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BnusHue coCcTOAAHUA 3UMHEro ouerneHeHUs Ha TPEXMEpPHYI0 CTPYKTYpyY
MayTHEpPOBCKUX HENPOHOB Yy pblb6 Perccottus glehni

UDC 591.543.42:597+611.81
I.M. Santalova*, N.A. Penkova, |.B. Mikheeva,|D.A. Moshkov]|

Effect of Winter Dormancy on Three-Dimensional Structure
of the Mauthner Neurons in Perccottus glehni Fish

Pecbepart: Mpu nsyveHum mopdonormm maytHepoBckux HepoHoB (MH) pel6 Perccottus glehni 6b1no BbISIBNEHO 3HaYUTENbHOE
yMeHblUeHne nx 06beMoB B npoLiecce 31MOBKW, YTO, BEPOSATHO, 0OYCNOBNeHO HEO6XOAMMOCTbIO SKOHOMUWN SHEPreTUYEeCcKnx pe-
3epBOB OpraHuama. B HavanbHbI nepuop 3MMHEro oueneHeHns Obino 0bHapyXeHO yMeHblueHne 06bemMoB 060MX OCHOBHbBIX AEH-
apuToB 6e3 nsameHeHuii B comatmyeckon Yactu MH. B nepvog 3aBeplueHusi 3MMOBKM O6LLMIA 06BEM COMBI U NaTepanbHOro AeHapuTa
yMmeHbLumuncs Ha 50%, a BeHTpanbHoro — Ha 80%. MpeanonaraeTcs, YTO YMeEHbLUEHNE WHTerpanbHblX 06beMOB HEMPOHOB CBSI3aHO
C pasBuUTMEM rMnometTabonuama, a Takke CO 3HaYUTENbHbIM CHUXEHWEM MOTOKOB addepeHTHON MHOopMaLmMK, nocTynatwLen K
MH oT cnyxoBoro n 3puTenbHOro aHanm3aTopoB.

KnioueBble cnoBa: runometabonuyeckoe cocTosiHe, 3uMoBka pblb, Perccottus glehni, Mopdonorunsi, MayTHEPOBCKUE HENPOHbI,
3d-peKoHCTPYKLMS.

Pedbepar: [Npu BMBYEHHI MOpdonorii MayTHepiBCcbkmx HerpoHiB (MH) pub Perccottus glehni 6yno BCTaHOBNEHO 3HAYHE 3MEHLLUEHHS
iXHix 06'emiB y mpoueci 3uMiBni, Wo, WMOBIPHO, 0BYMOBNEHO HEOOXiQHICTIO EKOHOMIT eHepreTUYHNX pes3epsiB opraHiamy. Ha
no4yaTkoBOMY Nepiodi 3MMOBOrO 3aLineHiHHSA BUSIBNIEHO 3MeHLIEHHS 06'eMiB 060X OCHOBHWUX AeHOPUTIB 6e3 3MiH y cCoOMaTU4HIN
yactuHi MH. Y nepiop 3aBepLueHHs 3uMiBMi 3aranbHuil 06'eM coMu Ta naTepanbHOro AeHapuTy 3meHwmrBecs Ha 50%, a BeHTpanbHoro —
Ha 80%. [MpunyckaeTbcs, WO 3MEHLUEHHS iHTerpanbHNx ob6'eMiB HepOHIB MOB's3aHe 3 PO3BUTKOM runometaboniamy, a Takox 3i
3HAYHUM 3HWXKEHHSAM MOTOKIB adepeHTHOI iHpopmauii, ska HagxoauTb Ao MH Big cnyxoBoro Ta 30poBOro aHanisaTopis.

KnioyoBi cnoBa: rinometaboniyHuii ctaH, 3aumiBnga pub, Perccottus glehni, mopdonorifa, mayTHepiBCbKi HEWpoHH,
3d-pekoHcTpyKLUid.

Abstract: Investigation of the Mauthner neurons (MN) morphology in fish Perccottus glehni revealed a significant reduction in
their volumes during dormancy, probably stipulated by a need to spare the body energy resources. The initial period of winter
dormancy was characterized by a decrease in volumes of both main dendrites with no changes in somatic part of MN. During the
terminal period of winter dormancy a total volume of soma and lateral dendrite reduced by 50%, and for the ventral one it did by 80%.
It can be assumed that a decrease in integral neuronal volumes is associated with developing hypometabolism, as well as with a

significantly decreased inputs of afferent information, entering MN from auditory and visual analyzers.
Key words: hypometabolic state, fish winter dormancy, Perccottus glehni, morphology, Mauthner neurons, 3D reconstruction.

CrocoOHOCTB KUBBIX OPTaHU3MOB K BEDKHBAHHUIO
B DKCTPEMAJILHBIX YCIOBHSIX (XOJIOM, OTCYTCTBHE TTH-
1) SBIIETCS MPEIMETOM HCCICIOBAaHUS OHOJIOTOB
U MeaukoB [3, 5, 6, 8]. Ilpu BBeneHUU KUBOTHBIX B
COCTOSTHHE THOEPHAIIUU TOSBISICTCS BO3MOXKHOCTD
CO371aTh MOJIENTh BCEX COCTOSTHUI OpraHu3Ma: OT aK-
TUBHOT'O [P HOPMOTEPMHUHU A0 MPAKTUUECKU MTOTHOTO
TopMokeHust pyHKImH. C MOMOIIBIO 3TOH YHUKAJIBHOM
(hU3MOTOTHYECKON MOACIIA MOXKHO U3YIHUTh Pa3iind-
HBI€ TIPOIIECCH KaK Ha OPTraHM3MEHHOM, TaK W Ha
KJIETOYHOM ypoBHE. V3BeCTHO, 4TO Ipy THOEpHALIUN
y JKUBOTHBIX U NTHUI[ [TyOOKO MOAABISAETCS MeTabo-
JIU3M, BCIIEICTBHE YET0 CHUXKAETCA TeMIIepaTypa
TeJa, 9aCcTOTa CePACUHBIX COKPAIICHUHN U 3aMeIJISIOT-
csl ipyrue Qu3noIoruveckue (yHKIHH, OJHAKO CO-
|
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The capability of living organisms to survive under
extreme conditions (cold, lack of food) attracts the
attention of biologists and medical scientists [6, 8, 9,
11]. Hibernating animals could be used to develop the
models for various states of an organism: from an active
mode, at normothermia, to a virtually full functional
inhibition. Using this unique physiological model it is
possible to study different processes at both organism
and cell levels. The metabolism is known to be deeply
suppressed in animals and birds during hibernation,
accompanied by a decrease in body temperature and
heart rate, as well as other physiological functions, how-
ever, with preservation of all the mechanisms, providing
the return of an animal back to the active functioning
[2, 7]. From this point of view the fish species which
1
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XPaHIIOTCA BCE MEXaHU3MbI, 00ecIeunBaroIIe Bo3-
BparT )KUBOTHOTO K TIOCJIEAYIOIIEH aKTHBHOM KU3HH [4,
14]. C 310ii TOUKHM 3peHHS PHIOBI, KOTOPBIE COCOOHBI
aJanTUPOBaThCA K Pa3sHbBIM TEMIIEPATypHBIM YCIO-
BHSIM OOHMTaHUS, SBISIOTCS TaKXKe HHTEPECHBIM Hayd-
HBEIM 00BekTOM. Hanpumep, poran Perccottus glehni —
MpEICTaBUTENDb MPECHOBOAHBIX NMOWKUIOTEPMHBIX
THIPOOMOHTOB — HAaCETSIET PYIbl, MEJIKHE U 3200I10-
YeHHBIE 03€pa, CTAPHUIIBI PEK, B KOTOPBIX BO/IA IPOMEP-
3a€T 3UMOW 70 JHA. JTa phIda OTIWYAETCS HU3KOM
OKCH()MIIBHOCTBIO, MOKET >KUTh B CHJILHO 3arpsi3HEH-
HBIX Bojoemax [2, 13] u He TpeOyeT crenuaabHbIX
YCIIOBHH TSI COMEP>KaHMs, YTO YIOOHO MIs mabopa-
TOPHBIX UCCIIeIOBaHUH [7].

[IponsBoas cpaBHUTENBHO Majo dHAOTEHHOTO
Tenjaa ¥ obyiagas AUIIb OTACIBHBIMU TepMoOpe-
TYJISITOPHBIMH pEaKLIUsIMHU, TOWKHIIOTEPMHBIE )KHBOT-
HbIe, B TOM YHCJIE€ U POTaHbI, HE MOTYT 00ECIEUYNTh
MIOCTOSIHCTBO TemIoo0MeHa B opranusme. [Ipu 3Hauu-
TEIbHOM CHI)KEHUH TEMIIEpaTyphl 3MMOM OHU IIEpEX0-
AT B COCTOSTHHE «TITyOOKOTO CHa», JJi KOTOPOTO
XapaKTepHbI TIOJJaBJICHUE ABUTATeIbHOW aKTUBHOCTH,
MIOJIHOE MpEKpAIIeHUE WIN pPe3KOe YMEHBIIECHUE
00beMOB MOTPeOIIAEMO MUK, CHUKEHUE HHTCHCHB-
HOCTH oOMeHa. OCHOBHBIM PETYIUPYIOIINM 3BEHOM
B IIEpPECTPOIKe OpraHu3Ma IIPH Pa3HBIX aIanTaIusIX,
B TOM YHCJIE U ITPH JUIUTENBHBIX XOJIOIOBBIX BO3AEUCT-
BHSIX, SIBISIETCA LIEHTpaJbHas HepBHas cuctema [3].
[ToaTomy OBLTO HHTEPECHO TMPOCIETUTH 33 CTPYKTYP-
HBIMH U3MEHEHUSMH B HEHPOHAX UCCIIEAYEeMOT0 BH/Ia
pPBIO B YCIIOBHSX AJHUTEIBHOTO OXJIaXKACHUS: KOHEI]
nexalpst — Hayajio 3MMHETO OLeTIeHEHHsI, KOHeIl Map-
Ta — €ro 3aBeplIeHHE.

Lens paboTel — UcCcIenOBaHUE MIACTUYECKUX
n3MeHeHunt B HetipoHax [ |HC npecHOBOAHBIX phIO ipn
THIIOMETa00IMYECKOM COCTOSIHUM METOJIOM TpexXMep-
HOH pekoHCTpyKuuu HeiipoHoB [9]. O6bekTamu mc-
cienoBaHus ObIIN MayTHepoBckue Helponsl (MH) —
€IMHCTBEHHbIC WACHTH(GULIHUPOBAHHBIE HEHPOHBI
mo3BoHOYHBIX [ 11, 21]. OHU peAcTaBIsAIOT COO0i 1BE
THUTaHTCKHE HEPBHBIE KIIETKH, PACIIONIOKEHHBIE B TIPO-
JIOJITOBAaTOM MO3T€ Y BCEX KOCTHCTBIX PHIO M aM(prOmii.
MayTHepoBCKHE HEHPOHBI MOMy4atoT adepeHTHbIE
BXOJIBI OT Pa3HbIX aHAIN3aTOPOB U CTIOCOOHBI K CIIOXK-
HOM WMHTerpamuu BXoaHo# aktuBHOCcTH [11, 20, 21].
Kaxnasiit MH y pe16 npencrasnser coboii cBoeoOpas-
HBIA KOMaHIHBIA HEHTP, YIPaBISIOUINN crienuduye-
CKHM ITOBEIEHUEM KUBOTHBIX, — «pEAKIIUEH CTpaxay.
YcraHoBIIEHa OTIpeieIeHHas! 3aKOHOMEPHOCTh MEXKAY
YPOBHEM JIBUTATEIIbHOW aKTUBHOCTH PBIO 1 MO OIIO-
THYECKUMU XapakTeprucTukamu ux MH, nostomy onn
SIBIISTIOTCSL yIOOHOM MOZAETBIO ISl M3YYEHHUS B3aUMO-
CBSI3M CTPYKTYPBI M (DYHKITHH HEHPOHOB MPH Pa3TNIHBIX
cocrosiHUAX oprann3ma [10-12, 15, 17].
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can adapt to different temperature habitat conditions
are also an interesting scientific subject. For example,
the rotan fish Perccottus glehni, the representative
of freshwater poikilothermal aquatic organisms, inhabits
ponds, small lakes, wetlands and oxbow rivers, where
the water freezes to the bottom in winter. This fish
has a low oxyphility and may live in heavily polluted
water [3, 4], with no special conditions for maintenance,
which is convenient for laboratory studies [10].

The poikilotherms, including the rotans, produce
relatively few endogenous heat and possess only
several thermoregulatory reactions, and therefore can
not provide the constant heat exchange in the body.
Under a significant temperature decrease in winter
they enter the ‘deep sleep’ state, characterised by sup-
pressed locomotor activity, either a complete termina-
tion or a sharp reduction of consumed amount of food,
and a decreased metabolism as well. The main trigger
in an organism reorganization caused by various adap-
tations, including those during long-term cold exposures,
is the central nervous system [6]. Therefore of interest
was to trace the structural changes in neurons of the
studied fish species under long-term cooling: the end
of December (beginning of winter dormancy) and the
end of March (its termination).

This research was aimed to study the plastic chan-
ges in neurons of freshwater fish CNS under hypome-
tabolic state using the method of three-dimensional
reconstruction of neurons [ 12]. The Mauthner neurons
(MN), the only identified neurons of vertebrates [14,
21], served as the research objects. They represent
two giant nerve cells, located in the myelencephalon in
all bony fish and amphibians. Mauthner neurons receive
afferent inputs from various analyzers and are capable
of complex integration of an input activity [ 14, 20, 21].
Every MN in fish is a kind of command center, con-
trolling specific behaviour in animals (‘fear reaction’).
There was established a certain regularity between
the level of locomotor activity of fish and morphological
characteristics of their MN, therefore they are a con-
venient model to study the relationship of neuron
structure and function in different states of body [5,
13, 14,16, 17].

Materials and methods

Research was performed in freshwater fish
Perccottus glehni, caught in Tulchino lake of Serpu-
khov district, Moscow region. For the experiment we
selected the mature individuals of 8—12 cm length and
about 200 g weight, and divided them into 3 groups:
group 1 (n = 6) was in active state (July); group 2 (n=
4) was in beginning of dormancy (the end of Decem-
ber); group 3 (n = 4) was in the terminal period of
winter dormancy (the end of March). All the expe-
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Martepuajbl 4 MeTOABI

B paboTe ucnonb30Balivi MPECHOBOIHYIO PHIOY
potal Perccottus glehni, BRITOBICHHYIO C TOMOLIBIO
yaouku B o3epe TynpumHOo CepHyXOoBCKOTo paiioHa
MockoBckoii obmacTu. /s skcriepuMenTa oToupain
IOJIOBO3PEIBIX )KUBOTHBIX ATTMHOMN §—12 ¢cM 1 Macco
okoi0 200 1, KOTOPBIX pacHpeneanuiad Ha TPyIIbL:
1 (n = 6) — akTHBHOE cocTosiHUE (MroIb); 2 (n = 4) —
Hayayo 3UMOBKH (KoHel iekabpsi); 3 (n =4) — BIXox
13 3UMHETO OIlenieHeHus (KoHel MapTa). Bee akcrre-
PUMEHTHI POBOJMIN B COOTBETCTBHH C OOLIETIPH-
HATBIMH OMOATHYECKHUMU HOPMaMH.

Po16 rpynms! 1, BEUTOBJIEHHBIX B HIOJIE, Cpas3y Opaim
B aKcriepuMeHT. Pe16 rpynm 2 u 3, BBIJIOBICHHBIX
Hayasle 3UMBbI, XPaHWIH B S-TUTPOBBIX MPO3PAyHBIX
cocylax C BOJOIPOBOAHOM BOJOH B XOJOAMIBHOM
kamepe c¢ temmeparypoit —1°C (£1°C). Ha 2-3-e
CYTKHU XpaHEHHs BOJIa B COCY/IaX YaCTHYHO 3aMep3aia,
YTO COOTBETCTBOBAJIO COCTOSIHUIO PHIO B TEUEHHE BCEH
3uMOBKHU. Takum 0Opazom, pbida cosepkanach B mpec-
HOM XOJIOAHOU BOZIe, TEMHOTE, THIIMHE, 0€3 ITUIIN U C
OTpaHMYEHHBIM JOCTYIIOM KHCIOPOAa, T. €. B YCJO-
BHAX, MAaKCUMaJIbHO MPHUOIMKEHHBIX K €CTECTBEH-
HBIM.

B mpomecce skcniepuMenTa cocyabl ¢ perooi 1-2
paza B MecsIl TOCTaBaJIN U3 XOJIOIWIHHON KaMephl Ha
HECKOJIBKO MUHYT JU1sl OIGHKH cocTosiHus. [Tpu nabmo-
JICHUH 32 PbI00# B TeUeHHe IeKaOpsi-MapTa BBISBICHO
MIPAKTHYECKH TOTHOE OTCYTCTBHE IBUTATEILHON aK-
TUBHOCTH ¥ CHJILHOE TIOJIaBJICHHE JBIXaHMsI, OTIpeie-
JsieMoe 0 JBMKEHHIO jKaOepHBIX KphIlIeK. J(aHHbIe
MIPU3HAKK CBUCTENHCTBOBAIN 00 OOBIYHOM COCTOSI-
HUU )KUBOTHBIX B YCIIOBUSAX otienieHenws [ 1, 7].

B nenp skcnepuMenTa priOy JOCTaBalM U3 XOJIO-
OWIBHUKA, JUISl IPOBEPKH KU3HECIOCOOHOCTH ee
MIOMEIAIH B BOJY ¢ TemnepaTypoil 6°C U B TeueHHe
5 MuH HaOIIOAAH 32 TTOBeACHHEM. Ecin priba mocTa-
TOYHO JOJITOE BPEMS COXpaHsIa HOPMaJIbHOE TMOJIO0-
KEeHHe Tena, BUraja IUIaBHUKAMHU U >KaOepHBIMH
KPBILIKaMH, TO €e 0TOupasu Ais onbita. PeiOy nocra-
BaJIM U3 BOABI U JICKAITUTUPOBAIN Ha JIbAY. Beinemsum
MO3T | B Karuie (PMKCHPYIOIIEro pacTBOpa BBIPE3aIH
y4acTOK MPOJOJTOBaTOro Mo3ra, cogepxamuii MH.
@ukcuposanu 12 4 B 4%-M pacTBope popmanbaernaa
u 2,5%-M pactBope mrytapanbaeruna va 0,1 M kako-
nunataoM Oydepe (pH 7,2). Hodukcuposanu B 2%-m
pacTBOpE YETHIPEXOKUCH OCMHUSL, 00€3BOKMBAIIH 1 3aK-
JIFOYAJIU B 3MOKCUAHYIO cMoy [11].

J1 mosrydeHus cepuu mocieI0BaTeIbHBIX CPE30B
TOJIIIIHON 3 MKM STIOHOBBIE OJIOKH pe3ay ()pOHTATEHO
Ha iupamurome («LKBy, [lIsenust). Cpessbl, conepxa-
e comy, narepanbheiii (JIJ1) u BenTpanbasiii (BJI)
neanputel MH nmocnenoBatensao GororpadupoBanu
mpu %250 mox mukpockoriom «NU 2E» («Carl Zeiss»,
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riments were conducted according the generally ac-
cepted bioethic regulations.

The fish of group 1, caught in July, were immediately
taken into the experiment. The fish of groups 2 and 3,
caught in the early winter, were held in 5 I transparent
containers with tap water in cooling chamber with
temperature of —1°C (£1°). During 2—3 days of storage
the water in containers was partially frozen, that cor-
responded to the conditions of fish inhabitation during
the whole winter. Thus, fish were kept in fresh cold
water, in dark, silence, with no food and limited oxygen
access, i. e. under conditions maximally approached
to the natural ones.

During the experiment we pulled containers with
fish 1-2 times per month from cooling chamber for
some minutes to estimate their state. When observing
fish during December-March period we revealed quite
a complete absence of locomotor activity and a strong
suppression of respiration, determined by the movement
of opercles. These signs testify to a normal state of
animals during dormancy [1, 10].

On the first day of morfological investigation we
pulled fish from refrigerator, placed into 6°C water
and observed their behaviour for 5 min to verify their
viability. If the fish kept the normal body position, moved
their fins and opercles for quite a long time, they were
selected for the further manipulations. Fish were
removed from the water and decapitated on ice. Brain
was isolated and a site of the medulla, containing MN
was excised in a drop of fixing solution. Then it was
fixed for 12 hrs in 4% formaldehyde solution and 2.5%
glutaraldehyde in 0.1 M cacodylate buffer (pH 7.2).
The samples were then counterstained in 2% osmium
tetroxide solution, dehydrated and embedded into epoxy
resin [14].

To obtain 3 pum serial sections the epoxy resin
blocks were frontally cut with piramitome (LKB, Swe-
den). The sections containing soma, lateral (LD) and
ventral (VD) dendrites of MN were sequentially
photographed at X250 with microscope NU 2E (Carl
Zeiss, Germany), equipped with a digital camera Nikon
D 5000 (Seiko, Japan). Each section was photographed
by multiple parts, as a result we obtained not least than
20 images. Each image overlaped with a neighbouring
one to ensure the optimal panorama of a section. Three-
dimensional images of the objects were made using
the IGL Trace software (Dr. J. Fiala, USA), the quan-
titative data were obtained with 3D View 3.5 soft-
ware (Actify, Inc., USA). The volume of soma, LD
and VD were calculated separately. The MN volume
was presented as the sum of volumes of its parts. [12].

The findings were statistically processed with the
Excel software (Microsoft, USA), as well as the
KyPlot V2 Beta 15 (32-bit) (developed by Koichi
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lepmanust), cHabkeHHBIM UG POBOI poTOKaMepoit
«Nikon D 5100» («Seiko», Amonwust). Kaxuprii cpes
(oTorpadupoBany No 4acTsM, B pe3yJbTarTe Moy dain
He meHee 20 n3o0paxenuid. [Ipu aTom kaxknoe n3oopa-
KEHHE TEePEKPHIBATOCH COCETHUM yYacCTKOM ISt
o0ecredeHns: ONTHMAaJILHOW MaHOpaMBbl cpesa. Tpex-
MEpHbIE M300pakeHus1 00BEKTOB BBINOIHAIN C TO-
Mompio mporpammbl «IGL Trace» (Dr. J. Fiala,
CIIIA), xonmdecTBEHHBIE AaHHBIE MMOJTYYad C IO-
MoIpio porpammsl «3D View 3.5» («Actify, Inc.»,
CIIA). OtaenpHO BEIYUCIILIN 00beM coMbl, JIJ] 1 B/I
neraputoB. O6seM MH mpeacraBisiim Kak cymmy
06beMoB ero vacrtei [9].

Craructuyaeckyro 00paboTKy pe3yIsTaToB MPOBO-
IUJIM C UCTOJb30BaHueM mporpammbl «Excel»
(«Microsofty», CIIIA), a Taxxe nporpammsl «KyPlot
V2 Beta 15» (Koichi Yoshioka, Anonus). s cpas-
HEHWS JaHHBIX MPUMEHSIIA HelapaMeTpUIeCKHit
kputepuii Manna-Yutau (U-kputepuii). Konnuecr-
BEHHBIE JaHHBIE IPEACTABIISUIN B CPSAHUX BETHUMHAX
U CPEJTHUX KBaJ[PATHYHBIX OTKIOHEHHUSIX.

Pe3syabTarsl m o0cyxaeHue

N3ydeHne rucToorn4eckux npenaparon MpoaoI-
roBaToOro MO3ra POTaHOB MoOKazajo (puc. 1), 4yto y
Hux MH naerTnuunupyrorcs kak ABE CHMMETPUIHO
PaCIIOJIOKEHHBIE KJIETKH C TUIUYHBIM CTPOCHUEM:
COMa, JIaTepaJIbHbIi U BEHTPAJIbHBIA JEHAPUTHI.
CrpykrypHas oprannsanus MH, TpexMepHO peKOHCT-
PYMPOBaHHBIX MO CEPUHHBIM THCTOJIOTHYECKAM Cpe3aM
B pa3Hble Mepuobl HAOMIOAEHUS, IpeICTaBlIeHa Ha
puc. 2. AHanu3 CTPYKTypbl HEMPOHOB CBUAETEIb-
CTBYET O 3HAYUTENbHOU TpaHchopmanuu 00BEMOB
BCEX YacTell KIeTKU. B Hauane 3uMHEro oueneHeHus
(xoHer 1exalpsi) yMEHbBIIASTCS pa3Mep 000UX OCHOB-
HBIX JIEHJPUTOB, HO COMaTH4YecKas 4acTb HEMPOHOB
He u3Mensiercs (Tabnuma). K koHIy neprona 3MMOBKH
(xoHer MapTa) 3HAYUTEIbHbIE N3MEHEHUS BBISBIIIOT-
sl BO Bcex HacTsx HeiipoHa. OObeM HEHPOHOB B CO-
MaTtudeckod yactu u JIJ| ymeHbpmaeTcss mo4yTu B
2 paza, 0coO0eHHO BEHTPAIBHBIX MeHAPUTOB (Ha 80%),
KOTOpbIE CIJIBHO YKOPAYMBAIOTCA U MCTOHYAIOTCS
(puc. 2, C).

B nporecce agantanum K Cl10KHBIM YCIIOBHSM Cpe-
Il 0OWTaHUsI (XOJIO, TOJIO, CHIKCHHAS CEHCOpHAs
nHpOpMaIus, IeQUIUT KICIOPOIa U JIp.) Y ’KUBOTHBIX
(hopMHUPYIOTCS KU3HEHHO HEOOXOJMMbIE MEXaHU3MBI,
peryIupyonme MeTaboar3M LEeJI0ro OpraHu3Ma, Ipu
9TOM TOYKOW MPUIIOKEHHS aBTOPETYIATOPHBIX BO3-
NEUCTBHUH SABIISIIOTCS OTJENbHBIE KIETKH. B cBs3M ¢
3TUM IIPAKTUYECKU BCE THUIBI KJIETOK )KMBOTHBIX ITpe-
TEpIeBaloT 00paTUMbIE CTPYKTYPHO-(DYHKIIHOHATB-
Hble n3MeHeHus [4, 5, 14]. Heiipons Taxxe, mpuc-
MoCca0JIMBAsICh K BO3JCHCTBUSAM BHEITHEH CpEIbl, HE
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Yoshioka, Japan). To compare the data we used the
Mann-Whitney U test. Quantitative data were presen-
ted in mean values and the mean square deviation.

Results and discussion

The study of histological preparations of rotan fish
Perccottus glehni myelencephalon (Fig. 1) demonstra-
ted that the MN could be identified there as two sym-
metrically located cells with a typical structure: soma,
lateral and ventral dendrites. The Fig. 2 shows the struc-
ture of MN, three-dimensionally reconstructed from
serial histological sections in different periods of obser-
vation. The analysis of neuron structure testifies to a
significant transformation in the volumes of all cell parts.
At the beginning of winter dormancy (end of Decem-
ber) the size of both main dendrites reduces, but somatic
part of neurons remains unchanged (Table). By the
end of dormancy period (end of March) the significant
changes are revealed in all the parts of neuron. The
volume of neurons in somatic part and LD reduces
almost twice, especially of ventral dendrites (by 80%),
which are very shortened and thinned (Figure 2, C).

During adaptation to difficult habitat conditions
(cold, hunger, reduced sensory information, oxygen
lack, etc.) the animal aquire essential mechanisms,
regulating metabolism of the whole body, wherein the
application points of autoregulatory effects are single
cells. Due to this fact virtually all types of animal cells
undergo reversible structural and functional changes
[3, 7, 8]. When adapting to the environment effects
the neurons not only preserve their integrity, but
specifically modify the activity of all their components

Puc. 1. MakpodoTorpadumsa cpesa npogonrosaroro moasra
pbl6 Perccottus glehni, cogepxaliero npasblii 1 nNesbIN
MayTHepoBCkue HenpoHbl (S — coma; LD n WD — nate-
panbHbIN U BEHTPanbHbIA AeHAPUTEI COOTBETCTBEHHO; N —
A0po HenpoHa). MacwtabHbii oTpe3ok — 100 MKM.

Fig. 1. Macrophoto of myelencephalon section of fish
Perccottus glehni, containing right and left Mauthner neu-
rons (S denotes soma; LD and WD are lateral and ventral
dendrites, respectively; N is neuronal nucleus). Bar
100 pm.
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IIPOCTO COXPAHSIOT CBOIO IIEJIOCTHOCTH, HO HAIIPaBJICH-
HO MOIU(PHUIIHPYIOT pabOTy BCEX CBOMX KOMITOHEHTOB
[8, 16, 19], mo-BuauMOMY, Yepe3 pa3IMUHbIE YTH
COXpaHeHHus dHepreTHyeckoro Oamanca. Hampumep,
CYCJIMKH B TEUCHHE 3UMHEH CIISTYKH DKOHOMST OoJjiee
80% »HEprun, KOTopast HeOOX0UMA JTS TTOIICPKAHHS
OOBIYHOTO YpPOBHSI MeTabomu3ma [4].

MB&1 0OOHaPYKUIH, YTO Y PHIO B COCTOSIHUM THIIOME-
TaboJIM3Ma U BCIIEICTBUE YKOHOMHH SHEPTETHIECKIX
pPeCypCcoOB 3HAYUTENHFHO YMEHBIIAETCS 00hEM MayTHe-
POBCKUX HEHPOHOB. DTH U3MEHEHHS 3aKOHOMEPHBI U
¢usnonoruyecku LenecoodpaszHel. OQHAKO MOUEMY
CTPYKTypHBIE U3MEHEHHUS NMPOUCXOAAT B Pa3HBIX
yaactkax MH B pa3Hoii creneHu?

UsBecTHO, uTo MH monyuaroT addepeHTHBIC
OKOHYaHUs, 10 KpaHel Mepe, OT TpeX BaKHEHIIHNX
aHaJIM3aTOPOB: BECTHOYIISIPHOTO, CITyXOBOTO U 3pUTENb-
Horo [11,21]. DnexTpopu3HONOTrHYeCKUMH U THCTOXH-
MHYECKHMHU METOJaMH OBIIIO yCTaHOBIICHO, uTO adde-
pEHTHBIE BXOIBI Ha 3TH KIETKH MOP(OIOTHYECKH
CTpOTO cerpernpoBanbl. CTaT0aKyCTUIECKHA BXOJ MTO-
KpBIBAaeT B BH/JIE CMEIIAHHBIX CHHAIICOB IUCTAIBHYIO
4acTh JIaTepajbHOTO ACHAPUTA, BECTHOYISPHBIA — B
BH/JIE XUMHUYECKHUX CUHAIICOB BCIO MOBEpXHOCTH JI/l 1
compl [ 18]. 3puTensHEIi BXO pacionaraeTcs Ha Juc-
TaJbHOU M TpokcuManbHO dacTsx B/ [10]. MoxHo
MPEIOI0KHUTh, YTO B 3UMMHUH 1Iepro]] PyHKIMS 3peHus
pBIO HM3-32 HU3KOHW OCBEIIEHHOCTH CTAaHOBUTCS HE
aKTyaJbHOM, T.K. depe3 Jieq TommuHoi 40 cM mpoHu-
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Puc. 2. TpexmepHas pekoHcTpykuus MH pei6 Perccottus
glehni B pa3Hble ce30HHble nepuodbl: A — neTo (Miornb);
B — Havano 3aumoBku (oekabpb); C — 3aBepLUEHNE 3MMOBKU
(mapT) (S — coma; LD n WD — naTepanbHbIvi 1 BEHTpanb-
HbI OeHOpUTbl COOTBETCTBEHHO; N — a4po HelpoHa).
MacwTtabHbin oTpe3ok — 100 MKMm.

Fig. 2. Three-dimensional reconstruction of Perccottus
glehni fish MN in different seasons: A — summer (July); B —
start of winter dormancy (December); C — end of dormancy
(March); (S denotes soma; LD and WD are lateral and
ventral dendrites, respectively; N is neuronal nucleus). Bar
100 pm.

[11, 15, 18], apparently via different pathways of energy
balance preservation. For example, the ground squirrels
during winter hibernation save more than 80% of
energy, that is necessary to maintain a normal level of
metabolism [7].

We found out a significant reduction in the volume
of the Mauthner neurons in fish caused by hypome-
tabolic state and corresponding sparing the energy
resources. These changes are appropriate and physio-
logically expedient. But why structural changes occur
in different parts of MN to various extent?

The MN are known to receive afferent endings, at
least from three major analyzers: vestibular, auditory
and visual ones [14, 21]. Electrophysiological and
histochemical techniques allowed to established the
fact, that afferent inputs onto these cells were strictly
segregated morphologically. Statoacoustic input covers
a distal part of lateral dendrite in the form of mixed
synapses, a vestibular one does the entire surface of
LD and soma as chemical synapses [18]. Visual input
is located on distal and proximal parts of VD [13]. We
may assume that in winter period the visual function in
fish becomes not relevant because of low illumination,
since through 40 cm ice only 5-10% of light rays
penetrate. Consequently the VD occur to be in a state
of natural deprivation. Under conditions of limited
visibility there is no need to maintain the whole dendrite
in active state, therefore its dimensions are reduced
so much, that is undoubtedly beneficial and saves energy
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kaeT Bcero 5—10% cBEeTOBBIX Nyd4eH,
BcieacTBue 3toro B/ okasbpiBaioTcsa B

O6bem MH pei6 Perccottus glehni B npouecce 3MMHEro oueneHeHnst
Volume of Perccottus glehni fish MN during winter dormancy

COCTOSIHUM €CTECTBEHHOM ACMpUBalvu. N
. O6bem MayTHEPOBCKOro HelipoHa X103 Mkm®
B YCIOBHUAX OTPAaHUYCHHON BUAUMOCTH n Volume of the Mauthner neuron x10%pm?
epvog
OTCYTCTBYET HEOOXOJUMOCTh MOZAEP- HabnioaeHnA
Observation NaTtepanbHblii BeHTpanbHbli O6wwuin
JXUBAaTh B AKTUBHOM COCTOSHHHU BECH period Coma HelipoHa neHapuT neHapuT ob6bvem MH
Neuron soma Lateral Ventral MN total
ACHIPUT, IOSTOMY €TI0 pasMEpbl CHIIBHO dendrite dendrite volume
pPeAyLHUPYROTCH, YTO IPHUBOAUT K 3KOHO-
_ Jleto (nonb)
MM SQHEPTCTUUCCKUX PECYPCOB OpraHn3 Summer (July) 83,2+29,6 86,6+25,6 60+10,7 231,3+53,1
ma. Pazmepsl JIJ] Takxke 3HAUUTEIBLHO
ymenpmatotcs (Ha 50%, p < 0,05). Havarno
N3BectHO, uTo Ha JIJI oxaHYMBarOTCA oueneHeHmA
(nexkabpb) 82,7+29,5 46,5+24,0 23,5+9,8* 157,75 +£58,1
BXOIBI OT aKyCTHYECKOTO U BECTUOY- Start of
nsipHOTO aHanu3atopos [ 18]. BeposTHo, (g‘;;”;ifkf;)
CJIyXOoBas HH(bOpMaHHﬁ B I€puOJ 3MMOB-
KU TaKOKe HeaKTyallbHa, OJIHAKO COXPaHe- Oxoranne
HHE HOPMAIBLHOTO ITOJIOKEHHUS TENA PBIO oueneHexnA
p p (mapT) 48,4+5,3* 40,8+12,8* 8,2+3,0* 95,6 +156*
B BOJIE BaXXHO B JII00OE BpeMsl roja, End of
dormancy
nostoMy pasmepsl JIJI u3MeHsoTCs B (March)

MeHbIen crenenu, yuem BJI. M3BecTHO,
yro MH pbIi0 1 ampubuii oueHs mac-
THYHBI U TIOJT BIUSHUEM Pa3TUIHBIX

I'Ipumeqal-me: * — OTNNYUS CTATUCTUYECKN 3HAYUMBI MO CpaBHEHUIO C JaHHbIMU

neta, p < 0,05.

Note: * — the differences are statistically significant if compared with summer

data, p < 0.05.

(haKTOpOB OKpY>Karoleil cpeibl OHU MO-
TYT U3MEHATh CTPYKTYPHYIO OpraHu3a-
uuto [11]. Pe3ynpraTs! Hammx nccieno-
BaHWH mokaszanu, 4To MH pei6 MoryT M3mMeHsTh
pa3Mepsl B JOCTATOYHO MHUPOKKUX Ipeaenax. Hampu-
Mep, MpU IKCIEPUMEHTAIbHON neaddepeHTannu
HEHpPOHOB (PHYKJIEAHs TJ1a3) 3HAYUTEIHHO yMEHb-
aeTcsa pa3Mep X BEHTPaJbHBIX AeHApUTOB [9, 15].
TakuMm 006pazoM, IpH CHIKEHUH CEHCOPHOU HArPy3KH
Ha MH 3naunmo (p < 0,05) u3mensercs ux pasmep u,
ClIeZIOBaTeNbHO, (PYHKINOHAJIbHAS aKTUBHOCTB, YTO
I03BOJISIET HeipoHaM nuddepeHImpoBaHHO OTBEUATh
Ha KOHKpeTHOe BozzeiicTrue [11, 15]. Me1 monaraem,
4710 Ha 00beM MH raBHBIM 00pa3oM BIMAET THIIO-
MeTabonu3M, a aeaddepeHTanns HEHPOHOB BHOCHUT
JIUIIG AOTIOTHUTENbHBIA BKIIA B 3TOT MPOILIECC.
[InacTuyeckue n3MEHEHUs B CTPYKTYype HEUPOHOB
3UMOCIAIINX MIEKOTUTAIOIINX, HAXOSAIINUXCS B COC-
TOSTHUM TUOepHAINH, ObUT OOHAPY KEHBI e11Ie B Hayaje
90-x Tom0B mpornuIoro Beka. Ha HelipoHax rummokammna
CYCIMKOB OBLITO TIOKa3aHO, YTO pa3Mep TeT HEPBHBIX
KJIETOK U CTENEHb BETBICHUS UX JACHIPUTOB YMEHb-
marotcs [16]. Ilogo6HbIe MOpdoIOTHYECKUE N3MEHE-
HUS OBUTH BBISIBIICHBI M B APYTHX OT/IENax Mo3ra (Kope
u tanamyce) [4, 14, 19]. Ilpu pa3nu4HbIX THHIOTEP-
MHYECKHUX BO3JIEHCTBHAX B IperapaTax I'OJIOBHOIO
MO3Ta XOMSKOB OBLIO OOHApy>KEHO, YTO CTPYKTypa
JIEHJIPUTHOTO PEBa CYIECTBEHHO PEAYIIHPYETCS IPH
rubepHarnuu [8]. I[lockonbKy cTpoeHHEe Mo3ra Mie-
KOTMUTAIOIHUX JOCTATOYHO CI0KHOE, TO HCCIIEI0BATh
CTPYKTYpHBIE IEPECTPONKH OTHOTO HEHPOHA B IIPOLIEC-
Ce€ MPOBEACHHUA HECKOJIBKHX IKCIIEPUMEHTOB HEBO3-
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resources of body. The LD sizes are significantly
reduced as well (by 50%, p < 0.05).It is known that
the inputs from acoustic and vestibular analyzers
terminate on LD [18]. Pro-bably, the auditory
information during dormancy is also not relevant, but
keeping of normal body position in water is important
for fish at any time of the year, therefore the LD sizes
are less changed than VD. It is known that the MN of
fish and amphibians are very plastic and under the
effect of different environmental factors may change
their structural organisation [14]. Our findings have
shown that the fish MN may change their size within
quite a wide range. For example, under experimental
neuron deafferentation (eye enucleation) there is a
significant reduction in size of their ventral dendrites
[5, 12]. Thus, a decrease in a sensor load on the MN
is accompanied with significant (p < 0.05) changes of
their size and therefore functional activity, that enables
neurons to respond to the certain effect in a
differentiated way [5, 14]. We believe that the MN
volume is mostly affected by hypometabolism, and the
neuron deafferentation makes only additional
contribution into this process.

Plastic changes in neuron structure of overwintering
hibernating mammals were discovered in the early 90s
of last century. In hippocampal neurons of ground
squirrels there was found a decrease in the size of
nerve cell bodies and the branching degree of their
dendrites as well [15]. Similar morphological changes
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MOJKHO. PBIOBI A1 MOLOOHBIX MCCIEIOBAHUN SIB-
TIAr0TCs Oosee ymagHoW Momenbro. Vcmonmb3oBaHue
UIeHTU(UIHPOBAHHBIX HEHPOHOB MayTHepa npu
W3YUYCHHUHU CIOXKHBIX MEXaHU3MOB aJaNTalluu KIETOK
B IpoIllecce THOEepHAIIUH MMO3BOJISIET UCCIEA0BATH
CTPYKTYpPHBIC U3MEHEHHS BO BCEX YACTAX KICTKH HE
TOJBKO HAa CBETOONTHUYECKOM, HO U 3JIEKTPOHHO-
MHUKPOCKOITMYECKOM YPOBHE.

BoiBoabI

B skcnepuMeHTanbHO CO3JAHHBIX YCIOBHIX
3UMOBKH pHIO Perccottus glehni ¢ ucnoiabp3oBaHuEM
METO/Ia TPEXMEPHON PEKOHCTPYKIIUH OBIJIO BHISIBIICHO
3HAYUTEIbHOE M3MEHEHHE 00beMa MayTHEPOBCKUX
HelipoHOB. BO3MOXHO, YTO B yCIOBUSAX BO3ACHCTBHSA
JUTUTENTBHON TUIIOTEPMHUH B COUETAHHUH C €CTECTBEHHOM
neaddepenramnueit MayTHEpOBCKUX HEUPOHOB OIIpe-
JEISIOMHUM (HaKTOPOM IJIACTUYECKUX MEPECTPOCK B
HEeHpOHaXx SBIISETCS CHIKCHUE METa0OIMYECKOH aK-
TUBHOCTH BCJIEICTBHE HEOOXOAMMOCTH 3KOHOMHH
9HEPreTHYECKUX PECYPCOB KHUBOTHOTO. B pe3ynbrare
THITOMETa00JIN3Ma, a TAKXKE MTOCTIC CHIKEHHUS TIOTOKOB
addepentroit nadopmanuu oobeM MH ymeHbae-
Csl, TIOCKOJIbKY OTCYTCTBYIOT YCJIOBHSA M HEOOXOIH-
MOCTb TIOJIJIEP)KUBATH HX B TIOJIHOIIEHHOM COCTOSIHUH.

Nurepatypa

1. AHncumosa W.M. Jlasposckuii B.B. Uxtnonorus. — M.: Beicw.
wk., 1983. — 255 c.

2. FonosaHoB B.K., Pyunn A.b. Kputnyeckun tepmuyeckui
MakCumyM ronoseLlukn-poTaHa Perccottus glenii B pasHbie
ce3oHbl roga // Bonpockl uxtnonorum. — 2011, — T. 51, Ne6. —
C. 822-827.

3. Urnatees [O.A., TopgoH P.A., Matpywes WN.B., Nonos WN.B.
PyHKLUMOHANbHOE COCTOSHME FONTIOBHOrO MO3ra 3UMMOCHALLMNX
M HE3NMOCNALWNX NPU pasnnYHbIX TemnepaTtypax XUBOT-
HbIX // Ycnexu dusunon. Hayk. — 2012. — T.43, Ne1. — C. 48-74.

4. Wspaunosa I.P., Xanunos PA., AoueBa A.A. CoBpeMeHHble
noaxopdpl K MccnegoBaHuio runotepmun // dyHpameHTanbHble
nceneposaHus. — 2014. — T. 5, Ne11. — C. 1046—-1058.

5. KanabyxoB H.M. Cnsuka mnekonutawwmnx. — M.: Hayka,
1985. — 259 c.

6. Kapagynesa E.B., CaHtanosa V.M., 3axaposa H.M. OcobeH-
HOCTU MOMNEKYMAPHbIX 1 MOPONOrniyecknx NU3MeHeHn B Kap-
AVoMUOLMTaXxX 3MMOCTALLMX CYCIMKOB B pasHble Nepuofbl rofo-
Boro uukna // buoguamka. — 2014. — T. 59, Ne5. — C. 926-932.

7. KapaHoBa M.B. CocTtaB cBOBGOAHbLIX aMWHOKUCIOT KPOBU U
MbIWL, poTaHa Perccottus glehni B nepron noarotoBku 1 3a-
BepLueHus rnbepHauum // )KypHan aBon. 6uoxumuun u dusno-
normn. — 2009. — T. 45, Ne1. — C. 59-68.

8. Mapuerko B.C., Byukuin K./. HelponnactuyHocTb ronoBHOro
Mo3ra XoMmsikoB npu runotepmun. — LAP LAMBERT Academic
Publishing, 2013. — 60 c.

9. Muxannosa I.3., KokaHoBa H.A., Tupac H.P., Mowkos [.A.
TpexmepHasi pEKOHCTPYKUMS U onpefeneHme obbema Herpo-
Ha. — M.: Jlnépokom, 2012. — 80 c.

120

were revealed in other parts of brain (cortex and tha-
lamus) [2, 7, 19]. The structure of dendritic tree in
hamster brain preparations was found out as signifi-
cantly reduced under different hypothermic effects
[11]. Since the mammalian brain structure is quite
complex, it is impossible to investigate the structural
rearrangements in one neuron during number of experi-
ments. Fish are more appropriate model for these
studies. The use of the identified Mauthner neurons in
studying the complex mechanisms of cell adaptation
during hibernation enables the investigation of the
structural changes in all cell parts not only at light-
optical level, but electron-microscopic one as well.

Conclusions

Using the method of three-dimensional reconstruc-
tion we revealed a significant change in the Mauthner
neuron volume of fish Perccottus glehni in the
experimentally simulated overwintering conditions.
A decrease in metabolic activity due to a need to spare
energy resources of animal is possibly a determining
factor of plastic rearrangements in neurons under
conditions of long-term hypothermia effect in com-
bination with natural deafferentation of the Mauthner
neurons. As a result of hypometabolism, as well as
after a decrease in afferent information inputs the MN
volume is reduced, since there are no conditions and
no need to maintain them in normal state.

References

1. Anisimova |.M., Lavrovskiy V.V. Ichthyology. Moscow:
Vysshaya Shkola; 1983.

2. Carey H.V., Andrews M.T., Martin S.L. Mammalian hibernation:
cellular and molecular responses to depressed metabolism
and low temeprature. Physiol Rev 2003; 83(4): 1153—-1181.

3. Chemagin A.A. Distribution of Amur sleeper (Percottus glenii
Dybowski, 1877) in the Lower Irtysh floodplain lakes. Funda-
mentalnye Issledovaniya 2014; 12(11): 2656—2660.

4. Golovanov V.K., Ruchin A.B. Critical thermal maximum of fish
Perccottus glenii in different seasons. Journal of Ichthyology
2011; 51(6): 822-827.

5. Grigorieva E.E., Shtanchayev R.S., Mikhailova G.Z. et al.
Correlation between the size of individual parts of Mauthner
neurons in goldfish and their integral function after enucleation
of the eye. Neuroscience and Behavioral Physiology 2012;
42(1): 52-57.

6. Ignat’ev D.A., Gordon R.Ya., Patrushev I.V., Popov L.V. The
functional brain state of hibernators and nonhibernators at
different temperatures of animals. Usp Fiziol Nauk 2012; 43(1):
48-74.

7. Israilova G.R., Khalilov R.A., Adieva A.A. Modern approaches
in studying hypothermia. Fundamentalnye Issledovaniya 2014;
11(5): 1046—-1058.

8. Kalabukhov N.I. Hibernation of mammals. Moscow: Nauka;
1985.

9. Karaduleva E.V., Santalova |.M., Zakharova N.M. Specific
molecular and morphological changes in cardiomyocytes of
hibernating gound squirrels in different periods of annual cycle.
Biofizika 2014; 59(5): 926-932.

npo6nemMbl KpMOOGMONOrMM U KPUOMEAULIMHDI
problems of cryobiology and cryomedicine

Tom/volume 25, Ne/issue 2, 2015



10.Muxeesa W.B., Mpuropsesa E.E., Muxainosa I.3. n gp. Cepo-
TOHWHEpPrnyeckne cuHancbl Ha BEHTPanbHOM AeHApuTe
MayTHEPOBCKOrO HenpoHa (ynbTpacTpyKTypHOe uccneno-
BaHWe C UCMNOb30BaHWEM UMMYHO30M0Ton MeTku // Mopdo-
norus. — 2013. — T. 143, Ne1. — C. 11-15.

11.Mowkos [O.A. Agantaums n ynsTpacTpykTypa HenpoHa. — M.:
Hayka, 1985. — 200 c.

12.Cantanosa WN.M., MowkoB [.A., YannaxsaH J1.M. Sddekt
6rnokaTtopa Ca?*-kaHanoB Bepanamuna Ha CTPYKTYpy U yHK-
LMI0 MayTHEPOBCKUX HEMPOHOB 3050TON pblbkn // [oknaabl
Akap. Hayk. — 2004. — T. 398, Ne5. — C. 715-717.

13.YemarnH A.A. PacnpocTpaHeHne poTaHa-ronoBeLlKn
(PERCCOTTUS GLENII DYBOWSKI, 1877) B noiMeHHbIX 03e-
pax HwxHero UpTbiwa // ®yHoameHTanbHble MccnegoBa-
Hua. — 2014. — T.12, Ne11. — C. 2656-2660;

14.Carey H.V., Andrews M.T. and Martin S.L. Mammalian hiber-
nation: cellular and molecular responses to depressed metabo-
lism and low temperature // Physiol. Rev. — Vol. 83. — P .1153-
1181

15.Grigorieva E.E., Shtanchaev R.S., Mikhailova G.Z. et al. Corre-
lation between the size of individual parts of Mauthner neurons
in goldfish and their integral function after enucleation of the
eye // Neuroscience and Behavioral Physiology. — 2012. —
Vol. 42, Ne1. — P. 52-57.

16.Popov V.I., Bocharova L.S., Bragin A.G. Repeated changes of
dendritic morphology in the hippocampus of ground squirrels
in the course of hibernation // Neuroscience. —1992. —Vol. 48,
Ne1. — P. 45-51.

17.Santalova I.M., Moshkov D.A. Smooth endoplasmic reticulum
in fish Mauthner cells at different functional states // Neuro-
sience, 1999. — Vol. 89, Ne2. — P. 593-602.

18.Szabo T.M., McCormick C.A., Faber D.S. Otolith endorgan input
to the Mauthner neuron in the goldfish // J. Comp. Neurol. —
2007. — Vol. 505, Ne5. — P. 511-525.

19.von der Ohe C.G., Darian-Smith C., Garner C.C., Heller H.C.
Ubiquitous and temperature-dependent neural plasticity in
hibernators // J. Neurosci. — 2006. — Vol. 26, Ne41. — P. 10590—
10598.

20.Weis S.A., Zottoli S.J., Do S.C. et al. Correlation of C-start be-
haviors with neural activity recorded from the hindbrain of
free-swimming goldfish (Carassius auratus) // J. Exp. Biol. —
2006. — Vol. 209, Pt. 23. — P. 4788-4801.

21.Zottoli S.J., Hordes A.R., Faber D.S. Localization of optic tectal
input to the ventral dendrite of the goldfish Mauthner cell //
Brain Res. — 1987. — Vol. 401, Ne1. — P. 113-121.

npo6nemMbl KpMOOGMONOrMM M KPUOMeEeAULMHbDI
problems of cryobiology and cryomedicine

Tom/volume 25, Ne/issue 2, 2015

10.Karanova M.V. The composition of free amino acids of
Perccottus glehni blood and muscles of during preparation
and completion of hibernation. Journal of Evolutionary
Biochemistry and Physiology 2009; 45(1): 59-68.

11. Marchenko V.S., Butskiy K.1. Brain neuroplasticity in hamsters
at hypothermia. Saarbrucken: LAP LAMBERT Academic
Publishing; 2013.

12.Mikhailova G.Z., Kokanova N.A., Tiras N.P., Moshkov D.A.
Three-dimensional reconstruction and volume determination
of neuron. Moscow: Librokom; 2012.

13.Mikheeva I.B., Grigor'eva E.E., Mikhailova G.Z. et al. Sero-
toninergic synapses on the ventral dendrite of Mauthner neu-
ron (ultrastructural study using immuno-gold labeling.
Morfologiya 2013; 143(1): 11-15.

14.Moshkov D.A. Adaptation and neuron ultrastructure. Moscow:
Nauka; 1985.

15.Popov V.I., Bocharova L.S., Bragin A.G. Repeated changes of
dendritic morphology in the hippocampus of ground squirrels
in the course of hibernation. Neuroscience 1992; 48(1): 45—
51.

16.Santalova I.M., Moshkov D.A. Smooth endoplasmic reticulum
in fish Mauthner cells at different functional states. Neuro-
sience 1999; 89(2): 593-602.

17.Santalova I.M., Moshkov D.A., Chailakhyan L.M. Effect of
verapamil, a Ca?* channel blocker on structure and function of
goldfish Mauthner neurons. Doklady Biological Sciences 2004;
398(5): 715-717.

18.Szabo T.M., McCormick C.A., Faber D.S. Otolith endorgan input
to the Mauthner neuron in the goldfish. J Comp Neurol 2007;
505(5): 511-525.

19.von der Ohe C.G., Darian-Smith C., Garner C.C., Heller H.C.
Ubiquitous and temperature-dependent neural plasticity in
hibernators. J Neurosci 2006; 26(41): 10590-10598.

20.Weis S.A., Zottoli, S.J., Do S.C. et al. Correlation of C-start
behaviors with neural activity recorded from the hindbrain of
free-swimming goldfish (Carassius auratus). J Exp Biol 2006;
209(Pt 23): 4788—-4801.

21.Zottoli S.J., Hordes A.R., Faber D.S. Localization of optic tectal
input to the ventral dendrite of the goldfish Mauthner cell.
Brain Res 1987; 401(l): 113-121.

121





