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BnusHune pacTtBOpoB KPUOMPOTEKTOPOB Ha BbLIKMBAEMOCTb
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Effect of Cryoprotective Solutions on Survival
and Teratogenicity of Prussian Carp Embryos
(Carassius auratus gibelio Bloch, 1783)

Pedepar: NccnepoBaHo BnusiHue pacTBOPOB KPMOMPOTEKTOPOB, MpUHAANEXalnX K pasfuyHbiM Knaccam XMMUYECKUX
BELLECTB, HA BbPKMBAEMOCTb M aHOMarnbHOe pa3BuTue amMOGpuoHOB kapacsa (Carassius auratus gibelio Bloch, 1783) Ha cTtaguu
pas3BuTUS,, cooTBeTCTBYloLWeNn 6 comntam. B TeyeHne 60 MUH aMBGpuoHbl MHKYGUpoBanu B 10%-x pacTBopax KpuonpoTeKkTopoB
aumeTtuncynsgokemga (AMCO), 1,2-nponaHavona (1,2-M4), 1,3-nponananona (1,3-Nn4), 1,3-6yrangnona (1,3-64), 1,4-6ytaHgmona
(1,4-B0), 1,2-meTaokcmataHa (1,2-MO3), runuepuna , aTunexrnukons (3I), metaHona, nonnatuneHokenga (M30-1500) n caxaposbl.
[Mocne 3Toro aMGpUOHBLI OTMbIBANM M NPOCHeXuBanyu pasBuTue A0 CTaaMu cBoO6OAHO NnaBakwLwen NUMYMHKM. Hambonblunii ypoBeHb
BbKMBaemMocTn amMbpunoHoB kapacs (54—67%) Habniogancs B 10%-x pacteopax 1,2-MfA, 1,3-NA, 3, N30-1500, caxapossl,
KoTopble obecneymBany ypoBeHb COXPaAHHOCTM HOpMarbHO PasBMBAKLMXCS IMOPUOHOB, BNM3KMI K KOHTpPONbHOMY. PacTBopbl
kpuonpoTtekTopoB 1,3-B1, 1,4-B[] obnagann 6onblie TOKCUYHOCTbIO — YPOBEHb BbDKMBAEeMOCTU B Hux cocTtaBun 40-49%.
B pactBopax kpuonpotektopos 1,2-MOQ3, AMCO, rnuuepuHa n meTaHona ypoBeHb BbPKMBAEMOCTU 3MOPUMOHOB OblNT MMHUMATbHBIM.
Haunbonbmnii ypoBeHb TepaToreHHbIX aMOpUOHOB Habnogany nocne UHKYGUpoBaHUsi B pacTBopax kpuonpotektopos 1,2-MO3 wu
MeTaHona.

KnrouyeBble cnoBa: amMGpuUOHbI, kapacb, KpUOMPOTEKTOP, BbIKMBAEMOCTb, TEPATOr€HHOCTb.

Pedepat: [ocnigxeHo BNAMB PO3YMHIB KPIOMPOTEKTOPIB, SKi HanexaTb 0 Pi3HMX KMNaciB XiMiYHUMX PEYOBMH, HA BUXUBAHICTb
i aHomanbHUIA po3BUTOK embpioHiB kapacs (Carassius auratus gibelio Bloch, 1783) Ha cTagii po3sBuTky, Lo Bignosigae 6 comitam.
MpoTtarom 60 xB embpioHn iHky6yBanu B 10%-x po3unHax KpionpoTekTopiB gumeTtuncynbdokenay (AMCO), 1,2-nponaHgiony
(1,2-NA), 1,3-nponangiony (1,3 NA), 1,3-6yrangiony (1,3-bA), 1,4 6ytangiony (1,4-B[), 1,2-metaokcietany (1,2-MOE), rniuepuHy,
etunenrnikonto (El), metaHony, nonietuneHokeugy (MEO-1500) i caxapo3au. lMicns uboro embpioHn BiomMuBanu i npoctexysanu
PO3BUTOK A0 CTaAii BiMbHO NnaBaktoyol NMUYMHKM. Hanbinblwmin piBeHb BMXMBAHOCTI eMbpioHiB kapacs (54-67%) cnocTepirascs y
10%-x posumHax kpionpoTekTopis 1,2-MA, 1,3-MA, 3, M30-1500, caxapo3u, wo 3abe3nedyBanu piBeHb 36epexeHHs eMOpioHiB,
IO HOPMarbHO PO3BMBanNUCs, GNN3bKUI OO KOHTponbHOro. Po3unHn kpionpotektopis 1,3-B, 1,4-B[] manu GinbLuy TOKCUYHICTb —
piBeHb BMXMBaAHHA B HUX cknaB 40—49%. Y posunHax kpionpotektopis 1,2-MOE, IMCO, rniuepuHy i MeTaHomny piBeHb BUXMBaHHSA
eM6pioHiB ByB MiHiManbHUM. HanbinbLmin piBeHb TepaToreHHMX eMOpioHiB cnocTepiranu nicns iHkybauii B po3ynHax KpionpoTeKTopis
1,2-MOE T1a metaHony.

Knio4yoBi cnoBa: eMbpioHK, kapacbk, KpPioNpOTEKTOP, BUXMBAHICTb, TEPATOreHHICTb.

Abstract: There was studied the effect of cryoprotective solutions, belonging to different classes of chemicals, on the survival
and abnormal development of Prussian carp (Carassius auratus gibelio Bloch, 1783) embryos at the stage of development
corresponding to 6 somites. The embryos were incubated during 60 minutes in 10% solutions of cryoprotectants dimethyl sulfoxide
(DMSO), 1,2-propane diol (1,2-PD), 1,3-propane diol (1,3 PD), 1,3-butane diol (1,3-DB), 1,4-butane diol (1,4-BD), 1,2-metaoxyethane
(1,2-MOE), glycerol, ethylene glycol (EG), methanol, polyethyleneoxide (PEO-1500) and sucrose. Thereafter, the embryos were
washed and traced to the stage of development of free-swimming larvae. The highest survival rates for the embryos of Prussian carp
(564-67%) was observed in 10% solutions of 1,2-PD, 1,3-PD, EG, PEO-1500, and sucrose, providing the preservation of normally
developing embryos close to the control level. Cryoprotective solutions of 1,3-BD, 1,4-BD had higher toxicity: the survival of embryos
in those made 40-49%. In the solutions of 1,2-MOE, DMSO, glycerol and methanol cryoprotective agents the survival rate of embryos
was minimal. The highest level of teratogenic embryos was observed after incubation in the cryoprotectant solutions of 1,2-MOE and
methanol.

Key words: embryos, Prussian carp, cryoprotectant, survival, teratogenicity.
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B HacTosmiee BpeMst pa3paboTaHbl 3P GEKTHBHEIE
METObI KPUOKOHCEPBUPOBAHUS TOJBKO IS CTIEPMBI
pBIO [25], a ast SMOpHMOHOB 3Ta MpobiieMa ocTaéres
HepetieHHo [ 11]. Pe3ynbrars! uccnenoBanuii, mpose-
JIEHHBIX HAa SMOPHOHAX PbIO pa3HbIX BUIOB U HA Pa3HBIX
CTaIusIX UX Pa3BUTHA, HOATBEPKAAIOT TOT (AKT, 4TO
IpeyIaraéMble KpHOIPOTEKTOPHI, BXOAALINE B COCTAB
KPHO3ALIUTHBIX CPell, U B LIEJIOM CIIOCOOBI KPHOKOH-
cepBrpoBaHus Hed(h(HeKTHBHBI. M3BECTHO, UTO MOTO-
TOBKa OMO00BEKTa K IITyOOKOMY OXJIaKJEHHIO BKITFO-
gaeT B ceOsl MHKyOaIuio B KPHO3AIUTHEIX CPelIax,
CoZepKaINX Kak MPOHUKAIOIIHNE, TaK W HENPOHU-
KaloIIHe KPHUO3alMTHBIE KOMIIOHEHTHI. bonpiras
4acTh SMOPHOHOB MOTHOAET HA ATare WHKyOAalnu B
cpele KpUOKOHCEPBUPOBAaHMS BCIEACTBUE IEHCTBUSA
0CMOTHYECKOro (pakTopa [22] ¥ TOKCHYHOTO BIUSHUS
KPHOIIPOTEKTOPOB Ha HMOpHoHHI [9]. Bo3nukaer mno-
TpeOHOCTH B HOBBIX MOJX0/AaX K PELICHHUIO 3TOH 3a1a-
yu. Psii aBTOpOB MPUIIITH K BBIBOAY O HEOOXOIUMOCTH
HCTIOJIb30BaHUS] MHOTOKOMITOHEHTHBIX KPHO3aIIUTHBIX
Cpell C BBICOKOM KOHLIEHTpALUEl KpHONIPOTEKTOPOB U
M3MEHEHU S CKOPOCTH OXJIAXKIEHHUS 10 CBEPXOBICTPOH
IUISL CO3JaHMs YCJIOBHH cTeknoBauus [3, 4, 13].
Pa3paborka 3pPpeKTUBHBIX METOI0B KPUOKOHCEPBH-
pOBaHMS TECHO CBS3aHA C HCCIIEOBAHUEM BIHUSAHUS
KPUOTIPOTEKTOPOB Ha BBIKHMBAEMOCTh IMOPHOHOB C
LEITBIO MOy YeHHS HA UX OCHOBE KPUO3AILUTHBIX CPEL.
[Ipu sTOM HEOOXOIUMO, B IEPBYIO OUEPEb, U3YUUTh
MIPOLIECCHI TPAHCTIOPTA BOJIBI U paCTBOPOB KPUOIIPO-
TEKTOPOB B 3MOpuoHsI prI0 [10].

I'ereporeHHOCTE MEMOpPaHHBIX KOMILIEKCOB XOPHO-
Ha, 6J1aCTOEPMBI ¥ )KEATOYHOTO CHHLUTHS SIBJISICTCS
OCHOBHBIM HpensaTcTBUEM i 3)HEeKTUBHOrO 00€e3-
BOXKHBAHUS W HACHIMIEHUS KJIECTOK YMOPHOHOB PHIO
KpUO3amUTHEIM pactBopoM [17, 19, 27]. Ilpu satom
M3MEHSIeTCS HE TOJIBKO yPOBEHb BEKUBAEMOCTH NHKY-
OMPOBaHHBIX B KPHO3AIIUTHBIX CpesiaXx SMOPHOHOB, HO
Y YPOBEHb HX TepaToreHHocTH. IloBrIIeHre mokasa-
TeJsl COXPaHHOCTH dMOPHOHOB NPU WHKYOAIluU B
KPHO3ALIUTHBIX CPelax MOKHO JOCTHYb IIyTEM CHU-
KEHUSI HIUTOTOKCHYECKOTO NEWCTBUS OTACIBHBIX
KPHUO3AIUTHBIX KOMIOHEHTOB cpenbl [15]. B cBsi3u ¢
3THM MCCJIEJOBAHUE BIMSHUS PAacCTBOPOB KPHOIPO-
TEKTOPOB HAa MOP(POPYHKINOHATIBHYIO COXPAaHHOCTD
SMOpHOHOB PHIO MO3BOJIUT BHIOpATh BEMECTBA C
HAaWMEHBIIUM HETaTHBHBIM BIHSHUEM, KOTOpHIE
MMOTEHIIMATHHO MOTYT BXOIUTH B COCTaB KPHO3ALTUT-
HBIX cpen [14]. TpanunimoHHO B MCCIEAOBAHUIX
PE3UCTEHTHOCTH IMOPHOHOB PHIO MPU MOJATOTOBKE K
[TyOOKOMY OXJIaX/IEHHIO B COCTaBEe KPHUO3AIIUTHBIX
Cpel MCIOJB3YIOTCSA TaKhe KPHUOIMPOTEKTOPHI, KaK
JUMETHICYIb(OKCH I, METaHOJI, NIMLEPUH U STUJICH-
IUKOJb [8, 15, 16, 23]. OgHako SKcriepUMEHTalbHbBIE
JaHHBIE, IOTY4YEHHBIE Pa3HBIMH HCCIIEI0BATEIbCKUMH
IpyNIamMy, HOCST pa3po3HEHHBII XapakTep, a TaKkKe
TPeOYIOT CUCTEMATHU3aLIMU U IOTIOTHCHUS.
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To date there are effective cryopreservation me-
thods developed only for fish sperm [25] and not for
the embryos [4]. The results of the research performed
in the embryos of various fishes and at different de-
velopmental stages in particular confirm the fact that
the tested cryoprotective agents constituting the cryo-
protective media and consequently the whole cryopre-
servation methods are not efficient. It is known that
the preparing of a biological specimen for a deep cooling
includes the incubation in cryoprotective media con-
taining penetrating and/or non-penetrating cryoprotec-
tive components. The majority of embryos dies in
cryopreservation medium already during incubation
mainly due to osmotic factor [21] and toxic effect of
cryoprotectants rendered to embryos [2]. Thereby the
need in new approaches to solve this task appears.
Some authors hypothesized the necessity to use multi-
component cryoprotective media with a high concent-
ration of cryoprotectants and to enhance the cooling
rates up to ultra-rapid ones to facilitate vitrification [6,
19, 20]. Development of effective cryopreservation
methods is tightly related to the investigations of the
effect of cryoprotectants on survival of embryos which
could be used to obtain cryoprotective media. Herewith
it is primarily necessary to study the transport of water
and cryoprotective solutions into fish embryos [3].

Heterogeneity of membrane complexes of chorion,
blastoderm and yolk syncytium is the main obstacle
for effective dehydration and saturation of fish embryo
cells with cryoprotective solution [11, 13, 27]. Herewith
not only the survival rate of incubated in cryoprotective
media embryos alters but also does the level of their
teratogenicity. Rise in the index of embryo survival
post incubation in cryoprotective media could be achie-
ved by reducing a cytotoxic effect of some cryoprotec-
tive components of the medium [8]. In this connection
the study of the effect of cryoprotective solutions on
morphofunctional integrity of fish embryos would allow
to select the substances with the lowest negative effect,
which could thereafter be the potential components of
cryoprotective media [7]. Traditionally the studies con-
cerning fish embryo resistance during preparing to a
deep cooling are performed with such cryoprotectants
as dimethyl sulfoxide, methanol, glycerol and ethylene
glycol [8, 10, 18, 22]. However, the experimental data
obtained by various research teams are segmentary
and require a systematization and complementation.

The research aim was to compare study the effect
of cryoprotectants belonging to different classes of
chemicals on morphofunctional preservation of Prus-
sian carp embryos.

Materials and methods

The experiments were performed in Prussian carp
embryos (Carassius auratus gibelio Bloch, 1783) at
the developmental stage corresponding to the formation
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Lenb paboThI — CpaBHUTETHHOE N3yUCHUE BIHSHUS
KPUOTPOTEKTOPOB, MPUHAUICKANINX K Pa3TUIHBIM
KJIacCcaM XMMHUYECKUX BEIIECTB, Ha MOp(odyHKITHO-
HaJbHYIO COXPAaHHOCTh YMOPHUOHOB Kapacs.

Martepuajbl 4 MeTOABI

OKCTIepUMEHTHI MPOBOAVIIN Ha SMOPHOHAX Kapacs
(Carassius auratus gibelio Bloch, 1783) na craguu
pPa3BUTHS, COOTBETCTBYIOIIECH 00pa30BaHUIO 6 COMH-
TOB. PBI0 OTNMaBIMBany B T€UEHHE BECEHHE-JIETHETO
Neproa U3 MECT €CTECTBEHHOTO OOMTAHMS MX ITOITYJIsI-
uui. [Ipeanoyrenne oTnaBaIl NPOU3BOAUTENSIM BO3-
pacTtoM ot 3 10 4-x net. [Ipouenypy roHagoTpOonHOH
WHBEKIUH CaMKaM M caMIlaM, a TaKkKe MOJyuyeHHUe
IOJIOBBIX TPOYKTOB M OCEMEHEHHUE OCYIIECTBIISAIH B
COOTBETCTBUU C phIOOBOHBIMH PEKOMEHIAIMSIMH [2].
OMOpPHOHBI MHKYOUPOBAIM IPU KOMHATHOU TeMTIepa-
type (18...21°C) B wamkax Iletpu mo 100-150 mtyx
B KaXXJIOMU.

B skcriepumenTax ucnonb3oBanu 10%-e pacTBOpEI
KpUOTPOTEKTOpOoB AumeTmiicyiabhokcuaa (JMCO),
1,2-npontanamona (1,2-111), 1,3-nporarmona (1,3-T171),
1,3-0yranmuona (1,3-BJ1), 1,4-0yrannuona (1,4-bJ1),
1,2-metaokcuatana (1,2-MOD), rurieprHa, STUICH-
ko (OI'), MeTaHoNa, MOMTUATUIICHOKCHIA C M. M.
1500 (IT90-1500) u caxapo3sl.

OMOpHOHBI Kapacs Ha CTaJH Pa3BUTHsI, COOTBET-
CTByIOIIEH 6 coMHTaM, HHKyOMpOBaJll B pacTBOpax
KpUOTIPOTEKTOPOB B TeueHue 60 muH. g ynanenus
KPHOIIPOTEKTOPOB IMOPHOHBI TPHKIBI TIEPECaKNBAIN
B BOJY C IapaMeTpaMu ONTUMAJIbHBIMH ISt HHKyOa-
unu [24]. CocTosiHre SMOPHOHOB U YPOBEHD TEPaTO-
T€HHOCTH Ha BCEX CTAAMSIX OIEHUBAIHA BU3YaJIbHO B
COOTBETCTBHH C KApTaMH SMOPHOHAIEHOTO Pa3BUTHS
[24], ucnonb3ys mukpockorn MBC-9. OMOpHOHEI B UC-
CJIeAyeMbIX IPyIIax U KOHTPOJe HaOonamu 10 CTa-
JIVH Pa3BUTHS CBOOOIHO MJIaBAIOIICH INYNHKY.

[lonyyennsle pe3yabTaThl aHANIU3UPOBAIH C TO-
MOIIBIO MMaKeTa MPUKIAJHBIX KOMIBIOTEPHBIX HPOT-
pamm «Statistica» («Statsofty, CIIIA). CraTuctudec-
KW 3HAYMMBIMHA CYATAIIH PA3TAIHsI MEKIY CPaBHUBae-
MBIMU Tpynnamu npu p < 0,05 (n=9).

PesyabTaTrhl U 00Cy:KIeHHE

Ha puc. 1 mpencraBneHsl moka3aTeld BbDKHBac-
MOCTH SMOPHUOHOB Kapacs I0CJIe HHKYOaIlluy B HCCIe-
JIOBaHHBIX PACTBOPAX KPUOMPOTEKTOPOB.

CornacHo HalllUM JJAaHHBIM HanOOBINNN YPOBEHB
BBDKMBACMOCTH 3MOPHOHOB Kapacsi OTMEYEH B pacT-
BOpax KpHOIMPOTEKTOPOB Tpymmbl quosos 1,2-T1]]
(64%), 1,3-I1]1 (54%), OT" (67%), caxapossl (61%) u
I[120-1500 (50,5%).

PactBoprr 1,2-MOD, MmeTaHona, TIAIEpHUHA H
JAMCO B xonnerrparuu 10% cHIKAIOT ypOBEHB BbI-
YKUBAEMOCTH SMOPHOHOB Kapacsi IpU HHKYOHUPOBaHUHT
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of 6 somites. Fish were caught during spring-summer
period from their natural habitats. The preference was
given to mature males aged 3—4 years. The procedure
of gonadotropic injection to females and males, as well
as derivation of reproductive products and insemination
were performed in accordance with fish breeding re-
commendations [9]. The embryos were incubated at
room temperature (18...21°C) in Petri dishes by 100—
150 in each.

The experiments involved 10% cryoprotective solu-
tions of dimethyl sulfoxide (DMSO), 1,2-propane diol
(1,2-PD), 1,3-propane diol (1,3-PD), 1,3-butane diol
(1,3-BD), 1,4-butane diol (1,4-BD), 1,2-metaoxy-
ethane (1,2-MOE), glycerol, ethylene glycol (EG),
methanol, polyethylene oxide (PEO-1500) and sucrose.

Prussian carp embryos at developmental stage cor-
responding to 6 somites were incubated with cryopro-
tectants solutions for 60 min. To remove cryoprotec-
tants the embryos were thrice transferred to water with
parameters optimal for incubation [24]. State of emb-
ryos and teratogenic rate at all the stages were visually
estimated in accordance to the maps of embryonic
development [24] using microscope MBS-9. The emb-
ryos in the studied groups and control were monitored
to the development stage of free-swimming larva.

The obtained results were analyzed using the Statis-
tica software (Statsoft, USA). The differences bet-
ween the groups were considered as statistically sig-
nificant at p < 0.05.

Results and discussion

Fig. 1 demonstrates the indices of survival of
Prussian carp embryos after incubation in the studied
cryoprotective solutions.

According to our data the highest rate of survived
Prussian carp embryos was noted in cryoprotective
solutions of diol groups 1,2-PD (64%), 1,3-PD (54%),
EG (67%) and sucrose (61%) and PEO-1500 (50.5%).

Solutions of 1,2-MOE, methanol, glycerol and
DMSO in concentration of 10% reduced the survival
rate of Prussian carp embryos following the incubation
for 60 min down to (10.5 +4.8); (13.6 £2.7); (28.8 £
4.6) and (26.25 + 4.2)% correspondingly if compared
with the the control (Fig.1).

Previously it has been shown that dwarf gourami
(Colisa lalia), goldfish (Carasius auratus, var.dom.)
and zebra fish (Brachydanio rerio) demonstrate the
ability to further development after incubation in cryo-
protective solutions of methanol, glycerol, DMSO and
EG from 30 to 60 min at 0°C up to room temperature
(21°C)[15, 19, 26]. However, only in EG solution quite
a high survival rate of dwarf gourami and Prussian
carp embryos was found [16].

K.C. Liu et al.[15] incubated the Prussian carp
embryos at the developmental stages corresponding
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B Teuenue 60 muH 10 (10,5 +4,8); (13,6 £2,7); (28,8 =
4,6)u (26,25 +4,2)% COOTBETCTBEHHO, IT0 CPABHEHUIO
¢ KoHTpoJeM (puc. 1).

Panee Obut0 MOKa3aHo, YTO 3MOPUOHBI JIATIHYCa
(Colisa lalia), 3omoroit peioku (Carasius auratus,
var. dom.) u manuo pepuo (Brachydanio rerio) ne-
MOHCTPUPYIOT CIIOCOOHOCTb K JIajlbHEHIIIeMy pa3Bu-
THIO ITOCJIe HHKYOUPOBAHUS B pACTBOPAX KPUOIPOTEK-
TOpOB MeTaHoja, muiepuna, JJMCO u 21 ot 30 no
60 mun npu temmneparype ot 0°C g0 KOMHATHOH
(21°C) [5, 21, 26]. OnHako TonbKO B pactBope DI
COXpaHsETCsl JOCTaTOYHO BBICOKHH YPOBEHb BBIKH-
BaeMOCTH 3MOPHOHOB Jismuyca [5] u kapacs [7].

K.C. Liu u coaBt. [21] uHKyOupoBaiu B Te4eHUE
20 MUH SMOPHUOHBI Kapacs Ha CTAIUSIX Pa3BUTHS, COOT-
BETCTBYIOIINX 00Opa30BaHUIO COMUTOB, B pPacTBOpax
JAMCO u mmneprHa ¢ MOCTENEHHBIM TTOBBIIICHIEM
xoHIeHTpamnuu 10 10%. beuto ycraHOBIEHO, 9TO YPO-
BEHb BBDKHBAEMOCTH A»MOpHOHOB cocTaBui 50% B
pactBope IMCO u 30% — B pacTBOpe IIHIICpHHA.
OTH MOKa3aTely BBIIIE, YeM B HAIITMX SKCIIEPUMEHTAX,
YTO, NTO-BUJMMOMY, CBSI3aHO C HEMPOJOIDKUTEIHHBIM
BpPEMEHEM MHKYOAINH B PACTBOPAX KPHOIPOTEKTOPOB.
[Ipu noBBIIEHNN KOHIEHTPAIIMU KPUOIPOTEKTOPOB OT
12 no 15% u yBenuueHnn BpeMeHU HHKyOaru 10 50
MUH YPOBEHb BBDKHBA€MOCTH PE3KO CHHUXKAJCS B
AMCO no 25% u B munepune — 10 21%.

Yenex KpHOKOHCEPBUPOBAHUS OHMOJIOTHYECKOTO
00BeKTa, 0COOCHHO MPH UCITOJIH30BAHUH METO 1A BUT-
puduKanuy, BO MHOTOM 3aBUCHT OT 3(h(eKTHBHOTO
HAacCBIIEHUS KJIETOK Kpuomnporekropamu. M. Hage-
dorn u coasr. [ 19] uccnenosanu criocobrocts JJMCO,
1,2-I1/1 u MeTaHOJIa HACKIIIIATH YMOPHUOHBI JAHUO Pe-
puo (kapmoBsie). MeTOIOM MarHUTHOTO pe30HaHCa
OBIJIO TIOKa3aHO, YTO TOJIBKO METAHOJ MPOHUKAET
BHYTph 3MOpHOHA B TeueHHE 15 MHH, a oCTaJbHbBIE
KpHOIIPOTEKTOPHI — B TeUeHHe OoJiee ATUTEIBHOTO
BpEMEHH. DTU PEe3yJbTaThl MOATBEPKIAAOT HAIIU
JIaHHBIC O BIUSHUM METAHOJIA HE TOJIBKO Ha YPOBEHb
BBDKMBA€MOCTH, HO M Ha yBEIMYCHHE TEPATOTEHHO
pa3BUBAIOMINXCSI SMOPHOHOB Kapacs mocie Oomee
[IPOIOJKATENTFHOTO HHKYOHPOBAHKS B 3TOM PacTBOPE.

M.M. Ahammad u coast. [9] cooOmmIH, 9TO TIOC-
ne 45-MUHYTHOM MHKYOAIuu 3MOPHOHOB TOJICTOJIO-
ouka (Hypophthalmichthys molitrix), KOTOPBIN TaKXKe
OTHOCHTCS K KapIOBBIM, B pacTBopax 0,25 M caxapo3ssl
n 0,1 M 1,2-I1]] ypoBeHb BEIKUBAEMOCTH SMOPHOHOB
coctaBuil 35 1 39% cOOTBETCTBEHHO, KOTOPBII aBTOPHI
OIICHWJIM KaK BBICOKHI. MBI mpejmoiaraem, 4To B
Hamell pabote OoJiee BBICOKHI YPOBEHb BBIKHBae-
MOCTH SMOPHOHOB Kapacs Ha TOW K€ CTaJiH pa3Bu-
THS, HO TIpA OOJIBIIEM BPEMEHU MHKYOHMPOBAHUS B
pacTBOpax KPHOIPOTEKTOPOB, CBA3aH C MEHBIIMMH
pa3MepaMu IMOPHOHOB, TTOCKOJIBKY Y TOJICTOJIOOHMKA
OILTOIOTBOPEHHAS WKpa Ooyiee OBOAHEHA U MOABEP-
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Puc. 1. BbpkmBaemocTb aMOGPMOHOB kapacs Ha ctaguu
pa3BuTua 6 commntoB nocne 60-MMHYTHON MHKyGauuu B
10%-x pactBopax kpuonpotektopoB: 1 — 1,2-MNMAO; 2 —
1,3-NM4; 3 - 1,2-MO3; 4 - 1,3-b[; 5 — 1,4-6; 6 — AMCO;
7 — muuepwuH; 8 — 3I; 9 — meTtaHon; 10 — M30-1500; 11 —
caxapo3a; 12 — KOHTpOnb; | — cTaHOAPTHOE OTKIOHEHWE;
O - cpepHee; [__1- ctaHgapTHasa owubka; pasnuuus
Mexnay rpynnamm, 0o603Ha4Y€HHbIMU HEOO4MHAKOBbLIMU
cumBonamm (a, b, ¢, d), ctatuctnyeckn aHa4mmel, p < 0,05.

Fig.1. Survival of Prussian carp embryos at developmental
stage of 6 somites after 60-min incubation in 10%
cryoprotective solutions; 1 — 1,2-PD; 2 — 1,3-PD; 3 —
1,2-MOE; 4 — 1,3-BD; 5 — 1,4-BD; 6 — DMSO; 7 — glycerol;
8 — EG; 9 — methanol; 10 — PEO-1500; 11 — sucrose; 12 —
control; I— SD; 0 -mean;[__]- SE; differences between
data indicated with different indices (a, b, c, d) are statis-
tically significant, p < 0.05.

to the formation of somites for 20 min in the solutions
of DMSO and glycerol with a gradual rise in the
concentration up to 10%. It has been established that
survival rate of embryos made 50% in the solution of
DMSO and 30% for glycerol solution. These indices
were higher than in our experiments that was likely
related to a shorter incubation in cryoprotective solu-
tions. Increasing concentration of cryoprotectants from
12 to 15% and prolongation of incubation up to 50 min
resulted in a sharp decrease in the survival for DMSO
down to 25% and down to 21% for glycerol.
Successful cryopreservation of biological specimen
especially when using the vitrification method mainly
depends on effective saturation of cells with cryo-
protectants. M. Hagedorn et al. [13] studied the ability
of DMSO, 1,2-PD and methanol to saturate the zebra
fish (Cyprinidae) embryos. Method of magnetic reso-
nance allowed to show that only methanol penetrated
to the embryo during 15 min and the other cryoprotec-
tants needed much longer time period. The results
explain our findings on the effect of methanol in terms
of the survival rate as well as an increase of teratogeni-
cally developing embryos of Prussian carp as concer-
ned with long incubation time in the methanol solution.
M.M. Ahammad et al. [2] reported that after 45-
min incubation of silver carp (Hypophthamicthys mo-
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KEHa AeHCTBHIO OCMOTHYECKOTO (pakTopa B mpoLecce
sKcno3uui [ 16, 20].

Benpunnes b.H. u coaBr. [ 1] uccienoBaiu BbIKU-
BaeMOCTb 3MOPHOHOB BbIOHA (Misgurnus fossilis)
(xapmioBsIe) rmocie 60-MHUHYTHON SKCITO3UITNH B pacT-
Bope JIMCO c xonnenTpanueit 10% Ha cramuu pa3Bu-
THS, COOTBETCTBYIOIICH Havary opraHorenesa (oopa-
3oBaHue 3—13 comuToB). BRICOKHI YPOBEHb COXpaH-
HOCTH 3MOpPHOHOB BbIOHA (98%) aBTOPHI OOBACHSIOT
HU3KOH MPOHHUIIAEMOCTHIO KJIETOUHBIX 000JI0YEK /st
BEIIECTB C OOJNBIION MOJIEKYISIPHOM Maccoi U s
JpyTUX NPeCHOBOAHBIX prIO. HexoTopeie nccienona-
TEJIN TaK)KE YKa3bIBAIOT Ha HU3KYIO WIH YMEPECHHYIO
TOKCHYHOCTH pacTBopa IMCO 1o OTHOIIEHHIO K IMO-
pUOHaM pbIO, YTO MO3BOJIET €0 UCIOJIb30BaTh B
KpHO3aIUTHBIX cpefax [12, 13, 23]. Onnako skcnepu-
MEHTBI TIPOBOJMIM Ha dMOpPHOHAX MOPCKHX BHJIOB
(Sciaenops ocellatus, Pagrus major u Scophthal-
mus maximus), KOTOpbIE, KaK U3BECTHO, O0JIee yCTOM-
YUBHI K BO3JICHCTBUIO KPHOTIPOTEKTOPOB [11].

[Tokazano, 4T0 yBenn4YeHNE KOHIIEHTPAIINHA KPHO-
MIPOTEKTOPOB CYIIECTBEHHO BIHAET HA YPOBEHB BHIKH-
BaeMOCTH SMOpHOHOB [ 14, 15]. [ToaToMy MBI cunTanu
1es1ecoo0pa3HbIM MPOCIIETUTD 33 Pa3BUTHEM 3MOPHO-
HOB Kapacs 10 CTaJliy CBOOOIHO MIIaBaIOIIEeH JTNIHUHKHY,
MIOCKOJIBKY IITUTOTOKCHYECKOE JEeHCTBHE MOXKET B
JanbHEeHIIeM CKa3bIBaThCsl Ha Pa3BUTHH 3MOPHUOHOB.
JlaHHBIE TIO BIMSHUIO HCCIIEAYEMBIX PACTBOPOB KPHO-
MIPOTEKTOPOB HAa aHOMAJHFHOE Pa3BUTHE dYMOPHOHOB
Kapacs MpeICcTaBJIeHbl Ha pHC. 2.

BuaHo, 4TO MakCUMaIbHBIM YPOBEHb TEPATOICH-
HOCTH 3MOPHOHOB HaOIIOMANH Tocie WHKyOaruu B
pacTBopax kpuomnpoTrekropos 1,2-MO3, IMCO, rmu-
LepruHa ¥ MeTaHoMa. Y JIMYMHOK, KOTOPBIE NepeIlIn
Ha BHEIIHEe NUTaHue, HaOMIoAaloTCsl OBOIHEHHOCTD
OKOJIOXKEITOYHOTO CUHIUTHS, HAPYLICHUS B CETMEH-
Talliyd MBIIIEYHOI'O0 KOPIYyCa U aCUMETPUYHOCTD
KpaHHaJbHOTO oTAena. B pacrBopax aunomnos, JMCO
U TJIMLEPUHA CTAaTUCTHUYECKU 3HAUYMMBIX OTIMYHH
HCCIIeTyeMbIX TTOKa3aresneil He HaOIromanm.

Panee OpuTO TIOKA3aHO, YTO TEPATOTEHHOCTH pa3-
BHUTHsI SJMOPHOHOB HAMPSMYIO 3aBUCUT OT CIIOCOOHOC-
TH KPUOMPOTEKTOpa MPOHUKATH Yepe3 IIa3MaTH-
JecKre MeMOpaHbBI M XapakTepu3yercsl O6osee oTma-
JIEHHBIMU TIOCJIEICTBUSAMH, YTO SABISAETCS CIIEUPUI-
HBIM JIJIS KaXJ10T0 BUja peIo [4, 5].

E. Cabrita u coart. [12] uccnenoBanu BiIUsSHUE
kpuonpotektopa JMCO nHa 3MOpHOHBI TIOPOO
(Scophthalmus maximus L., 1758). Ilocne unky0a-
UM B paCTBOPE KPUOIIPOTEKTOPA IMOPHUOHBI OTMBIBA-
JIM ITyTeM TOHMKEHHS ero KoHUeHTpauu. [Ipu sTom
OBIJIO yCTAaHOBJIEHO, YTO JIJISl TIOJTHOTO BBIBEJACHUS
KPUOTPOTEKTOpA M3 BCEX CTPYKTYPHBIX DJIEMEHTOB
SMOpHOHA HEOOXOAMMO YYIaCTHE IOTIOTHUTEIBHBIX
WHTPEINECHTOB (HAIpUMep, MPOHA3kl), CIIOCOOCT-
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litrix), being also the member of Cyprinidae family,
in the solutions of 0.25 M sucrose and 0.1 M 1,2-PD
the survival rate of embryos made 35 and 39% cor-
respondingly, and the authors estimated these as high
ones. We believe, that achieved in our work higher
survival rate of Prussian carp embryos being at the
same developmental stage but with longer incubation
in cryoprotective solutions is associated with smaller
embryos, because the fertilized eggs in silver carp are
more wet and subjected to the effect of osmotic factor
during exposure [10, 14].

Veprintsev B.N. et al. [23] investigated the survival
of loach (Misgurnus fossilis) embryos after 60-min
exposure in 10% DMSO solution at the developmental
stage corresponding to the start of organogenesis
(formation of 3—13 somites). A high preservation rate
of'loach embryos (98%) was explained by the authors
by a low permeability of cell membranes for the sub-
stances of a high molecular weight as observed in most
other fresh water fishes. Some investigators also point
to a low or moderate toxicity of DMSO solution in
respect to fish embryos, enabling to use it in cryopro-
tective media [5, 6, 22]. However, these experiments
were performed in the embryos of marine species
(Sciaenops ocellatus, Pargus major and Scophthal-
mus maximus), known to be more resistant to the effect
of cryoprotectants [4].

It has been demonstrated that the rise in concent-
ration of cryoprotectants affect significantly the survi-
val of embryos [7, 8]. Therefore we considered as
expedient to trace the development of Prussian carp
embryos up to the stage of free-swimming larva, since
a cytotoxic effect may affect the development of
embryos later. Data on the effect of the studied cryo-
protectants on abnormal development of Prussian carp
embryos are presented in Fig. 2.

It is seen that maximal level of teratogenic embryos
was observed after incubation in the solutions of cryo-
protectants 1,2-MOE, DMSO, glycerol and methanol.
In the externally fed larvae we have found signs of
wet perivitelline syncytium, disorders in segmentation
of muscular body and asymmetry of cranial compart-
ment. No statistically significant differences of the
studied indices were observed in the solutions of diols,
DMSO and glycerol.

Previously it has been shown that teratogenic
embryos development depends directly on the ability
of cryoprotectant to penetrate via plasma membranes
and is characterized with more distant consequences,
that is specific for each fish species [17, 19].

E. Cabrita et al. [5] have studied the effect of
DMSO cryoprotective agent on turbot (Scophthalmus
maximus L., 1758) embryos. After incubation in cryo-
protective solution the embryos were washed by means
of its concentration reducing. Herewith it has been
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BYIOIIIUX OTMBIBaHUIO. TONBKO B 3TOM citydae sMOpHo-
HBI, B TOM YHCII€ U TepaTOT€HHO pPa3BUBAIOIIUECS,
COXPAaHSUTN BBICOKHI ypOBEHb BBDKHBAEMOCTH.

B pesynprare Hammx 3KCIEPUMEHTOB YCTaHOB-
neHo, uto 10%-e pactBopsl KpronpoTtekTopos 1,2-11/1,
1,3-111, 1,3-bJ, 1,4-B/1, tmunepuna, JI, [120-1500 u
caxapo3sl nocie 60-MUHYTHOH MHKyOauuu obecme-
YUBAIOT OMM3KYIO0 K KOHTPOJIO XKH3HECIIOCOOHOCTD
HOPMaJbHO pPa3BHBAIOIINXCS dMOpPHOHOB. BrumsHue
JAHHBIX PAacCTBOPOB Ha YPOBEHb TEPATOTEHHO pa3-
BHBAIOIINXCSI SMOPHOHOB IMEET CTATUCTHYECKH 3HA-
YHMBIE Pa3IN4gus 10 OTHOIIEHHUIO K KOHTpoIIr0. Crieso-
BaTENbHO, IJISI BHIBEICHUSI PAaCTBOPOB KPHUOIPO-
TEKTOPOB W3 3MOPHOHOB HeoOxoamma pa3paboTKa
JIOTIOJTHATEIBHBIX METOJIOB.

CunTaercs, 4TO IPU COCTABIECHUH KPU3ALUTHBIX
cpen Ha ocHoBe JIMCO u MeTaHoIa HEOOXOAUMO CHU-
KaTbh MX KOHLIEHTPALIMIO U COKPAIIaTh 00I1ee BpeMsi HH-
KyOaruu, 4yto TpeOyeT NanbHeHIINX nccneaoBanmii [ 18].

[Tony4yeHHble NaHHBIE CBUAETEIBCTBYIOT O BO3-
MOXXHOCTH ucnoib3oBanus 1,2-T111, 1,3-TI11, 1,3-B/1,
1,4-bJ1, tmuniepuna, O1, I120-1500 1 caxapo3sl Kak
0a30BBIX MPU CO3MaHWHM W WCCIEJOBAHWHU KOMII-
JIEKCHBIX KPHO3AIIUTHBIX CPEM B PA3IMIHBIX KOMOH-
HaIsX.

BriBOABI

1. PactBops! kpuonporextopos 1,2-I11, 1,3-I1]1,
1,3-bBA, 1,4-BJ1, 3T, [120-1500 1 caxapo3sl B KOH-
neHtpanuu 10% o0ecreunBaroT T0CTaTOYHO BRICOKUH
YPOBEHb BEDKMBAEMOCTH SMOPHUOHOB Kapacs B Te4e-
Hue 60 MUH 110 CPaBHEHHUIO C KOHTPOJIEM U MOTYT OBITh
PEKOMEHIOBAHBI JJIs WCIIOJF30BAHUS B COCTaBE
MHOTOKOMITOHEHTHBIX KPHO3AIIUTHBIX Cpe.

2. PactBOps! kpronporexTopos 1,2-MO3, IMCO,
TIUIEpUHA U MeTaHoIa B KoHneHTpanuu 10% MMoBHI-
[AI0T YPOBEHH TEPATOTCHHOCTH YMOPHUOHOB Kapacs.
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Puc. 2. KonnyecTBo aHOManbHO pasBnBaOLLMNXCS IMYNHOK
Kapacs Ha CTaguu pa3BuTUSl, COOTBETCTBYHOLLEN 0Bpa3o-
BaHWo 6 coMuToB, nocre 60-MUHyTHOM MHKy6aumm B 10%-x
pacTBOpax KpMonpoTeKkTopoB (OT obuiero konuyecTtsa
BbbkuBLWIKX); 1—1,2-MNA; 2-1,3-N4; 3—1,2-MO3; 4 -1,3-B[;
5-1,4-b[1; 6 - OMCO; 7 — ruuepuH; 8 — 3l"; 9 — meTaHon;
10 — M30-1500; 11 — caxaposa; 12 — KOHTpoOnb; | —
cTaHgapTHoe oTkrnoHeHne; 01— cpegHee; [__1- ctaHgapT-
Has owwnbka; pasnuums mexay rpynnamu, obosHaveH-
HbIMW HEOOUHAKOBBLIMW CMMBoONiamu (a, b, ¢, d), ctatncTu-
Yecku 3Hauumbl, p < 0,05.

Fig. 2. Number of abnormally developing larvae of Prussian
carp at the developmental stage corresponding to the
formation of 6 somites after 60-min incubation in 10%
cryoprotective solutions (of total number of survived); 1 —
1,2-PD;2-1,3-PD; 3-1,2-MOE; 4-1,3-BD; 5-1,4-BD; 6
— DMSO; 7 — glycerol; 8 — EG; 9 — methanol; 10 — PEO-
1500; 11 — sucrose; 12 — control; - SD; O —mean; _]-
SE; differences between data indicated with different
indices (a, b, c, d) are statistically significant, p < 0.05.

established that for a complete removal of cryopro-
tectants from all structural elements of an embryo the
participation of additional ingredients contributing to
washing (e. g. pronase) is necessary. Just in this case,
the embryos including those being teratogenically
developed kept a high survival rate.

In the result of our experiments it has been estab-
lished that 10% cryoprotective solutions 1,2-PD, 1,3-
PD, 1,3-BD, 1,4-BD, glycerol, EG, PEO-1500 and
sucrose provided following 60-min incubation a viability
of normally developing embryos close to the control.
The effect of these solutions in terms of teratogenicity
of developing embryos had statistically significant
differences vs. the control. So, there is a need of deve-
loping new methods to remove the cryoprotectants out
of embryos.

There is an opinion that creation of the cryoprotec-
tive media based on either DMSO or methanol needs
the reduction of their concentration and decreasing a
total incubation time, and in its turn this requires further
studies [12].

The findings testify to a possible use of 1,2-PD,
1,3-PD, 1,3-BD, 1,4-BD, glycerol, EG, PEO-1500 as
basic substances for creating and investigating the com-
plex cryoprotective media in different combinations.

Conclusions

1. Solutions of cryoprotectants 1,2-PD, 1,3-PD, 1,3-
BD, 1,4-BD, EG, PEO-1500 and sucrose in 10%
concentration provide quite a high survival rate of
Prussian carp embryos following 60 min incubation if
compared with the control and could be recommended
to be used as the components of multicomponent cryo-
protective media.

2. Cryoprotective solutions of 1,2-MOE, DMSO,
glycerol and methanol in 10% concentration increase
the teratogenicity in Prussian carp.
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