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CRYOPRESERVATION OF REPRODUCTIVE CELLS
OF MALE RUSSIAN STURGEON

Currently, cryopreservation of sperm is recognized as one of the promising ways to preserve the
genetic diversity of fish, not only rare and endangered species, but also aquaculture objects. Scientific
research was carried out in the scientific research center “Fisheries” of the S. Seifullin Kazakh Agro Tech-
nical University and the JSC “Republican Center for livestock breeding “Asyl Tulik” in 2022. The purpose
of the research was to study methods of cryopreservation of Russian sturgeon sperm using cryoprotectors
using dimethyl sulfide oxide with a concentration of 5% and 10% and methanol with a concentration
of 3% and 8%. In the course of the research, generally accepted methods for assessing and freezing
the sperm of the studied object were used. During the experimental work, the method of freezing the
reproductive cells of the Russian sturgeon with a 15-minute exposure to -21°C in a box with subsequent
immersion in a Dewar vessel was studied. The survival and lifetime of spermatozoa after defrosting were
also studied. According to the results of the assessment of the quality of defrosted sperm of the Russian
sturgeon, it was found that the most effective cryoprotective medium for cryopreservation is based on
methanol with a concentration of 8%. The number of spermatozoa with translational movements in the
three groups ranged from 23.8% to 31.2%. At the same time, the lifetime of spermatozoa in this cryopro-
tective medium was 118s. Methanol with a concentration of 8% provides the best resistance to oxida-
tive stress experienced by cells during freezing. The results of the research make it possible to create a
cryobank of the Russian sturgeon gene pool at fish hatcheries to preserve genetic diversity.

Key words: cryopreservation, cryoprotector, reproductive cells, sperm, Russian sturgeon.

A.C. Acbinbekosa'*, I.K. bapuHosa’, . A. Aybakmnposa’,
A.B. MaxaH6etoBa?, XX.b. KyaHuaaees', C.E. MycuH', A.A. MycuHa'
“C. CendpyaamnH aTbiHAAFbI Kasak arpotexHukanbik, yHuBepcuTeTi” KeAK|, KasakcraH, Hyp-CyATaH K.

2¢ACbIA TYAiK» PecrnybAMKaAbIK, MaA WAPYALLbIAbIFbIH aCbIAAAHABIPY opTaAbiFbi» AK, KasakcraH, Kocuubl K.
*e-mail: gamily-05@mail.ru

Opblic Gekipeci aTaAbIKTapbIHbIH, PENPOAYKTUBTI
)KaCyLUAAApPbIHbIH, KPMOKOHCEPBALUSIChbI

Kasipri yakbITTa cMpek KE3AECETIH >KOHE >KOMbIAbIN Gapa >KaTkaH TYPAEPAIH FaHa eMec, COHbIMeH
Karap akBaKyAbTypa OObEKTIAepiHiH Ae OaAbIKTApAbIH, T€HETMKAAbIK, SPTYPAIAIriH CakTayAblH,
MepcrekTMBTI  XKOAAAPbIHbIH,  6ipi  WByeTTi KpMOKOHCepBaumMsiaay OOAbIM  TabbiAaAbl.  FblAbIMM
3eptTeyaep 2022 xbiabl «C. CetdpyAAMH aTbiHAaFbl Ka3ak arpoTexHMKaAbIK, YHUBEPCUTETIHIH» «baAbIk,
LIapYyaLlbIAbIFbl»  FbIAbIMUM-3epTTey OpTaAbifbiHAa KeAK >kaHe «ACbIA TYAiK» pecrnyOAMKaAbIK MaA
LLIAPYaLLbIAbIFbIH aCbIAAQHABIPY OpTaAblFbl» AK >Kyprisiaai. FbiAbIMK 3epTTeyAepaiH MakcaTtbl 5% neH
10% KOHUEHTpauMsIChl 6ap AUMETUACYAbPUAOKCUA, KBHE 3% rneH 8% KOHLEHTpaumMscbl 6ap METaHOA
Heri3iHAEri KpMonpPoTEKTOPAAPAbI KOAAQHA OTbIPbIN, OPbIC GeKipeCiHiH, WayeTiH KPMOKOHCEpBaUMsIAay
aAicTepiH 3epTTey 60AbIN TabblAAbL. 3epTTey GapbiCbiHAQ 3ePTTEAETIH OObEKTIHIH WayeTiH Gararay
>K8HE My3AaTy GOWbIHLLA >KaAMbl KAObIAAAHFAH BAICTEP KOAAAHBIAAbL. IKCMEPUMEHTTIK XKYMbICTApPADI
XKYPrisy kesiHae opbiC 6GeKipeciHiH pernpoAyKTMBTI »acylwaAapbiH 15 MuHyT -21°C aeitiH ycran,
KeriHHEeH Abloap blAbICbIHA OGaTbIpbin KaTblpy 8Aici 3epTreasi. CoHaan-ak, AedpocTaumsiaaH Keui
CNepMaTo30MATAPAbIH OMIp CYpPY AEHreii MeH emip cypy YakbiTbl 3epTreAai. Opbic 6ekipeciHiH,
AedPOCTUPAEHTEH LLIBYETIHIH canacbiH 6araAay HaTHXeAepi GoMbIHLWA KPMOKOHCepBaumsiAay yiH 8%
KOHLEHTPALMSICbl 6ap METaHOA Heri3iHAEri KpMokopFay opTachl HEFYPAbIM TMIMAI GOAbIM TabbIAATbIHbI
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aHbIKTaAAbI. Yul Tomn GoWbIHLLA iArepiAeMeAl KO3FaAbICbl 6ap CriepMaTo30MATapPAbIH CaHbl 23,8 %-AaH
31,2%-Fa periiH aybiTKblAbl. COHbIMEH KaTap, OCbl KPMOMPOTEKTOPAbIK OPTaHbl KOAAQHA OTbIPbIM,
CrepmMaTo30MATapAbIH 6Mip Cypy YakpbiTbl 118 ¢ Kypaabl, 8% KOHLEHTpauMscbl 6ap METaHOA My3AaTy
Ke3siHAe >Kacywaaap 6acTaH KewipeTiH TOTbiFy CTPECCiHE >KaKCbl KAPCbIAbIKTbI KaMTamacbl3 eTeAi.
3epTTey HOTMXKEAEPI FreHEeTUKAAbIK, BPTYPAIAIKTI cakTay yiuiH 6aAbIK, 3aybITTapblHAQ OPbIC GeKipeciHiH
reHAIK KOPbIHbIH, KPMOOAHKIH KypyFa MYMKIHAIK 6Gepeai.

TyiiH ce3aep: KPMOKOHCEpBaUMs, KPUOMPOTEKTOP, PEMPOAYKTMBTI >KacyllaAap, LWSYET, OpbIC
6exipeci.
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KpuokoHcepBauus penpoAyKTUBHbBIX KAGTOK
CaMLLOB PyCCKOro oceTpa

B HacToslliee BpemMsi OAHUM 13 MEPCMNEKTUBHBIX MyTei COXPaHeHWsl FreHeTMUYeCKoro pasHoobpasus
pbl6 He TOAbKO PEeAKMX W MCYe3alolMX BMAOB, HO M OObEKTOB aKBaKYAbTYpbl MpM3HaHA
KPMOKOHCEpBaLMs crepmbl. HayuHble MCCAEAOBaHWS NMPOBOAMAMCH B HAYyYHO-MCCAEAOBATEAbCKOM
ueHTpe «PbibHoe xo3arcTtBo» HAO «Kazaxckui arpotexHuyeckmin yHusepeutet um. C. CeitdpyAanHas u
B AO «PecnyB6AMKAHCKUIA LLEHTP MO MAEMEHHOMY AEAY B KMBOTHOBOACTBE «ACbIA TYAiK» B 2022 roay.
LleAblo HayuHbIX MCCAEAOBaHWI SBASAOCb M3YYUTb METOAblI KPWMOKOHCEpPBALMM CMEPMbl PYCCKOro
oceTpa C MCMOAb30BaHMEM KPUOMPOTEKTOPOB HA OCHOBE AMMETUACYAb(MAOKCMAA C KOHLEHTpaLMen
5% 1 10% M MeTaHoAa C KOHuUeHTpaumern 3% u 8%. B xoae mccaeaoBaHMil GbIAM MCMOAb30OBaHbI
06LIENPUHSTbIE METOAMKM MO OLIEHKE U 3aMOPO3KE CriepMbl UCCAEAYEMOro obbekTa. [Mpu npoBeaeHmm
3KCMEePUMEHTAAbHbIX PAaBOT M3yueH METOA 3aMOPAXKMBAHUS PENPOAYKTUBHBIX KAETOK PYCCKOro 0CeTpa
C 15-MMHYTHOI BblAEp>KKOM B silmke A0 -21°C C MOCAeAYIOLWMM MOFPYy>KEHUMEM B COCyA Abtoapa.
Tak>ke OblAM U3yUeHbl BbIKMBAEMOCTb U BPEMS XKM3HWM CMEpMaTo30MAOB nocAe AedpocTtaumn. o
pesyAbTaTamM OLEHKM KayecTBa Ae(POCTUPOBAHHOM CMEpMbl PYCCKOro oceTpa ObIAO YCTAHOBAEHO,
yto Hamboaee 3hPEKTUBHBIM AAS KPMOKOHCEPBALMM SIBASETCS KPMO3aWIMTHAS CPeAa Ha OCHOBe
MeTaHOAa C KoHLUeHTpaumen 8%. KoAnyecTtBo cnepmMaTo30MAOB C MOCTYNATEAbBHbIMW ABVMXKEHUSAMM MO
Tpem rpynnam koaebarocb B npeaerax oT 23,8% a0 31,2%. [Mpu 3TOM Bpemst XM3HWU CIEPMUEB C
MCMOAb30BaHMEM AQHHOM KPMO3ALUMTHOM CpeAbl cOCTaBnAO 118 c. MeTaHOA C KoHueHTpauuein 8%
obecrneyrBaeT HaMAYULIYIO YCTOMYMBOCTb K OKCMAQTMBHOMY CTPECCY, MCTIbITLIBAEMOMY KAETKaMM BO
Bpemsl 3aMOpO3KM. Pe3yAbTaTbl MCCAEAOBAHMI AQIOT BO3MOXHOCTb CO3AaTbh KPMOBGAHK reHooHAQ

PYCCKOro ocetpa Ha pbl6OBOAHbIX 3aBOAAX AASl COXPAHEHUS FTEHETUUYECKOro pasHoo6pasus.
KAroueBble cAOBa: KPMOKOHCEPBALLMS, KPUOMPOTEKTOP, PENPOAYKTUBHBIE KAETKM, Criepma, PyCCKUi

oceTp.

Introduction

The Caspian Sea is the richest reservoir in
the world in terms of the abundance and number
of sturgeon species. Of the 26 known species of
sturgeon, 6 live here — beluga (Huso huso), Rus-
sian sturgeon (Acipenser giildenstddtii), Persian
sturgeon (Acipenser persicus), stellate sturgeon
(Acipenser stellatus), sterlet sturgeon (Acipenser
ruthenus), barbel sturgeon (Acipenser nudiven-
tris). The Russian sturgeon, stellate sturgeon and
beluga are of the greatest commercial importance.
Throughout the history of the Caspian fishery, stur-
geon catches have varied significantly depending on
the reproduction and intensity of fishing. The cur-
rent catastrophic decline in the number of sturgeon
in the Caspian Sea, due to irrational fishing, reduc-

tion of migration routes and natural reproduction,
determines the need to take effective measures to
preserve them. These measures should take into ac-
count the species-specific adaptation complexes and
migration mechanisms of sturgeon. The discovery
of the patterns of the formation of sturgeon popula-
tions living in the Caspian Sea is crucial not only
for the preservation of natural reproduction, but also
for the improvement of the biotechnics of industrial
sturgeon breeding[1-5].

Currently, the increasing anthropogenic impact
on aquatic ecosystems not only affects the physio-
logical state of aquatic organisms, but also leads to a
decrease in the number of species. This is especially
noticeable on such species as sturgeon, whitefish
(endemic to the Caspian Sea), walleye, etc. If ear-
lier Russian sturgeon, stellate sturgeon and beluga,
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as well as barbel stugeon in the Caspian and Azov
basins had commercial significance, nowadays their
capture is prohibited. Beluga and stellate sturgeon in
these reservoirs have become so rare that they have
become endangered species, and the populations of
Russian sturgeon have sharply decreased. At pres-
ent, the barbel sturgeon and the native species of
the Caspian Sea, the inconnu, can be attributed to
rare species, the number of which has decreased to a
critically low level [6-8].

Preservation and increase of stocks of rare and
endangered species of fish is possible only with
the development of factory breeding. However,
the efficiency of population recruitment based on
artificial reproduction is reduced due to a sharp de-
crease in the number of producers [9]. There is a
need to develop various approaches to the use and
preservation of the population gene pool of natural
generation producers for the purposes of artificial
reproduction. Cryobiotechnology methods for hy-
drobionts have been actively used for the last 10-15
years and the effectiveness of their implementation
with a reduction in the number of natural popula-
tions and a shortage of producers can be quite high
[10-11].

Cryopreservation remains one of the most ef-
fective and rapidly developing areas for preserving
the genetic diversity of fish, not only rare and en-
dangered species, but also aquaculture objects. The
presence of genetically representative collections of
fish genomes from breeding herds at sturgeon hatch-
eries and from natural populations in the cryobank
makes it possible to preserve the genetic diversity
of these valuable commercial objects with maxi-
mum effect [12-13]. Cryopreservation of biological
objects involves a certain composition of the pre-
serving solution as well as freezing and defrosting
conditions. In the experiments of foreign scientists
on the cryopreservation of fish sperm, the preserv-
ing solution is a cryoprotective medium, which is a
solution of a cryoprotector in a diluent. Cryoprotec-
tors are understood to be cryoprotectors penetrating
through the cell membrane, such as glycerin, eth-
ylene glycol, dimethyl sulfoxide (DMSO), metha-
nol, dimethylacetamide, etc., while non-penetrating
cryoprotectors (most often sucrose) are part of the
diluent [14-22].

The aim of the research is to study methods of
cryopreservation of Russian sturgeon sperm using a
cryoprotective medium based on DMSO and metha-
nol with different concentrations.
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Materials and methods of research

The research was conducted in 2021-2022 at
the scientific research center “Fisheries” of the
Department of Hunting and Fisheries, S.Seifullin
Kazakh Agro Technical University. The research
material was the sperm of a Russian sturgeon
(Acipensergiildenstddtii), harvested at the Ural-
Atyrau sturgeon hatchery during the spawning
campaign. Also, the biomaterial after freezing
was studied for quality in the laboratory of JSC
“Republican Center for livestock breeding “Asyl
Tulik™”.

When studying the quality of sperm, a visual
assessment was carried out by color and consistency
directly during roe straining. The quality of sperm
was determined by the number of sperm with
translational movement and the lifetime of sperm
after its activation. A drop of sperm was applied to
the microscopic slide, then diluted with water in a
ratio of 1:300, thereby activating sperm cells. For
cryopreservation, sperm with a mobility of 90-100%
was used.

Low-temperature preservation of reproductive
cells of male Russian sturgeon was carried out
according to the generally accepted method [13].
However, in the cryoprotective solution, the content
of cryoprotectors and the introduction of the base
solution were adjusted due to the fact that the Russian
sturgeon was chosen as the object of the study.
During the freezing process, several cryosolutions
containing a multicomponent base solution of 0.1%
sucrose, 0.08% potassium chloride, 5-10% dimethyl
sulfoxide (DMSO) or 3-8% methanol were used.
The cryosolution was prepared in a cool room
16-18°C. The seminal fluid was mixed with a 1:1
cryomedium, and then frozen.

Defrosting of cryovials with cryopreserved
sperm was carried out in a water bath at a temperature
of 38-40°C for 1 minute. The mobility of defrosted
sperm was recorded on a personal computer
monitor using a video setup under a microscope at
magnification from 180 to 400 times when activated
with distilled water.

The following materials were used for the
experimental work: a Dewar vessel for storing
biological material in nitrogen, a trinocular
microscope with a camera and CEROS software of
CASA computer technology (IMV-technologies,
France) for assessing the quality of defrosted fish
sperm, a microscope at x40 magnification for
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assessing the quality of native sperm, cryovials,
a water bath, a stopwatch, a micropipette. During
freezing, Eppendorf cryovials with a volume of
0.2ml and 0.9ml and polypropylene straws with a
volume of 0.25ml were used.

Statistical processing was carried out according
to the guidance of G.F. Lakin [23] and on a PC using
the Excel program [24].

Research results and their discussions

To conduct research after assessing the quality of
freshly obtained sperm, groups of fish were formed,
which included 2-3 males. Before freezing, semen
cooled to 10-12°C was diluted with a cryoprotective
medium cooled to the same temperature in a volume
ratio of 1:1. The medium was added slowly, drop
by drop, with continuous stirring. The resulting
suspension of sperm — cryoprotective medium was
poured into cryovials with a volume of 0.2-0.9 ml
for 5-10 minutes. The cryovials were placed on
a raft of foam with a size of 14.5 x 14.3 cm with

Table 1 — Results of cryopreservation of Russian sturgeon sperm

a thickness of 4 cm. Next, the raft was immersed
in a foam box measuring 33.5 x 21cm, 26cm high
from the outside and 20cm inside filled with liquid
nitrogen. The raft with cryovials was kept for 15
minutes until the temperature dropped to -21 ° C,
then all cryovials were transferred to a Dewar vessel
for long-term storage at a temperature of -196°C .

The speed and methods of freezing are of
great importance, using a programmable freezer
for cryopreservation of Persian sturgeon sperm
(Acipenserpersicus) in the cryoprotective medium
MT (modified Flower diluent) + 10% methanol,
the authors achieved the best results at a maximum
freezing rate of — 40°C/min [25]. We used the field
method of freezing on a raft proposed by Russian
scientists.

Sperm defrosting was carried out by removing
test tubes with frozen sperm from liquid nitrogen
and placing them in a water bath with a temperature
of 38-40°C, then activated with distilled water. The
number of motile spermatozoa and the lifetime were
determined in defrosted samples (Table 1).

Sperm volume Mobility of defrosted sperm, %
Group of fish ) >
m DMSO 10% DMSO 5% Methanol 3% Methanol 8%
1 (semen mixture of 3 males) 20 ml 10,2+0,3 24,340,24 22,1+0,18 31,2+0,12
2 (semen mixture of 2 males) 14 ml 7,4+0,11 14,3+0,21 12,6+0,16 23,8+0,17
3 (a mixture of sperm from 3 males) 17 ml 8,6+0,14 18,6+0,2 19,3+0,13 27,2+0,26

E
L=

a

Lifetirve of spermatozos, 3

DMSO 10%:

5
i l | |

DAISO 5%

Aethanol 3% Methanol 8%

Basiz of the orvo. enviyosment

Figure 1 — The time of activity of Russian sturgeon sperm, s
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Special attention during the main research was
paid to optimizing the qualitative and quantitative
composition of the protective medium as the
most important factor in ensuring the protection
of spermatozoa from the damaging effects of
low temperatures. The authors, based on their
results, found that methanol is the most suitable
cryoprotector for sperm of sturgeon fish (sterlet),
providing the best resistance to oxidative stress [26].

In the experiments on cryopreservation of
Russian sturgeon sperm, 4 types of cryoprotective
medium were used: DMSO with a concentration
of 5%, 10%, methanol with a concentration of 3%,
8%. The motility of sperms after defrosting was
studied. High results were obtained when using
DMSO with a concentration of 5% and methanol
with a concentration of 8%, where sperm motility
was in the range of 14.3-24.3% and 23.8-31.2%,
respectively. In this regard, when comparing the use
of DMSO, a high effect was obtained when using
DMSO with a concentration of 5%, and when using
methanol with a concentration of 8%.

According to the average values of the
cryoprotective medium, graphs of the lifetime
of sperms after defrosting were constructed.
Figure 1 shows that different compositions of
the cryoprotective medium act on spermatozoa
in different ways. The greatest activity of sperm
was shown under the action of methanol at a
concentration of 8% and amounted to 118s. When
conducting experiments using DMSO, the highest
result was obtained when used at a concentration of
5%, which is 12% higher than using DMSO with a
concentration of 10%. When using a cryomedium
based on methanol with a concentration of 8%,
the result was 22% higher than methanol with a
concentration of 3%. According to the conducted
experiments, the optimal cryoprotective medium is
methanol 8%.

Conclusion

In the conducted studies, a field method of
freezing the sperm of Russian sturgeon was used
with 15 minutes in a box on rafts up to -21°C with
subsequent immersion in a Dewar vessel. This raft
method showed a good result, where the survival
rate of motile spermatozoa ranged from 7.4 to
31.2%.

When assessing the quality of the defrosted
sperm of the Russian sturgeon, it was found that
the cryoprotective medium based on methanol
with a concentration of 8% is the most effective
for cryopreservation. The number of sperm with
translational movements in the three groups ranged
from 23.8% to 31.2%. At the same time, the lifetime
of spermatozoa in this cryoprotective medium was
118s.
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