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Conditions for Loach (Misgurnus fossilis) Embryo
Vitrification in Cryoprotective Media

HccnenoBanu ycToli4nBOCTh SMOPHOHOB BbloHA (Misgurnus fossilis) K BO3AEHCTBUIO 5 KPHUO3AIIUTHBIX CPell U ONPEACIISIN
yCJ'IOBHﬂ ux Bm‘pn(bm(aunn. nOJ’ly‘IeHHbIC OKCIEPUMEHTAJIbHBIC IaHHBIC ITOKAa3aJIv, YTO Ha CTa/IUU Pa3BUTHA, COOTBeTCTBy}OLLIeﬁ Hayvay
HyJIbCalluK cepala, Haubosbliee KOJMYeCTBO BUTPUDUIMPOBaHHBIX 3MOproHoB (0 100%) 6buto npu nHKyOupoBanuu 30 MHUH B
KpHO3aIlIMTHOM cpene, cocrosmeid u3 30% caxapossl, 10% stunenmkons, 3% nonudtuiienokcuaa 1500 u 20% 1,2-nponanauona.
Temneparypa BuTpuduKanuy ’MOpPHOHOB BbIOHA HA 9TOM CTaJuu pa3BUTHs OblIa B inamnazone —80...—176°C.

Knioueswie cnosa: >M6puonsl, BbioH (Misgurnus fossilis), Kpuo3amnuTHAs cpeaa, BUTPUPUKALHS.

JocnikyBainu CTifiKicT eMOpioHiB B’ 10Ha (Misgurnus fossilis) 1o aii 5 kpio3axUCHHUX CEpeIOBHIL i BU3HAYAIIM YMOBH iX BiTpudikaril.
OTpuMaHi eKCIIeprMeHTaIbHI 1aHi T0Ka3aJiy, 10 Ha CTalil PO3BUTKY, SIKa BiIIIOBI1a€ MOYATKy MyJIbCaLil cepiis, Hail0ipIa KibKiCTh
BiTpudikoBanux emopionis (1o 100%) Oyna npu 30-xBrIMHHINA 00poOILi iX KPiO3aXMCHUM CepeloBHUILEM, sIKe cKiagaeTbes 3 30%
caxapo3u, 10% erunenrnikoito, 3% nomiernieHokeuay 1500 120% 1,2-nponanaiony. Temneparypa BiTpudikarii eMOpioHiB B’0Ha Ha
wiif craznii po3sutky Oyna B aianasoni —80...—176°C.

Kniouosi cnosa: embpionn, B’1oH (Misgurnus fossilis), kpiozaxucHe cepeioBHILe, BiTpUQiKaLis.

Resistance of loach (Misgurnus fossilis) embryos to the effect of 5 cryoprotective media was investigated and the conditions of
their vitrification were determined. The obtained experimental data demonstrated, that at a developmental stage, corresponding to the
heart beating onset, the highest number of vitrified embryos (up to 100%) was observed during 30 min incubation within a cryoprotective
medium, consisting of 30% sucrose, 10% ethylene glycol, 3% polyethylene oxide — 1500 and 20% 1,2-propane diol. Vitrification

temperature of loach embryos at this developmental stage was within —80...—176°C range.
Key-words: embryos, mud loach (Misgurnus fossilis), cryoprotectant medium, vitrification.

Pemenne npo6i1eMbl KpHOKOHCEPBUPOBAHMS OOLIU-
TOB ¥ 3MOPHOHOB PBIO MO3BOJHT CO34aTh CTPAXOBhIE
3aracel rTaMeT U SMOPHOHOB LICHHBIX M IPOMBICIIOBBIX
BUJIOB PHIO, a TAK)KE MPEIOTBPATHTH MX HCUE3HOBEHHUE
B pe3yJbTaTe MacCOBBIX 3MU300THi [ 7]. OcoOeHHO 3TO
BKHO ISl pEAKUX U ucue3aromux BuaoB [11]. boims-
LIYIO TOJIb3Y PE3YIBTaThl UCCIEAOBAHUN MOTYT MPH-
HECTH B CEJIEKIIUU MTPOMBICIIOBBIX BUIOB, IPH TMOITY-
YeHUH TOBAPHOM JTMUNHKH B JII000€ BpeMsi T0/1a He3a-
BHCHMO OT UX HEPECTOBBIX ITEPHOIOB.

OpHaKo 10 HACTOAIIETO BPEMEHH METOMbI KPHO-
KOHCEPBHPOBAHUsI SMOPHUOHOB PHIO HE pa3pabOTaHbI
[15, 28, 30] u3-3a KpYNHBIX pa3MepoOB AWLEKIETOK,
CJIOKHO YCTPOSHHOT'O KOMITJIEKCA, COCTOSILIIETO U3 AIMO-
PUOHANIBHBIX KJIETOK M JKEJITOYHOIO MEIKa, HU3KOU
MPOHHULIAEMOCTH MEMOPaH U UyBCTBUTEIBHOCTH M-
OpuoHOB Kk mepeoxnaxaeHuto [19, 21]. [lonbiTkn
3aMOPO3UTh SMOPHOHBI PHIO TPAJUIIMOHHBIMUA METO-
JAMH B Cpelax ¢ HU3KUMH KOHLIEHTPAIMAMHU KPHOIIPO-
TEKTOPOB ¥ HU3KUMH CKOPOCTSIMH OXJIQXKICHUS HE AN
HaAeKHBIX pe3ynbTaros [18]. [loaTomy GOIBIIMHCTBO
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Solving the problem of fish oocyte and embryo
cryopreservation will enable creating the reserve stocks
for gametes and embryos of useful and target fish
species, as well as preventing their endangered state
because of mass epizootic diseases [7]. This is of a
special importance for rare and endangered species
[11]. Research results may be of great benefit in se-
lecting the target species, when procuring market larva
at any season independently on their spawning periods.

However the methods for fish embryo cryopre-
servation have still remained undeveloped [15, 28, 30]
because of a big size of oocytes, a complicated way
of complex organisation, consisting of embryonic cells
and yolk sac, low membrane permeability and embryo
sensitivity to overcooling [19, 21]. The attempts to
freeze fish embryos using the standard methods in the
media with low cryoprotective concentrations and low
cooling rates did not provide the reliable results [18].
Therefore the applying of vitrification procedure is
considered to be perspective by most researchers [24,
27].
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HCCIIeNOBATENICH CUUTAIOT MTEPCTICKTUBHBIM IIPUMEHE-
HUE Mpoleyp BuTpudukanuu [24, 27].
Hcnonb3oBanue cpes ¢ BRICOKOM KOHLIEHTpaLUeH
KPUOTIPOTEKTOPOB U MOCIEAYyoIel BUTpUDUKaen
SMOPHOHOB COJIOHOBOHBIX PHIO ITO3BOJIFIIO MTOTYYHTh
rocie pasmMopakuBanus 32% KU3HECIIOCOOHBIX AIMO-
PpHUOHOB JIoxkHOTO TanTtyca [9] u 2,13% sxenroii kamba-
11 [26]. OmHaKo SMOPHOHBI TPECHOBOIHBIX PHIO Me-
HEE YCTOWYUBEI K SKCTPEMAaILHBIM (paKTOpaM KpHO-
KoHCcepBupoBanus [9, 26]. [ToaToMy tst SMOpHOHOB
KaKJIOTO BHJIa PHIO HEOOXOIMMO OPEIEIISTh KaK KPHO-
3aIUTHYIO CPEIY, TAK U YCIOBHSI X BUTPU(DUKAIIHH.
ens mamHO# pabOTHI — OMpeeIeHUE COCTaBa
KPHO3AIUTHOHN CPEIbl U PEKUMOB OXJIAXKICHUS, TT03-
BOJISIFOIIMX BUTPU(PUIIMPOBATh IMOPHOHBI BBIOHA Ha
CTaauH pa3BUTHA 35 (Ha4aIo MyIbCallH CEP/IA).

Matepnaabl 1 meToAbI

[TonoBo3zpensix ocobeit BoroHa (Misgurnus fossi-
lis L. 1758) Bo3pacTtom oT 4 10 6 JIET OTIaBIUBAIIN U3
MECT WX IPUPOTHOTO OOUTAHHSI BO BPEMsI JIEIOCTABA,
COPTHPOBAIIH TIO TIOJIY U COAEPKaIN Pa3AeIbHO MPH
4-5°C B MIacTUKOBBIX KOHTEHHEpax C OTCTOSHHOU
BOJIONIPOBOJHOM Boj0i. Ilepen npoBeneHneM skcme-
PUMEHTOB TeMmImeparypy mnosbimanu ao 21°C [1]. B
Ka)KJIOM 3KCIIEPUMEHTE TP MOBTOpax (n = 5) ObLUIO
HCIIOJIB30BAaHO 3 CAMKH U 5 CaMIIOB.

OMOPHOHBI OBIIIH TOIYYEHBI 10 METOLY, MOTU(H-
uupoBanHoMy Heiiaxom [4]. [locie nEbEKIIMN XOpUO-
HUYECKOTo roHagoTponuHa (camkam o 300 ex., cam-
nam o 100 ef.) nporsBoauTeEser TOMEIIAH B TLIACTH-
KOBBIE KOHTEHHEPHI C OTCTOSIHHON BOIOIIPOBOIHOM BO-
noii oobemMom 10 11 1 comepxkaly pu TeMIeparype
21°C. Coszpeanne Hactynaino depe3 30-36 4. Ukpy
KKIOW CaMKH OCEMEHSIH CMECBHI0 M3METbUEHHBIX
CEMEHHHKOB OT HECKOJIbKUX CAMIIOB U PacIIpelesuTi
o vamkam [lerpu mpumepno mo 200 mTyk 11 moc-
Jeyrolel HHKyOauruu B BOJE IPH TEMIIe-
patype 21°C, pH 7,2, dGH 6,7 mr-sxs/.

Bony mensinu tpu pasa B cytku. [loru6-

Using the media with high cryoprotective concen-
tration and following embryo vitrification of saltwater
fish species enabled to obtain after freeze-thawing 32
and 2.13% of viable embryos of flounder [9] and
Alaska plaice [26], correspondingly. However the
freshwater fish embryos are less resistant to extreme
cryopreservation factors [9, 26]. Therefore for emb-
ryos of each species it is necessary to determine both
cryoprotective medium and conditions for their vitrifica-
tion.

This research was aimed to determine the compo-
sition of cryoprotective medium and cooling regimens,
allowing to vitrify loach embryo at the developmental
stage 35 (heart beating onset).

Materials and methods

Mature loach (Misgurnus fossilis L. 1758) species
aged from 4 to 6 years were caught from their natural
habitats during freeze-up, sex-graded and kept
separately at 4-5°C in plastic containers with settled
tap water. Prior to experiment performance we rise
temperature up to 21°C [1]. In each experiment with
the repeats (n = 5) we used 3 females and 5 males.

Embryos were procured according to the method,
modified by Neifakh [4]. After injecting chorionic
gonadotropin (by 300 and 100 units for females and
males, correspondingly) the spawners were placed into
10 I plastic containers with settled water and kept at
21°C. Maturation occurred in 30-36 hrs. Each female
eggs were inseminated by the mixture of testes from
several males and distributed by Petri dishes approxi-
mately by 200 pieces for following incubation in water
at21°C,pH 7.2, dGH 6.7 mg-eq/l. Water was changed
thrice a day. Died and stopped in their development
embryos were removed. Developing embryos were
estimated according to the embryonic development
maps [1]. Embryos in progress, being at the develop-

CocTaB KpHO3aIIUTHBIX CPE/T
Composition of cryoprotective media

e U OCTAaHOBUBUIUECA B PAa3BUTHUHU SMO-
PUOHBI yaaJIAJIN. OHeHKy Ppa3BUBAOIINXCA

CopeprKaHue BelecTsa, %
Substance content,%

Cpeaa

SMOpPHOHOB MTPOBOAMIIHN COITIACHO KapTam Medium [T 901500 o1 12TIA MAL]
smOproHanpHOTrO pa3sutws [ 1]. PazBuBaro- Sucrose PEO-1500 EG 12-PD MAC
[IHECsS SMOPHOHBI, KOTOPBIE HaXOZIIHCD Ha o1 o 5 75 0 25
CTaJINM Pa3BHUTHS, COOTBETCTBYIOLIECH Ha-
YaJly MyJdbCallM cepiaua, oTOupain npu c2 73 215 7,5 - -
Ka)XJOM IOBTOPE OT TPeX CaMOK. DMO-
PHOHBI OCBOOOXKTAITH OT HAPYKHBIX 000IIO- c3 8 22 10 - -
HeK TH/IPaBIMIECKUM YapoM 0e3 MoBpex- 4 I, 5 0 0 B
JEHUI.

B xaxmo#i cepum 3MOpPHOHBEI OT TpeX cs 30 3 10 - -

camok (20 mTyk) moaBepraau 06paboTKe
KpHO3alIMTHBIMKE cpefamMu (Tabdiauia) ¢
WHTEPBAJIOM B 5 MHH B TeueHHe 25—60 MuH
JUISL yCTaHOBJICHUSI BPEMEHU BbDKHUBAHUS.
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Mpumeuanue: [130-1500 — nomudTreHOKCHA ¢ M. M. 1500; D" — sTHIIeHIIH-
koub; 1,2-T1]] — 1,2-nponanauon; MALL — MeTunaneramu.

Notes: PEO-1500 — polyethylene oxide with molecular weight 1500; EG —
ethylene glycol; 1,2-PD — 1,2-propane diol; MAC — methyl acetamide.
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3a pa3BUTHEM OTMBITHIX 3MOPHOHOB HaOIOHATN
JI0 CTaiiu CBOOOTHO TUTABAOIIEH TNYMHKH.

st 3amMopaskuBaHus SMOPHOHBI OTOMPAIN MHKPO-
MUIETKON MOLITYYHO ¢ 00IIMM 00bEMOM KPHO3aIIHT-
HOM cpenbl 15—20 MKJI 1 HaKanbIBaIM HAa OXJIAXKIEH-
HYI0 MEIHYIO IUTACTHUHY, Pa3MEILIEHHYO B Tapax >Ku-
KOro a3ota. BurpuduunpoBaHubie SMOPHOHBI B KaXK-
JIOW cpefie onpeAessiian BU3yalbHO 110 CTENEHH MPO3-
pavHOCTH.

CratucTuyueckruii aHaIu3 TPOBOAMIIHN C TIOMOIIBIO
nakera npukianabix nporpamm STATISTICA. dns
OTIpeIeNIeH s CTATUCTUYECKH 3HAYUMBIX Pa3IHIHii 10
BBDKHBAEMOCTH B CPABHMBAEMBIX IPyTIIaX SMOPHOHOB
WCIIOJIH30BaJH TecThl Troku 1 ManHa-YutHu. Cratuc-
TUYECKU 3HAYMMBIMH OTIIMYUSA cuuTanu mpu p < 0,05.
Pe3ynprarsl npeacTaBisaian B BUAE CPETHETO + CTaH-
napTHas omunOka. Bee BennuuHbl peoOpa3oBHIBAIH
B arcsin I MPUBENECHUS MONYYEHHBIX AaHHBIX K
HOPMaJIbHOMY PacHpelelIeHHIO.

Pe3yAbTatel M 00Cy)xaeHue

OMOPHOHBI KOCTHCTHIX PO pa3BUBAIOTCS OBICTPO,
1 UX yCTOWYNBOCTH K KPHOTIPOTEKTOPAM H IIEPEOXITaXK-
JIEHUIO U3MEHSETCS HEPaBHOMEPHO, YTO HEKOTOPHIE
aBTopHI [ 17, 29] cBA3BIBAIOT C aCHHXPOHHOCTHIO JIeNIe-
HUS KJIETOK Ha pa3HbIX CTaIusX pa3BuTHs. KomndectBo
JKEJITKA Ha TIO3IHUX CTAJUSAX Pa3BUTHSA 3HAYUTEIHHO
CHUKAETCAd B CBA3M C MHTEHCHUBHBIM DHIOTECHHBIM
MUTaHUEM, a 000JIOYKH XOPHOHA pa3pbIxisitores [1],
YTO MO3BOJISICT YMEHBIIUTH BpeMs SKBHIMOpaLuy B
KPHO3aLIUTHBIX cpefax. YToObl TOCTUYb COCTOSHHS
BUTpUPUKALINHN TPH 3aMOPaKUBAaHUU SMOPHUOHOB
BBIOHA Ha CTAMH Pa3BUTHS 35 UCTIOJIB30BAIIM BEICOKHE
KOHIIEHTPAIH KPUO3AIUTHBIX CPE/I.

B cBs13u ¢ HU3KOM MPOHUIIAEMOCTHIO 3MOPHOHAIIB-
HBIX MeMOpaH HEO0OXOJUMO yBEIHYHBATH BpEMsI
MHKYOaIy SMOPHOHOB B KPHO3ALIUTHBIX CPEAax, 4TO
MOTJIO IPUBECTH K X THOEIH eIlIe 10 3aMOPaKHBAHUS
BCIICJICTBHE TOKCHYHOCTH KPHUOTIPOTEKTOPOB [7, 26].
[TosToMy Ha mepBOM 3Tare UCCIeIOBaHUN ompene-
JSUTA TUHAMUKY THOEJIN SMOPHOHOB B 3aBHCUMOCTH
OT BPEMEHHU SKBUIMOPALIH C KPUO3AILUTHBIMH Cpe-
JaMHu.

Bruio ycTanoBieHo, 4To pu HHKYOamy sMOpHo-
HOB B KPHO3AIIUTHBIX CpeiaxX B TeUeHHUE 25 MUH NIOKa-
3aTenb YPOBHS BBDKHBAEMOCTH HE MMEJ CTaTHUCTH-
YECKH 3HAYUMBIX Pa3IHIUil C KOHTPOJIBHBIMH IpyIIIa-
mu (TecT Manna-YutHy, p < 0,05) (puc. 1).

[Ipn unkybanuu sM6puoHOB B TedeHue 30 MUH
HaO0II0ATTOCh HECYIIECTBEHHOE CHIDKEHHE YPOBHS X
BBDKHMBAaEMOCTH BO BCEX KPHO3AIIUTHBIX cpeax. [Toc-
Jie MHKyOaluy B KPUO3ALUTHBIX CPElax B TEUCHHUE
30-35 mMuH cepAle mepecTaeTr MyabCUPOBaTh, HO Y
OTMBITBIX SMOPHOHOB BIOCJIEICTBHHM BOCCTaHABIIH-
BaJIOCh OMEHHE cepaua U COXpaHsIach CIOCOOHOCTD
K Pa3BUTHIO. YBEIMYCHHE BPEMEHH HHKYOAIuu 3M0-
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mental stage, corresponding to the heart beating onset,
were selected at every repeat from three females.
External embryonic membranes were removed by
means of hydraulic shock without damages.

In each series the embryos of three females (20
pieces) were treated with cryoprotective media (Table)
with 5 min interval during 25-60 min to establish a
survival time.

Development of washed-out embryos was obser-
ved up to the stage of free swimming larvae.

For freezing the embryos were selected with micro-
pipette by the piece with 15-20 ml total volume of
cryoprotective medium and pipetted on a cooled copper
plate, placed in liquid nitrogen vapour. Vitrified embryos
in each medium were visually detected by the clarity
degree.

Statistical processing was done using the “Statis-
tica” software. In order to determine the statically
significant differences on the survival rate in embryo
groups under comparison we used the Tukey’s and
Mann-Whitney’s tests. Statistically significant values
were calculated at p < 0.05. Results were presented
as a mean = standard error. All values were transfor-
med in arcsin to bring the obtained data into the normal
distribution.

Results and discussion

Bony fish embryos develop rapidly and their
resistance to cryoprotectants and overcooling changes
in a nonuniform way, that is believed by some authors
[17, 29] to be associated with cell mitosis at different
developmental stages. At late developmental stages
the yolk amount considerably reduces due to an
intensive endogenous nutrition and the chorion mem-
branes are getting loosed [1], allowing to reduce the
equilibration time in cryoprotective media. To achieve
the vitrification state during loach embryo freezing at
developmental stage 35 we used high concentrated
cryoprotective media.

Due to a low permeability of embryonic membranes
it is necessary to increase the incubation time for emb-
ryos in cryoprotective media, that might result in their
death even before freezing because of cryoprotective
toxicity [7, 26]. Therefore at the first stage of research
we determined the dynamics of embryo death depen-
ding on equilibration time with cryoprotective media.

During 25 min incubation of embryos in cryopro-
tective media the index of survival level was established
to have no statistically significant differences with the
control groups (Mann-Whitney’s test, p < 0.05) (Fig. 1).

During 30 min embryo’s incubation a slight decrease
in their survival level was observed in all the cryopro-
tective media. After incubating in cryoprotective media
within 30-35 min, heart stops beating, but in washed
embryos heart beatings recovered and the capability
for development was kept.
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1,6

14 -

0,8

0,4 -

BbhknBaemocTb aMbpuroHoB, arcsin %
Embryo survival, arsin %

0,2

Bpems akBunubpaumm, MuH

Equilibration duration, min

Puc. 1. BepxuBaeMocTs SMOPHOHOB BbIOHA (CpeliHee + cTaHAapTHAsI OIINOKa) B 3aBUCUMOCTH OT BPEMEHH MHKYyOanuu B
KpHO3amUTHEIX cpenax (n=>5): O0—C1; 00— C2; - C3; 8- C4; - C5;K — kxoHTpOIb; * — cCTaTUCTHIECKHE Pa3THIHS MEXKITY
3HAUYEHUSIMH JUII BpeMeHU HHKyOarwu, p < 0,05

Fig. 1. Loach embryo survival (mean + standard error) depending on incubation time in cryoprotective media (n = 5): 00—
Cl;0-C2; M- C3;8-C4; - CS5; K is control; * — statistically significant differences between values for equilibration

time, p <0.05,

puoHOB 0T 40 10 60 MUH IPUBOANIIO K BEICOKOM CMEPT-
HOCTH, YTO HEIEJIeCO00pa3HO MPH MPOBEIEHUH 3aMO-
PaXXHBaHUS, T. €. ONITUMAIBHOE BPeMsI SKBUITHOPAIAN
coctaBisieT 30-35 muH.

MBI HCIIONBE30BaNI B KPUO3AMIUTHBIX Cpejax
KkpuornpotekTops! 1,2-nponananon (1,2-11/1) u mommatu-
neHokeus ¢ M. M. 1500 (IT90-1500) motomy, 4To 3TH
KPHUOTIPOTEKTOPHI B COCTABE KPHO3AIMUTHBIX CPEJT ISt
SMOPHOHOB JPYTUX KapIOBHIX OBUIM OTMEYCHBI KaK
ManoToKCHIHbIE [29]. [lo6aBiieHre B KpHO3AIIUTHEIE
cpensr C1 u C4 kpuonpotextopos 1,2-I1J1 u I[130-
1500 He oka3ano OTPULATEIBLHOTO BO3ACHCTBUA HA
BBDKHBAEMOCTh 3MOPHOHOB IPH WHKYOMPOBAHUU B
TeueHue 35 MUH, HeCMOTpsI Ha TO, uyTo B C1 BbIKUBae-
MOCTh HanMeHbIas, a B C4 — HanOoupmasl.

Bruno ycranosneno, uro meruianeramuy (MALL)
o0JIajjaeT BRICOKOM MPOHUIIAEMOCTRIO U HE OKa3bIBaeT
CYIIIECTBEHHOTO BIIMSTHUS HA BEKUBAEMOCTH CIIepMa-
TO30HUOB NITHUIT [2], HO B HAITUX DKCIIEPUMEHTAX OH
OKa3ajl HeraTHBHOE BJIMSHKME Ha BBDKUBAEMOCTh IMO-
PHOHOB BbIOHA IIPY YBEJIMYEHUH BPEMEHH HHKYOaIiiu
cBhIme 15 MuH, gTo cormacyercs ¢ [12]. B cpene C1
C MIpHUCYTCTBUEM KpHornpoTekTopa MALL yctaHOBIIEH
CaMblil HU3KHUI YpPOBEHb BBIKUBAEMOCTU. OIHAKO
HaMU OBUIO TIOKa3aHO, YTO YBEIMYCHHUE CONCPIKAHUS
caxapo3bl B KPHUO3AMUTHBIX CpeJax CIOCOOHO B
HEKOTOPOM CTENEHU CHU3UTh TOKCUYHOCTh OCTAJIBHBIX
KPUOIIPOTEKTOPOB U HEUTPAIU30BaTh UX HETATUBHOE
BIIMSHUE. DTO comIacyeTcs ¢ pesynbratamu [23].

OddexT BaMsSHMI CaMOK Ha BBDKUBAEMOCTh 3MO-
pUOHOB HAOIIOANCS BO BCEX DKCIIEPUMEHTATHHBIX
rpynmnax (puc. 2).

Brimn ycTaHOBIICHBI pa3IMdus 1O YPOBHIO BBIKH-
BaEMOCTH MEXTy IPyIIIaMy 3MOPHUOHOB, ITOJIyYSHHBIX
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Rise in incubation time for embryos to 40—60 min
resulted in a high mortality rate, that was not expedient
during freezing and the optimal equilibration time was
30-35 min.

We used 1,2-propane diol (1,2-PD) and polyethy-
lene oxide with molecular weight of 1500 (PEO-1500)
in cryoprotective media because of their low-toxicity
as part of cryoprotective media for embryos of other
carp species [29]. Adding 1,2-PD and PEO-1500 into
C1 and C4 cryoprotective media had no negative effect
on embryo survival during 35 min incubation, despite
the fact, that the lowest and highest survivals were in
C1 and C4, correspondingly.

Methyl acetamide (MAC) was established to have
a high permeability and no significant effect on bird
spermatozoa survival [2], but in our experiments it
negatively affected the index for loach embryo when
increasing incubation time over 15 min, that correlated
to the data, reported in the paper [12]. In C1 medium
with MAC presence there was established the lowest
survival level. However we demonstrated a sucrose
content increase in cryoprotective media as capable
to reduce in some extent the toxicity of the rest cryo-
protectants and neutralise their negative effect. This
correlates with the result [23].

The effect of female influence on embryo survival
was observed in all the experimental groups (Fig. 2).

Differences on survival level between embryo
groups, obtained from different females, were estab-
lished. Statistically significant differences were defined
between the 2" and 3 females. The same effect was
found in the paper [12, 22]. Differences in embryo
survival of different females the authors explained by
those in fish physiological state and its embryos as well.
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OT pa3HbIX caMOK. CTaTUCTHYECKU 3HAYUMBIE Pa3IIH-
yus OBUIM ONpeAeNieHbl MeXIy 2-i u 3-if caMKaMu.
[Momo6usri 3 dexT Obu1 onvcad B [3, 22]. Paznuuus
B BBDKMBAE€MOCTH SMOPHOHOB Pa3HBIX CAMOK aBTOPHI
OOBSICHHIIH PA3IMIUSIMH B PH3HOIOTHIECKOM COCTOSI-
HUH PBIO, U, CJICAOBATEIBHO, UX IMOPHOHOB.

OMOpuoHkI, oOpaboTanusie B Teduenne 30 MUH
KPHO3AIIUTHBIMH CPEAaMH, 3aMOPAKUBAIIH JIJISI OTIpe-
JIEJIEHUS] ONTUMAJIbHON BUTPU(DHIMPYIOMEH CPEIbI.
N3mepenue TtemiepaTypbl MEJHOM IUIACTHHBI C I10-
MOILIBIO TEPMONAPHI T0KA3aJI0, YTO JUANa30H TEMIIE-
paryp, B KOTOPOM MIPOUCXOIUT BUTpuuKanus, —80...
—176°C. IIpu 6onee BBICOKHX TeMIIEpaTypax 3aMopa-
KHUBaHUS HE HAOIIONANOCH CTEKIIOBaHHUS OOBEKTOB, a
[IpH TEMIIepaType 3aMopaxuBaHus HIbke —176°C He
yaaBajioch 3a)UKCHPOBATh CTEKJIIOBaHHE, TaK Kak
Karisi pacTBOpa ¢ SMOPHOHOM pa3pyliaiach.

[Ipu 3amopaxuBaHUH OMPEAEISIICS HAUOOIBIINI
MIPOIEHT BUTPHU(UITUPOBAHHBIX YMOPHOHOB (pHc. 3).

YcTaHOBIEHO, YTO SMOPHOHBI BBIOHA UMEIOT BBI-
COKYH0 YCTOMYMBOCTb K BO3JICHCTBUIO KPHOIIPOTEKTO-
poB Ha ctanuax pa3BuTus 23-35 (ob6pasoBaHue 3a-
YaTKOB TJIa3 — Hadajo mynbcanuu cepana) [3]. s
Ka)X/10T0 BUJa PbIO 3TH CTaJUU WHANBUIYAIBHBL, H Y
OOJIBIIIMHCTBA MCCICJOBAHHBIX HAXOAATCS B AMama-
30HE MEXAY CTaJuel pa3BUTHsI, COOTBETCTBYIOIIEH
Mo3HEH racTpyne u Havyaixy Ouenus cepaua [16, 31,
32]. OgHako SMOpPHOHBI BbIOHA HA CTAJANU Pa3BUTHSA
23 uMeroT OOJBIIOE KOJUYECTBO HKENTKA, KOTOPHIH
MOJXKET MpensATCTBOBATh X BUTpu(ukanuu [20]. Ha
0oJtee MO3THUX CTAUAX PA3BUTHS )KEITOIHBIA MEIIOK
MeHnbie. Kpome TOro, MBI MPEANOIOKUIN, YTO Ha
cTaauu 35 MPOHUIIAEMOCTh YMOPHOHATHHBIX MEMOpaH
BBIIIE, YTO MTOMOKET OCYIIECTBUTH JETHApaTaIUIO
SMOPHOHOB U HACBIIEHUE X KPHO3AIIUTHBIMHU Cpe-
namu. Hamm pesynberarsl cornacyloTcst ¢ pesysbra-
tamu Robles et al. [26, 27] 00 ycToiiunBOoCTH 3MO-
PHOHOB Ha MO3IHUX CTAIUSAX PA3BUTHSA K IIEPEOXIIaxK-
JIEHUI0, TOKCUYHOCTH KPHOIPOTEKTOPOB M MEXaHUYEC-
KHUM TIOBPEKACHUSIM.

B Hamux sxcniepuMeHTax HeBUTPU(DHULIUPOBAHHbIE
AMOPHOHBI OBLTH OEIIOTO IIBETA, UTO YKA3hIBACT Ha ITPH-
CYTCTBHME MEXKJICTOUHBIX U BHYTPUKJIETOUHBIX KPHUC-
TaJIJIOB JIbJa Y 3MOPHOHA HJIN JKEITOYHOTO MEILKA.

bruio ycTaHoBieHO, UTO JIyUllleld cpeioi, B KOTO-
poii Habmonasncs HauOONbIIMK MPOLEHT BUTpUDU-
LUPOBaHHBIX IMOPHOHOB, siBIsieTcs cpena C4, cocTosi-
mas u3 30% caxapossl + 10% stunenrnukons (OI7) +
3% II20-1500 u 20% 1,2-I11.

[Mocne ButpuduMpoBaHus 3MOPHOHBI TOTPY>KATH
B JKUJIKHUI a30T U COXpaHsUIIU B TeueHue 60 MUH, oTorpe-
Bas SMOpHoHBI B yamkax Iletpu o6bemom 40 mi1 ¢
Boxoi mpu Temmeparype 22°C. g ynaneHus Kpuo-
MPOTEKTOPOB TPOEKPATHO MEHsUIM Boay. B manbHei-
meM SMOPHOHBI HHKYOHPOBAIHCH TIPH TEMIIEPAType
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Puc. 2. BepkuBaeMOCTh SMOPHOHOB Pa3HBIX CAMOK ITOCIIE
WHKYOMPOBAaHMS B KPHO3AIUTHBIX cpefax. CTaTUCTHYECKH
3HAUMMBIE Pa3JIMYUs CYHIECTBYIOT MEXAY TpyIaMu, HE
UMEIOIIMMU OTUHAKOBBIX CUMBOJIOB (TecT Trokm, p < 0,05,
n=5): "] —cTraHgapTHOE OTKJIOHEHHUE; [ |— CTaHIapTHas
ommbKa; O— cpeaHee.

Fig. 2. Survival of embryos from different females after
incubating in cryoprotective media. Statistically significant
differences exist between the groups without equal symbols
(Tukey’s test, p<0.05, n = 5): _T_ — standard deviation;
[]- standard error; o — is mean.

Embryos treated with cryoprotective media for 30
min were frozen to determine the optimal vitrifying
medium. Measuring temperature of copper plate using
thermocouple has shown the temperature range, where
vitrification occurs, to be —80...—176°C. Under higher
freezing temperatures no objects’ vitrification was
observed, but under those, lower than —176°C the
vitrification could not be fixed because of the dest-
ruction of embryo-contained solution drop with .

During freezing there was determined the highest
percentage of vitrified embryos (Fig. 3).

Loach embryos were established to be high resistant
to cryoprotective effect at developmental stages 23-
35 (eye bud formation — heart beating onset) [3]. For
each fish species these stages are individual and in the
most researches they are within the range between
developmental stage, corresponding to the late gastrula
and heart beating onset [16, 31, 32]. However the loach
embryos at the developmental stage 23 have a big
amount of yolk, which may prevent their vitrification
[20]. At later developmental stages the yolk sac is
smaller. In addition, we believed that at the stage 35
the permeability of embryonic membranes was higher,
assisting in realising embryo dehydration and their
saturation with cryoprotective media. Our results
correlate with those of Robles et al. [26, 27] on embryo
resistance at later developmental stages to overcooling,
cryoprotective toxicity and mechanical damages.
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Puc. 3. Butpudukaius sMmOoproHoB nocie 30 MUH SKBHITHO-
palmu B 5 KpHO3aMTHBIX cpesax. CTaTuCTHYeCKH 3HaYNMBbIe
pas3uYus OMpeeIeHbI MEX/y TPYIIIAMHU, HE UMEIOIIUMHU
OJMHAKOBBIX CUMBOJOB (TecT Troku, p < 0,05, cpennee +
CTaHIapTHasA OIKOKa, n =15).

Fig. 3. Embryo vitrification after 30 min equilibration in 5
cryoprotective media. Statistically significant differences
were determined between the groups without equal symbols
(Tukey’s test, p <0.05, mean + standard error, n =5).

20°C. BunuMbix MOPQOIOTHUECKUX HU3MEHEHUH Y
Pa3MOpO’KEHHBIX SMOPHOHOB B CPABHEHUH C KOHTPOJIb-
HBIMU I'PYTIIIaMH HE YCTaHOBIIEHO, HO OTCYTCTBOBAJIO
OueHue cepaua.

CraTuCTUYECKH 3HAYMMBbIE OTIMYMS B IOKa3a-
TEIIAX YPOBHS rH0eny SMOPHOHOB YCTaHOBJIEHBI TTOCITE
6 1 uakyo6aruu (~ 20%) (p <0,05). Uepes 14 1 uakyOa-
MU TI0CJIE OTTaWBaHHS BO BCEX cCaydasx (n = 5)
smOpuonsl orudanu (100%), 9yTo BBIpakanoch B
moOeIeHnH YMOPHUOHOB, YKa3bIBAIOIee HA HEKPOTHU-
3aIMI0 TKAaHEBBIX CTPYKTYP (pHC. 4).

i1t 5MOPHOHOB MOPCKOTO Kapacs Ha CTaJAuu pas-
BUTHS, COOTBETCTBYIOLLEH Hadamy OMeHus cepana, yc-
TaHOBJICHO, YTO C YBEIMYEHHEM KOHUCHTPALHH
KPHO3aLIUTHOW CPe/Ibl MOBHIILIAETCS POLIEHT BUTPH-
(urpoBaHHEIX 3MOproHOB [ 12]. [Tpu ncnonb3oBaHuN
KPUO3aIUTHOHN cpelibl, cocTosimen u3z 20,5% mume-
tuicynshokcuaa + 15,5% aneramuna + 10% npornu-
JICHTIIHKOMIS + 6% TPONMUICHITUIICHTIUKOS OBLI
MOJTyYeH OTHOCUTEITLHO BBICOKHH ITPOLICHT BUTPU(HITH-
poBaHHBIX 3MOpHoHOB (> 40%). Ho ypoBeHs cmepT-
HOCTH PE3KO BO3PACTaJI C YBETMUECHHEM BPEMEHH IKBH-
nmuoparuu (6omnee 15 munH) B aToM cpene. [locie pazmo-
paxuBaHUs Bce SMOpHOHBI Horubany. OHu Oeneny uim
HUMeIH TIOBPEXICHHA B BUJE pa30yXaHus, AeCTPYKTY-
pu3anuy 0060JI0UYeK U Jp.

[Ipu 3amopakuBaHHKM SMOPHOHOB JIOKHOTO Tasl-
Tyca B KpMO3aLIUTHBIX CpeiaxX ¢ pa3InuHbIMU KOMOU-
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In our experiments the non-vitrified embryos were
white, suggesting the presence of inter- and intracellular
ice crystals in embryos or yolk sac.

It was established that the best medium with obser-
ved highest percentage of vitrified embryos was the
medium C4, consisting of 30% sucrose + 10% ethylene
glycol (EG) + 3% PEO-1500 and 20% 1,2-PD.

After vitrifying the embryos were immersed into
liquid nitrogen and preserved within 60 min, then
thawed in 40 ml Petri dishes with water at 22°C. Water
was thrice changed for cryoprotectant removing.
Further embryos were incubated at 20°C. No visible
morphological changes in frozen-thawed embryos
compared to the control groups were revealed, but heart
beating was absent.

Statistically significant differences in the indices of
embryo death level were found out 6 hrs later incu-
bation (20%) (p < 0.05). After 14 hrs incubation follo-
wing thawing in all the cases (n = 5) the embryos died
(100%), that was manifested in embryo whitening,
pointing to the tissue structure nectrotisation (Fig. 4).

For red sea bream embryos at the developmental
stage, corresponding to the heart beating onset, there
was established, that with an increase in cryoprotective
medium concentration the percentage of vitrified
embryos augmented [12]. When using cryoprotective
medium, comprising 20.5% dimethyl sufoxide +15.5%
acetamide + 10% propylene glycol + 6% propylene
ethylene glycol, quite a high percentage of vitrified
embryos (>40%) was obtained. However the mortality
level sharply increased with a rise in equilibration time
(more than 15 min) in this medium. After freeze-
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Puc. 4. BepxuBaeMocTh SMOPHOHOB BBIOHA ITOCTIE OTTAH-
BaHus (n = 5), cpenHee + CTaHz[g)Tﬂoe otknonenue: @ —
nl; 0-n2;A-n3;0-n4;<-nSs.

Fig. 4. Loach embryo survival after thawing (n=15), mean +
standard deviation: 9 —n1; 0-n2; A—n3; O-n4;< —n5.
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HaIMMU METaHOJa, NIMLEPUHA U MPOIHICHIIINKOIS
OTMEYaJICS BBICOKHU MPOIEHT BUTpuUKammu (85—
95%) [9]. I1pu >TOM OBLT MOTyYEH BHICOKUI MTOKa3a-
TeJIbh YPOBHS BBIKHBAaeMOCTH 3MOpHOHOB (10 32%)
[IpY OTTauBaHUU. DMOPHOHBI HAOIIOOATINCE B TEUCHHUE
90 4, yTO COCTaBUJIO BPEMs OT MOMEHTa OTTauBaHUSA
110 TUOETIH TIOCIIETHETO.

Opnnako B coobmenuu [ 13] yka3siBaeTcs Ha HEIO-
CTaTKH 3TOro MeTtona. IIoBTOpHBIN 3KCIEPUMEHT,
MIPOBECHHBIN NPH TEX 7K€ YCIOBUSIX, TOKa3all HU3KUN
ypOBEeHb BUTPUGUIHPOBAHHBIX d3MOpHOHOB. [Ipn
JaTbHEHIIEM OXJIaXKICHUU 4acTh MX Oeliena, 4To
YKa3bIBaJ0 Ha MPHUCYTCTBHE KPUTHIECKOTO 0ObeMa
KpucTaJTueckor (asbl, a Ipu oTorpeBe Bce IMO-
PHOHBI Oeneny.

[Ipu 3amopaknuBaHnM SMOPHOHOB JIMHS B yKa3aH-
HBIX KPHO3AIIUTHBIX CPeAax NpH TeX K€ yCIOBUsX (B
JKCIEPUMEHTaX NCHOIb30BaHO cBhie 5000 smOpHo-
HOB) [ 14] pe3yabTaThl COOTBETCTBOBAIH TaHHBIM [ 13].
3T0 00BACHSIIOCH TEM, YTO SMOPHOHBI IPECHOBOIHBIX
pBIO MeHee YCTOHYMBBI K BHICOKMM KOHIIEHTPALUSIM
KPHOIPOTEKTOPOB, YeM SMOPHOHBI MOPCKHUX, KOTOPHIE
MMEIOT MPUPOTHYIO PE3UCTEHTHOCTD K TUIIEPTOHIYEC-
KuM pactBopam [10, 26].

B pabore [26] ncnonb30Bainu KpUO3aIUTHBIE Cpe-
IIbI, COCTOSIIIME M3 KOMOWHAIMIT MeTaHoJa, TIPOTaH-
JIN0JIA U ATUJICHTIIMKOJIA, B KOTOPBIX 0,92—2,13% 3M0-
PHOHOB KENTON KaMOallbl OTpeiesieHbl Kak Mopdo-
JIOTHYECKU MHTAKTHBIE B TEYEHHE NIEPBOTO Yaca IocIe
OTTaMBaHMsl, HO OHU HE Pa3BUBAINCH U 3aTEM BCE IIOTH-
Oamm.

Taxum oOpaszom, B Hameil pabore moyydeH yc-
TOMYMBBIN BBICOKHI ypOBEHb BUTPUPULIUPOBAHUS
aMOproHOB BhloHA (91,3 £ 18,7%), 4uTo mo3BOIISAET
TOBOPHUTH O HEOOXOIMMOCTH IMPOJOIKEHHS UCCIIEI0Ba-
HUU B JaHHOM HaIPABJICHUU.

MeI ipearionaraemM, 4To THOeIb SMOPHOHOB MTOCIIe
oTorpesa ObuTa 00yCIIOBICHA Pa3IMYHBIMH IIPUYHNHA-
MU. Bo-TIepBBIX, BO3MOXKHO CYIIIECTBOBAIN MUKPOIIOB-
peXXIeHus, BEI3BaHHbBIE KPHO3AIUTHBIMU CPEAAMH, U
JnanpbHEeWIee OXJaXJeHHE OTPHUIATeNIbHO CKa3bl-
BaJIOCh Ha KOMIIEHCATOPHBIX peakuusax [6, 8]. Bo-
BTOPBIX, PU OXJAXACHUU BEPOSATHO BO3HUKAIH
MUKPOCKOIIMYECKHE LIEHTPBl KPUCTAIIN3ALUH, YTO
MPUBOAMIIO K PEKPUCTAINIM3ALMOHHBIM IpoIleccam,
BBI3BIBAIOLINM MEXaHUYECKUE IOBPEKACHUS OTEIb-
HBIX KJIETOK mpu orrauBanHuu [18]. B-Tperhux,
MOBPEKACHHUS] MEMOpPAHHBIX CTPYKTYp OBIIH CBs3a-
HBI C UHAWBUAYAFHON YyBCTBUTEIEHOCTHIO OHOIOTH-
Yeckoro o0bekTa [5, 25] uinn ObLIN MCIIOJIb30BaHbI
HEONTUMAJIbHBIC PEKUMBI OTTauBaHMs [7].

BbiBOABI

B pesynbrare mpoBeeHHBIX UCCIEA0BaHUMN onpe-
JIeJIeHa JIy4Ias cpeaa A BUTpU(PUIIPOBaHHS SIMO-
PUOHOB BBIOHA Ha CTAJIUU IMYJbCAllUU CEPALA COC-
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thawing all embryos died. They whitened and had
swelling-like damages, membrane destructurisation etc.

When freezing Japanese flounder’s embryos within
cryoprotective media with different combinations of
methanol, glycerol and propylene glycol there was ob-
served a high percentage of vitrification (85-95%) [9].
At the same time there was obtained a high index of
embryo survival level (up to 20%) during thawing. Emb-
ryos were observed during 90 hrs, that made the time
from the moment of thawing to the death of last one.

However this method’s disadvantages are reported
in the paper [13]. Repeated experiment, performed
under the same conditions showed a low level of
vitrified embryos. During following cooling a part of
them whitened, that pointed to the presence of critical
volume of crystal phase, but under thawing all embryos
whitened.

During freezing of common tench embryos in the
mentioned cryoprotective media under the same
conditions (over 5,000 embryos were used in the
experiments) [ 14], the results corresponded to the data,
reported in the paper [13]. This was explained by the
fact, that freshwater fish embryos were less resistant
to high concentrations of cryoprotectants, than those
of seawater ones, which had a natural resistance to
hypertonic solutions [10, 26].

In the paper [26] there were applied cryoprotective
media, consisting of methanol, propanediol and ethylene
glycol combinations, where 0.92-2.12% Alaska plaice
embryos were determined as morphologically intact
within the first hour after thawing, but they did not
develop and then all died.

Thus, in our research we obtained a stable high
rate (91.3 £ 18.7%) of vitrified loach embryos (despite
freshwater species), that enabled concluding about a
right way in studying fish embryo freezing.

We assume embryo death after thawing as stipu-
lated by different causes. First, microdamages of
chemical character, caused by cryoprotective media,
might occur and further cooling negatively affected
the compensatory reactions [6, 8]. Secondly, there was
a probable formation of microscopic centers of
crystallisation, resulting in recrystallisation micro-
processes, causing mechanical damages of single cells
during thawing [18]. Thirdly, the damages of membrane
structures were associated to an individual sensitivity
of biological object [5, 25] or non-optimal regimens of
thawing were used [7].

Conclusions

As a result of the research performed there was
determined the best medium for loach embryo
vitrification at heart beating stage, consisting of 30%
sucrose, 10% EG, 3% PEO-1500 and 20% 1,2-PD.

Freezing regimen, enabling to achieve 91.3+18.7%
embryo vitrification was determined.
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tosiasg u3 30% caxapossl, 10% 3T, 3% I150-1500
n 20% 1,2-T11.

OmnpeniesieH peKuM 3aMOPaKUBAHHUS, MO3BOJISIO-
i goctrdb 91,3 = 8,7% BuTpuduKaniy sMOPHOHOB.

YcTaHOBIEHO, YTO BBDKMBAEMOCTh 3MOPHOHOB B
KPHO3aIIUTHBIX CpeiaX 3aBUCUT OT HHIMBUIYTLHBIX
0coOeHHOCTEH 0c00ei, OT KOTOPBIX OBUIN TONTYy4EHBI
KJIETKH.
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Embryo survival in cryoprotective media was

established as dependent on individual peculiarities of
females.
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