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s onpenencuus Biusaus JIMCO 1 npoayKTOB €ro paciiajia Ha TeHOM CIIepPMaTO30H/I0B HCCIICI0BAHA BEDKHBAEMOCTh SMOPHOHOB
BBIOHOB Misgurnus fossilis L., moqy4eHHBIX ¢ HCIOJIb30BaHHEM CIepMbI, SKBUIINOprpoBanHoii 40-50 mun npu 4 °C B 3-x pacTBOpax
10 %-ro JIMCO pa3nu4HO# CTeneH: OYUCTKH. BkrBaeMOCTh HKPBI M SMOpHOHOB 110 20-if cTainy He 3aBHCelIa OT YUCTOTHI PpaKunu
JMCO u 6b11a Ha 1/3 HKe, ueM B koHTpose. CHI)KeHHE BBDKMBaeMOCTH SMOpHOHOB nociie 20-i ctaguu B onbiTax ¢ [ u 11 ppakiusmu
JAMCO xoppenupoBaiio ¢ 00HapyKeHHBIMH B HUX npoaykramu pacnazaa JJMCO u 6bu10 KOCBEHHBIM JOKA3aTeIbCTBOM HX BO3MOXHOTO
BJIMSIHMS Ha TeHETHYECKUH ammapar criepmaro3ouzioB. [locne sxkBunubpanuu cnepmsl B camoit uncroit III ¢ppakuun JMCO
BBDKHBAEMOCTh YMOPHOHOB CHIIKAJIACh, HO HE Y BCEX CAMOK. DTO 00BSICHSIETCS MEHBIINM OTpHULIATeIbHBIM Bo3zelcTBreM L1 ppakuun
JAMCO Ha criepMaTo30Ubl, a TAK)XKE, BEPOSITHO, PA3JIMUUsIMU B pelapaliiOHHON CIIOCOOHOCTH U OTATOLIEHHOCTH MYyTaI[USIMHU HKPbI
pas3HbIX caMOK. BepkuBaeMocTh SMOPHOHOB 3aBHCENa OT CTaJUH AMOPHOHAIBHOTO pa3BuThs. Takum obpazom, JIMCO okasbiBan
IIUTOTOKCUYECKOE U CEJICKTUBHOE JIeHCTBHUE Ha CIIEPMATO30M bl U, BO3MOXKHO, BBI3bIBAJI KAKHE-TO HAPYIIEHUS CTAOMIBHOCTU BCEro
reHEeTHYECKOTro MaTepHala KJIeTOK, YTO OTPaXkajJoCh Ha BEDKUBAEMOCTH SMOpHOHOB. CTerneHb BEIPaKEHHOCTH 9TOTO BIIMSHUS 3aBHCENa
ot yuctoThl JIMCO, noteHnuana caMky 1 Ka4ecTBa €€ UKPbI, CTaJiH Pa3BUTHsI SMOPHOHOB.

s BuzHauenns BrumwBy JIMCO Ta nmpoIyKTiB HOTO po3aay Ha TEHOM CIIEPMATO30i/1iB BUBUAIH BUKHBAaHHS €MOPiOHIB BEIOHIB
Misgurnus fossilis L., onepkaHUX 3 BUKOPHCTaHHAM crepMH micist ekBimiGparii 40-50 xB mpu 4°C B 3-x pozunnax 10%-ro JMCO
pizHOT unctotn. BrmkuBanHs ikpu Ta eMOpioHiB 1o 20-i cTaxii He 3anexaino Bix yucroru Pppakuii IMCO i Oyno Ha 1/3 HIKYe, HiX
B KOHTpOJi. 3HMKEHHS BIXKMBaHHS eMOpioHiB micis 20-1 craxii B ekcnepumenrtax 3 [ ta Il ¢pakuismu IMCO kopemroBaino 3i
3HallIGHUMH B HHUX Tpoxykramu po3naxy JMCO i Oymo HempsMuM AO0Ka30oM iX MOXKIMBOTO BIUIMBY Ha T€HETHYHHH ammapar
cniepmaro3oinis. [licis skBiniOpamii ciepmu B Haituuctimiit I11 ¢ppaxuii AMCO BumxuBaHHS eMOPiOHIB 3HHKYBAJIOCH, ajle HE Y BCIiX
camok. Le mosicHIO€ThCSI MeHIIMM HeratuBHUM BIDtHBOM III ¢paknii IMCO Ha crepmaro30iqy, a TakokK, MOXIJINBO, PI3HHULCIO B
penapamniiiHiii 3710HOCTI Ta HACHYEHOCTI MYyTaIlisIMH iIKpH Pi3HUX caMOK. BikuBaHHS eMOPiOHIB 3aJIe:Kalio BijI cTaii eMOpiOHAIBHOTO
po3Butky. TakuM unHOM, IMCO BHKIHMKaB IUTOTOKCHYHY Ta CEJICKTUBHY Ail0 Ha CIEPMATO30iIH, a TAKOXK, MOXKIIUBO, IKiCh 3MiHH
cTabLIFHOCTI BCHOTO TEHETHYHOTO MaTepiary KIITHH, IO BIUIMBAJIO HA BIOKMBAHHS eMOpioHiB. CHila I[bOTO BIUIMBY 3aJIeKana Bif
gucrotd IMCO, noTeHmiany caMkH, SIKOCTI iKpH, CTail pO3BUTKY eMOpiOHIB.

To examine the effect of dimethylsulfoxide (DMSO) of different purity on the genome of reproductive cells, spermatozoa from
loach (Misgurnus fossilis L.) were equilibrated in 3 media containing 10 % DMSO of different purity at 4°C for 40-50 minutes.
Survival of embryos derived from sperm subjected to DMSO exposure was not affected by the purity of DMSO fractions before
20-th stage of embryo development. It was equally decreased for all three studied fractions of DMSO and it was 1/3 times lower
than that in the control. It was explained by presence of cytotoxic and selective effects of DMSO0 on sperm population in the
ejaculate. The estimated decrease of embryo survival after 20-th stage for the embryos derived from sperm equilibrated with
fraction I and II correlated with the data obtained after spectrophotometrical analysis of admixtures in DMSO solution. The
decrease of embryo survival after 20-th stage was interpreted as indirect evidence of genetic disturbance caused by equilibration of
sperm with fraction I and II. The equilibration of sperm with the purest (III) fraction of DMSO caused decrease of survival of
embryos as well but not for all females. It was explained by less significant effect of the purest fraction of DMSO on the spermatozoa,
and by variety in repair capability and genetic potential between different female individuals. The survival of embryos was dependent
on the stage of development. Thus, DMSO has a cytotoxic and selective effect as well as causes some disturbance in genetic
material of sperm that consequently brings to the decease of embryo survival. The estimated effect was dependent on the purity of
DMSO, individual female, egg quality and stage of embryo development.

JdumeTuncynb(OKCU U3BECTCH KaK OJWUH W3
Hanbomnee 3pPeKTUBHBIX KPHOMPOTEKTOPOB, ITUPOKO

Dimethyl sulfoxide is known as one of the most
efficient cryoprotectants, widely used in cryobiology

MCTIOTb3yEeMBIX B KpHOOHOJIOTHY U MeauniHe [5, 20].
Ho, HecMoTps Ha AOBOJBHO AJUTEIBHOE €ro
MPUMEHEHUE U UHTEHCUBHOE U3YyYEeHHE, O CUX IOP
HET MOJHOU SICHOCTU O MEXaHU3Max €ro B3auMo-
JEUCTBUS C KJIETKOM U ee KOMHOHeHTaMu. CI0KHO
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and medicine [5, 20]. However despite its quite long-
term application and intensive studying, till now there
is no complete lucidity about the mechanisms of its
interaction with a cell and its component. It is very
difficult to say how safe is DMSO for genome.
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cKa3arbh, Hackoibko JIMCO OGe3omaceH s TeHOMa.
Ashwood-Smith u Grant [ 11] oOHapy>KHITU yBeINYEH-
HOE KOJIMYECTBO XPOMOCOMHBIX aHOMAJIHM B KIETKaxX
KHUTAWCKOr0 XOMsS4Ka, 3aMOpPOXEeHHBIX ¢ 10%-M
pactBopoM JIMCO. B OBTOpHBIX S3KCIEPUMEHTAX 3TH
pe3ynbTarel He noaTBepAuanch [10], HO aBTOpHI Bee
€ HE HCKIIYAIT BO3MOXHOCTH NOBPEXKIACHUN
reHoMa Ha MOJEKYIspHOM ypoBHe. [IpoTuBopeuns
MOy YEHHBIX TAHHBIX OHU OOBSCHSIOT TEM, UTO KIJIETKU
WU KYJIBTYPBl MOTJIM OBITH MOPa)K€HbI BHPYCAMHU,
KoTOphIe akTuBHpOoBaKCH JIMCO mim KpuoKoHCEep-
BUpoBaHuEeM. Kpome Toro, npu JUIMTEIbHON SKCIIO3HU-
LU KJIETOK C KPHOIIPOTEKTOPOM BO3MOYKHO JI€pETIpec-
cupyromee neticreue [IMCO na rerowm [8, 9].

IIpu n3yueHun Takoro Mapkepa MyTareHesa, Kak
00MEH y4JacTKaMH B CECTPHHCKUX XPOMAaTHIaX, TAKXKe
OBbLTH MTOJTy4YEeHbI TPOTUBOPEUMBBIE TaHHbIe. Ashwood-
Smith [8, 9] He oOHapy>Kua MOBBIICHUS YPOBHS
0o0MeHa y4acTKaMH CECTPHHCKUX XPOMaTU, TOTIa KakK
Bouquet 1 coaBr. [ 12] cooOmmm 0 MPOTHBOIIOIOKHBIX
pe3yabrarax.

bonee crabunbHBIE pe3yabTaThl OBUTH MTONTYYEHBI
npu u3ydeHuu apyrux xapaxrepuctuk JHK nmocne
Bozneticteus JIMCO Ha pa3iaudHble KIETKH [3, 6, 7,
25]. Ilocne nHKYyOany OpraHoOB MBIIIEH B pPacTBOpE
JAMCO 6butn 00HapYKEHBI OJIHOHUTEBBIE Pa3PHIBBI
JHK [25]. MukyOarust KIeTok KyiabsTypbl pudpodiac-
ToB B TeueHue 1 4B 1 %-m pactBope IMCO yckopsiia
menounyto smonuto JIHK, uto cBuaerenscTBOBAO O
MOSIBJICHUY OJHOHUTEBBIX Pa3phIBOB B €€ MOJIEKYIax
[6, 7]. Tot xe sddexT u yBenuuenue saskoctu JHK
00Hapy>XUJIM Ha BBIIECIECHHOW M3 KPUOKOHCEp-
BupoBaHHoH ciepmbl kapna JIHK [3]. C yBennuennem
koHuenrpaiuu JIMCO no 25% stor addekr yBeu-
YUBAJCSA, @ 3aT€M CHHXAJCS, T.€. 3aBUCHUMOCTH
xonuaectBa pa3psiBoB JJHK ot kormenrparuu JIMCO
nMesa 00paTUMBIN XapakrTep.

AHanu3 IpUYMH NPOTHUBOPEUYUI B pE3yiIbTarax,
MOJTy4aeMBbIX Jake OMHUMH aBTOPaMH, NOKAa3bIBAET,
YTO HU B OJHOM M3 OTMEUEHHBIX PadOT HE TPUBOIATCS
XapaKTEPUCTUKH CTENEHH YUCTOTHI UCIIOJIb3yEeMOI0
JAMCO u ycnosuii ero xpanenua. Ho uzBectHo, uto
3TO BEIIECTBO HECTAOMJIBHO U IPU HECOOTBETCTBY-
IOIMIUX YCIOBHUSIX XPaHEHHUs paspyluaeTcs, H,
BEPOSITHO, MOXKET OBITH OIHOM U3 IPUUUH BapHadeb-
HOCTH pe3ynbTaTtoB. [Ipu KOHTaKTe ¢ BO3yXOM, ITOT
BO3/ICHCTBHEM CBETA U [TPH MOBHIIICHIH TEMIIEPaTyphl
Beimie 20°C B IMCO mOSIBISIOTCST IPUMECH CYIIb-
tdhonoB, cynbdaros u cynsbhunaos. [Ipu cMemmBannm
ero co cpelaMH MOXET Jaxxe o0pa3oBBIBATHCS
dbopmanpaerua [17, 18], KOTOPBIN XOPOIIIO H3BECTCH
Kak MyTaret. Takum o0pa3oMm, U3 IPUBEACHHBIX PadOT
HEJB3s CKazaTh, 4To ke noBnusuio Ha JJHK knetok:
JAMCO wunu nponykrsl ero pacnaga. [loaromy mens
JAHHOTO HccleA0BaHus — u3yueHue BiuusHus JMCO
U IIPOAYKTOB €T0 paciiafa Ha TCHOM CIIEpPMAaTO30HI0B

NMPOBJIEMbI
KPMOBHOJNIOTUM
2002, No4

Ashwood-Smith and Grant [11] have found the
increased number of chromosome abnormalities in
the cells of Chinese hamster, frozen with 10% DMSO
solution. In repeated experiments these results were
not confirmed [10], but the authors still do not
exclude the possibility of genome impairments at
molecular level. The contradictions of the obtained
data are explained by them that the cells or cultures
could be impaired with the viruses which were
activated by DMSO or cryopreservation. In addition,
during long-term exposure of cells with cryopro-
tectant the depressing effect of DMSO on genome is
also possible [8, 9].

When studying such a mutagenesis marker as the
exchange by sites in sister chromatids, as well there
were obtained the contradictory data. Ashwood-
Smith [8, 9] did not reveal the increase in the level
of the exchange by the sites with sister chromatids,
meanwhile Bouquet et al [12] informed about
contrary results.

More stable results were obtained when studying
other DNA characteristics after DMSO effect on
different cells [3, 6, 7, 25]. After incubation of mice
organs in DMSO solution there were found DNA
ruptures [25]. Incubation of cells of fibroblast
cultures during 1 hr in 1% DMSO solution
accelerated DNA alkaline elution, that testified to
an appearance of single thread ruptures in its
molecules [6, 7]. The same effect and an increase in
DNA viscosity were revealed on isolated from DNA
of carp cryopreserved sperm [3]. With the rise in
concentration of the number of DNA up to 25% this
effect increased and then reduced, i.e. the dependence
of the number of DNA ruptures on the concentration
of DMSO was of a reversible character.

The analysis of contradictions in the results, being
obtained even by the same authors, has shown that
no one among the mentioned works noted the
characteristics of the purity degree of the used
DMSO and the conditions of its storage. As it is
known this substance is instable and under
inappropriate storage conditions destroys that
probably can be one of the causes of variability of
the results. During air contact under light effect and
with a temperature increase higher than 20°C in
DMSO the admixtures of sulphones, sulphates and
sulphides appear. When mixing it with the media,
even formaldehyde can be formed [17, 18], which is
well known as mutagen. Thus from the papers
presented above no one can say what affected the
cell DNA: DMSO or its decay products. Therefore
the aim of this investigation is to study the DMSO
effect and its decay products on the genome of fish
spermatozoa in the equilibration process. To estimate
possible effects as a test we have chosen the embryo
survival.
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peI®O B mpomecce >kBunuOpanuu. [[ns omeHku
BO3MOXHBIX 3 (]eKTOB B KauecTBE TecTa Oblia
BbIOpaHa SMOpHOHANIbHAS BEIKUBAEMOCTb.

[Ipu BeIOTHEHNM HCccaeA0BaHUM 1 1 XUMUYeCKH
guctoro IMCO ¢upmsr PEAXUM cmemanu ¢ 50 T
aKTMBUPOBAHHOTO YIIIS U Yepe3 24 4 oT(hUIBTPOBAIIH.
3arem JIMCO noaBepriu ABOWHOHM IEpEroHKe Mpu
MOHM>KeHHOM Jaiennu 133,3-266,6 [1a (1-2 MM pT. CT.)
u temneparype kuneHus 48-50°C. dpakmnwuwu,
MOJIydeHHbIE B Havajle W KOHIIE MEePBOro IUKJa
neperonku, oropaceiBani. Bo 2-M muKIiIe OYUCTKH
HCTIONB30BAITH TOJIBKO CPEITHIO (DPaKIIUIO, U3 KOTOPO
OBLITH TOJIY4YeHBl 3 (Qpakiuu pa3IMuyHON CTENeHH
guctoThl (Tabdn. 1). KosddunueHT 3xcTUHHKIHH
KaXXI0H (pakuuy ONpeaessum Ha crieKrpodoromerpe
C®-26 npu pymHe BOJHBL 275 HM, a KOdQQPULIUEHT
npenomienus — Ha pedpakromerpe YPJI-1 mpu 20°C.

Onenky npumeceit B pasHbix ¢ppakmusx AMCO
MpoU3BOAMIN Ha ra3oBoM xpomatorpade GC14B
Shimadzu, Japan. [ng moiayuyeHus: XpoMarorpamm
HCCIEeMyeMbIX (PaKIFi MCIION30BATN CIETYIOIINe
mapaMeTphl: KanuJIAPHYI0 KBAapIEBYIO KOJIOHKY
pasmepom 60 x 0,32 mm HP-INNOWAX; Tommuny
cnost HemoABMXHOU (azsl 0,5 MMm; Temmeparypy
konoHkH 200°C; TeMrnieparypy UCHIapUTENS U AETEK-
Topa 220°C; ckopocTh ra3za HOCUTeNs (Tenus)
1,2 mn/mun; penenue noroka 1:60. Mcnonb3zyemsrit
pacTBOp Ipenapara roToBIWIIX 1o MeTouke EBponeii-
cxoit hapmakonuu [13]. Conmepxkanue AUMETUICYIIb-
(hoHa onpenesiM METOAOM aOCOIIOTHON KATMOPOBKH,
a KOJIMYECTBO BCEX OCTAJIbHBIX IPUMECEH — METOI0M
BHYTpPEHHEH HOPMAaTU3aLIH.

BoionoB Misgurnus fossilis L. nuabeupoOBaIu
XOPHUOHHYECKUM TOHATOTpONTHHOM B o3¢ 200 ex. Ha
camia u 300 ex. Ha camky (11 camioB u 6 camoK).
Jlo naBEKINHN PBHIOY COMeprKaIH B XOIOIWIBHHUKE IPU
Temmeparype Bonsl 5S°C, a mocie nabekimu —pu 18°C.

Uepes 36 1 mociie MHBEKINAY TIPH ITOSIBIICHUH B BOZIC
[IEPBBIX, BEIOPOIIEHHBIX CAMKaMHi UKPHUHOK, CAMIIOB
JEKaMTUPOBAJIM, a UX MOJIOKH TIOMECTUIIH B CYXYIO
MOCYAy W pazapoOunu. 3aTeM UX CMellalld BMECTE U
paznenuwnu Ha 4 paBubie yactu no 0,4 miu. Kaxnas
nopuust ObuTa SKBIIIMOpUpOBaHa B TeueHue 40 MuH
npu 4°C B 4-x pasHbIX pacTBopax. [lepBas mopuus
Obuta KOHTpoNBHas U coctosuia u3 0,4 M Mook +
0,6 mn cpensl 6e3 kpuonporekTopa (39 MM Tpuc-
OKCHUMETHII-aMuHOMeTaHa, 1,4 MM BOoCCTaHOB-
JICHHOTO TiyTaruona, 139 MM manauTOona, 29 MM
NaCl, 11 MM CaCl,, 2 MM NaHCO,, 2uM KHCO,
pH 8,0). Ocranpuble 3 mOpIUHU CHEPMBI OBIIH
SKBIUJIMOPHUPOBAHBI B Takou ke cpene, HO ¢ 10%-Mm
pactBopoM JIMCO pasHbIx ¢pakunii, HOTYYEHHBIX
[IOCJIE IEPETOHKH.

Ukpa Opu1a mosydeHa oT 6 MHBELUPOBAHHBIX
camok. Ha ocHOBaHMM BU3yaJbHOM OLIEHKH AN
JKCIepUMEHTa ObljIa 0TOOpaHa TOJIBKO XOPOIIast HKpa
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In the course of experiments the chemically pure
DMSO (1liter) (REACHIM) was mixed with 50 g
of activated carbon and in 24 hrs it was filtered.
Then DMSO was twice distilled under lowered
pressure 133.3-266.6 Pa (1-2 mm of mercury
column) and boiling temperature of 48-50°C. The
fractions obtained at the beginning and the end of
the first cycle of distillation were excluded. In the
second cycle of purification there was used only the
average fraction, from which 3 fractions of different
purity degree were obtained. Coefficient of extinction
for each fraction was determined with the SF-26
spectrophotometer at the wavelength 275 nm, and
the coefficient of refraction with the refractor of
URL-1 at 20°C.

The estimation of admixtures in various fractions
of DMSO was performed with gas chromatograph
GC14B (Shimadzu, Japan). To obtain the chroma-
togramme of the studied fractions we used the
following parameters: capillary quartz column with
the dimensions 60mm X 0.32mm (HP Innowax); the
width of the layer of immobile phase 0.5 mm; column
temperature 200°C; temperature of evaporator and
detector 220°C; the gas carrier rate (helium)
1.2 ml/min; flux division 1:60. The used solution of
preparation was prepared according to the European
Pharmacopoeia [13]. The content of dimethyl sulfone
was determined by the method of absolute calibration
and the amount of other admixtures by the method
of inner normalization.

We injected the loaches Misgurnus fossilis L. (11
males and 4 females) with chorionic gonadotropin
in a dose of 200 units per a male and 300 units per
female . Before the injection the fish was maintained
in a refrigerator at water temperature of 5°C and at
18°C after the injection.

In 36 hrs after the injection when in water the
first eggs appear the males were decapitated and their
milt were placed to dry vials and fragmented. Then
they were mixed together and were divided into 4
aliquots by 0.4 ml. Each aliquot was equilibrated
during 40 min at 4°C in 4 different solutions. The
first aliquot was the control and consisted of 0.4 ml
of milt + 0.6 ml of medium without cryoprotectant
(39 mM tris-oxymethyl-aminomethane, 1.4 mM of
reduced glutathione, 139 mM mannitol, 29 mM
NaCl, 11 mM CaCl,, 2 mM NaHCO,, 2 mM
KHCO,, pH 8.0). The rest 3 aliquots of sperm were
equilibrated at the same medium but with 10%
solution of DMSO of various fractions obtained after
distillation.

The eggs were obtained from 6 injected females.
Basing on visual evaluation for the experiment there
were chosen only good eggs from 4 females (yellow,
transparent). About up to 4,000 eggs from each
female were divided into 4 aliquots, that made 16
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oT 4-x camok (>kenTast, mpo3pauHas). [IpubnuzurensHo
1o 4000 UKPUHOK OT KaXKIO0W CaMKH pasIeiria Ha 4
paBHBIE MOPLHH, YTO COCTABMIIO 16 PaBHBIX MOPLUH
nkpel. OceMeHeHne NPoU3BOAMIN B yamkax [letpu.
Kaxnayro mopuuto ukpsl (mpubnuszurensao 1000
UKPUHOK) cMemmanu ¢ 0,2 MJI CyCIIeH3HH CIIepMaTo-
30MJI0B U 1 MJI akBapHMyMHOU BOABI B KaueCTBE
akTuBaTtopa. i ymydIleHus: yCIOBUH OCEMEHEHUs
U TIPEeAOTBpAlIEHUsI CKIEUBAHHUS HUKPBI B KOMKHU
coaepkumoe gamiek [ leTpr HHTeHCHBHO B30aITHIBAIN
B TeueHne 90 c. [locie oceMeHeHHs KaX Iy MTOPILIUI0
WKPBI IPOMBUTH BOJOW U pa3AeNiiIiv PHOIH3UTETHHO
emie Ha 4 paBHbIe yacTH (250 MKPUHOK Ha YaIIKy
IleTpu) mas co3maHuWs ONMTHMAILHBIX YCJIOBHH
pa3BUTHA 3MOPUOHOB.

OrneHka BBDKMBAEMOCTH 3MOPUOHOB MPOU3BOIH-
J1ach 0 CTaJANHU BBUTYIUIEHHUS. B pe3ynbsrare HeKpoTH-
YEeCKUX IpPOLECCOB HEOIIOJOTBOPEHHAs HUKpa U
norudume >SMOPHOHBI CTAHOBUIIUCH OENBIMU U MOTJIH
OBITH JIETKO MACHTH(QULHUPOBAHB Ha OCHOBaHUH
BH3yaJbHON OLleHKH. JKUBBIE SMOPHOHBI OCTaBAINCH
JKEJITOBATBIMHU U MTpOo3padHbIMu. [lornbmme nkpuHku
1 SMOPHOHBI OTOMpPAIH peryasipHo Ha 8-, 20-, 22-, 30-,
35-, 37-i cTagusax pa3BUTHUS, OMPEACIIEMBIX C
HCIIOJIb30BAaHUEM CTEPEOCKOITNYECKOTO MUKPOCKOTIA.
Bony MeHsnu BO BpeMsi KaXJOTO O0TOOpa HKPHI.
[loacuer BEDKMBAEMOCTH 3SMOPHOHOB pa30ouian Ha 2
srana: 1o 1 nocnie 20-i ctagun. Bepkusaemocts 1o 20-it
CTa/IMK CYUTAIIH 10 OTHOLIEHHIO K O0LIEMY KOJUYECTBY
nKpsl B yarke [lerpu, nocne 20-# crauy — K KOIMYECTBY
SMOpPUOHOB, ocTaBMXca Ha 20-i cTaguy pa3BUTHSL.
Uxkpy nakyouposamu mpu 20-22°C.

UroOs1 BeisicHuTh Biusiare JJMCO u mpoxyKToB
€ro pacrma/ia Ha CIIepMaTO30H/Ibl, OIICHUBAJIH BEIKHBA-
€MOCTh SMOPHUOHOB B Pa3HOYPOBHEBOM MHOTO-
(hakTOpHOM 3KCIIEpUMEHTE, B KOTOpoM 2 (akTopa
ObuTH Ha 4-X ypoBHSX (KOHTpOIb, I, II u 11l dpakimun
IMCO; camku —1, 2, 3 u 4), a onuH dakrop Ha 2-X
(cramuu 8 1 20) u 4-x ypoBHsx (craguu 22, 30, 35 u
37). CraTucTuueckuil aHaau3 MHOTO(aKTOPHBIX
SKCIEPUMEHTOB NPOBOAMUIN C HCIOJIb30BAHUEM
qucnepcroHHoro ananusa. Ilocne aToro gocrosep-
HOCTh Pa3iINunuil MEXAY MOAYPOBHIMH
(haKTOPOB TOTIOTHUTENHHO OLIEHUBAIACH
C TIOMOIIBIO0 KPUTEPHUS MHO)KECTBEHHBIX

aliquots of eggs. The insemination was performed
in Petri dishes. Each aliquot of eggs (approximately
1,000 eggs) was mixed with 0.2 ml of sperm
suspension and 1 ml of aquarium water as an
activator. To improve the conditions of insemination
and prevent the eggs’ sticking into clots the content
of Petri dishes was intensively shaken during 90
seconds. After insemination each aliquot of eggs were
washed with water and divided approximately in 4
aliquots (250 eggs per Petri dish) to create optimal
conditions for embryo development.

The estimation of embryo survival was performed
at the stage of hatching. In the result of necrotic
processes the non-fertilised eggs and dead embryos
became white and could be easily identified basing
on visual assessment. Alive embryos have remained
yellowish and transparent. Dead eggs and embryos
were regularly selected at 8-, 20-, 22-, 30-, 37-th
stages of development, determined using stereoscopic
microscope. Water was changed during each eggs’
selection. The calculation of survival of embryos was
divided into 2 stages: before and after 20" stage.
The survival up to the 20" stage was calculated on
the ratio to total number of eggs in the Petri dishes,
after the 20™ stage to the number of embryos,
remained at the 20" stage of development. The eggs
were incubated at 20-22°C.

To elucidate the DMSO effect and the products
of its decay on spermatozoa we have determined the
survival of embryos using the multifactor experiment
with various levels, in which 2 factors were at 4
levels (control, DMSO fractions I, II, III; females
1, 2, 3, 4) and one factor at 2 levels (the 8 and 20"
stages) and 4 levels (22, 30, 35 and 37" stages).
After dispersion analysis of these experiments with
the criterion of Duncan’s multiple comparisons we
have estimated additionally the statistical signifi-
cance of the differences between sublevels of the
factors.

Physical and chemical characteristics of various
different DMSO fractions are summarised in
Table 1. The results of chromatography are presented

Tadmuna 1. Ousnko-xumudeckue napamerps! dppakuii IMCO
Table 1. Physical and chemical parameters of DMSO fractions

cpaBHeHUH JlyHKaHa.
DU3NKO-XUMUYECKHUE XapaKTepuc-
tuku 3-x dpaxmuii JJMCO 0600611eHb! B

Howmep dpakuun
Fraction number

Kosddunuenr npe-
AomaeHust N2°¢
Refraction coefficient N2

KoaddunmeHr sxc-
TuHKUMY E,
Extinction coefficient E, .

tabn.1. Pe3ynapTaThl xpomartorpaduu
npencrasieHsl B Tabn. 2. Ha xpomaro-

AMCO A0 TIeperoHKu

rpaMMax HUCHBITYCMBIX pPaCTBOPOB
MNPpUCYTCTBOBAJIO OT 3-x a0 4-x JOIIOJIHH-

TCJIBbHBIX ITMKOB — HpHMeCGfI, HEC COBIIaga-
OIUX IO BPEMCHHU YACPKUBAHUA C

MUKOM JuMeTHiICcyIbpona. ConepxaHue

DMSO before distillation 1.4760 1.2
1.4778 04
1.4784 0.32
il 1.4784 0.28

OIUMETHUICYIb()OoHA HE MPEBBIIIAIO
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Taéauna 2. Jlanusie xpoMarorpadudeckoro ananusa ¢ppakiuii JJMCO
Table 2. Data of chromatographic analysis of DMSO fractions

in Table 2.
On chromatogrammes of the exami-

N Dpaxim ned solutions there were from 3 to 4
Bemrectsa Fractions additional peaks: the admixtures, which
Name of the . I - do not coincide on time of retention with
the dimethyl sulfone peak.

hﬁiﬁiﬁ?ﬁ 0.021 0.0227 0.0102 Content of dimethyl sulfone did not
exceed 0.005% in all 3 fractions of
Agﬁ‘;’gfg;gﬁﬁ‘g? 0.0092 0.0094 0.0102 DMSO. In addition to methyl- and
dimethyl sulfide we have determined two
S 99.9445 99.9472 99.9617 more non-identified admixtures. How-
ever in the purest DMSO fraction III, one

X 0.0065 0.0064 - of the substances was not identified.
N 00159 0oLl ool The dispersion analysis (Table 3)
’ shows, that all studied groups of factors
1%%?;?// 100 100 100 affegted considerably (P< 0.01) the
' survival of embryos before the 20" stage.

IMpumeuanue. X, X, — HeMAECHTUQUIUPOBAHHBIE TTPUMECH
Note. X, X, - non-identified admixtures

0,005% Bo Bcex 3-x ¢dpaknusx IMCO. ITomumo
METHII- U TUMETHICYIb(HIa ObUIH OIIPE/IeNICHBI eIIe
IBe HenaeHTUHUIMpoBaHHbIE TpuMecH. Ho B camoit
yucroit Il ¢ppaxumm JIMCO oxHo 13 BemecTB He ObLTO
UACHTUPHUIPOBAHO.

W3 nucnepcnonHoro ananwsa (taoim. 3) ciaemyer, 9To
BCE M3y4aeMble TPYMIbl (PaKTOPOB OKa3bIBAIM 3HAYHU-
tenbHOE BusiHue (P<0,01) Ha BEDKMBaEMOCTh 3MOPHO-
HoB 110 20-i1 ctaguu. Taxoke 3HAYMMBI ¥ B3aUMOICHCTBUS
Mexnay 3TuMu ¢aktopamu. Ha puc. 1-3 BuaHO, Kak
M3MEHsUIach BBDKHBae-
MOCTh 3MOPHOHOB B
KaXJIOH rpynmne Hcclie-

The interactions between these factors
are statistically significant as well.
Figures 1-3 demonstrate the changes in
embryo survival for each group of the investigated
factors. All DMSO fractions significantly reduced
the embryo survival by 25-30% in comparison with
the control (Fig. 1). Female considerably affected
this index (Fig. 2). The differences in survival of
embryos between females were statistically
significant in the control as well (Fig. 3).
The data of Table 4 show that all considered
factors affected significantly (P<0.01) the parameter
under study.

Ta6muma 3. JlucniepcroHHbIN aHATN3 PE3YITBETaTOB BEDKUBAEMOCTH SMOPHOHOB 110 20-i cTaanu
Table 3. Dispersion analysis of survival results of the embryos before the 20" stage

AYCMBIX (baKTOpOB’ BCC Cymma Cremenn CpepHmit Yposenn
q)paKLII/II/I I[MCO 3HaA4YU- VcTOYHUKY Bapuanui KBaApaToB CBOBOABT KBappar F-oTHOLIEHHE | 3HAYMMOCTH
TebHO CHIDKATH BBDKH Source of variations Sum of d fA Mean F-ratio Significance
- squares o square level
BacMOCThb 3M6pI/IOHOB Ha
OcHoBHbIE 3D (eKThI
25-30 % B CpPaBHEHHUH C Main eff((i:g:s 186105.98 7 26586.57 578.676 .0000
koHTponeM (puc.l). 3na-
Ppaxiyn AMCO 20043.43 3 6681.14 145.420 0000
YUTCJIBHOC BIUAHHUEC HA DMSO fractions . : . .
OTOT IIOKA3aTejib OKa3bI- c
aMKU
BaJia CaMKa (pI/IC. 2) Paz- Females 3298.89 3 1099.63 23.934 :0000
JIMYUSI B BBDKUBACEMOCTH c
TaAUU
3M6pI/IOHOB MEXITy Cam- Stages 162763.65 1 162763.65 1000.000 .0000
Kamu 6LIHH SHaIUMBI U B 2-thaKTOpPHBIE B3aNMOAEHCTBHUS
KOHTpOJIE (pI/IC. 3) 2-factor interactions 11973.110 15 798.2073 17.374 .0000
Kak BuagHo u3 nmaH-
Opaxrun AMCO x CaMkru
HbIX (Tabr. 4), Bee pac- DISO froctions s fomalos 2468.656 9 274.2951 5.970 0000
CMaTrpuBacMbIC (baKropr @
paknun AMCO x Ctapuu
OKA3BIBAIH 3HAYUMOE DMSO fractions x stages 8061.108 3 2687.0360 58.485 .0000
Bausnue (P<0,01) na Canat X Cr.
AAN
H3y‘-IaeMBII7[ napamerp. Females x Stages 1443.346 3 481.1154 10.472 .0000
N3 puc. 4 crmenyer
p AYCT, Oumbka ombira 4824.1019 105 45.943827
YTO JJOCTOBEPHOE CHUKE- Residual
HUE BEKMBAEMOCTH DM- Beero
202903.19 127
OpHOHOB HAOIIOIAIOCH Total (corr)
NPOBJEMbI 49 PROBLEMS
KPMOBMOJNIOrUU OF CRYOBIOLOGY
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Tatmuua 4. J[ucrepcHoHHbIi aHATTN3 PE3YJIETaTOB BEDKHBAEMOCTH SMOPHOHOB mocste 20-i cTaauu
Table 4. Dispersion analysis of survival results of the embryos after the 20" stage

As it proceeds from
Fig. 4, the statistically

; true reduction in embryo
Cymma Cremenn CpepHnit YposeHnn . .
VicToyHMKY Bapuanumn KBaApaToB CBOGOABI KBaApaT F-oTHOLIEeHUE 3HAYUMOCTHU SuI‘Vlval 1S Observed
Source of variations Sum of d fA Mean F-ratio Significance 1 d . lb
squares o square level only during €quilibra-
tion of sperm with the
OcHoBHbIe 3((PeKThI .
ORiie 2ope 71206.138 9 7911.793 22.379 0000 fractions I and IL. After
o AMCO sperm equilibration with
paKIu
DMSO fractions 18826.119 3 6275.373 17.750 -0000 the purest DMSO frac-
- tion III the survival of
AMKH
Females 4589.465 3 1529.822 4327 0055 embryos was the same
Cranm as in the control. The
Stages 47790.554 3 15930.185 45.060 0.0000 significant effect on the
2-aKTOpHbIE BIAUMOACHCTBUA | o505 699 27 957.2478 2,708 0.0000 studied parame‘Fer was
2-factor interactions ’ ’ ’ ' caused by the differen-
ces in eggs (Fig. 5 and
Opaxrun AMCO x CaMkru
DSOS o 19423.649 9 2158.1832 6.105 0.0000 6) and the stage of deve-
lopment (Fig. 7).
Oparmm AMCO x Ctanita 1147.658 9 127.5176 0.361 0.95250 P . (Fig. 7)
Tactions X stages In this Sﬂldy the emb-
ryos viability was cho-
o X Cranm 5274.384 9 586.0427 1.658 0.1007 y y
emales x Stages sen as the assessment
Omm6Ka onbITa parameter for of DMSO
Roson 77424.375 219 353.53596 . ,
esidual fractions’ effect. The
integral parameter de-
Togﬁi‘;" ) 174476.20 255 gral p s
: pendent on various fac-

TOJBKO TpW dKBUHOpanuu cnepmsl ¢ I u 11 dpak-
nusmu. Ilociae dKBUIMOpauu CIIepMBl ¢ caMOi
guctoit Il ¢pakuueit JMCO BBIKHBaAEMOCTH
SMOpHOHOB OBlJIa TAaKOW Xe€, KaK B KOHTpOIE.
3HauuMO€ BIMSHHE HAa HM3y4aeMBId mapameTp
OKa3bIBAIM TAKXKe paziauyus B UKpe (puc. 5 u 6) u
cTanusx pa3BuTus (puc. 7).

B nanHOM mccnenoBaHUM MapaMeTpoOM OLIEHKHU
BIMSIHUA cTeneHu 4ucToThl Ppakuuii JMCO na
crepMaTo3oubl Oblia BeIOpaHa BBIKHUBAEMOCTD

90

xR
2 80 b
IR T
o .
3T L
O .2
= g 70
nw
g8
s
s} 60
oS
L
X a
0
@ 50 - a a
T
o | | . .
| Il n KoHTponb
®pakummn Fractions Control

Puc. 1. BwDKuBaeMoCTs MKPH M 3MOPHOHOB 10 20-#
CTaJNH, TIOJIYYCHHBIX ITOCIEe SKBHIMOpPALIMU CHEPMBI C
JAMCO pa3Holi CTeeHH OYUCTKH.

Fig. 1. Survival of eggs and embryos prior to the 20®
stage, obtained after sperm equilibration with DMSO of
various degree of purification.
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50

tors, including an inter-
nal potential, gene information and the parents’
energetic potentials, as well as their interaction with
an environment, is of great importance. Such an
index has been already used to determine cryo-
preservation effect on loach spermatozoa genome
[19]. Although the viability evaluation was
performed only visually, at early stages of embryonic
development among white embryos chosen there were
also died unfertilized eggs. As it has been shown [4]
all unfertilized and partenogenetic eggs die by the
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Puc. 2. BausgHue caMKu Ha BBDKHUBAEMOCTH HKPHI H
SMOpHOHOB 10 20-ii cTamuu.

Fig. 2. Female effect on the survival of eggs and embryos
prior to the 20" stage.
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Puc. 3. B3aumoneiictBue 3¢ppekroB caMKu U 00pabOTKH
cnepmbl JIMCO pa3zHoli cTerneHu ounucTKy (10 20-# craaum):
[ - xorTpons; dpaxmun: M- 1; O- I1; @ - 11
Fig. 3. Interaction of the female effects and sperm
treatment with DMSO of various purification degree (up
to the 20" stage): [1 - control; fractions: Wl-1; - IT; @ - T1L.

SMOPHOHOB. DTO OYECHb BaXKHBIH MHTETpaJIbHBIH
nmapaMeTp, 3aBUCHUMBIH OT OONBIIOTO CHEKTpa
¢akTOpOB, BKJIIOYAs BHYTPEHHUW NOTEHIUAI,
3aJI0’KeHHBIH TeHeTHYeCKol MH(opMaliel, SHepreTu-
YEeCKMMHU MOTEHIUSIMHU POIMUTENEH U UX B3aUMO-
JeiicTBUEM ¢ OKpy:karolei cpenoit. Takoii mokazareisb
yKe OBLI MCIONB30BaH Ul ONpPEIesICHUS BIMSHUS
KpPUOKOHCEPBUPOBAHMS HA T€HOM CIIEPMAaTO30MI0B
BbIOHOB [19]. [loCcKONBKY OIEHKA BBEIKHBAEMOCTH
MIPOM3BOAMIACH TONBKO BHU3YyaJbHO, TO HAa PaHHHUX
CTaJIUsIX SMOPUOHAIBHOTO PA3BUTHS CPEAH OTOOpaH-
HBIX OeNlbIX SMOPHOHOB ObLIa M MOrMOIIasi HEOIIo-
noTBopeHHas nkpa. Kak O6puto moxaszano [4], Bcs
HEOIUIONOTBOPEHHAs U MapTeHOTeHEeTHYeCcKas HKpa
norubaet xo 19-# craguu. [lockonbky oTOGOp
no0eseBIIeH HKPBI TpOon3BoAMIICS 10 20-1 CTaguu, MBI
MOXEM OBITh YBEPEHBI, YTO BCSI HEOIJIOAOTBOPEHHAS
U mapTeHOTeHeTHYecKass UKpa morudina u Owlia
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Puc. 5. BnusiHEe caMKH Ha BBDKHBAacMOCTh SMOPHOHOB
nocnie 20-1 craguu.

Fig. 5. Female effect on the survival of embryos after the
20" stage.

BbpkrBaemocTs SMOPUOHOB, %
Embryos survival, %
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Puc. 4. BepkuBaemocTh 3MOpHOHOB Tiocie 20-i cTaaum,
MOJYyYEHHBIX TOcHe dKBHiInOpanuu cuepmbel ¢ JIMCO
pa3HOM CTENEeHU OYUCTKH.

Fig. 4. Survival of embryos after the 20" stage, obtained
after sperm equilibration with DMSO of various degree of
purification.

19" stage. As selection of whitened eggs was
performed to the 20™ stage, we can be sure, that all
the unfertilized and partenogenetic eggs had died and
were removed.

Reduction in the embryos viability after the 20"
stage was considered to be an indirect index,
reflecting the spermatozoa genome damage. Though
in the work we have used a multi-factor plan of
experiment, had the possibility to study the effect of
several factors simultaneously, excluded occasional
and unknown ones and minimize the error.

As the Fig. 1 shows, the eggs and embryos
viability to the 20" stage was about the same level
when using equilibrated sperm with various DMSO
fractions and significantly lower (by 25-30%) than
in the control. It may be supposed that either at this
stage the extent of DMSO purity has not affected
the spermatozoa or this effect was masked with the
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Cragum Stages
Puc. 6. BppkuBaeMocTbh SMOPHOHOB Ha pasHBIX CTaIUAX
pa3BUTHSL.

Fig. 6. Embryo survival at various developmental stage.
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otobpana. CHMUKEHUE BBDKHBAEMOCTH 3MOPHOHOB
mocie 20-# ctamum pacIeHUBAJIOCh HAMH Kak
KOCBEHHBIH NIOKa3aTelb, OTPAXKAIOIINI IOBPEKACHUE
reHoma criepmarto3ou10B. IlockonbKy B tanHOH padote
HCTIOJIB30BAJICSI MHOTO(aKTOPHBIN IJ1aH 3KCIEPHUMEH-
Ta, TO Mbl UMEJIU BO3MOXXHOCTH OJHOBPEMEHHO
U3y4aTh BIHMSHUE HECKOJIbKUX (PAKTOPOB, BBHIIEIHB
CllydaiiHble U HEM3BECTHBIC, U CBECTH K MUHUMYMY
OIITNOKY.

Kak cnemyet u3 puc. 1, BEBDKMBa€MOCTb MKpHI H
3MOproHOB 110 20-i cTaguu ObLIa MPAKTHYECKU Ha
OJTHOM YPOBHE IPH UCIIOJIL30BAHUY CIIEPMBbI KBHIIH-
O6pupoBaHHOi ¢ pasHbiMH (pakuusamu [IMCO u
3HauuTeNbHO HIDKe (Ha 25-30 %), ueM B KOHTpOIIC.
MOXHO MPEAIoI0KUTh, YTO Ha 3TOM 3Tale CTENEHb
yuctoTel JIMCO HuUKak He MOBIUANA Ha CIEpMa-
TO30UABl MO0 3TOT 3PdeKT ObIT MacKUPOBAH
JeiicTBUEM ApYroro, 6ojee CHILHOTO (hakTopa.

Takum axTopoM MOTIIO OBITH OCMOTHYECKOE
nerictBue pasHbix gpakuuii IMCO Ha cnepma-
To3ouzabl. Kak n3BecTHO, CriepMaTo30uIs! TPECHOBO-
HBIX PHI0O OYECHb YYBCTBUTEJIBHBI K Iepernajgam
ocMmornudeckoro gasienus [1, 2]. OcMOTHYHOCTH
HCIOJIB3YEMbIX HaMH 3al[UTHBIX CpeJl B MOMEHT
pa3b6asinenus cuepmel (16,6% JIMCO) u npu
OCEMEHEHHH B HECKOJIBKO pa3 IMPEBHIIIANa TAKOBYIO B
KOHTpOJIE, YTO M MOIJIO OBITH NPUYMHOMN rubenu
3HAYUTEIBHOTO KOJIMYECTBAa CIEPMAaTO30UI0B H
CHIDKEHHSI OTIOAOTBOPSIIONIEH CTOCOOHOCTH CIIEPMBI.
Kpome Toro, BcieacTBuEe Takoro BO3ACHCTBUS Ha
KJIETKH yIlelesa JUIIb YacTh CIEPMaTO30UI0B,
MpOLIEIINX CeleKTUBHBIA oTOOp. Ho Tak kak Bce
MPU3HAKU MPEJONpeeICHBl TCHOMOM KIJIETKH, TO
CEJICKIIUSI K YCJIOBHUSM, OTIMYAIONMUMCS OT HOPMBI,
MoTJIa MPUBECTH K CHUKEHUI0O KOMOMHAIIMOHHOM
CIIOCOOHOCTH T'€HOMOB OYIYIIMX OPraHu3MOB M K
MOBBIIIICHUIO HX cMepTHOCTH. Ho mocnencTBus Takoit
CEJIEKIIMA MOTJHU MPOSBUTHCS HA JIFOOBIX CTAJIHSIX
SMOPUOHANBEHOTO pa3BUTHS. BO3MOXKHOCTh CETeKTHB-
HBIX 3()exToB ObUIA TOKAa3aHa Ha MpUMepe adpUKaH-
ckux comoB Clarius gariepinus [24], NOTy4eHHBIX U3
KPHUOKOHCEPBHPOBAHHOH CIIEPMBI, Y KOTOPBIX YBEJIHU-
YUBaJIaCh FETEPO3UTOTHOCTH IITIOKO30(ocdar u3ome-
pas3bl B CPaBHEHUH C POAUTENBLCKUMH (popMaMH.

VY4uThIBas, YTO OCMOTUYHOCTb CPEN C Pa3HBIMHU
dpakuusvu JIMCO 0Ob1a TpaKTHIECKH UICHTUIHOMH,
TO U BBDKMBAEMOCTh MKPBI 1 SMOPHOHOB HE J0JDKHA
Oblna pa3nuvaTbes MEXAy HUMH. Takum obpazom,
ONpEAENIUTh Ha JaHHOM 3Tare, Kak MOBJIHUSIIH
oOHapy)KeHHbIE HAMHM MPUMECH B 3THX (PpaKIHIX
JAMCO Ha BBDKHUBa€MOCTb SMOPHOHOB HE TPEACTAB-
JIsieTCs BO3MOXHBIM, TaK KaK UX JefcTBUE, BEPOSTHO,
OBUIO CMEIIAHO C OCMOTHYECKHM M CEIECKTHBHBIM
s¢pdexramu. OOHapyKEHHBIE HAa 3THX CTaZUAX
pa3nuuus B BBDKMBAEMOCTH MKPBl U 3MOPHOHOB
MEXIy caMKaMH (pHuc. 2), cKkopee BCEeTro, MOXKHO
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Puc. 7. BsaumopneiictBue 3pdekToB camku U 00paboTKH
criepmbl IMCO paszHoii creneHu ounctku (mocie 20-i
cranun): [ - kouTpons; ¢ppakuuu: M- ;O - I1; @ - 1L

Fig. 7. Interaction of the female effects and sperm

treatment with DMSO of various purification degree (after
the 20" stage): [ - control; fractions: Wl -I; O- IT; @ - II1.

another, more powerful factor. Osmotic effect of
various DMSO fractions on spermatozoa could be
such a factor. As it is known spermatozoa of a fresh-
water fish are very sensitive to osmotic pressure
differentials [1, 2]. Osmotic pressure of the
protective media used exceeded a few times the one
in the control at the moment of sperm dilution (16,6%
DMSO) and insemination, that might cause the death
of large number of spermatozoa and reduction of
sperm fertilizing capability. In addition, as a result
of such an effect on cells only some spermatozoa
survived among the ones, being selected. However
as all the characteristics are pre-determined by a cell
genome, the selection to the conditions, differed on
the norm, could result in the fall of genome
combination capability of future organisms and in
their death rate increase. Consequences of such a
selection could be manifested at any stage of
embryonic development. Efficacy of selective
methods was demonstrated in Clarius gariepinus
catfish [24]. The authors, studying redistribution of
glucosophosphatisomerase allels in the F1 first fish
generation, obtained using frozen sperm, have found
the deviation from being supposed Hardy-Veinberg
redistribution and proposed the cryopreservation to
be the selection method.

Taking into consideration the fact that osmoticity
in the media with various DMSO fractions was
almost identical, the eggs and embryos viability
should not be different. Thus, it is impossible to
reveal at this stage in which way the additives found
in these DMSO fractions affected the embryos
viability, as obviously, their action was combined
with osmotic and selective effects. The differences
in eggs’ and embryos’ viability found among females
at these stages (Fig. 2), can be explained, probably,
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OOBSICHUTD Pa3UYMSIMH, KaK B MCXOIHOM Ka4decTBE
WKPBI, TaK ¥ BO BPEMEHH HACTYTIICHHS KOPTUKAIBHOU
peaKkyy. DTH MPEANON0KEHHS TOJKPEIUIAIOTCS U TEM,
YTO U B KOHTpoJIE (prc.3) HabII0oamich aHATOTHYHbIE
pa3nuuus B BBDKMBAEMOCTH MKPHI U 3MOPHOHOB
Mexnay camkamu. Ho nocine 20-i ctagum, koraa Bes
HEOIUIOOTBOPEHHAs MKpa OblIa UCKIIIOUYEHA, OLICHHU-
BaeMbIi TapaMeTp, IO HAIIEMY MHEHHUIO, SIBJISJICS YKe
WCTUHHOW BBDKHBAEMOCThIO 3MOpuonoB. U ecnm
JAMCO nnm npoayKTHI €T0 paciiaa Kak-To IOBIHSITH
Ha CTIepMaTO30HIbI, 0OCEMEHHUBIIIHE UKPY, TO, BEPOSITHO,
3TO AOJKHO OBLIO OTPAa3WUTHCS Ha BBDKMBAEMOCTHU
aMOproHOoB. Kak ciemyer n3 qucnepcHoHHOTO aHaI3a
MaHHBIX (Tabn. 4), Bce ucclieqyeMble HaMU TPYTIITBI
(axTopoB okazbiBaK 3HaUnMoe BiausHue (P<0,01) na
BBDKMBAeMOCTb SMOPHOHOB nocine 20-i craguu.

W3 puc. 4 BUIHO, YTO C yBEIWYEHUEM YHCTOTHI
ucnons3yemoit ppakuun (ot I k I11) yBennumnsanacs u
BBDKMBAEMOCTb SMOPHOHOB. DKBUINOPALIUS CIIEPMBI
c camoi yucrtoir ¢paknuein 111 IMCO yxe He
MIPUBOAMIIA K 3HAUUTENBHBIM OTKIIOHEHHUSM CpeIHEN
BBDKMBA€MOCTH 3MOPHOHOB B CPaBHEHUHU C KOHTPO-
seM. CoIOCTaBUB AaHHBIE PE3YJBTATHI C MOJYYEH-
HBIMH XpOMaTorpaMMaMH, MOYKHO ITPEITOJIOKHUTb, 9TO
HeratuBHOe BiusHUe | u Il dpaknmit cBsa3zano c
HaJlM4MeM B HUX HEHJICHTH(OUIUPOBAHHOTO HAMHU
BelIeCTBa X, KOTOPOE OTCYTCTBYET B CAMOM YHMCTOM
¢pakunu I1I. Takum oOpazom, ynaneHue qaxe 4acTu
npumeceid u3 JMCO npuBeno Kk 4aCTUYHOMY
CHIDKEHHUIO €r0 OTPHLIATENBHOTO BIUSHUA Ha TEHOM
cnepmaro3ouos. O naryonoctu 3arpsisaenus JJMCO
y’ke coo0mmanock B [21]. ABTOpBI OTMETHIIN KOppes-
LU0 MeXAy cTeneHblo YucToTsl JIMCO n KoHTpak-
THJIHHON CITOCOOHOCTHIO MBIIII] CEPALa KPBIC MOCIe
3aMOpaKMBaHus M oTTanBaHus. Kak rmokasan aHamus
B3aumoaeicTeus ppakuuii JMCO ¢ camkamu
(puc. 5), camas umcras 11 dpaxmus JMCO Takxe
MIPUBOAMIIA K JOCTOBEPHOMY CHIKEHHIO BBDKHBA-
€MOCTH d>MOpPHOHOB, HO HE y Bcex camok. Tak,
BBDKMBAaEMOCTb SMOPHOHOB, TOJY4YEHHBIX OT 1-i 1 2-i
CaMOK, ObUIa JOCTOBEPHO HMXeE, 4eM OT 4-i caMKu
npu 3kBuKOpanuu cuepmsl ¢ 111 ¢ppakuuneit JMCO.
MOoXHO NpPEeANoNIoKNUTE, YTO IPH OCEMEHEHUH U3-3a
pasnuuuii B 00beMax W MPOHULIAEMOCTH 000JI0YEK
HKpPBI Pa3HBIX CAMOK B MKpPY IPOHUKAJIO HEOAUHAKOBOE
kommaectBo JIMCO u B manpHEHIIIEM 3TO IIPUBOAIIIO
K Pa3In4YusiM B BBDKHBAEMOCTH 3MOPHOHOB MEXIY
camkamu (puc. 6). IIoTHOCTBIO OTBEPTHYTH TaKOe
MIPEIONI0KEHIE MBI HE MOYKEM. XOTsI, BEPOSTHO, €CITH
Takoi 3@ QeKt u ObUI, TO OH OBLI HE3HAUUTEIICH, TaK
KaK IMPU 0CEMEHEHNH HKpa HaXOAUIACh B pacCTBOpE C
Hu3ko# koHneHTtpanued JIMCO (1,66 %) odeHb
kopoTkoe Bpems (90 c¢). U cpasy mocne 3Toro oHa
OTMBIBAJIACh BOJJOH OT OCTATKOB CIIEpMaTro30u10B. [1o
JnaHHbIM OpeHIpeiica [7], namenenus JJHK ormeua-
JHCh JUILB Oc)ie SKBUINOpaunu GudpoOiacToB B
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by the differences both in the primary eggs quality
and the term of cortical reaction. These suppositions
are also confirmed by the fact that similar differences
in eggs’ and embryos’ viability among the females
were observed in the control (Fig. 3). However
following the 20™ stage when all unfertilized eggs
were removed, the parameter being evaluated, was,
according to our point of view, the true embryos
viability. Probably, if DMSO or the products of its
dissociation affect in a certain way the spermatozoa,
fertilized the eggs, this should be reflected on embryo
viability. As the dispersion analysis of the data
shows, all the factor groups studied significantly
affected (P<0.01) the embryos viability following
the 20" stage.

The Fig. 4 demonstrates, that embryo viability
increased with the improvement of the purity extent
in the fraction used (I to III). Sperm equilibration
with the purest DMSO fraction has not resulted into
significant deviations of mean embryos viability
index comparing to the control. Comparing these
results with the chromatogrammes obtained, it may
be supposed that negative effect of I and II fractions
is related to the presence in them of non-identified
X, substance, absent in the most pure fraction. Thus,
removal of some additives out of DMSO has resulted
in a partial reduction of its negative effect on
spermatozoa genome. The danger of DMSO
contamination has been already reported [21]. The
authors had noticed the correlation in an extent of
DMSO purity and contractile capability of heart
muscles in rats following freezing and thawing. As
the analysis of DMSO fractions interactions in
females shows (Fig. 5), the purest DMSO fraction
has also caused a significant reduction in embryos
viability, but not in all females. Viability of the
embryos, derived from the 1 and 2" females was
significantly lower, than in those got from the 4%
one in the case of sperm equilibration with the 3
DMSO fraction.

One can suppose that during insemination because
of the differences in volumes and eggs’ membrane
permeability of different females a different number
of DMSO penetrated into the eggs and further it
resulted in differences in embryo survival between
females (Fig. 6). We can not completely reject this
supposition. Although if probably this effect took
place, it was insignificant, as during insemination
the eggs were in the solution with low DMSO
concentration (1.66%) for a short term (90 sec). Just
after that they were washed-out with water up to the
spermatozoa residuals. According to the data of
Erenprejsa [7] the DNA changes were observed only
after fibroblast equilibration during 1 hr in the 1%
DMSO solution. By our opinion the dependency of
embryo survival on the used eggs can be explained
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tederue 1 1 B 1 %-m pactBope IMCO. Ha mam
B3IJIAI, 3aBUCUMOCTH BBDKHBAEMOCTH AYMOPHOHOB OT
HUCIOJb3yeMONH HKPBI MOXET OBITH O0OBsICHEHA
pa3nuuusIMU B penapaluoOHHON CIOCOOHOCTH U
OTATOILEHHOCTH MyTallUsAMU UKpPHI pa3HbIX caMok. Ho
pasaenuTs 3TH 3PQPEKTH B JaHHOM HCCIEIOBAaHUH
HEBO3MOXKHO. B psinie uccnenosanmii [ 14, 15, 22] 6110
[IOKa3aHo, YTO pemnapaTuBHas CUCTEMa OOLIMTOB
cmocobHa pemapupoBaTh moBpexacaus B JJHK,
BHECEHHO ClIepMUEM.

BrpkuBaemMocTs SMOPHOHOB Tak)Ke BapbHpOBajia
B 3aBICHMOCTH OT CTaJF SMOPHOHATILHOTO Pa3BUTHUS
(puc. 7). Kax u3BecTHO, 3MOpPHOHBI B Ipolecce
Pa3BUTHUA TPOXOOAT PSIA KPUTUUECKUX CTaIui, Ha
KOTOPBIX B PE3yJbTaTe peadu3alli FeHETHYECKHUX
MOTEHIIUI CIIEPMAaTO301Aa U OOIIUTA CO3AI0TCS HOBBIE
CTPYKTYpHl Oyayiero opranusma. W, ecTecTBeHHO,
mo0ble U3MEHEHHUsI TeHOMa CIIEPMaTO30MA0B WU
OOLINTOB JTOJKHBI OTPA3UTHCSA Ha BBIKMBAEMOCTH
sMOpuonoB. Ilo3ToMy yBennueHHUE CMEPTHOCTH
AMOPHOHOB TOCIIe 00pabOTKH CIIEPMBI B paCTBOpax C
JAMCO cBUIETETHCTBYET O BIUSHHUY €T0 Ha TCHOM FUTH
JIpyTHe CTPYKTYPHI, OTBETCTBEHHBIE 33 PeaN3aIliio
nadopmarnu JTHK. K Takum cTpykTypam MoxKeT ObITh
OTHECEH LEHTPOCOMAJbHBIN anmapar CuepMHueB. Y
BCEX BHJIOB KUBOTHBIX, KPOME IPHI3YHOB, IIEHTPOCOMA
BHOCHTCS B OOLIUT CIIEPMHUEM H CTPYKTYPHO MPEJCTAB-
nsieT coboil MUKpoTyOynapHyto cucremy. OHa
SIBJISIETCS BaKHBIM KOMIIOHEHTOM, 00€CTICUUBAIOIIIM
HOpMaJIbHOE pacIpeieieHue TeHETUIECKOr0 MaTepua-
Jla MEXIy JA0YEPHUMH KJIETKAMH B MPOLIECCE JICIICHUS
[23]. CymiecTBYIOT JaHHBIE O Pa3pyILAIOIEM BIMSIHUH
JAMCO na MUKpOTYOYIISIPHYIO CUCTEMY OOLIUTOB MBILIEH
[16]. OgHako MBI He HamLIM PaboT, UCCIETYIONTNX
prstare [IMCO Ha IEeHTPOCOMY CIIEpPMaTo30H/I0B.

U3 pe3ynbTaToB HCCIIEIOBaHUS MOXHO CAENaTh
3aKIIfOYeHHe, 4YTo Bce u3ydeHHble dpaxmuu JMCO
OKa3bIBAJIM OTPUIIATEIBHOE BIHMSHHE Ha CIepMa-
TO30M1bI BEEOHOB Misgurnus fossilis L. v, clieioBaTeabHo,
Ha BBDKHBAeMOCTb 3MOpHOHOB. C yMEHbIIEHHEM
KOJIMYecTBa IPOAYKTOB pacnaia Bo ¢ppakuusax JMCO
€ro OTpULATEJIbHOE BIHMSHUE HAa CIIEPMAaTO30UIbI
CHI)KAJIOCh M BEDKHBAEMOCTh 3MOPHOHOB YBEIHYU-
Basiach. Mcmonb3yemMblid HAMU JIBYXATAHBIA METOJ
aHaJIM3a CMEPTHOCTH UKPHI M SMOPUOHOB (10 ¥ TIOCTie
20-i craguu dYMOPUOHATHFHOTO PA3BUTHS) TIO3BOJIMI
pa3ienuTh MOCIEACTBUS BIMSHUS Pa3HBIX (QpaKIuii
JAMCO nHa crepMaTo30HIbl Ha IMUTOTOKCUYICCKHE U
reaeTndyeckue. OMMHAKOBOE IEHCTBUE BCeX (PpaKkuuid
JAMCO no 20-# cTagnu, MPOSIBUBIICECS B TTOBBIIICH-
HOM CMEpPTHOCTH MKPHI U SMOPHOHOB B CPAaBHEHUH C
KOHTPOJIEM, CBHJIETEIBCTBYET O CHIIBHOM ITUTOTOK-
CUYECKOM JACHCTBUM STHX (paKkIUil U O BHICOKOH
OCMOTHYECKOH YYBCTBUTEIBHOCTH CIEPMATO30HIOB
BbIOHOB. CHIIbHOE IUTOTOKCHYECKOE BO3JICHCTBUE
AMCO Ha cmepMy B MOMEHT pa30aBlieHHS ee
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by the differences in a reparative ability and the eggs
aggravation by mutations of different females.
However it is impossible to separate these effects in
this investigation. In some works [14, 15, 22] it was
shown that a reparative system of oocytes was
capable to repair the damages in DNA, introduced
by a spermatozoon.

Embryo survival varied depending on the stage
of embryonic development (Fig. 7) as well. As it is
known, the embryos during the development process
have some drastic stages on which as a result of the
realisation of genetic potentions of spermatozoon and
oocyte the new structures of future organism are
formed. And it is natural that any changes in
spermatozoa or oocytes genome should have an effect
on embryo survival. Therefore the augmentation of
embryo death rate after sperm treatment in solutions
with DMSO testifies to its effect on genome or other
structures responsible for the DNA information
realising. A centrosomal apparatus of spermatozoa
can be referred to such structures. In all animal
species, excepting rodents, the centrosoma is
introduced in oocyte by a spermatozoon and
structurally represents a microtubular system. It is
an important component, providing the normal
redistribution for genetic material between daughter
cells during fission [23]. There are the data on a
destroying effect of DMSO on a microtubular system
of murine oocytes [16]. However we did not manage
to find the works, studying the effect of the latter on
a centrosome of spermatozoa.

According to the investigation results we can
conclude that all studied DMSO fractions negatively
affected spermatozoa of loach Misgurnus fossilis L.and
consequently, the embryo survival. With a decrease
in a number of decay products in DMSO fractions
its negative effect on spermatozoa reduced and there
was an increase in embryo survival. Two-stage
method we used for the eggs and embryos death rate
analysis (before and after the 20" stage of
embryogenesis) allowed us to divide the consequen-
ces of different DMSO fraction effect on sperma-
tozoa in cytokinetic and genetic ones. The similar
effect of all DMSO fractions before the 20" stage,
manifested in an increased death rate of eggs and
embryos in comparison with the control, testifies to
a strong cytotoxical effect of these fractions and to
a high osmotic sensitivity of loach spermatozoa.
Strong cytotoxical DMSO effect on sperm at the
moment of its dilution with a cryoprotectant, during
the equilibration process with DMSO and at the
insemination caused the death of a big number of
spermatozoa, and, consequently, the selective effect
on spermatozoa osmotic resistance, which could
result in a decrease in the combination ability of
genomes of new organisms, in a selection of features,

PROBLEMS
OF CRYOBIOLOGY
2002, Ne4



KPHOIIPOTEKTOPOM, B Ipoliecce dKBHINOpAUU C
JAMCO u npu oceMeHeHNHU OBIJI0 MPUYMHON THOEeH
3HAYUTEIBHOIO0 KOJMYECTBA CIIEPMATO30UIOB, a
CclefoBaTeNbHO, U cenekTuBHOro 3¢ dexra. Cenek-
TUBHBINA 3 (PEeKT Ha OCMOTHYECKYI0 YCTOMYHUBOCTD
CIIEpMAaTO30MJ0B MOT NPUBECTH K CHUXKEHUIO
KOMOMHALIMOHHONW CIIOCOOHOCTH T€HOMOB HOBBIX
OpPraHu3MOB, K 0TOOPY NPHU3HAKOB, HECBOHCTBEHHBIX
YCIIOBHSIM Pa3BHUTHSA dMOPHOHOB, a MOJTOMY H K
MTOBBIIIEHHUIO X CMEPTHOCTH. Pa3nuyins B cMepTHOCTH
aMOpuoHOB mocie 20-i craauu 3MOPHUOHATIBEHOTO
Pa3BHUTHSA MEXIY ONBITHBIMH BapUaHTaMHU M KOHTPO-
JIeM CBUJICTENLCTBYIOT O BIWSHHUU 3THX (Ppakiiuii
JAMCO Ha TeHeTHYECKHUH amnmapar criepMaTo30HI0B.
C yBenandenuem creneHu 4uctorsl JJMCO ero
OTpHUILATEIbHOE BIUSHUE HA TEHOM CIIEPMAaTO30H10B
CHMXaJoch. [Ipuuem mposiBIEeHHE MOCIENCTBUI
Bo3zAeHCcTBH pa3HbIX (pakauii JJMCO Ha cnepmarto-
30UbI 3aBUCENIO OT UKPHI UCIIOIB3yEMON CaMKH, UTO,
BEPOATHO, MOXET ObITh OOBSICHEHO Pa3iNyYUsiIMU B
pemnapanuoHHON CIMOCOOHOCTH M OTSATOIIEHHOCTH
MYTalUsMH UKPBHI.

Hcnonb3yemblil HAMU KOCBEHHBIM METOJT OLIEHKH
BIUSHUSA pa3HbIX ¢pakiuii IMCO Ha reHoM criepma-
TO30H/IOB HE TI03BOJISIET B HACTOSIIINI MOMEHT yKa3aTh,
Kakas K€ CTPYKTypa T'€HETHUYeCKOro ammapara
CIIepMaTo30MI0B IPH 3TOM NoBpexaaercs. Heobxomu-
MBI JanbHEHIINe UCCIEeNOBaHUS ISl HaXOXKIACHHUS
“locus minoris resistentis” BO B3aUMOJICHCTBUU MEKIY
JAMCO u reromomM. Ceitgyac MbI MOXKEM JIMIIB CASIAThH
3aKJIIOYEHHE, YTO HKBMIIMOpALHSI CLIEPMBI BHIOHOB C
JAMCO MoxkeT NpuBOIUTH K KAKUM-TO HapyIIEHUSAM
CTaOMIBHOCTH BCETr0 T'EHETHYECKOTO MaTepuana
CIIEpMBI, KOTOpPBIE B CBOIO OY€peNb CKa3bIBAIOTCS Ha
BBDKMBAEMOCTH 3MOpHOHOB. Ho cTeneHp BhIpakeH-
HOCTH 3TOTO 3P QeKTa 3aBUCHT OT CTENIEHH YUCTOTHI
AMCO, moreHnmaia caMKi 1 Ka9e€CTBa €€ UKPHI U OT
CTaaAuu pa3BUTHSA SMOpHOHOB. OOHAPYKEHHOE HAMHU
BIMSHWE CAaMKH Ha MPOSBIEHUE MOCIEACTBHUU
9KCTpEMaJIbHBIX 00pabOTOK CIEpMBI MOKET OBIThH
PEKOMEHI0BaHO K HMCIIONb30BAHUIO AJISI CHUKCHHS
OTPHLATEILHBIX MOCIEICTBUIA BO3ACHCTBHS Pa3HBIX
9KCTpeMalibHBIX (PAKTOPOB HA CIIEPMATO30UAbI, B TOM
qHcIie U KPHOKOHCEPBUPOBAHUSI.
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not inherent to the conditions of embryos deve-
lopment, and therefore in the augmentation of their
death rate. The differences in the embryo death rate
after the 20™ stage of embryogenesis between the
experimental variants and the control testify to the
effect of these DMSO fractions on genetic apparatus
of spermatozoa. With an increase in a degree of
DMSO purity there was a decrease in its negative
effect on spermatozoa genome. At that, the
manifestation of consequences of different DMSO
fractions effect on spermatozoa depended on eggs
of the used female, that, probably, could be explained
by the differences in a reparative ability and the eggs
aggravation by mutations.

The used by us indirect method for estimating
the effect of different DMSO fractions on sperma-
tozoa genome does not allow now to indicate namely
which structure of spermatozoa genetic apparatus
is damaged at this time. The further investigations
are necessary to find-out the “locus minoris
resistentis” in the interaction between DMSO and
genome. Now we can only conclude that the
equilibration of loach sperm with DMSO can result
in certain disorders in the stability of all genetic
material of sperm, which in their turn affect the
embryo survival. However the degree of this effect
manifestation depends on the DMSO purity, female
potential and its eggs quality, on the embryos
developmental stage as well. The revealed by us
female effect on the consequences manifestation of
the sperm extreme treatments can be recommended
to use for decreasing negative consequences of
different extreme factor effect on spermatozoa,
including cryopreservation.
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