOPMH KHCHIO
(ADK) BimirparoTh BaxJIUBY (i310J0TIUHY POIH y
(yHKIiOHYBaHHI crniepmaro3oiaiB [22]. Y seuxax
A®K € He3aMIHHUMH CKIJIQZJOBUMHU TIPOIIECY IPOITi-
(epariii Ta 103piBaHHS YOJOBIUMX CTATEBUX KIIITHH
y XOJli MeH03y — Bijl JUILIOIMHOI CIIEPMATOTOHIT J10
3pinux ramioigHux crnepmarosoigis [58]. ADK (cy-
MEPOKCUIHNUHN aH10H, TEPEKHUC BOJHIO Ta OKCH/I a30TY)
IHAYKYIOTh TiEepaKTUBAII0 CHEepMaTo30iliB, Kama-
LUTAIliI0 200 aKpOCOMAJIBHY PEAaKIIiI0 Ta BIUIMBAIOThH
Ha 3arutitHeHHs [24, 31]. OgHak HagMipHE yTBOPEHHS
AO®K Buknukae momkomkenns mmigis ta JJTHK. Tle
MIPU3BOAMTH JI0 3MIHU BJIACTHBOCTI MEMOpaHH, 3MEH-
MIEHHS MITOXOIPiadhbHOTO TOTEHINATy Ta IOIIKOI-
xeHHs crpykrypu JHK, mo BpemTi-pemt 3HMKYE
(yHKI[IOHAIBHI TOKa3HUKU CIIEPMATO301/liB 1 BUKIIH-
Kae Oesmmigas. Beakaerbes, mo mxepenom ADOK y
CYCIIEH3IX CIIEPMATO30i/IiB € pO3TalllOBaHa B JICHKO-
nutax NADPH okcupasa, sika BUpOOJIsie CyIepOKCHUI,
SIKUH 10/1TaTKOBO MEPETBOPIOETHCS Ha nepokcus [20].
PerynroBanns piBusi ADK BinOyBaeTbcs aHTHOKCH-
JAHTHOI CHCTEMOIO, BOJIHOYAC aKTHBHICTH SIKOi 3a-
JISKHUTH BiJ KITBKOCTI BUTBHUX paaukaiis [7]. Brums
KpIOKOHCEPBYBAHHS CIIEPMATO30iiB Ha ITiIBUIICHHS
PIBHS OKCHIATHBHOTO CTpecy Oyiro mokazano J. Tosic
Ta cmiBasT. [59]. JlomaBaHHS eKCTEHIEPY, IO MICTHB
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Causes of DNA damage in cryopreserved
spermatozoa. To date, there are several hypotheses
to explain the cause of DNA damage, namely the
DNA mispackaging and chromatin condensation
during sperm maturation [2, 38], oxidative stress [53]
and apoptosis [40, 51].

It should be noted that the reactive oxygen
species (ROS) play an important physiological role
in sperm function [22]. In testis, ROS are indispen-
sable in proliferation and maturation of male germ
cells during meiosis: from diploid spermatogo-
nia to mature haploid spermatozoa [58]. The ROS
(superoxide anion, hydrogen peroxide, and nitric
oxide) induce sperm hyperactivation, capacitation or
acrosome reaction and affect the fertilization [24, 31].

However, an excessive ROS production induces
the damage to lipids and DNA. This entails a change
in membrane properties, decreases a mitochondrial
potential and damages the DNA structure, which
ultimately reduces sperm functional indices and
causes infertility. The NADPH oxidase located in
leukocytes which produces superoxide, which is
further converted into peroxide is believed to be
the ROS source in sperm suspensions [20]. The
ROS level is regulated by antioxidant system,
the activity of which depends on the amount of
free radicals [6]. The impact of sperm cryopreser-
vation on an increased level of oxidative stress
was reported by J. Tosic et al. [59]. The cattle
spermatozoa supplement with egg yolk-contained
extender caused a loss of their motility. Due to
the presence of aromatic amino acids in egg yolk,
the level of hydrogen peroxide, produced by
amino acid oxidase was elevated. Experiments
with bovine sperm cryopreservation showed the
relationships between the risen DNA fragmen-
tation and increased synthesis of H202 [23].
Despite the fact that many factors (cold shock,
osmotic pressure, intracellular ice crystal forma-
tion) affect mammalian sperm during cryopreser-
vation, an oxidative stress is the most detrimental,
and leads to damage in DNA integrity.

Methods for improving the cryopreserved sperm
DNA integrity in animals. As mentioned above,
the oxidative stress is the main factor of DNA
fragmentationincrease during spermcryopreservation.
Therefore, for its prevention/reduction, the anti-
oxidants, 7. e. compounds destroying oxidative chain
reaction are introduced into cryoprotective or
rehabilitation media [29]. Superoxide dismutase,
catalase, glutathione peroxidase, and glutathione
reductase can be referred to enzymatic antioxidants
that neutralize excess ROS and prevent damage
to cellular structure. Superoxide dismutase (SOD)
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SIEYHUH KOBTOK, JI0 CIIEPMATO30iAiB BEIUKOI poraroi
XyZ00W BUKJIMKAJIO BTpaTy iXHbOI pyxiuBocTi. Ye-
pe3 HAsBHICTb aPOMAaTHMYHHUX aMiHOKHUCIIOT SEYHOTO
YKOBTKA I1JIBUILY€ETHCS PIBEHb MEPEKUCY BOJHIO, IO
BHUPOOIISIETHCST aMIHOKHCIIOTHOIO OKCcHAa3oi0. B ekc-
MIepUMEHTaX 3 KPIOKOHCEPBYBAaHHS CIIEPMATO301miB
Ouka Oyiio 1mokas3aHo, IO ITiIBHINEHHS piBHA (par-
menTamii JJHK moB’s3ane 31 301IBIICHHSIM CHHTE3Y
H,0, [23]. He3Baxarouu Ha T€, IO HA TIOMIKOHKEHHS
CIepMaro30i/iB CCaBLIB Yy MPOIECi KPiOKOHCEPBY-
BaHHs BIUIMBa€e 0araro (pakTopiB (XOJIOJOBHI MIOK,
OCMOTUYHHUH THCK, YTBOPEHHS BHYTPILIHbOKIITHH-
HUX KpHCTaNiB JIbOAY), HAMOUIbIIMKA HeraTWuBHUM
e(eKT Mae OKCHIATUBHHUU CTpeC, SKUH MPU3BOIUTH
no nopymensst nimicaocri JJHK.

Memoou niosuwenns yinicnocmi JJHK kpiokon-
cepsosanux cnepmamosoioie meapun. SIK 3a3Hava-
JIOCSI BUINIE, OCHOBHUM YMHHWKOM TiABHUINEHHS PiB-
Hs (pparmenTtanii JAHK mix gac kpiokoHCcepByBaHHS
CIIepMaTO30iiB € OKCHUAATHBHUN cTpec. Tomy Juis
HOro 3anoOiraHHs/3HIKEHHSI 0 CKJIATy Kpio3axuc-
Horo abo peabimiTAlifHOTO CEpeIOBHUIL JOAAI0ThH
AQHTUOKCUAAHTH — CIIONIYKH, SIKI PyHHYIOTbh OKHC-
JIOBAJIbHY JIAHIFOTOBY peakitito [29]. [lo ¢pepmeHT-
HUX AHTHOKCHUAAHTIB, IO HEUTpani3yloTh HaIu-
mwok ADK 1 3amo0iraroTh MOMIKOHKEHHIO KIIITUHHOL
CTPYKTYPH, MOXKHA BiTHECTH CYyIEPOKCHIUCMYTA3Yy,
KaTanasy, TIyTaTIOHIEPOKCHAa3y Ta TIyTaTiOHpe-
nykrazy. Cymepokcupmucmytaza (CO/l) cmonTan-
HO HepeTBoproe cynepokcua-anion (O) na O, Ta
H,0,, Toni sk xaranaza — H,O, na O, ta H,O. Ta-
kM yrHOM, COJ] Ta Katamasa 3HEUIKOIKYIOTh pyH-
HiBHY Jif0 ioHIB O%, 1[0 YTBOPIOIOTHCS OKCHIA30F0
HAJI®H (mixoriHamigageHiHAMHYKIEOTiAQOChar
BiJHOBJICHUI) y HeWTpodinax, MiJBUILYE EPOK-
CHJIHE OKHMCIICHHS JiMigiB Ta MOPYLIyE LiTICHICTH
JHK [62]. [Toka3aHo, 110 Ticiis T0JjaBaHHS aHAJIOTa
CO/] no cepenoBuIia KPiOKOHCEPBYBaHHS CIIEPMATO-
30i/iB aJbIIaku 301IbITyBAIACH KIJTBKICTh PyXJIHBHUX
KIITHH Ta 3HWXKYyBaBcs piBeHb ¢parmenrarnii JHK
[54]. Anamoriunuii edexT OysI0 MPOAEMOHCTPOBAHO
Ha KPIOKOHCEPBOBAHUX CIIEPMATO30iMax IAImiB, MPH
IOMY CITOCTEpITrajy MPUCKOPEHHS aKpOCOMAaLHOT
peaxiii Ta TOKpaleHHs] PO3BUTKY €MOPIOHIB TicIIs
3arIiiHeHHsT oonuTiB [16]. 3amigHOBaJIbHA 311aT-
HICTh CIIEPMATO30i/iB OWKIB TAKOX ITiJ[BUIIyBaIach
micist 3actocyBanHs COJl y ckiaji Kpio3aXxHCHOTO
cepenoBumia [4]. JlogaBanHs KaTaja3u 10 CEpPeIOBU-
1a peabiniTanii KpIOKOHCEPBOBAHUX CIIEPMATO30idiB
OuKa cripusiio 30epeKeHHIO 3HAYyIe OLTBIIOT Killb-
KOCTI KIIITHH 3 HeymKkokeHor JIHK [14].

Cepen HedepMEHTHUX aHTHOKCHIAHTIB, BiJIOMUX
SK CHHTCTHYHI aHTHOKCHIAHTH a00 XapuoBi JOMIIII-
KM, MOYKHA BHIUTATH BiTaMiHU Ta MiHEpaH (BiTami-
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spontaneously converts superoxide anion (O ™) to O,
and H,O,, while catalase does H,0, to O,and H,O.
Thus, SOD and catalase neutralize the destructive
effect of O* ions produced by NADPH (reduced
nicotinamide adenine dinucleotide phosphate) oxi-
dase in neutrophils, increase lipid peroxidation
and disrupt DNA integrity [62]. It was shown that
after supplementing the alpaca sperm cryopreserva-
tion medium with a SOD analogue, the number
of motile cells increased and DNA fragmenta-
tion rate decreased [54]. Cryopreserved goat sper-
matozoa exhibited a similar effect; herewith an
accelerated acrosomal reaction and improvement
of embryo development after oocyte fertilization
were observed [16]. The fertilizing ability of bovine
spermatozoa was also improved after using SOD
within a cryoprotective medium [3]. Supplemen-
ting the rehabilitation medium of cryopreserved
bovine spermatozoa with catalase ensured the survival
of a much higher number of cells with undama-
ged DNA [14].

Among the non-enzymatic antioxidants, known
as synthetic antioxidants or food additives, we
can emphasize vitamins and minerals (vitamins C
and E, zinc, taurine, hypotaurine and glutathione)
[2]. Vitamin E can directly neutralize free radicals
during iron ascorbate-induced LPO, making it a
major antioxidant. In addition, vitamin E impro-
ves sperm motility both under oxidative stress pre-
sence and absence. Enrichment of incubation me-
dium with vitamin E increases sperm motility [5].
Cysteine has a protective effect on functional in-
tegrity of acrosome and mitochondria in bull, ram, and
goat spermatozoa, manifested in enhanced motility
of cells [60].

As mentioned above, the extenders used for
mammalian sperm freezing, are supplemented with
the substances of animal origin, such as egg yolk
and/or milk. Egg yolk low-density lipoproteins
protect spermatozoa from damage during cooling,
freezing, and storage [46]. S. Chelucci et al. [11]
have assessed the impact of different concentra-
tions of soybean lecithin on characteristics of
cryopreserved goat spermatozoa. The number
of spermatozoa with intact acrosomes did not
differ in native specimens and those cryopreser-
ved with soybean lecithin.

A new step in overcoming the negative con-
sequences of oxidative stress in cryopreserved
spermatozoa was to combine antioxidants with na-
noparticles, liposomes and exosomes in protective
media [49]. A positive effect of selenium nanoparticles
on progressive motility, viability and membrane
integrity of post-thaw spermatozoa was proven,
herewith the percentage of early apoptotic, apop-
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[3]. Bitamia E 0e3mocepeqHbo MOXKE 3HEIIKOIKY-
BaTH BibHI pamukamu mig yac [10JI, BukimkaHoro
ackopOaToMm 3aimi3a, 3aBISKW Takid 3MaTHOCTI BiH
BBKAETHCS OCHOBHUM aHTHOKCHAaHTOM. Kpim Toro,
BiTaMiH E mokpaiiye pyXJIuBiCTh CIIepMaTo30i/iB sIK
3a YMOB OKCHJIATHBHOTO CTpeCy, Tak 1 3a HOTo BiIl-
CyTHOCTI. 30aradeHHs I1HKYOaIlifHOTO CepelIoBHUIIA
BiramiHoMm E 30iiblnye pyXJuBICTH CIIEpMaro30iiiB
[6]. Luctein mae 3axucHy ait0 Ha (QyHKIIOHAJIBHY
LUTICHICTh AKPOCOMHM Ta MITOXOH/PIN CIepMaro-
30i/iB OuKa, OapaHa i K03J1a, 110 BUSBJISETHCS B [TOCH-
JICHHI MOTOPUKH KIITHH [60].

Bume 3a3nadanocs, mo 10 CKJIaay €KCTEHAEPIB,
SIKi BAKOPUCTOBYFOTH JIJISl 3aMOPOXKYBaHHSI CIIepMaTo-
30ifiB CCaBIIiB, JIOJAIOTh TaKi PEYOBHHU TBAPHHHO-
IO TIOXO/DKEHHS, SIK SI€YHUH JKOBTOK Ta/ab00 MOJOKO.
JlimompoTeiHNM HU3BKOI IIIILHOCTI SE€YHOTO >KOBTKA
3aXUIMAIOTh CIEPMATO30iMM BiJl TONTKOKCHHS ITifT
Yac OXOJIO/KCHHS, 3aMOpPOXKYyBaHHS Ta 30epiranHs
[46]. S. Chelucci Ta cmiBaBT. [11] owiHWIKM BIUIMB
PI3HUX KOHIIEHTpAIll COEBOTO JICUTHHY HAa MOp-
¢dodyHKIIOHATBHI XapaKTEPUCTHKH KPIOKOHCEPBO-
BaHHUX CIEpMaro30ifiB ko3na. KimbkicTh cnepmaro-
301/1iB 3 iIHTAKTHUMH aKpOCOMaMHM HE Bipi3HsIacs y
HATHBHHX Ta KPIOKOHCEPBOBAHUX 13 COEBUM JICITUTH-
HOM 3pa3Kax.

HoBuwm eramom y nojoiaHHi HeraTHBHUX HACHiJI-
KiB OKCHIATUBHOTO CTpPECy B KpPIOKOHCEPBOBaHHX
cnepmaro3oinax Oyllo MO€THAHHS B 3aXHUCHHX Cepe-
JIOBHIIAX aHTHOKCUAHTIB 13 HAHOYACTUHKAMH, JIII0-
comamu Ta ekzocomamu [49]. JloBeaeHo, MO HaHO-
YACTUHKH S¢ MO3UTHBHO BILIMBAJIA HA MPOTPECUBHY
PYXJIUBICTB, JKUTTE3AATHICTH Ta IUIICHICTh MeMOpa-
HU CIEepMAaTo30iliB MicIsi PO3MOPOXKYBaHHS, TPH
LIbOMY BIJICOTOK PaHHIX aroNTOTUYHHX, allONTOTHY-
HUX 1 HEKPOTUYHUX KIITHH 3MeHIuBcs. [lokazaHo,
110 TICIIs ToJIaBaHHsI JI0 CKJIay KPi03aXUCHOTO cepe-
JIOBHII[A HAHOYACTHMHOK Se (epTUiIbHICTh OUKiB
nigsumryBanack (90%) THOpIBHAHO 3 KOHTPOJIEM
(59%) [26].

A. Mokarizadeh Ta criBasT. [39] moBigoMuiIH, 110
AHTHOKCHJIAHTHA AaKTHUBHICTh KPIOKOHCEPBOBAHUX
CIIepMaro30i/1iB IIypiB MiABHIYBaJIach Mmcis X 00-
POOKH €K30COMaMU Tepe]i KPIOKOHCEPBYBaHHSIM.

HaHoyacTHHKHM €KCTpakTiB M’SITH, 4yeOpeIo Ta
KypKyMiHy, SIKi JOJ[aBaJid JIO CKJIaqy CepelOBHINA
KpIOKOHCEPBYBaHHsI, 3MEHILIYBaIl KUIBKICTbh amoll-
TUYHUX KJIITHH, BUKIUKAIHA JICKOHCHCAIIII0 XpoMa-
TUHY, 30UTbIIYBaJM 3arajibHy aHTHOKCHJIAHTHY Ta
KaTaja3Hy aKTHBHICTh CIIEpMaTo30imiB mamiB [25].
JlomaBaHHS HAHOYACTHMHOK KypKyMIiHY JI0 €KCTEH-
JIepy CIepMaro30iIiB KpOIiB TMO3UTHBHO BILUIABAJIO
Ha iX TPOTPECHBHY PYXJIUBICTh, KUTTE3AATHICTD Ta
IUTICHICTE MeMOpaH [2].
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totic, and necrotic cells decreased. After sup-
plementing the cryoprotective medium with sele-
nium nanoparticles, the bovine fertility was impro-
ved (90%) compared to the control (59%) [26].

A.A. Mokarizadeh et al. [39] reported an in-
crease in antioxidant activity of cryopreserved rat
spermatozoa after treatment with exosomes prior
to cryopreservation.

Nanoparticles of mint, thyme, and curcumin
extracts added to cryopreservation medium reduced
the number of apoptotic cells, caused chromatin
decondensation, and elevated the total antioxidant
and catalase activity in goat spermatozoa [25].
Supplementation of curcumin nanoparticles to ex-
tender of rabbit spermatozoa had a positive impact
on their progressive motility, viability and mem-
brane integrity [1].

So, nowadays the assisted reproductive tech-
nologies in animal husbandry involves different
techniques, which augment the DNA stability.
However, a special structure of gamete in different
animals requires finding the species-specific methods
to protect the cryopreserved sperm DNA integrity
in domestic animals and designing the approaches
to reduce the DNA fragmentation.

Conclusions

1. Species specificity of nuclear chromatin com-
paction and nuclear structure plays an important
role in sperm genetic material resistance due to
a damaging effect of cryopreservation factors,
therefore it should be taken into account when
selecting a method to assess the DNA fragmentation.

2. Oxidative stress caused by increased content
of reactive oxygen species was recognized as the
main mechanism of cryodamage to DNA integrity.
In this regard, the application of antioxidants (non-
enzymatic, enzymatic compounds and nanopartic-
les) within the protective and rehabilitation solu-
tions prior to and after cryopreservation is expedient.

This research was implemented with the support
of the National Academy of Sciences of Ukraine
within the priority topic 2.2.6.130 ‘Impact of cryo-
preservation on DNA fragmentation state in
spermatogenic cells at different stages of diffe-
rentiation’.
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