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The purpose of the work was to reproduce the sterlet of the Danube and Dnieper populations using
cryopreserved sperm frozen in modified cryoprotective medium. Low-temperature cryopreservation
of sterlet male reproductive cells was carried out in accordance with conventional procedures of
cryobiology.

As aresult of the performed work, it has been found that the applied cryoprotective environment,
which includes methanol, enhances the cryoprotective effect and is technologically optimal for the
process of the Danube and Dnieper populations of sterlet sperm storage and reproduction. Fish sperm
cells retained viability after defrosting; their ability to fertilize the eggs was restored. The results of
the conducted studies indicate that, despite a certain decrease in the quality properties of sperm
after freezing/defrosting, its ability to fertilize did not significantly decrease. Revived in this way
larvae from two populations of sterlet were used to reproduce repairing brood stock under conditions
of fish farming.

Such a method of sterlet sperm cryopreservation could be recommended for use at commercial

enterprises with sturgeon fish commodity cultivation.
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One of the most urgent problems in fish
farming is the increase of the reproduction
efficiency in populations of high-value
aboriginal and disappearing economically
valuable fish species in the reservoirs of
Ukraine. These include the sterlet (Acipenser
ruthenus L.), which lives in the rivers of
Azov and Black Seas basins, and is included in
the Red Data Book of Ukraine. The sterlet is
characterized by relatively small body sizes and
fast, compared with other sturgeons, terms of
sexual maturity [1]. As an object of industrial
and artificial reproduction, sterlet is widely
used for the purpose of natural reproduction
of populations and commodity cultivation [2].
Today, there is an urgent need for full-scale
growing of sterlet in artificial conditions,
using low-cost and efficient technologies. The
most important direction in fish reproduction
improving is the use of artificial insemination,
one of the determining factors of its outcome
is the improvement of methods for long-
term storage of sperm at low temperatures
(cryopreservation). We must also take into
account the negative factors that are present
at this and which cannot yet be completely
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avoided during the technological processing
of sperm, its dilution with cryoprotective
medium and storage in a cooled or frozen state.
These manipulations to a certain extent lead to
structural and biological defects in sperm cells,
may cause violation of permeability of plasma
membranes and the release of enzymes and
other important metabolites of cell metabolism
from spermatozoids, which significantly
reduces the fertility of sperm [3, 4].

The technology of conservation and usage
of frozen fish sperm is currently developed
mainly for carp, silver carp, and some sturgeons
[4, 5], but, in our opinion, for sterlet it is still
imperfect. Therefore, the purpose of this work
was to investigate the optimal cryoprotective
medium for the reproduction of sterlet breeding
nurseries of the Danube and Dnieper populations
under the conditions of fish farming.

Materials and Methods

The research was carried out in the laboratory
of biotechnology of the Institute of Fisheries and
on the basis of the section of the “Odesa Sturgeon
Complex” Ltd. (Vylkove town).
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The object of the study was the sterlet
ejaculate from the Danube and Dnieper
populations, derived from native (control) and
cryopreserved sperm. All manipulations with
sterlet testicles (stimulation of maturation,
obtaining of sexual products and assessment
of their quality) were carried out in accordance
with the technology of work in sturgeon farm
[6, 7, 8].

The studies were conducted in several
stages. At the first stage, specimens were
sampled and the quality of native sperm was
determined until freezing [9]. Sperm quality
recognition was performed visually using a
microscope. The condition of the sperm was
evaluated in appearance (color, consistency),
the concentration of spermatozoa was
determined using a counting Goryaev chamber,
while the sperm mobility was measured using a
stopwatch.

At the second stage, the freezing/
defrosting of sterlet sperm samples was used
in accordance with generally accepted methods
of cryobiology [6, 7]. Cryopreservation
and defrostation of sperm were carried
out according to the original method using
methyl alcohol instead of traditional dimethyl
sulfoxide (DMSO) [10, 11]. Technologically,
this method was implemented by sperm
dilution before freezing with a conservative
protective solution containing sucrose,
potassium chloride and methanol, followed by
freezing in liquid nitrogen vapors. Freezing of
diluted sperm was carried out in two stages:
the first — from 5 °C to — 15 °C at a rate of
2—-3 °C/min; the second one — from —15 °C to
—70 °C at a rate of 15—-20 °C/min, followed by a
slow immersion into nitrogen up to —196 °C[7].

At the third stage, the fertilization of
identical portions of spawn from two females
was carried out by native and defrosted sperm.
From each female, one portion of spawn was
fertilized with native sperm from three males,
the other — with frozen/defrosted sperm
of the same males. For fertilization of each
portion of spawn, defrosted sperm/protector
(1: 1) mixtures from each male were used.

For eggs ungluing (the fourth stage),
the frozen river silt was used. Incubation of
the fertilized spawn was carried out in the
apparatus “Osether-M”. The embryonic period
lasted about 6 days. During the incubation
of the eggs, the temperature of the water
was maintained within 13—-14 °C. After free
embryos hatching, the selection of dead
individuals was carried out [12].

At the fifth stage, the larvae were kept
in the apparatus “Osether-M” before the
start of exogenous feeding. In this case, the
temperature regime of the aqueous medium in
the apparatus was gradually increased up to
18-19 °C.

The results were statistically processed by
means of Student’s t-test using the programs
Statsoft Statistica 7.0 and Microsoft Excel.

Results and Discussion

The results of the sterlet sperm activity
before and after its cryopreservation indicate
that the mobility of defrosted sperm cells, in
comparison with intact ones (almost 100% ), in
the Danube fish population is 53-55%, and in
Dnieper fish population is 48—51% (Table 1).

It has been established that during
defrosting of frozen sperm cells that retained
viability after cryopreservation, their ability to
fertilize the ovocyte was restored, despite the
fact that the mobility of such sperm cells was
slowed to some extent. Such changes are due
to the fact that for sterlet sperm cells, which
are characterized by the presence of acrosome,
the methanol-containing cryopreservation
medium creates conditions for increasing the
cryoresistance of biomaterial [13, 14, 15].

The comparative characteristic of the
sperm cells motility of the studied sterlet males
from the Danube and Dnieper populations
before and after cryopreservation indicates
that the number of mobile gametes after
defrost was decreased. These changes, in our
opinion, are primarily due to certain changes
in the filament fibrils and spermatozoa plasma
membrane [16]. Of course, the most sensitive

Table 1. Characteristics of sterlet sperm (Acipenser ruthenus L.)
before and after its cryopreservation (M = m, n = 10)

Sterlet Mobility of native | Mobility of defrosted | The part of sperm cells that kept mobility, %
populations sperm cells, semen cells,
min (control) min Native (control) Defrosted
Danube 8.0-10.0 4.0-6.0 * 98-100 53-55 *
Dnieper 5.0-7.0 2.0-5.0 * 99-100 48-51 *

Notes: * — P <0.05 (as compared to control).
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to the cooling and freezing/thawing of sperm
are the mechanisms of energy metabolism
regulation. Experimental temperature
manipulations with reproductive cells of
animals lead to changes in the ordering and
integrity of plasma and acrosomal membranes,
the release of enzymes from cells, damage
of mitochondrial membranes and impaired
functioning of the respiratory chain [17, 18].

Intravital sampling of egg cells from
5-year-old females was performed by cutting
the oviduct (Fig. 1, a), and the sperm was
collected using a catheter (Fig. 1, ¢).

On average, 150—200 g of roe was obtained
from each female, which is a characteristic
value for fish that spawn for the first time. The
average weight of the egg was volatile between
6.2 and 7.8 mg, the diameter was 2.2 mm.
The use of proof sticks (Fig. 1, b) allowed
determining the polarization coefficient of
ovocytes, which was 8.0—8.3%, that indicates
the beginning of ovocytes transition to the V
stage of maturity, that is, to the stage of all-
encompassing maturation of sex cells (Table 2).

In order to prevent the development of
bacterial infection after the strip of eggs, the
gentimicin antibiotic was administered to the
females. Sterlet eggs, fertilized with both
native and cryopreserved sperm, were laid for
incubation into the apparatus “Osether-M”
(Fig. 2, ¢).

The conducted researches showed that the
proportion of fertilized eggs by native sperm
was 90-95%, with cryopreserved sperm —
80-85%.

It should be noted that during the revision
of biomaterial at the stage of embryogenesis,
there were single deviations in the development
of embryos in both variants. This is especially
true for ovocytes with chaotic segmentation, in
which the furrows were not laid simultaneously,
and a significant number of ovocytes did not
pass at all the stage of division. Such embryos
did not enter the stage of gastrulation and
slowly died. Probably, such deviations are due
to parthenogenetic division [12].

In the process of eggs incubation, the
observations on synchronicity and compliance

Fig. 1. Sampling of sex products from sturgeon fish:

female (a) and male (¢); proof stick with withdrawn mature sterlet oocytes (b)

Table 2. Fishery and biological indicators of sterlet females (Acipenser ruthenus L.)
before spawning (M = m, n = 10)

Sterle.t Length, Mass, Fish eggs size, mm Polarization coefficient
population . .
(females) cm kg vertical horizontal of fish ovocytes,%
Danube 56 +0.05 | 1.350=0.1 2.45=0.005 2.19 = 0.005 8.33 =£0.002
Dnieper 62=+0.05 | 2.270=0.1 2.43 £0.005 2.17+0.005 8.00 = 0.002
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Fig. 2. View of fish eggs fertilized with native (a)
and cryopreserved (b) sterlet sperm;
eggs incubation in the apparatus “Osether M” (c¢)

with the norms of sterlet embryonic
development were carried out (Fig. 3).

At the stage of the first division of
Danube and Dnieper sterlet embryonic
development, the degree of eggs fertilization
was estimated. The experience of sterlet
reproduction indicates that the number of
fertilized cells is more rational and more
reliable counting at the stage of the second
division of blastomers (Fig. 3, a). Exactly at
this stage, the identification of all fertilized
eggs is securely ensured, whereas at the first
stage of the division, those fish eggs, in which
the division occurred with some delay, may be
remain unaccounted.

The next control was carried out at the
stage of lateral plates formation and the
beginning of the tail segment of the embryo
separation (Fig. 3, ¢, d). It is known that the
number of developing embryos is proportional
to the number of hatched pre-larvae.

The beginning of the hatching of sterlet
free embryos of both populations took place
on the sixth day, at water temperature of
14-15 °C. The average weight of pre-larvae
was 8—9 mg. It was noted that the hatching of
pre-larvae derived from cryopreserved sterlet
sperm began an hour earlier than the hatching
of pre-larvae derived from native sperm and
was 65% of the eggs laid on the incubation, in
contrast to the native sperm, which was 85%.

Peculiarities of the behavior of pre-
larvae obtained from both the native and the
cryopreserved sperm in the first days of life
did not differ. They equally placed in the water
column and formed the so-called “candles”

Fig. 3. The appearance of fertilized sterlet eggs at
various stages of embryonic development:

a —of the second division of blastomers; b — of
the “large and small yolk stopper”; ¢ — of the slit-
shaped blastopor; d — of lateral plates fusion and

the beginning of the tail segment of the embryo

separation

periodically rising to the surface of the water
and descending to the bottom of the pool. This
is explained by the fact that in the case of
natural spawning, such behavior of sturgeon
pre-larvae lets them, firstly, to avoid silting,
and, secondly, passively moving with the flow,
to reach faster the areas of the reservoir with a
rich forage base.

In the transition to gill breath and with
the onset of the stage of the digestive system
formation (the so-called “swarming” period),
pre-larvae obtained from the native and
from the cryopreserved sperm migrated to
the bottom of the basin and formed various
agglomerations (“spots”). Behavior of
individuals in both groups of fish did not differ
from the general norms of development.

On the fifth day after hatching, the pre-
larvae began to be transferred to mixed feed,
and on the twelfth day — on active nutrition.

It has been established that the offspring
obtained from fertilization with cryopreserved
sperm proved to be viable. A small difference
in the development of pre-larvae in both
experimental groups may be due to differences
in the cryostatability of the subpopulations of
frozen cells [19]. The results of experimental
studies have shown that methanol introduction
into the composition of cryoconservant has
increased the persistence of cryopreserved
sperm from the Danube and Dnieper sterlet.
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The methods used to evaluate the
quality of cryopreserved sperm and to
predict its fertilizing capacity can be used
for successful and low-cost cultivation of
young fishes and the formation of repairing
brood stock of sterlet in regulated aquatic
environment. Studies on adjusting the
standard cryopreservation technique for
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TEXHOJOI'TI BIITBOPEHHSA
CTEPJIAAI 3 BUROPUCTAHHIM
KEPIOKOHCEPBOBAHOI CITEPMH

JIIT. ]I pazaH1
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MeTo10 poboTu 6yJIi0o BiATBOPEHHA CTEPIALl
OYHaHWChKOI i JHIIPOBCHKOI MOMYJIAIii 3a gO-
IOMOTOI0 KPiOKOHCEepBOBAHOI cmepMu, 3aMO-
poskeHoi B MmogupikoBaHOMY KPio3axUCHOMY
cepemoBUIIi.

HuspKoTemMIepaTypHe KOHCEPBYBAHHSA pe-
OPOAYKTUBHUX KJITUH caMI[iB CTePJAIi Ipo-
BOAUJIHY BiAIIOBiHO 4O 3araJlbHONPUNUHATUX ¥
KpiobGiosorii meTogukK.

B pesyabTaTi npoBegeHUX PoOiT BCTaHOBIIE-
HO, III0 3aCTOCOBaHEe Kpio3axucHe cepeJoBUIIE,
IO CKJIaAy SIKOTO BXOAUTH METAHOJI, II[O CIIPUAE
KpiozaxmcHOMY e(PeKTy, € TEXHOJOTiYHO ONTHU-
MaJbHHUM [AJs Ipollecy 30epiraHusa cuepMu i
BiTBOpPeHHS AyHaAWChKOI Ta AHIIIPOBCHLKOI II0-
nynanii crepaani. Ilig vac BigTraBanua 3amo-
POJKEeHUX CIepMaTo30ifiB pub, AKi 30eperau
JKUTTE3NATHICTH IicJIiA KPiOKOHCepBYBaHHA,
iXHA 3JaTHICTH OO 3aNJifHeHHA AHNEKJiTHH
BiZHOBJIOBaAJIacsA, He3BAXKAIOUYM Ha Te, IO PYyX-
JUBiCcTh TAKUX CIEPMiiB g0 mesKoi mipwu cIo-
BimbpHIOBasacsa. OTpuMaHi TaKuM cmocob6om
JUYUHKY BiJl IBOX MONYyJAIi#l cTepaAmi BUKO-
PHUCTOBYBaAJHU AJA BifTBOPEHHSA PEMOHTHO-Ma-
TOUYHUX CTAJ 32 YMOB PUOHOTO rOCIOAapCcTBa.

IIpoBeneni mociaimxkeHHA onTuMisarii cran-
IapTHOI MeTOAMKM KpPioKoHcepBalii comepmu
CTepaAANl MOXKYTH OYTH PEKOMEHJOBaHi A4 3a-
CTOCYBAHHA Ha KOMepLiMHUX MiANIpUEMCTBAX
3 METOI0 TOBAPHOTO BUPOIIYBAHHA OCETPOBUX
puob.

Knwmouwosi cnosa: crepasanb, ciiepMa, KpioKkoHcep-
BYBaHHA.

TEXHOJOI'NA BOCITIPOU3BOJCTBA
CTEPJIAIU C HCII0OJIbSBOBAHHUEM
KPHOKOHCEPBUPOBAHHOU CIIEPMbI
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ITenbo paboTHI OBLIIO BOCIIPOU3BOACTBO CTEP-
JAAN AYHAWCKON M JHENMPOBCKOM IMOMYJIAIUN C
TIOMOIIHI0 KPUOKOHCEPBOBAHHOII CIIEPMBI, 3aMO-
POKeHHOM B MOAM(PUIIMPOBAHHON KPUO3AIIUT-
HO# cpejne.

HuskoremmepaTypHoe KOHCEePBUPOBaHUE pe-
MPOAYKTUBHBLIX KJIETOK CAMIIOB CTEPJALU IIPO-
BOJUJIN COTJIACHO OOINEeNNPUHATHEIM B KPHOOHOJIO0-
TUU MEeTOIUKAaM.

B pesyabTaTe mpoBegeHHBIX paboT ycTa-
HOBJIEHO, UTO MCIIOJb30BaHHAA cpela, B COCTAB
KOTOPOIi BXOAUT CIOCOOCTBYIOIIUM KPMUO3AIIUT-
HOMY 9Q(PeKTy MeTaHOJ, ABJAETCA TEeXHOJIO-
rHYecKM ONTHMAJLHOM IJA Mpollecca XpamHe-
HUS CIIePMbBI U BOCIIPOU3BOACTBA NYHAMCKON U
IHEIIPOBCKOU MONYJANUN cTepaanu. Bo Bpems
OTTAaMBAHUA 3aMOPOKEHHBIX CIEPMAaTO30UI0B
pBIO, KOTODPBIE COXPAHUJIU KU3HECIOCOOHOCTH
mocJje KPUOKOHCepBaIlUM, MX CIIOCOOHOCTHh K
OIJIONOTBOPEHUIO ANIEKJETOK BOCCTAHABJIMBA-
Jlach, HECMOTPSA Ha TO, UTO MOABUKHOCTb TAKUX
cIlepMIEeB B HEKOTOPOIl CTeIeHN 3aMeliAIach.
ITonyueHHBIE TOLOOHBIM CIIOCOOOM JUUYUHKIM OT
IBYX TOMNYJAANMUMN CTEPJAAAN MCIOJb30BaJNCh
IJISA BOCIPOU3BOMCTBA PEMOHTHO-MAaTOUYHBIX
CTajJ B YCJIOBUAX PhIOOBOJUYECKOTr0 X03AHCTBA.

IIpoBegenHble HMCCAeNOBAHUS OITUMU3A-
U CTAHAAPTHON METOAUKN KPUOKOHCepPBaI[U
CIIEPMBI CTEPJIALU MOTYT OLITh PEKOMEHTOBAHBI
IJisd IpUMeHeHuA Ha KOMMepUYeCKUX MPeaInpu-
ATUAX C IeJbI0 TOBAPHOTO BRIPAIIIUBAHUSA OCe-
TPOBBIX PBIO.

Kntouesvle cnosa: cTepadanb, ciiepMa, KPpuOKOH-
cepBanud.
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