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ABSTRACT

In recent years, there has been active development of commercial aquaculture against the background of depletion of natural
biological resources of water bodies, considering the growing need for food products. Cryopreservation of spermatozoa of rare
and endangered fish species is of great importance, which will help preserve their biodiversity. Scientists are interested in perch
as a potential commercial fish, but no studies have been conducted on cryopreservation of Balkhash perch spermatozoa. The
Balkhash perch (Perca Shrenkii Kessler, 1874) is endemic to the Balkhash-Ili basin, and currently the population of this species
is extremely low. In this study, work was carried out to determine the effect of various cryoprotectants on sperm motility before
and after thawing for cryopreservation of Balkhash perch sperm. For this purpose, sperm from 10 males of this species was
obtained and examined. During freezing, components of a protective solution were used with the addition of cryoprotectors
glycerin and dimethyl sulfoxide to the sperm. The results of the study showed that before the addition of cryoprotectants, the
motility was 74.3 £ 5.7%. Thawed samples frozen using the cryoprotectant 2.0 M glycerol retained motility significantly longer
than those using 2.0 M dimethyl sulfoxide.
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INTRODUCTION can effectively promote synchronization of spermiation and
ovulation during the spawning period, maintaining high qual-
ity of gametes, and creating gene banks for the conservation

of endangered species.

The depletion of natural biological resources of the plan-
et’s water bodies has been observed throughout the world
since the 1970s. However, the need for food products is
steadily growing every year. The consequence of these pro-
cesses is the intensive development of commercial aqua-
culture and one of its forms - commercial fish farming. The
volumes of seafood production in some countries increase

As is known, special protocols have been developed only
for some freshwater species, in particular for salmon, carp,
sturgeon and catfish [1]. The Eurasian perch (Perca fluviati-
lis), a freshwater species, is of growing interest in European

several times in one year, and constitute an important item
in the gross national product. The development of methods
and technologies for cryopreservation of spermatozoa of rare
and endangered fish species in Kazakhstan will help preserve
their biodiversity. Cryopreservation is an assisted reproduc-
tive technology that is especially needed in both fish farming
and environmental protection. Cryopreservation of fish sperm

aquaculture and extensive research has been carried out on
its artificial reproduction [2]. It should be noted that there is
very little information on cryopreservation of perch sperm
[3,4], and no studies on cryopreservation of spermatozoa of
the Balkhash perch (Perca Shrenkii) have been conducted.
Currently, the number of this species, listed in the Red Book
of the International Union for Conservation of Nature and the

Figure 1. Distribution of Balkhash perch in the Balkhash-Alakol basin.
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Red Book of Kazakhstan, is extremely low.

The Balkhash perch (Perca Shrenkii Kessler, 1874) is en-
demic to the Balkhash-Alakol basin; in the late 1960s it lost
its commercial importance on Lake Balkhash. It accidentally
spread with carp to the Shu, Nura River basins and other res-
ervoirs in Central and Northern Kazakhstan. There is no mod-
ern information on the presence of the Balkhash perch in the
reservoirs of its introduction. It is known that the Balkhash
perch can hybridize with the common perch (Perca fluviati-
lis) [5]. Currently, it is locally distributed in the Balkhash-
Ili basin; in the Alakol lakes it is present in all lakes (Fig. 1).

In the Balkhash-Alakol basin, the number varies signifi-
cantly in different water bodies. Before acclimatization work,
the Balkhash perch was the dominant species in the basin. As
a result of acclimatization work in the 20th century, the spe-
cies composition of the ichthyofauna expanded significantly.
This increased competitive relations in ichthyocenoses, due
to which the populations of the Balkhash perch have signifi-
cantly decreased. For example, the Balkhash-Ili population
has catastrophically degraded and is listed in the Red Book
of Kazakhstan [6]. In the Balkhash-Ili basin, small micropop-
ulations have been preserved in small rivers and pond farms,
in the delta of the Ili River, in the floodplain reservoirs of
the Lepsy, Aksu, Karatal, Tokraun rivers, and is also locally
found in Lake Balkhash [7,8,9]. In the Alakol lake system, the
Balkhash perch still retains commercial numbers and its pop-
ulations are exploited by fishing. The total limit on commer-
cial extraction in the three Alakol lakes for 2025-2026 was
379 tons [10]. The Alakol population belongs to the 3rd cate-
gory of the animal world — in the list of valuable animal spe-
cies that are objects of hunting and fishing. The Balkhash-Ili
population is listed in the Red Book of Kazakhstan, category
II: declining. According to the IUCN criteria, taking into ac-
count the current distribution and number in Kazakhstan, it is
assessed as CR: A2cde [6].

Improvements to existing protocols are needed to expand
our knowledge of artificial reproduction of this valuable and
scarce species. Many parameters can influence sperm qual-
ity through cryopreservation efficiency, including pH, osmo-
lality, morphology, ion content, ATP content, protein content,
etc. [1,11]. In Eurasian perch, many of these parameters have
been studied intensively over the last decade [12,13,14,4,15].
Sperm processing prior to cryopreservation can significantly
affect post-thaw quality in several fish species [16,17]. The ef-
fect of short-term storage on fresh sperm quality has been the
subject of research in many species [18,19,20,21,22]. How-
ever, information on the effect of storage time after thawing
on the quality of cryopreserved sperm is limited to only a few
species [23,24,25,26] and is virtually absent for perch. In-
creasing the post-thawing storage time may facilitate the use
of cryopreservation in aquaculture. The composition of ex-
tenders, cryoprotectants and their dilution factors with fresh
sperm used in the cryopreservation process, which affect the
quality of cryopreserved sperm, is a widely studied factor
[27,28,29,30], however, information on these parameters in
relation to perch sperm is very limited.

Thus, the aim of our study was to determine the optimal
diluent, dilution ratio and storage time after thawing for cryo-
preservation of Balkhash perch sperm.

78

MATERIALS AND METHODS

Objects of research: individuals of male Balkhash perch,
spermatozoa of Balkhash perch.

Sperm collection

10 males of Balkhash perch were used in the experiment
that were collected from Lake Balkhash, Kazakhstan and kept
at the Institute of Zoology in April - May 2023. Spermatogen-
esis in males was not stimulated by hormonal injections be-
fore the experiments. After thoroughly removing excess water
and dirt around the genital area of the producer with a damp
towel, the sperm was strained into a clean, dry container. A
suspension of sperm of medium concentration without admix-
tures of water, blood and feces was used for cryopreservation.

Sperm quality assessment

Progressive motility (WHO, 2010) was measured us-
ing the Computer Assisted Sperm Analysis (CASA) system
(Hamilton Thorn IVOS, USA) before and after cryopreserva-
tion. Leja slide (2-chambers) was used for the analysis. To as-
sess the quality, fresh sperm was pre-diluted in a ratio of 1:100
in 150 mM NaCl, 5 mM KCl, 1 mM MgS0O4 - 7H20, 1 mM
CaCl2 - 2H20, 20 mM Tris (modified Lahnsteiner immobi-
lizing solution, [9]). A mixture of 0.01 g/ml BSA (bovine se-
rum albumin) and 75 mM NaCl, 2 mM KCl, 1 mM MgSO4
« 7H20, 1 mM CaCl2 « 2H20, 20 mM Tris, pH 8 (modified
Lahnsteiner activating solution, [9]) was used to activate fresh
and cryopreserved sperm in a ratio of 1:20. All chemicals
were purchased from Sigma (Sigma Aldrich, USA).

Addition of cryoprotectant and equilibration

After dilution, cryoprotectants must be added to the sperm
for freezing. The components of the protective solution were
used in the following ratio: Tris-HCI buffer - 0.1 M, manni-
tol - 0.15 M, polyvinyl alcohol - 0.05 M per elementary unit
of the polymer, silver iodide - 0.001 M, dimethyl sulfoxide -
2.0 M (DMSO group) or glycerol - 2.0 M (GLY group). The
cryoprotector was added in a ratio of 1:40. The cryoprotec-
tor was added and the sperm was diluted in Petri dishes. Af-
ter adding the cryoprotector, sperm motility was analyzed us-
ing CASA analysis.

Cryopreservation and thawing processes

After CASA analysis, sperm was diluted with differ-
ent extenders and in different dilution ratios depending on
the experimental design. Diluted samples were loaded into
0.5 ml straws (CryoBioSystem, France). A programmable
freezer KryoPlaner 330 (Planer, UK) was used for freezing.
The sperm with the extender was frozen at a rate of 10 de-
grees/min to -100°C. Thawing was performed in a water bath
at a temperature of 40°C, for about 30 seconds, until the lig-
uid phase appeared.

Statistical Data Processing

The ANOVA application program was used for statisti-
cal processing. The arithmetic mean, the standard error of
the arithmetic mean, and the reliability of the difference in
means P according to the student’s criterion (TTEST) were
calculated.

RESULTS

When investigating the effect of cryoprotectants on sperm
motility in the first study, before the addition of cryopro-
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tectants, motility was 74.3 £ 5.7%. At 10 minutes after thaw-
ing, motility was highest with 2.0 M glycerol (44.7 + 4.2%)
compared with 2.0 M DMSO (19.4 + 5.8%) (Fig. 2). Statisti-
cal analysis showed a significant difference between experi-
mental groups (P < 0.05).

Figure 2. Motility of thawed Balkhash perch spermato-
zoa cryopreserved with dimethyl sulfoxide (DMSO) or glyc-
erol (GLY) (P <0.05).

Motility in samples frozen using 2.0 DMSO cryopro-
tectant was lowest (5.7 = 1.9%) 30 minutes after thawing and
ceased 90 minutes after thawing. Thawed samples frozen us-
ing 2.0 M glycerol cryoprotectant retained motility longer -
more than 180 minutes after thawing (Fig. 3).

Figure 3. Motility during storage at 4 °C for 180 min
(mean = S.D.) after thawing of Balkhash perch (Perca shren-
kii) sperm cryopreserved with dimethyl sulfoxide (DMSO)
or glycerol (GLY).

An important result of the work carried out was the re-
plenishment of the biobank of germplasm of wild animals of
the Republic of Kazakhstan at the Institute of Zoology with
samples of the Balkhash perch spermatozoa. Frozen sperm
samples were placed for long-term storage at a temperature
of -196°C to preserve the genetic material and further use for
scientific and applied purposes.

DISCUSSION

We found that Dzyuba et al. [4] reported comparable post-
thaw motility values obtained using a 300 mM glucose-based
extender supplemented with 9% methanol for Eurasian perch
sperm. An earlier study by Rodina et al. [3] also used a 300
mM glucose-based extender in combination with 10% DMSO
as a cryoprotectant, but the authors did not report results on
motility after thawing. Our results show that 2.0 M glycerol
can be used for cryopreservation of Balkhash perch sperm
as effectively as the sugar-based extender described previ-
ously. Dilution ratios above 1:40 are effective. These results
are consistent with the findings [31] for salmonids: white-
fish (Coregonus sp.), Danube salmon (Hucho hucho), rainbow
trout (Oncorhynchus mykiss), grayling (Thymallus thymal-
lus), brown trout (Salmo trutta m. fario), etc., that, depending
on the species, at least a three- to seven-fold dilution was re-
quired for effective viability of fish spermatozoa after thaw-
ing. Dilution factors are closely related to sperm concentration
according to Dziewulska and Domagala [32], with sperm con-
centrations needing to be in the range of 3.0 to 4.0 x 10° ml
sperm for maximum cryoviability. Furthermore, in the endan-
gered mahseer (Tor kudhree), results also showed that sperm
can tolerate cryodamage more effectively when diluted more
than six-fold [33].

According to these findings, salmon sperm is even more
sensitive to storage time and is recommended for use imme-
diately after thawing for fertilizing eggs. Even 30 seconds of
storage results in a significant reduction in fertilization capac-
ity in salmon fish [23,24]. In contrast to these results, thawed
sperm of Siberian sturgeon (Acipenser baerii) and Russian
sturgeon (4. gueldenstaedtii) can be stored for up to 6 and
2 hours, respectively, without significant reduction in motil-
ity [34]. Cryopreserved African catfish (Clarias gariepinus)
sperm was found to be particularly resilient to long-term stor-

age after thawing, as its fertilizing ability and membrane in-
tegrity (viability) showed no decrease during 26 hours of stor-
age [35]. Storage of Atlantic cod (Gadus morhua) sperm after
thawing for 30 minutes did not significantly affect its motil-
ity [26].

The influence of important parameters on the process of
cryopreservation of Balkhash perch sperm was studied in our
experiments. Further experiments are needed to investigate
other important parameters and standardize the cryopreser-
vation of perch sperm, such as sperm contamination, cooling
rate, equilibration time, sperm-to-egg ratio and others.
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BJIMSAHUE PASJIMYHBIX KPUOITPOTEKTOPOB HA ) KU3HECIIOCOBHOCTBb 3AMOPOKEHHO-
OTTASSHHBIX CIIEPMATO30U/10OB BAJIXAIICKOTI'O OKYHSA (PERCA SHRENKII KESSLER, 1874)

Toiimbioex JI.E.,! Kary6aeBa B.C.,! Kymaesa U.T.,! Jlunnuk A.C.,' Canomenosa MLE.,' Acanosa E.A.,” Toitmnéexon
E.M.? u Hypkenos T.T.!*
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’TOO EMBRYO TECHNOLOGY LABS, Kazaxcman, 2. Anmamot, 050012, yn. boeenbaii 6amvipa, 149
*4emop xoppecnondenm: nurkenovtulendy@gmail.com

ABCTPAKT

B mociierHre roap1 HAOMIONASTCSI aKTUBHOE PA3BUTHE TOBAPHOW aKBAKYJIBTYPHI Ha (DOHE UCTOINCHISI €CTECTBCHHBIX OHO-
JIOTHYECKUX PECYPCOB BOIOEMOB C YUSTOM PACTYIICH MMOTPEOHOCTH B MPOAYKTaX MUTaHUs. bonbIioe 3HaueHue mpuodperaet
KPUOKOHCEPBAIUS CIIEPMATO30UI0B PEAKIX H UCUS3AIONINX BUJIOB PIO, YTO IMMO3BOJIUT COXPAHUTh X OHopa3sHooOpasue. MH-
TepeC YUCHBIX BBI3BIBACT OKYHb, KaK ITOTCHIIHATBHEIN IPOMBICIOBEIN 00BEKT, a MCCIICIOBAHUS M0 KPHOKOHCEPBAIMH CIIepMa-
TO30HI0B 0ATXANICKOTO OKYHsI He TIPOBOMINCE. banxanickuii okyHb (Perca Shrenkii Kessler, 1874) sBisiercs snnemukom bai-
xam-Mnmiickoro 6acceiiHa, U B HacTOsAIIEe BPpeMsl YHCICHHOCTh 3TOTO BUJIa KpaifHe HU3Kas. B maHHOM uMccnemoBaHuu ObLTH
MIPOBE/ICHBI PaOOTHI IO OIPEICICHUIO BIUSHUS PA3IUYIHBIX KPHOIIPOTEKTOPOB HA IMOIBMYKHOCTH CIIEPMATO30HIOB JI0 U MTOCIIE
Pa3sMOpaKUBAHUS JIJIsl KPHOKOHCEPBAIUH CIIEPMBI 0aITXamICcKOTro OKyHs. J[J1s 3Toro ObUia MmoJydeHa U HCCIIeIOBaHa CIiepMa OT
10 camiioB manHOTO BUAA. [Ipn 3aMOpaXMBaHUU UCIIOIH30BAH KOMIIOHEHTHI 3alIIATHOTO PACTBOPA C TOOABICHHEM B CIIEPMY
KPHUOIIPOTEKTOPOB IIHIIEPHHA U TUMETHICYIb(POKCHAA. Pe3ybTaTsl HCCICMOBAHUS TIOKA3aJIH, YTO 10 JOOABICHHS KPHUOIIPO-
TEKTOPOB MOABIKHOCTH cocTaBuna 74,3 £ 5,7 %. OrrasHHBIC 00pa3Ilbl, 3aMOPOKEHHBIE C UCIIOIF30BAHUEM KPHOIIPOTEKTaHTA
2,0M mmnepuH, COXpaHsUU MOABMXHOCTB TOPA3Zo JI0JIblIe, 4eM ¢ ucronbs3oBanueM 2,0M dimethyl sulfoxide.

Kniouegoie cnoga: Ganxamickuii OKyHb, CIIEpMaTO30HIbl, KPHOKOHCEPBANHsl, KPHOTIPOTEKTOPHI, OMO0AaHK.
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BAJIKAIII ATABYFACBIHBIH MY3JJATBIJIFAH EPITEH CIIEPMATO30UJTAPBIHBIH
OMIPHIEHAII'THE 9PTYPJII KPUOIIPOTEKTOPJIAPABIH OCEPI (PERCA SHRENKII KESSLER, 1874)
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AHJATIIA

CoHFBI KbULIAPHI Cy OOBEKTIIEPiHIH TAOUFH OMONOTHSUIBIK PECypCTapbIHBIH CapKblUTy (DOHBIHAA, a3bIK-TYJIK OHIM-
JiepiHe JIereH ecy KaKETTUITiH eCKepe OTBIPHII, KACINTIK aKBaKyJIbTypaHbIH OeJIceH i namysl Oaiikamyna. Cupek ke3neceTin
YKOHE KOMBUIBIN 0apa »aTKaH OalbIK TYpJIEpiHiH CIIepMaTo30MATapbIH KPHOKOHCEePBAIMsIIayAbIH MaHbI3bI 30p, OyJI onap-
JIbIH OMOQPTYPIILTITIH caKTayFa KeMeKkTeceni. FamsiMaapap! anadyra oneyeTTi KaCINTiK OaJbIK peTiHAe KbI3bIKThIpasl, Oipak
Bankam anmaOyrackIHBIH CIIEPMATO30UATAPHIH KPHOKOHCEpBAlMsIay OOHBIHINIA 3epTTeyiep Kypri3iireH xok. bankamnr ana-
oyracsl (Perca Shrenkii Kessler, 1874) bankami-Ine amaOpIHBIH SHAEMUT OOJBIT TaOBUIAIEI XKOHE Ka3ipri YaKbITTa OYI TYPIiH
casbl eTe a3. by 3eprreyne bankam anaOyrachlHBIH IIOYETiH KPHOKOHCEPBALUSUIAY YLIIH SPTYPIli KPHOIIPOTEKTOPIIAPABIH
CIIEpMaTO30MTAP/IBIH €pireHre ACHiH XKoHe OJlaH KeHiHT1 KO3FaIFBIITHIFBIHA 9CEPIH aHBIKTAY KYMBICTAPHI XKYpri3inai. Ocbl
MakcarTa ochl TYpAiH 10 aTanbIFbIHAH CIIepMaTO30M] aJIBIHBIN, 3epTTeNal. My3aaTy Ke3iHae crepMaro3ouaTapra KpHoIpo-
TEKTOpJIap MIMLEPUH JKOHE TUMETHICYIb()OKCH KOCHIIIFaH KOPFaHbIC epiTiHAICIHIH KOMIOHEHTTEP] KOIJaHbUIIEL. 3epTTey
HOTWKENEPI KPUOIIPOTEKTOPIAPAbI KOCKaHFa AEHIH KO3FaIFbIUTHIFE! 74,3 + 5,7% GonranbiH kepcerTi. 2,0 M miunepuH Kpu-
OIIPOTEKTOPHIH MalIalaHbI MY3/aThUIFaH KIOITUITeH YATIep KO3FaNFbIITHIFBH 2,0 M muMeTHi cynb(poKcrai KollaHaTbIH-
Jlapra KaparaHJa oJeKaiiia y3aKk CakTaibl.

Hezizzi co30ep: banka anaOyrackl, CiepMaTo30UATap, KPUOCAKTay, KPUOIIPOTEKTOpIIap, OMoOaHK
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