https://doi.org/10.15407/cry024.02.140

YK 57.043.08:597:612.018
K.I. Byubknin*, A.KO. IyroekiH, €.0. Konerika

BnnuB ropmMoHanbHUX iH'€KUWiW Ha nNapamMeTpu AKOCTi Ta
KPiOpe3uCTeHTHICTb cnepmaTo3oigiB 6inoro ToBctonoouka
(Hypophthalmichthys molitrix, Val. 1844)

UDC 57.043.08:597:612.018
K.I. Butskyi*, A.Yu. Puhovkin, E.F. Kopeika

Effect of Hormone Injections on Quality Parameters
and Cryoresistance of Sperm from Silver Carp
(Hypophthalmichthys molitrix, Val. 1844)

Pecbepar: JocnigxeHo BNMUB pisHUX BUAIB FOPMOHArbHOI CTUMYNALIT 3aBepLuanbHUX eTaniB rameToreHesy 6inoro ToBcTonobuka
(Hypophthalmichthys molitrix, Val. 1844) Ha sikicTb Moro cnepmu. lNpenapaTu BUKOPUCTOBYBANMCb Y HAacTynmHOMY A03yBaHHiI: rino-
i3 — 2,5 mr/kr; «CypcparoH» — 1 mkr/kr 3 «MeToknonpamigom» — 5mr/kr; «Oonenb» — 0,5 rpaHynu/kr. BctaHOBNEHO, WO Nicns cTu-
Mynsauii nnigHukie cymiwwio «CypdaroHy» ta «MeToknonpamigy» KOHLEHTpaList KNiTuH y cnepmi 6yna BuLle, HiX nicns ctumynsauii
npenapatoM «OBonenb» abo rinoisom casana, Ta cknagana (9,7 £ 0,9); (10,7 £ 0,8); (13,3 £ 0,9) mnpa/mn BignosiaHo. KoHueHTpauis
AT® y cnepmartosoigax nicrns cTUMynsuii UMM npenapaTtom Takox 3binblumnacs make yagivi Ta cknapgana (51,9 + 2,1) Hmonb/mr
6inka, a npenapata «OBonenb» Ta rinodisa cazaHa — (18,5 + 0,7) Ta (30,3 + 4) HMonb/Mr Ginka. BinbL BUCOKa KOHLEHTpaUis akTuB-
HO PYXNIMBKUX CMepMaTo30ifiB nicns KpiOKOHCEPBYBaHHSA MOXe CBIQYMTM MPO BiAHOCHO BUCOKY SIKICTb L€l cnepMu.

KnrouoBi cnoBa: cnepma, TOBCTONOGMK, ropMOHanbHa CTUMYnNSLisi, KpiokoHcepByBaHHs, AT®, KOHUeEHTpaLlis cnepmMu.

Pedepar: NccnegosaHo BNusiHe pasHbiX BUAOB FOPMOHANbHOW CTUMYMSLMUM 3aBepluarlmnx 3TanoB rameToreHesa benoro
ToncTtonobuka (Hypophthalmichthys molitrix, Val. 1844) Ha kavecTBO ero cnepmbl. [1penapaTtbl UCNOMb30BaNMCbL B CrieayroLlen no-
3uposke: rmnodus — 2,5 mr/kr; «CypdaroH» — 1 Mkr/kr 3 «Metoknonpamugom» — 5 mr/kr; «Oonenb» — 0,5 rpaHynu/kr. YcTaHOBMREHO,
4YTO Mocne CTUMynAUMM camuoB cMecbio «CypdaroHa» n «MeTokrnonpamuga» KOHUEHTPaLUs KNeTok B cnepme Gbina Bbille, YeM
nocne crtumynsaumm npenapatom «OBonenb» unu runodu3om casaHa, u coctasnana (9,7 £ 0,9); (10,7 £ 0,8); (13,3 + 0,9) mnpa/mn
cooTBeTcTBeHHO. KoHueHTpauus AT® B cnepmaTo3oupax nocrne CTUMynauum aTUM npenapaTom Takxe yBenuymnacb NouTtu
BABoe u coctaenana (51,9 + 2,1) umonb/mr 6enka, a npenapata «OBonenb» u runodusa casaHa — (18,5 + 0,7) u (30,3 £ 4) HMonb/mMr
6enka. bonee BbiCOKas KOHLIEHTpaUWs aKTUBHO MOABMKHbBIX CMEepMaTo30MA0B MOCre KPMOKOHCEPBMPOBAHUSA MOXET CBUAETENbCT-
BOBaTb 06 OTHOCUMTENbHO BLICOKOM KayecTBE 3TOW CMepMbl.

KnioueBble cnoBa: cnepma, Toncronobuk, ropMoHanbHasi CTUMYNALUNS, KPUOKOHCepBMpOoBaHue, AT®, KOHLEHTpaLUs crepMmbl.

Abstract: The influence of different hormonal stimulation of final stages of gametogenesis in silver carp (Hypophthalmichthys
molitrix, Val. 1844) on the quality of its sperm was studied. Preparations were used in following dosage: pituitary — 2.5 mg/kg;
Surfagon — 1 pg/kg combined with Metoclopramide — 5 mg/kg; Ovopel — 0.5 pellet/kg. It was found that after stimulation of sires with
a mixture of Surfagon and Metoclopramide the cell concentration in semen was higher than after stimulation by drug Ovopel or carp
pituitary, and it was (9.7 £ 0.9); (10.7 + 0.8); (13.3 £ 0.9) bIn/ml, correspondingly. The ATP concentration in sperm after stimulation by
this drug also was almost twice bigger and it was (51.9 + 2.1) nmol/mg protein, and in case of Ovopel and carp pituitary it was (18.5 +
0.7) and (30.3 + 4) nmol/mg protein. A higher concentration of active motile spermatozoa after cryopreservation may indicate a
relatively high quality of the sperm.

Key words: sperm, silver carp, hormone stimulation, cryopreservation, ATP, sperm concentration.

3a0pynHEHHS BOIONMUIIL, OyIiBHUIITBO TiAPOCIIO-
PYZ 1 XIDKalbKU pUOHUE MPOMHUCEN € MPUIMHAMHI
Pi3KOT0 3MEHIIIEHHS YUCETBHOCTI 6araThoX MO
[IHAKUX PUO 1 HABITh 3HUKHEHHS JSSKUX iX BUIIB. J{7s
30epexeHHs reHOOHAY PUO BUKOPUCTOBYIOTD SIK Me-
TOZIW KPiOKOHCEPBYBaHHS CIIEPMAaTO30i 1B, TaK i IITYy4-
HOTO X BUPOIIYBaHHS Y prOOPO3ILIITHUX TOCTIOIAp-
ctBax. [lokparieHHs SKOCTi KpiOKOHCEPBOBAHOI CIIep-
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Water pollution, building of hydraulic constructs and
robbery fishing are the reasons of dramatic deminishing
of numerous populations of commercially valuable spe-
cies and even loss of some species. To preserve fish
gene pool one use either methods of sperm cryopre-
servation or artificial fish culture in fish hatcheries.
Improving of a cryopreserved semen quality would
enable to reduce probability of selection effects during
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MH JO03BOJIUTH 3HU3UTH WMOBIPHICTH CENEKIIHHUX
e(heKTiB ImiJ1 yac KpiOKOHCEPBYBAaHHS, SMEHIIIUTH BUT-
patu Ha 30epiraHHsi KIITHH, YIOCKOHAJIUTH O10TEXHIKY
BiATBOPEHHS PUO 1 MiABUILIUTH NPOAYKTHBHICTH pHOO-
PO3IUTITHIX T ATPHEMCTB.

SKicTh KPIOKOHCEPBOBAHOI CIIEPMH 3aJIEKHUTH Bijl
Oaratbox (axTopiB SK Ha cTajii GopMyBaHHS cCrep-
MaTO301/1iB, TaK 1 Ha OCTAaHHLOMY €Tami crepmiamii
[13]. OnHi€ero 3 TONMOBHUX YMOB, 32 SIKMX BiJI0OYBa€ThCS
JI03piBaHHS pUO, € MEBHE CIIBBIIHOIICHHS MIX TEM-
MepaTyporo BOAM Ta KUTBKICTIO CBiTIOBUX AHIB. [Ipn
OTpPUMaHHI ramMeT AJs ITYYHOTO 3arIigHeHHs 000-
B’S3KOBOIO € TOPMOHAIBHA CTUMYJIAIIIS prb. Ha pu6o-
PO3ILTLAHIX 3aBOJIAX IS TO3PiBAaHHS PUO BUKOPHUCTO-
BYIOTb 1H €KLIiI0 pO3TepTOro rimodisa, onidepiny, Xo-
PiOHIYHOTO TOHAOTPONIHY 200 TOPMOHAIBHI Tpenapa-
T «Cypdaron», «OBomnensy Ta iH. OTxKe, 0COOITUBOTO
3HaueHHsI HA0yBAaOTh SIK YMOBH YTPUMaHHS pHO, Tak
1 CTUMYIIALIS TO3piBaHH TUTIJHUKIB Ha 3aBepIlajib-
HOMY eTarli.

1 KpioKOHCEpBYBaHHS CIIEpMH OiJI0TO TOBCTO-
nobuka (Hypophthalmichthys molitrix, Val, 1844)
BHUKOPHCTOBYBaJIM po3podieHi me y 1986 p. metoau
KpiOKOHCEpBYBaHHS CIIEPMH KOPOIIOBUX [3], 3a 1omo-
MOTOIO SIKMX MiciA BifirpiBy orpumysanu 30-40% pyx-
TUBUX KIITHH. OHAK 3’ IBUJINCH BIZIOMOCTI ITPO OTPH-
MaHHA 10 70% pyXJIMBHX CIIEpMaTO301/iB Micis Kpio-
KOHCEPBYBaHHS CIIEPMU KOPOTIOBHX [9], aie MexaHi3Mu
T IBUIIICHHS SIKOCTI ITi€1 CrIiepMU HEJTOCTaTHHO BUBYCHI,
a JlaHi MeToAu MOTPeOyIOTh MOAANBINOI MEPEBIPKH.
Kpim Toro, 1110 pob0Ty HEMOXKIIMBO TOBTOPUTH YEpe3
BHCOKY BapiaOeNbHICTh SIKOCTI HATUBHOI CIIEPMHU.

Ha cporogHi 1ie HeZOCTaTHBO JOCIIIKEHA Mis
TOPMOHAJFHUX TIpenapariB Ha MeTabomi3Mm i QyHK-
LiOHAJIBHI XapaKTePUCTUKU CIIEPMAaTO3011iB pub 10 Ta
micyst KpiokoHcepByBaHHS. OCHOBHUMH MTapaMeTpaMu,
3a SIKUMH OI[IHIOIOTh MeTa00I1i3M Ta (PyHKITIOHATHbHAN
CTaH CIEPMH ITiCIS TOPMOHAIBHOI CTUMYIALI, €
3aIUTi JHIOK0YA 31aTHICTh, PiBEHb PYXJIMBOCTI Ta KOH-
uenrpauis AT® y cnepwmi. IcHye Oarato nocinimxeHb
[8, 14,21, 22] momo BIUTMBY €KX TOPMOHIB Ha Xapax-
TEPUCTUKH CIIEPMH PO y HOPMI, ajie JTUIIe y TOOH-
HOKHX po0OTax MOBiAOMIIIETHCS PO MEXaHI3M iX Aii
Ha Kpiope3uCTeHTHICTh criepmaro3oifis [11,15]. Bera-
HOBJICHO, ITI0 TiCIISI CTUMYJISIIIT Beclionoca « OBomesieM»
CIIEpPMAaTO301IH PyXaJIUCh Ha 2 XB JOBIIIE, HIXK ITiCIIS
CTUMYJISILI] CHHTETUYHUM aHaJOroM TOHaJOTPOIMiH-
PUJII3IHT-TOPMOHY, a MiCJIsl KPIOKOHCEPBY BAHHS KHUTTE-
3IaTHUMH 3aJTUIIaI0Cs BABIYi Oinbie KiiTud [15].

Mera gociipKeHHS — BUBUNTH BIDIUB Pi3HUX BUIIB
TOPMOHAJIBHOI CTUMYINALIT 0i1oro ToBCTONIOOMKA Ha
KOHIIeHTpallito krituH, AT® cnepmu, piBeHb Ta 4ac
PYXJIMBOCTI CLIEPMATO301/1iB IiCIIsl aKTHUBAILi1, @ TAKOX
Ha iX KpiOpEe3UCTEHTHICTb.
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cryopreservation, save the costs for cell storage, ad-
vance the biotechniques of fish reproduction and enhan-
ce productivity of fish hatcheries.

Cryopreserved sperm quality depends on the va-
rious factors both at the stage of sperm formation and
at the very last step, spermiation [8]. One of the main
conditions for fish maturation is apparently the ratio
between water temperature and number of day-light
hours. Hormone stimulation of fish is mandatory to
derive the gametes for artificial insemination. Fish
maturation at fish hatcheries is achieved by injection
of pounded pituitary gland, luliberin, chorionic gonado-
tropin or such hormonal preparations as Surfagon,
Ovopel etc. Thus, of special value are the fish keeping
conditions as well as stimulation of male maturation at
the final stage.

Cryopreservation of silver carp (Hypophthalmi-
chthys molitrix, Val. 1844) semen is possible by deve-
loped in 1986 methods for cryopreservation of carp
sperm [ 12], which allow to get post thaw 30-40% mo-
tile cells. Nevertheless, there are some data on the
possible up to 70% motile spermatozoa after cryopre-
servation of carp semen [4], but the mechanisms of
improving the quality of the sperm are unclear, and the
methods require further testing. Moreover, this expe-
riment is impossible to perform due to a high variability
of fresh sperm quality.

The effect of hormonal preparations on metabolism
and functional characteristics of fish sperm prior to
and after cryopreservation is not properly analyzed to
date. Basic parameters for assessing the metabolism
and functional state of sperm after hormone stimulation
are male fertility, motility rate and ATP concentration
in sperm. There are lot of reports [1, 9, 21, 22] on the
impact of some hormones on the characteristics of
fish sperm in a norm, but only several studies point to
the mechanism of their effect on spermatozoa cryo-
resistance [6, 10]. We have found that after stimulation
of paddlefish with Ovopel the spermatozoa were motile
2 min longer than after stimulation with synthetic
analogue of gonadotropin-releasing hormone, and
following cryopreservation twice as more cells re-
mained viable [10].

The objective of this research was to study the
effect of different types of hormone stimulation of silver
carp on cell concentration, sperm ATP, rate and time
of sperm motility after activation as well as on their
cryoresistance.

Materials and methods

The research was performed at fish hatchery
(Myronivskyy village, Donetsk region, Ukraine) in
silver carp (Hypophthalmichthys molitrix, Val. 1844).
Mature males of an average weight of 4.5 kg were
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Marepianu Ta MeToaH

JocnimkeH s TPOBOAWIN B PHOHOMY FOCTIOAPCTBI
(cen. MuponiBchkuii, [loHenbka 00:1.) Ha OiIOMYy
TOoBCTONOOUKY (Hypophthalmichthys molitrix). I1nin-
HHUKIB i3 CepeaHHOI0 MacoI0 4,5 KT yTpUMyBaju B 0a-
ceiftHax i3 mpoTOIHOI0 BO1010 (25°C), 10 SKHX iX Iepe-
HOCHJIM 31 CTaBKiB. IH’€KITii TPOBOIMIIN BpaHIIi TTiCIIs
3BaKyBaHH:. J{71s cTUMYyIALii criepMianii BUKOPHCTO-
BYBaJI TOMOT'€HAT Tirnodiza cazana, CyMill mpenaparis
«Cypdarony» (CHHTETUIHHUH aHAIOT TOHAAOTPOIIIH-
PWII3IHT-TOPMOHY CCaBLiB) 3 «MeETOKIOIpaMigoM»»
(6moxarop modaMiHOBHX pELIETITOPIB), 8 TAKOK KOMEp-
uiiHui npenapar «OBomenab» A KOPOmiB (aHaior
TOHA/I0TPOIIH-PUITI3IHI-TOPMOHY CCaBLiB i3 «MeToKIIo-
npamizom»). Y poboTi BAKOPHCTOBYBaJIM HACTYITHI 1O~
3u: Tinogis — 2,5 mr/kr; «Cypdarom» («MocArpolen»,
Pocist) — 1Mkr/kr 3 «Metoknonpaminom» (ITAT
«Jlapuutsa», Ykpaina) — Smr/kr; «OBonenby («Inter
Shy, Yropmmuaa) — 0,5 rpanymu/Kr.

Criepmy 306upainu B Cyxuii YucTHi ocyx depes 20—
24 TonyH micIs i1’ eKii. 11 BU3HAUYeHHS KOHIIEHTPaITii
KIIITHH CIIEPMY PO3BOAMIHN 130TOHIYHUM PO3IYHHOM
NaCl ta BukopuctoByBaiu kamepy [opseBa i ¢oto-
enexrpokosnopumerp KF-77 (Ilonpmia).

OO’ €eKTUBHICTB Bi3yaJIbHOI OLIIHKH PYXJIMBOCTI aKTH-
BOBaHMX CIIEpPMaTO301/iB 3a0e3meyyBaiacs METOIOM
«OCIIIICHHS: TPOoOH Opany y BUMIaIKOBOMY MOPSIIKY
(excriepuMeHTaTOpy HE OYINIO BiIOMO, MICHA SIKOT CTH-
MYyJISIiT OTpIMaHa KoxkHa 1mpo0a). s akTuBariii Ha-
THBHOI CIIEpMH BUKOPUCTOBYBAlld BOJAY 31 CTaBKa
(ocmotuunicTs 5—10 MOcM/KT), a T BiIITPITOI criep-
MU 3 METOIO 3MECHIIICHHS BILTUBY MEPeTaay OCMOTHY-
HOTO THCKY Ha KJIITWHU — TJIIIMHOBUN aKTHBATOp 3
ocMOTHYHICTIO 177 MOCM/KT, 10 CKJIa/1y SIKOTO BXOIH-
JI1 HaCTyIHI KoMroHeHTH: 49,5 MM tpuc-HCl-Oydepa
(pH 8,1), 44,5 mM NaCl, 4 mM KCI ta 18,7 MM
DITILVHY.

CriepMy po3BoIWIN Yy cliBBigHOMIEeHH] 1:1 kpio-
3axucHUM po3umHoM: 71,8 MM NaCl; 0,8 MM KCl;
2,4 MM CaCl,; 5,2 MM MgSO,; 33,3 MM NaHCO,;
5,7 MM caxapo3u; 82,3 MM tpuc-HCl-6ydepa, pH 8,1;
24 wmr/n seunoro xoBTKa; 0,01 MM MOMIBIHIIOBOTO
criuptTy [3]. OTprMaHy CyCIIeH31t0 KIITHH PO3THBAIHI
B aMIrysu 00’emoM 0,5 MIT 1 OXOJNOPKYBaIH B TIapax
PIAKOTO a30Ty 32 TPHOXETAITHUM PEKUMOM, PO3podiie-
HUM 7151 KpIOKOHCEPBYBaHHS CIIEpMH KOporoBux. Ha
NepUIOMy eTarli TeMIepaTypy 3HWXKYBaIX Bix 25 1o
—15°C 31 mBuakicTio 3—5 rpan/xs, Ha APYroMy IO
—70°C 3i mBuakictio 15-20 rpan/xs, naxi 100 rpan/xs
[3]. AMmymu po3MOpOKYBali 10 TIOSIBH PiAKOi (a3u
Ha BozsHi 6aHi (40°C), BOAy MOCTIIHO MepeMilTyBaJIH.

Hns BusHaueHHs Bmicty AT® no 0,5 ma cnepmu
noxasanu 0,5 ma 10%-ro HCIO » IOTIM 1HTEHCUBHO
nepeMillyBaJid 1 IIBUIKO OXOJOMKYBAJH B PiIKOMY
azori. [licns BimirpiBy no 2—5°C ammnynu uentpudy-
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kept in the pools with running water (25°C) wherein
they were transfered from ponds. Injections were done
in the morning after weighing. To stimulate the
spermiation we used the homogenate of European carp
pituitary, mixtures of preparations Surfagon (synthetic
analogue of mammal gonadotropin-releasing hormone)
with Metoclopramide (dopamine receptor antagonist)
and commercial preparation Ovopel for carps (analogue
of mammal gonadotropin-releasing hormone with
Metoclopramide). In our study we used the following
dosage: pituitary — 2.5 mg/kg, Surfagon (MosAgroGen,
Russia) — 1 pg/kg with Metoclopramide (Darnitsa,
Ukraine) — 5 mg/kg; Ovopel (Inter Sh, Hungary) —
0.5 granules/kg.

Collection of sperm was done into a dry clean vial
in 2024 hours following injections. To determine cell
con-centration the sperm was diluted with isotonic NaCl
solution and calculated with Goryaev’s chamber and
photoelectrocolorimeter KF-77 (Poland).

Objective visual assessment of motility of activated
spermatozoa was provided by 'blind' method: the samp-
les were taken at random (researcher did not know
after which stimulation each sample was obtained).
To activate a native sperm we used pond water
(osmolality of 5-10 mOsm/kg), and for thawed sperm
to decrease the impact of osmotic pressure changes
on the cells we applied glycine activating agent of 177
mOsm/kg osmolality which involved the following
components: 49.5 mM Tris-HCl-buffer (pH 8.1), 44.5
mM NaCl, 4 mM KCl and 18.7 mM glycine.

Dilution of sperm was performed 1:1 with cryopro-
tective solution: 71.8 mM NaCl; 0.8 mM KCl; 2.4 mM
CaCl; 5.2 mM MgSO,; 33.3 mM NaHCO,; 5.7 mM
sucrose; 82.3 mM Tris-HCl-buffer, pH 8.1; 24 mg/l
egg yolk; 0.01 mM polyvinyl alcohol [3]. The obtained
cell suspension was poured into ampoules of 0.5 ml
volume and cooled in the vapours of liquid nitrogen by
three-step regimen developed for cryopreservation of
carp semen. At the first stage temperature was
lowered from 25 down to —15°C with the rate of 3-5
deg/min, at the second stage down to —70°C with the
rate of 15-20 deg/min, and thereafter with 100 deg/
min [12]. The ampoules were thawed in water bath
(40°C) until the appearance of liquid phase, water was
constantly mixed.

To determine the ATP content, 0.5 ml sperm was
supplemented with 0.5 ml 10% HCIO,, then it was
intensively mixed and rapidly cooled in liquid nitrogen.
After warming up to 2...5°C the ampoules were centri-
fuged at 5°C for 5 min at 1,000 g. Supernatant was
transferred into another vial, neutralized with 2 M
aqueous KOH solution to pH 7.0 and incubated during
15 min at 5°C. Protein in the sediment was determined
by Lowry method in Miller’s modification. Thereafter
supernatant was centrifuged for 5 min at 1,000 g. ATP
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ryBasm 3a remneparypu 5°C npotsrom 5 xB ipu 1000g.
CyriepHaraHT NepeHOCHITH B 1HIITY IPOOipKy, HEUTpaTi-
3yBanu BoaHMM po3unHoM 2M KOH gno pH 7,0 ta
iHKyOyBanu 15 xB ipu 5°C. binok B ocaai BU3Hauanu
metoznom Jloypi B Mmoaudikamii Mistepa. Ilicis miporo
CYIIEpPHATAHT NEHTPUPYTYBAIH MPOTITOM 5 XB IpH
1000g. Buznauenns konuerpauii AT® mpoBonunu
(hepMEeHTAaTUBHUM METOJOM 32 MEPETBOPEHHSIM
HAJIH y HAJI®H y cuctemi criosryaennx pepMeHTa-
TUBHUX PEaKiii, TOCTiJOBHO J0IaBajH TIIIOK030-6-
¢docharnerinporenazy (I'6D/I") ra rexcokinazy (I'K)
3 ITI0K03010. CepenoBuIlie 11 BU3HAYEHHS KOHIICHT-
partii AT® mictuio 100 MM tpuc-HCIL, pH 7,0; 4,1 MM
etmneHaiaminTerpaouroBoi kucnotu (EATA); 2MM
MgCl; 4 MM HAJTH; 25 on/mn I'6®AT; 5 on/mn I'K
[5]. Piens HAJI®H peectpyBanu criekTpodoTo-
METPHUYHHUM METOAOM TpH JOBXHHI XBHJi 340 HM.
Bwmict AT® Bupaxanu B HMOJIb/MT OijKa.

OCMOTHYHY PE3UCTEHTHICTH CIIEPMATO301/iB OIli-
HIOBAJIM 32 PO3pPOOJIEHUM HaMU paHille MeToaoM [7].
J171s IbOTO B KIOBETY (POTOETIEKTPOKOJIOPUMETPA JI0/1a-
Bayn 3,6 MJI AWCTIIJIBOBAHOI BOJU Ta 54 MKJI CIIEpMHU
Ta, NOCTIHHO MEPEeMilIyI0un, BCTAHOBIIOBAJIHN 3MiHY
CBITJIONIPOITYCKAaHHS 3 4aCOM. 32 eKCIIEPUMEHTAIBEHO
OTPUMAHOI0 3QJICKHICTIO KITBKOCTI IOIIKOMKEHUX
KJTITHH B1JI CBITJIONIPOITY CKAHHS PO3PaXOBYyBaJIH 4ac, 3a
sxuit rune 50% xnitun (T, ).

OTtpumaHi pe3yasTaTi CTAaTUCTUIHO 00pOOIISIN 3a
JIOTIOMOT 010 t-KpuTepito CThIONEHTA ISl He3aIC)KHUX
BHOIPOK 13 BUKOPHCTAHHSAM Iporpam «Statistica 7.0»
(«Statsofty, CIIA) Ta «Excel» («Microsoft», CILIA).
BingmiHHOCTI MiXk BHOOpPKaMH BBaXKalld CTATHCTUYHO
3Hauymmmu 3a p < 0,05 (n = 7).

Pe3yabTatn Ta 00roBOpeHHH

VY pe3ynbrari eKCIepUMEHTIB OYylI0 BH3HAYEHO
BIUIMB Pi3HOT TOPMOHAJIBHOT CTUMYJIALIT TUTITHUKIB Ha
KOHIIEHTpaIlii ogepxanoi criepmu Ta ATD (puc. 1).

[Micast crumynsiii ToBcTonoouka cyminro «Cyp-
¢arony» i «MeTtokionpaminy» Oyia OTpIMaHa criepMa
31 3HAYHO OLTBIIOIO KOHIICHTpaITiero KmiTHH (p < 0,05)
MOPIBHSHO 31 cTUMYTTALTi€t0 «OBomenem» abo rimodizom
Ha 20,5 Ta 28% BiamoBigHo (puc. 1). Lls pizHuns B
nepepaxyHKy Ha 1 MuI ciepMH cTaHoBWIIA 2,75 MIIpI
KJIITHH TpY BUKOpUCTaHHI «OBonens» Ta 3,75 mupa —
rimodiza. Pierp AT® y ciepmi TUTiAHAKIB TiCIs pi3HOI
TOPMOHAIBHOT CTUMYJISILIT TAKOXK 3HAYHO BiAPI3HABCS
(puc. 2).

KoH1ieHTpOBaHa criepMma, SIKy OTpUMAJIH ITiCIIs CTH-
MYJISIi o1 MHEKIB cymimo «Cypdarony» Ta «Meto-
KJIONIpaMify», B CEpEIHbOMY MiCcTHUIa MaiXe Ha
TpeTUHY OifbIle KIIITHH Ta Maja BJBIYi OibIIuii pi-
BeHb AT®, HiX micns cTumynsLii rimogizom ado «OBo-
mesemM.

npo6nemMbl KpMOOMONOrMM U KPUOMEAULIMHbDI
problems of cryobiology and cryomedicine

Tom/volume 24, Ne/issue 2, 2014

concentration was determined by enzymatic method
by the transformation of NADH into NADPH through
the system of combined enzyme reactions, to start these
glucose-6-phosphatedehydrogenase (G6PDH) and he-
xokinase (HK) with glucose were stepwise added. The
medium for determination of ATP concentration con-
tained 100 mM Tris-HCI, pH 7.0; 4.1 mM ethylene di-
amine tetraacetate (EDTA); 2 mM MgCl; 4 mM
NADP; 25 IU/ml G6PDH; 5 IU/ml HK [19]. NADPH
level was assessed spectrophotometrically at 340 nm.
ATP content was expressed through nmol/mg of protein.

Osmotic resistance of spermatozoa was assessed
by previously developed by us method [17]. For this
purpose, the cuvette of photoelectrocolorimeter was
filled with 3.6 ml distilled water, 54 pll sperm was added
and after constant mixing the change of light trans-
mission was recorded with the time course. Using the
experimentally obtained dependence of damaged cell
number vs. the light transmission we calculated the
time of death of 50% cells (T,).

The results were statistically processed with Stu-
dent’s t-test for independent samples using Statistica
7.0 (Statsoft, USA) and Excel (Microsoft, USA). The
differences between samples were considered signi-
ficant at p < 0.05 (n="7).

Results and discussion

The experiments allowed to determine the effect
of different hormone stimulation of mature males on
concentration of the obtained sperm and ATP (Fig. 1).

After stimulation of carp with the mixture of Surfa-
gon and Metoclopramide we obtained the sperm with
significantly higher cell concentration (p <0.05) if com-
pared to the stimulation with Ovopel or pituitary by
20.5 and 28%, respectively (Fig. 1). This difference
normalized to 1 ml sperm was 2.75 bln cells when using
Ovopel and 3.75 bln in case of pituitary. ATP level in
mature male spermatozoa after different hormone
stimulation differed significantly as well (Fig. 2).

Concentrated sperm obtained after stimulation of
mature males with the mixture of Surfagon and Meto-
clopramide in average contained nearly a third more
cells and had two times higher ATP level than after
stimulation with pituitary or Ovopel.

In addition to assessment of cell concentration and
ATP content it was important to reveal the effect of
cryoprotective solution and cryopreservation on the
characteristics of spermatozoa obtained after different
types of hormone stimulation of mature males. For this
purpose the activated sperm was assessed by the moti-
lity of cells with a forward rectilinear movement motion
and duration of their movement. No differences bet-
ween the samples were found according to these
criteria (Fig. 3).
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Puc. 1. KoHueHTpaudia kniTmH HaTMBHOI cnepmu Ginoro
ToBcTOonobuka (Hypophthalmichthys molitrix, Val, 1844)
nicna ropMoHanbHOI CTUMYNSAUii pisHMMKU NpenapaTamu;
Pi3HMLUS MK AaHWMK, MO3HAYEHUMU Pi3HUMM iHAEKcCaMU
(a, b, ¢), ctaTucTnyHO 3HauyLwa, p < 0,05.

Fig. 1. Concentration of native sperm cells of silver carp
(Hypophthalmichthys molitrix, Val. 1844) after hormone
stimulation with different preparations; differences bet-
ween data indicated with different indices (a, b, c¢) are
statistically significant, p < 0.05.

KpiM BU3HAUEHHS KOHIIEHTPAIT KJIITHH Ta BMICTY
AT®, BaxiuBUM 0YJ10 BUSBUTH BIUIMB KPi03aXHCHOTO
PO3UMHY Ta KPIOKOHCEPBYBaHHS Ha (DYHKLIOHAJbHI
XapaKTEPUCTUKHU CIIEPMATO3011iB, OTPUMAHUX MIiCIIs
PI3HUX BU/AIB TOPMOHAIBHOT CTUMYIISILIIT LTI HUKIB. J1st
I[bOT'O B aKTHBOBAHIH CriepMi BH3HAYaJIM PYXJIUBICTh
KIIITHH 13 TOCTYTIOBUM HPSAMOJIIHIHUM PyXOM Ta yac
iX pyxy. 3a MMM KpUTEpisIMU BiAMIHHOCTEH Mix
rpyIiaM# BCTAaHOBJIEHO He OyIto (puc. 3).

VY BiAirpiTii akTHBOBaHI# CrIepMi PyXJIMBICTh CIIEp-
MaTo3011iB OyJia Maike OTHAKOBOIO. BUxoastuu 3 1ux
pe3yNbTarTiB, MOXKHA MPHUITYCTHUTH, IO CIIepMa, OTPH-
MaHa Mmicysg CTUMYIIil cymimo «Cypdarony» i
«Mertokitonpaminy», Oyjia IyTIHUBIIIOK 0 BILIUBY
cepeoBHILA KPIOKOHCEPBYBaHHS, aJie PYXJIMBICTb KJTi-
THH Y TIOJTi 30y HE € TOKa3HUKOM a0COIIOTHOT 1X KiJIb-
kocTi. [Ipu BU3HaYeHHI BiJHOCHOT pyXJIMBOCTI criepMa-
TO301/iB, TOOTO BiJHOUICHHS BiJICOTKAa PYXJIUBUX
KJIITHH MICJIsl KPIOKOHCEPBYBaHHS 10 BiICOTKA Y Kpio-
3aXMCHOMY PO3YHMHI 0 KPiOKOHCEpBYBaHHS, BUSBU-
JIOCS, II0 Y BIAITPITIH CrIEpMi, OTPUMAaHI#H MiCIIsT CTHMY-
sl cyminmo «Cypdarory» i « MeTokmonpamimy»,
KUIBKICTh KJIITHH, SIKI pyXajaucCh, Oyja HaHOUIBIIIO.
BpaxoBytoun 1i 1aHi, MOYKHA BU3HAYNUTH KOHIIEHTpA-
L0 PyXJIMBUX KITHH y criepMi («Cypdaron» i «Meto-
kinompamiay — 3,2; «OBonensb» — 2,2; rinodiz —
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Puc. 2. KoHueHTpauis AT® Ha 1 Mr Ginka B HAaTMBHIl cnepMi
6inoro ToBctonobuka (Hypophthalmichthys molitrix, Val,
1844); pisHMUA MiXK OaHUMU, NO3HAYEHUMU Pi3HUMMU iH-
aekcamu (a, b, ¢), ctatuctuyHo 3Havywa, p < 0,05.

Fig. 2. Fig. 2. ATP concentration per 1 mg protein in native
sperm of silver carp (Hypophthalmichthys molitrix, Val.
1844); differences between data indicated with different
indices (a, b, c¢) are statistically significant, p < 0.05.

The motility was almost the same in all the groups
of thawed activated sperm. In terms of these results
we can suggest that sperm obtained after stimulation
with the mixture of Surfagon and Metoclopramide was
more sensitive to the effect of cryopreservation me-
dium, but cell motility within the field of vision could
not point their absolute quantity. Assessment of relative
spermatozoa motility, i. e. relation of percentage of
motile cells after cryopreservation to the one found in
cryoprotective solution prior to cryopreservation allo-
wed to note thawed semen obtained after stimulation
with the mixture of Surfagon and Metoclopramide had
the highest number of motile cells. Considering these
data it is possible to calculate the concentration of mo-
tile cells in sperm (3.2 bln/ml for Surfagon and Meto-
clopramide; 2.2 for Ovopel; and 2.4 for case of pituita-
ry). We have found that in thawed semen derived after
hormone stimulation with the mixture of Surfagon and
Metoclopramide, ATP and cell concentrations were
the highest. A significant loss of motile cells in cryopro-
tective solution in our opinion may be explained by the
fact that this sperm had higher heterogeneity by the
maturity degree if compared to other stimulating agents.
Probably it would be resonable to collect the sper-
matozoa several hours later. As it was previously men-
tioned [10], stimulation of paddlefish mature males with
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Puc. 3. BnnvB Kpio3axnucHOro posymnHy Ta KpioKOHCEepBY-
BaHHS Ha PyXNMBICTb crnepmaTo30iaiB 6inoro ToBCTONO-
6uka (Hypophthalmichthys molitrix, Val, 1844): O — piBeHb
PYXNMBOCTI HaTMBHMX cnepmartosoigis; O — piBeHb
PYXIMBOCTI KPIOKOHCEPBOBaHUX CNepMaTto3oifiB; pi3HMLUA
MK AaHMMW, NO3HAYEeHUMU pi3HMMM iHOekcamu (a, b)
CTaTUCTMYHO 3HavyLa, p < 0,05.

Fig. 3. Effect of cryoprotective solution and cryopreservation
on the motility of silver carp (Hypophthalmichthys molitrix,
Val. 1844) spermatozoa: OO — motility rate of native sperma-
tozoa, %; O — motility rate of cryopreserved spermatozoa,
%; differences between data indicated with different indi-
ces (a, b) are statistically significant, p < 0.05.

2,4 mapa/mi). BeranoBieHo, 1o y Bigirpitiid cnepwi,
OTpUMaHiH{ MicJIs TOPMOHATIBHOT CTUMYJISILIT CYMILIIIIIO
«Cypdarony» 1 «MeToknonpamiay», KOHIEHTpaLis
AT® Ta kniTHH HalOIbIIa. 3HAYHY BTpPATy PyXJIHBHUX
KJITHH y KPi03aXHCHOMY PO34MHI, Ha HAIII OIIISIT, MOXK-
Ha MOSICHUTH THM, IO 115 criepMa Masna OiIbIny reTe-
POTEHHICTh 3a CTYNEHEM 3piJIOCTI B MOPIBHSIHHI 3
THIIUMH CTEMYIIITOpaMi. MOXKIIUBO, CITiji OyI0 301Th-
LIUTH TEPMiH MK CTUMYJIALIEI0 Ta OTPUMAHHSIM CIIep-
Mu. Sk 3a3Havanocs panime [15], micas cTumyssimii
IUTiTHKKIB BecoHoca «OBorenem» iX criepma Jo3pi-
BaJia BBIYi JOBIIE TOPIBHIHO 31 CTUMYIIALIIEIO JTFOTEI-
Hi3yIOYMM TOPMOHOM.

Ha nymky nesikux aBTopis [ 1, 10], mpu 30inbiueHHi
KOHIIEHTPALIii KJITHH y CYCTIeH31i i IBUIITYE€ThCS 1X CTi-
KICTh 710 HECHPHUATAUBUX (DAaKTOPIB KPiOKOHCEPBY-
BaHHA. OTKe, pi3Ha MOYaTKOBa KOHLIEHTPaLlis CIEpMH
MOJKe BITMBATH Ha i1 Kpiope3ucTeHTHicTh. Ilicis ctu-
mymsnii cymimmmo «Cypdarony» i «MeTokionpa-
MiTy» Ha (OH1 OUTBIIOT KOHIIEHTpaIlii CliepMaTo30i/iB
CcriocTepiraeThes OUTBIININ piBeHb 30epeKeHOCT] KIITHH
[2], 10 MOXe MOSCHIOBAaTUCS BHYTPILIHBOIO PEryisi-
LI€F0 Ha PiBHI OPraHi3My ITTiTHUKIB SK CAMOPETYIIOI0-
gux cucteM. [ Ipu 301IpIIeHHI KOHIIEHTpATTii KITITHH ITi/I-
BUIIYETHCS OCMOTHYHHMI THUCK IIA3MH, & TOMY 1 CTii-
Kicth MeMOpaH [19].

PesynpTatn HamuWXx AOCHIIKEHB CBiT4aTh IMPO
Maike 0JJHAKOBY OCMOTHYHY PE3UCTCHTHICTh CIIep-
MAaTO301/1iB, OTPUMAHHMX IICJIS Pi3HUX BUAIB TOPMO-
HaJIbHOT CTUMYJISILIT (30KpeMa «OBomeniemM» Ta CyMill-
o «Cypdarony» i «MeTtokiompaminy», puc. 4),
OJIHaK BOHU MOTPEOYIOTH JIOOPAIFOBAHHSI.

ITicns pi3HUX BUAIB CTUMYIIALIT TOIIKOIKCHHS
MeMOpaH 50% crepmaro30iliB BiOYBaETHCS BIBIUl
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Ovopel led to twice longer maturation of their sperm if
compared with the stimulation of luteinizing hormone.

Some authors suggested [2, 5] that increasing of
the cell concentration in suspension resulted in an
increased resistance to the unfavorable conditions of
cryopreservation. In other words, different initial sperm
concentration can affect its cryoresistance. Following
stimulation with Surfagon and Metoclopramide resulted
in higher spermatozoa concentration we observed an
increased level of cell survival [3]. This can be explai-
ned by internal regulation at the organismal level of
mature male as self-regulating systems. Rised cell con-
centration leads to an increased osmotic pressure of
plasma, and therefore an improved membrane resis-
tance [16].

Our findings confirm quite an equal osmotic
resistance of spermatozoa derived after different types
of hormone stimulation (in particular, Ovopel and the
mixture of Surfagon and Metoclopramide (Fig. 4)), but
these still require further ascertainment.

After various stimulations the damage in 50% of
spermatozoa membranes occured twice faster if incu-
bation medium temperature was 29°C, if compared
with 22°C. Primarily, this is due to the dependence of
cell membranes permeability for water molecules vs.
the temperature [20].

In the end of summer all carp spermatozoa are
entirely formed and non-motile in fish gonads until new
spawning season. Thus, the cause of possible increa-
sing of their cryoresistance can be the rise of ATP
concentration in sperm. As it is known, the stimulation
of males with Metoclopramide inhibits dopamine
excretion, leading to an increased level of prolactin in
blood [15] which affects different processes in fish

145



Puc. 4. 3anexHicTb 3arnbeni cnepmaTo3oigis (Ty,), oTpU-
MaHUX Micna pi3HNX BUAIB ropMoHarnbHOI CTUMYnAUIl, Big
Temneparypu cepefoBuLLa iHKybaLii: A Ta cyuinbHa niHis —
ctumynsuis cymiwwio «CypdaroHy» i «MeToknonpamigy»;
@ Ta nyHKTMPHa NiHiA — cTumynauis «OBonenem»).

Fig. 4. Dependence of spermatozoa death half time (T50)
obtained after various hormone stimulation, on tempe-
rature of incubation medium (A and solid line denote sti-
mulation with Surfagon and Metoclopramide; @ and dot-
ted line denite stimulation with Ovopel).

LIBUJIIEC 3a TEMIIEpaTypu CepemoBHILNa iHKyOarii
29°C, nix 3a Temmneparypu 22°C, 110, B IepIIy Yepry,
MOSICHIOETBCA 3aJICKHICTIO MPOHUKHOCTI iX MeMOpaH
IUIs. MOJIEKYJT BOAU BiJ TemmeparypH [6].

VYci cnepmMarto30ian y KOPOIIOBHX BXKE HAPHUKiHII
JiTa MOBHICTIO C()OPMOBaHI Ta HEPYXJIMBI B TOHAAAX
pHO 10 HOBOTO HEPECTOBOTO CE30HY, TOMY PUIHHOFO
MO>KJIMBOTO ITiABHIIEHHS iX KPIOPE3UCTEHTHOCTI MOXKE
Oyt 30inpInenHs koHueHTparii AT® y cnepmi. Bigo-
MO, IO CTHUMYJAIiA caMIiB « MeTOKIompamigoM»
1HT10y€e BUAUTCHHS A0 aMiHy, 10 MPU3BOAUTH JIO ITifI-
BUILICHHS PiBHS IPOJIAKTHHY B KpoBi [ 18], sikuii BrutiBae
Ha pi3HOMaHITHi mporiecH B opratizmi puo6 [17], y Tomy
YHCITi ¥ Ha KOHIICHTPAIIFO KITITHH Ta I0HHHUI CKJIaT CTiep-
mu. Jl7st 3a0e3neueHHs nux npoleciB NoTpiOHa Oibia
koHueHTpanis AT®. Kpim Toro, AT® HeoOXi1HA KOXK-
BBa)KAEMO, ITI0 3 PETYISATOPHUMH ITPOTIECAMHU HA PiBHI
oprasi3my 1oB’s3aHa i 6inpina koHnenTparmis ATO y
CIepMaTO30iAax, OTPUMAHUX MiCIIS CTUMYITSIIT TUTiT-
HUKiB cymimmrio «Cypdarony» i «MeTokonpamimsy»
MOPIBHSHO 3 IHITUMU Tpenaparamu. CriepmMaro3oiny
AT® HeobOxigHa I MIATPUMAHHS PYXJIHBOCTI, Tpa-
JIiEHTa KOHIICHTpAIlil 10HIB Ha MeMOpaHi [ 16] Ta kpio-
pesucrenTHOCTI [20]. [TokazaHo, 1110 ITpY 3HMKEHHI KOH-
uenrpanii AT® y cnepmi micist KpioOKOHCEpBYBaHHS
3MEHIIY€EThCA 11 3MaTHICTD 110 3arutiqHeHHs [4]. OTxe,
TiCIIs CTUMYIISILIIT T THUKIB cyMimmTio «CypdaroHy»
1 «MeTokonpaminy» 30ib1eHHs KoHueHTpauii ATD
y criepMi BIJTUBAE Ha KPIOPE3UCTEHTHICTh, OJTHAK II€
CTBEPKEHHS MOTPeOy€e MOMANBITUX J10CITIKEHD.
Edexrusninty mito cymimr «Cypdarony» i «MeToksI0-
TIpamiay» MopiBHIHO 3 «OBOMEIEM» MOYKHA TIOSICHUTH
O1TbIIIM 103yBaHHIM « METOKIIONpamiay» y Cymiri,
HIX y «OBorem».
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organism [14] including the cell concentration and
sperm ion composition. To provide these processes
higher ATP concentration is required. Moreover, ATP
is necessary for each cell to regulate its volume [7,
16]. So, we suggest that higher ATP concentration in
spermatozoa derived after stimulation of mature males
with the mixture of Surfagon and Metoclopramide
comparing with the other preparations is associated
with the regulatory processes at the organismal level.
A spermatozoon needs ATP to maintain the motility,
the gradient of ion concentration on the membrane [11]
and cryoresistance [18]. It was reported, that decreas-
ing of ATP concentration in sperm following cryopre-
servation resulted in reduced fertilization ability [13].
Therefore, stimulation of mature males with the mixture
of Surfagon and Metoclopramide results in the increase
of ATP concentration in sperm and influences their
cryoresistance, nevertheless this suggestion requires
further study. More effective impact of the mixture of
Surfagon and Metoclopramide if compared to Ovopel
could be explained by higher dosage of Metoclopramide
in the mixture if compared with Ovopel.

Conclusions

Stimulation of silver carp (Hypophthalmichthys
molitrix, Val. 1844) with the mixture of Surfagon and
Metoclopramide resulted in obtaining a sperm with the
highest ATP concentration and cell number if compared
with Ovopel and pituitary homogenate. Thus, this type
of stimulation could be recommended for cryopreser-
vation and application in fish breeding.

Choice of optimal drugs, their dosage and proper
period post hormonal stimulation would allow to enhan-
ce th spermatozoa cryoresistance. Of importance is
the investigation of hormonal effect at the final stage
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BucnoBknu

Y pe3ynbrari CTUMYISAIII [T THUKIB 01710r0 TOBCTO-
nobuka (Hypophthalmichthys molitrix, Val, 1844)
«Cypdaronom» i3 «MeToKII0NpaMiJoM» MOPiBHSIHO 3
«OBonenem» Ta romoreHarom rimodiza Oyna omep-
JKaHa criepMa 3 HaiOIbIIIOI0 KOHIIEHTPAIIEI0 KITITHH
Ta AT®, TOMy MOXHa pEKOMEHAYBaTH TaKUH BUJI
CTUMYJISIII TUTITHUKIB IS KPIOKOHCEPBYBAaHHS Ta
BHUKOPHUCTAHHS B PHOOBOIHIH MPAKTHIII.

[1inOip onTUManbHUX MpenapaTiB, iX JO3yBaHHS Ta
BU3HAYECHHS NIepioAy Micisi TOPMOHATIBHOT CTUMYJISILIIT
JI03BOJISITH i ABULIUTH KPIOPE3UCTEHTHICTH CIIEpMAaTO-
3017iB. BaxxjIMBUM € BUBUYECHHS BIUIMBY TOPMOHIB Ha
3aBepluaibHi eTany raMmerorenesy. Hampuknaz, me
HEAOCTAaTHbHO BHBYEHA POJb MPOJAKTUHY B LILOMY
nporeci. Po3ymiHHS BCiX MeXaHi3MiB TOPMOHAIBHOT
perymsii penpoxyKTHBHOI CHCTEMHU JO3BOIUTE OTPH-
MyBAaTH CTaTeBi MPOILYKTH HAWBUIIIO1 IKOCTI Ta 3 BUCO-
KOO KPiIOpPE3UCTEHTHICTIO.
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of hametogenesis, e. g. the role of prolactin is unclear.
Understanding of entire mechanism of hormonal re-
gulation in reproductive system would allow to obtain
sexual products of highest quality and cryoresistance.

References

1. Alavi S.M., Hatef A., Mylonas C.C. et al. Sperm characteristics
and androgens in Acipenser ruthenus after induction of sper-
miation by carp pituitary extract or GnRHa implants. Fish
Physiology and Biochemistry 2012; 38(6): 1655-1666.

2. Belous A.M., Gordienko E.A., Rozanov L.F. Membrane bioche-
mistry. Freezing and cryoprotection. Moscow: Visshaya
Shkola; 1987.

3. Butskyi K.l., Puhovkin A.Y. Changing of fresh and cryopre-
servated sperm quality of white silver carp (Hypophthal-
michthys molitrix) after different hormonal stimulation: Pro-
ceedings of the VI International ichtiol scientific-practical
conference 'Modern Problems of Theoretical and Practical
Ichthyology'. Ternopil; 2013. p. 44-47.

4. Chen S.L., Liu X.T., Lu D.C. et al. Cryopreservation of sper-
matozoa of silver carp, common car, blunt snout bream and
grass carp. Acta Zoologica Sinica 1992; 38(4): 413-424.

5. Ciereszko A. Chemical composition of seminal plasma and its
physiological relationship with sperm motility, fertilizing capacity
and cryopreservation success in fish. In: Alavi S.M.H. et al.,
editors. Fish Spermatology, Oxford: Alpha Science Ltd; 2007.
p. 215-240.

6. Ding F., Milley J.E., Rommens M. et al. Effect of hormone
implantation on cryopreservation of Atlantic halibut (Hippoglos-
sus hippoglossus L.) sperm. Cryobiology 2012; 65(1): 51-55.

7. Florian L., Busch G.L., Ritter M. et al. Functional significance of
cell volume regulatory mechanisms // Physiol Rev 1998; 78
(1): 247-306.

8. Hajirezaee S., Mojazi B., Mirvaghefi A., Mirvaghefi A. Fish milt
quality and major factors influencing the milt quality parameters:
A review. Afr J Biotechnol 2010; 9(54): 9148-9154.

9. Kayim M., Bozkurt Y., Ogretmen F. Comparing the Effectiveness
of Ovopel and Carp Puritary Extract (CPE) on Artificial Spawn-
ing of Scaly Carp (Cyprinus carpio). J Anim Vet Adv 2010;
9(20): 2589-2592.

10.Kopeika E.F., Drokin S.1., Cherepnin V.A., et al. Experience in
obtaining the high-quality of paddlefish sperm and its cryo-
preservation. Proceedings of the 1st International Workshop
on the Biology of Fish Sperm; Vodnany; 2007. p. 48—49.

11.Kopeika E.F., Kopeika J.E. Variability of sperm quality after
cryopreservation in fish. In: Alavi S.M.H. et al., editors. Fish
spermatology. Oxford: Alpha Science Ltd; 2007. p. 347-396.

12.Kopeika E.F. Instruction of carp sperm low temperature
conservation. Moscow: VNIPRH; 1986.

13. Kopeika E.F., Cherepanov V.V., Dzyuba B.B. Analysis of ATP
and creatine phosphate content in carp (Cyprinus carpio)
before and after cryopreservation. Problems of Cryobiology
1997; (4): 41-45.

14. Manzon L.A. The role of prolactin in fish osmoregulation: a
review. Gen Comp Endocrinol 2002; 125(2): 291-310.

15.McCallum R.W., Sowers J.R., Hershman J.M., Sturdevant R.A.L.
Metoclopramide stimulates prolactin secretion in man. J Clin
Endocrin Metab 1976; 42(6): 1148—-1152.

16.Meryman H.T. Osmotic stress as a mechanism of freezing
injury. Cryobiology 1971; 8(5): 489-500.

17 Kopeika E.F., Puhovkin A.Y., Butskyi K.I. Method of carp sperm
quality etermining. Patent of Ukraine 83803, GO1N33/48
GO01N15/14, u201305510. 2013 Sep25.

18.Perchec G., Jeulin C., Cosson J. et al. Relationship between
sperm ATP content and motility of carp spermatozoa. J Cell
Sci 1995; 108: 747-753.

147



hippoglossus L.) sperm // Cryobiology. —2012. — Vol. 65, Ne1. —
P. 51-55.

12.Florian L., Busch G.L., Ritter M. at al. Functional significance
of cell volume regulatory mechanisms // Physiol. Rev. — 1998. —
Vol. 78, Ne1. — P. 247-306.

13.Hajirezaee S., Mojazi B., Mirvaghefi A., Mirvaghefi A. Fish milt
quality and major factors influencing the milt quality parameters:
a review // Afr. J. Biotechnol. —2010. — Vol. 9, Ne54. — P. 9148—
9154.

14.Kayim M., Bozkurt Y., Ogretmen F. Comparing the effectiveness
of Ovopel and carp puritary extract (CPE) on artificial spawning
of scaly carp (Cyprinus carpio) // J. Anim. Vet. Adv. — 2010. —
Vol. 9, Ne20. — P. 2589-2592.

15.Kopeika E.F., Drokin S.l., Cherepnin V.A. at al. Experience in
obtaining the high-quality of paddlefish sperm and its cryo-
preservation // The 1%t International Workshop on the Biology
of Fish Sperm: Abstract book. — Vodnany, 2007. — P. 48—49.

16.Kopeika E.F., Kopeika J.E. Variability of sperm quality after
cryopreservation in fish // Fish Spermatology / Ed. by Ala-
vi S.M.H. — Oxford: Alpha Science Ltd., 2007. — P. 347-396.

17.Manzon L.A. The role of prolactin in fish osmoregulation: a
review // Gen. Comp. Endocrinol. — 2002. — Vol. 125, Ne2. —
P. 291-310.

18.McCallum R.W., Sowers J.R., Hershman J.M., Sturdevant R.A.L.
Metoclopramide stimulates prolactin secretion in man // J. Clin.
Endocrinol. Metab. — 1976. — Vol. 42, Ne6. — P. 1148-1152.

19.Meryman H.T. Osmotic stress as a mechanism of freezing in-
jury // Cryobiology. — 1971. — Vol. 8, Ne5. — P. 489-500.

20.Perchec G., Jeulin C., Cosson J. et al. Relationship between
sperm ATP content and motility of carp spermatozoa // J. Cell
Sci. — 1995. — Vol. 108. — P. 747-753.

21.Seifi T., Imanpoor M.R, Golpour A. The effect of different
hormonal treatments on semen quality parameters in cultured
and wild carp // Turkish Journal of Fisheries and Aquatic
Sciences. — 2011. — Vol. 11, Ne4. — P. 595-602.

22.Zarski D., Kucharczyk D., Targonska K. et al. Application of
Ovopel and Ovaprim and their combinations in controlled repro-
duction of two reophilic cyprinid fish species // Polish Journal
of Natural Sciences. — 2009. — Vol. 24, Ne4. — P. 235-244.

148

19.Prokhorova M.I. Methods of biochemical research: energy and
lipid metabolism. Leningrad: Leningrad University Press; 1982.

20.Puhovkin A.Y., Kopeika E.F. Osmotic resistance of carp Cyp-
rinus carpio spermatozoa. Problems of Cryobiology and Cryo-
medicine 2013; 23(2): 190.

21.Seifi T., Imanpoor M.R, Golpour A. The effect of different hor-
monal treatments on semen quality parameters in cultured and
wild carp. Turkish Journal of Fisheries and Aquatic Sciences
2011; 11(4): 595-602.

22. Zarski D., Kucharczyk D., Targonska K. et al. Application of
Ovopel and Ovaprim and their combinations in controlled repro-
duction of two reophilic cyprinid fish species. Polish Journal
of Natural Sciences 2009; 24(4): 235-244.

npobnembl Kpuobuonorum 1 KpuomegULINHbI

problems of cryobiology and cryomedicine
Tom/volume 24, Ne/issue 2, 2014





