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IDEGI INTEGRACIO MECHANIZMUSAINAK KUTATASA

S.-ROZSA KATALIN

Az ut6bbi években a membranszinten zajlé események vizsgalata mellett
el6térbe kerult a kisszamu neuron egyittesek, vagy egyszer( neuron hél6za-
tok strukturélis és funkcionalis szervez6désének feltardsa. Az elemi jelenségek
kutatdsahoz viszonyitva a meghatarozhaté szamua neuront tartalmazé ideg-
halozat tanulméanyozédsa komplexebb szintet képvisel, és mintegy &tmenetet
jelent a sejtszint(i neurofizioldgiai kutatasok és az 0Osszetettebb integrativ
tevékenységre épiil6 viselkedésvizsgalat kozott.

Intézetlinkben az utobbi években Molluskakon tébb olyan készitmény
kerilt kifejlesztésre, mely mddot ad integrativ folyamatok direkt vizsgélatara,
s valds neuron-hél6zatok szervezddésének leirasara.

Gastropoda szivek koézponti szabalyozasanak szervezddése

A szivmikodessel (és kisebb mértékben a cardio-renélis rendszer egészé-
vel) kapcsolatban allo neuronhal6zat viselkedeset elsdsorban a szenzoros beme-
netek altal 1étrehozott kdzponti valtozasokkal dsszefliggésben vizsgaltuk.

AKkisérletek Helix pomatia L. éber egyedeibdl el6allitott agy-szivideg-sziv
készitményen folytak [3]. Parhuzamosan regisztraltuk a sziv-kontrakciokat,
a szividegl extracellularisan elvezetett aktivitasat és két kivalasztott kdzponti
neuron intracelluléris aktivitasat (1. &bra). A kdzponti neuronok identifika-
lasa fizioldgiai mutatok alapjan, valamint CoCl2 intracellularis vagy retrograd
injektalasaval [4] tortént. A periférids receptorok ingerlését fékent taktilis
ingerrel, maskor 5-hydroxytryptamin intracardialis bevitelével végeztik.

Vizsgélataink sordn 22 neuront azonositottunk, melyek kapcsolatban
allnak a szivm(ikddés szabalyozasaval. Ezek mindegyike direkt vagy indirekt
bemenetet kap a szivbél, de a sziv m(ikodését csak egy részilk mddositja.
A sziv szabalyozasat végzd neuronok szértan helyezkednek el a viscerdlis és
jobb parietélis ganglionban (2. abra). Helix pomatia kdzponti idegrendszeré-
ben azonositott neuronhaldzat nemcsak a sziv, hanem a cardio-rendlis rendszer
egészének szabalyozasat is végzi [1],

A cardio-renalis rendszer szabalyozéasat végz6 22 neuron kozott szenzo-
ros, motoros és interneuronokat taldltunk. A szenzoros és motoneuronok
identifikalasa a szoma kistléssel korrelalo, szividegrdl elvezethetd jelek segit-
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ségével tortént, majd a sejtek axonjanak szividegbe haladasa CoCI2 intracel-
lularis bevitelével nyert bizonyitast [5]. A szenzoros sejtek tébbsége bipolaris,
gazdag eldgazassal mig a motoneuronok unipolérisak, az interneuronok pedig
tobbnyire pseudo-unipolarisak (3. abra), a ganglionban végz6dé arborizacioval.

A szlv taktilis s kémiai ingerlesere reagald sejtek valasza spontan aktiv
sejteken gatlés, aktivitdsfokozodas vagy kettds hatas volt. A sejtek gatlasa és
serkentése az esetek tobbségében géatlo (GPSP) vagy serkent6 (SPSP) poszt-
szinaptikus potencialok kdzbeiktatasaval tortént. A posztszinaptikus potencia-
lokat nem general6 sejtek tobbnyire els6dleges érz6 neuronnak felelnek meg,
hallgatag sejtek a sziv ingerlésre szinaptikus jelekkel és AP generéléssal
valaszoltak.

Az identifikalt, szivm(ikodés szabalyozasaban részt vevd neuronok tobb-
sége egyarant reagalt a sziv taktilis és kémiai ingerlésére. Taktilis ingerre 9
sejt aktivitasfokozddassal és egy kett6s reakcidval vélaszolt. Kémial inger
7 sejten aktivitasfokozodast, 6 sejten gatlast és 3 sejten kettés valaszt hozott
létre. Sejtek egy része eltérd valaszt adott, taktilis, illetve kémiai ingerlésre.

A szoma kisllése a szividegen korrelal6 jel formajadban az RPal, RPa5,
V2, Y13, V14 és V21 neuronok esetén azonosithatd. E sejtek kozil a V12 és
V13 szivmiikddést gatld motoneuronok, intestinalis idegbe futd axonnal.

A motoneuronok mellett tébb bemenettel kapcsolatban &llé jellegzetes
aktivitasi mintazattal rendelkez8 interneuronokat is azonositottunk, melyek
nemcsak a sziv receptor zonaibdl érkez6 informécié hatdsara modositjak miiko-
désiliket, hanem a pericardium, vese, maj és veredények ingerlésére is reagal-
nak. E sejtek kozul a V21 neuron a legtipikusabb, mely egyben a szivet szaba-
lyozé neuronhaldzat kézponti eleme. A V21 fazisos vagy tonusos mintazattal
rendelkezik, mely szoros kapcsolatban all a szivm(ikodessel (4. abra). E sejt
fazisos miikodése burst-szert rendezettségben jelentkezik, és a kisuléscsoport
egybeesik a szivkontrakcioval. A V21 neuron miikddése a sziv, pericardium és
vese ingerlésekor egyarant tonusossa valik (4. ébra, A, B, C), a folyamatos
Uzemmad pedig fény hatésara ismét burstszer(i lesz (4. abra, D). A V21 sejt
tonusos kisulése minden esetben gatolja a szivm(kddést, flggetlenul attol,
hogy melyik bemenet aktivalasanak eredményeként lépett fel.

V21-hez hasonléan fazisos vagy tonusos kisuléseket mutatott az RPal
(Br-sejt) is. Az RPal sejt burst kisllései is tonusossa véltak a sziv ingerlése-
kor, ez azonban a sziv-ritmust nem befolyasolta.

A szabalyozd haldzat elemeinek efferens hatasat a sejtek hiper-, illetve
depolarizalasaval szimulaltuk. Vizsgalataink szerint csak a moto- és inter-
neuronok depolarizildsa modulalja a szivmikodést. A vizsgalt sejtek kozott
6 motoneuron és 3 interneuron hatastipusat irtuk le.

A szivm(ikddés szabalyozasat végz6 sejtek kozotti kapcsolat és az ala-
vagy folérendeltségi viszony tisztdzaséara a kozponti neuronok kapcsolasi tipu-
sat, valamint kdlcsdnhatésat is vizsgaltuk. Megallapitottuk, hogy a V21 sejt
szamos sejttel szinaptizal a visceralis ganglionon belul. A sejtek egy részéhez
SPSP-ket, masokhoz GPSP-ket tovabbit. A V2f kovetd sejtjein a posztszinap-
tikus potencialok a tonusos kistlés idején jelennek meg. Az egyik sejten, amely-
hez a V21 SPSP-ket kild, az aktivitas foka fligg az aktivalt bemenet jellegé-
t6l, igy a vese és a véna ingerlése intenziv AP generdlast indit, de a sziv és
aorta ingerlése csak SPSP megszaporodast okoz.

Gatl6 posztszinaptikus potencialokat is szdmos sejt kap a V21-t6l, tob-
bek kozott a V22 sejt is. A V22 sejtnek van egy szimmetrikusan szervezett
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sejtparja is. E két sejt a sziv, vese és véna ingerlésekor nagy GPSP-k részvéte-
lével gatlodik, de az aorta ingerlésére nem reagéal (5. abra). E két sejten a
GPSP-k és a kisules gatladsa a V21 neuron ténusos tuzelése alatt lép fel. A két
kdvetd sejt egyméssal nincs direkt kapcsolatban, egyik sejt membrénjanak
Eolarizélésa sem befolyasolja a mésik mikddését, a V21 sejt viszont mindkettd
islilését azonos mddon valtoztatja meg. Ez azt mutatja, hogy e két sejt miko-
dését a vezér elem szinkronizalja. EQy masik sejtparon a Y21 tonusos miko-
désekor frekvenciafokozodéas 1ép fel. E szimmetrikus mikodésil sejtpéaros egy-
massal elektromosan kapcsolt, axo-axondlis szinapszison at (3. abra, D).

A szimmetrikusan szervezett sejtparosok mellett olyan sejtparokat is
talaltunk, melyek egyideji rovid lefutasu frekvenciafokozddassal reagalnak
a cardio-rendlis rendszer kiilonbdz0 tagjainak ingerlésére, bar eredeti aktivi-
tasi mintazatuk eltér6. Az aorta és a pitvar ingerlésekor mindkét sejten burst-
szer( aktivalas figyelhetd meg, melyet némi késéssel a szivmiikddés gatlasa
kdvet. A kamra, véna, mdj, vese ingerlésére ez a fajta aktivitas nem Iép fel [2].

Az adatok igazoltdk, hogy méas-més sejtparos szallitja az informéciot a
cardio-rendlis rendszer kiilonb6z6 tagjaitél a halézat kézponti elemét alkot6
V21 interneuronhoz, melyen méar csak uniformizalt valasz figyelhet§ meg.

Eredményeink szerint a ganglionaris idegrendszerben is hierarchikus ren-
dezettségli az egyes szerveket vagy szervrendszereket szabalyoz6 neuron-popu-
lacié. Ez azonban funkcionalisan szervezett hierarchiat jelent, esetenként a
morfolégiai hierarchia azonositasi lehet6sége nélkil. A hierarchikus felépitést
hangsllyozza a szenzoros, a moto- és interneuronok jelenléte az identifikalt
neuron-populécidban, valamint a bemenetek tébb szinten valé azonosit-
hat6saga.

Eredményeink szerint a hal6zat kézponti elemeinek szintjén, vagyis az
interneuronok aktivitadsi mintdzatdban mar nem kuldnithetd el a bemenet
eredete, mivel pl. a V21 sejten a cardio-rendlis rendszer barmely tagjanak
ingeriletbejutasa folyamatossa teszi a burst-szer( kistlést, s ennek eredménye
minden esetben a sziv gatlasa. A bemenet eredete azonban a hal6zat kozti
elemein_elkilénithetd, mert ezek a kilonb6z6 periférias mezék (aorta vagy
véna, pitvar vagy kamra) bemenetelnek felvételére specializalodtak. A hélo-
zat ezen elemeinek viselkedése lehet6séget nyujt a neuronhalézat sub-rend-
szerekre valé osztdsara. Megallapitottuk, hogy a sub-rendszerek meghataro-
zott receptor mezdkrél érkez6 informéaciok gydjté allomasai, egymassal direkt
kapcsolatot nem alkotnak, miikodésiiket a haldzat vezérelemei (interneuronok)
koordinaljak. A szivmikddést szabalyozé neuronhaldzatban az informéacio-
tovabbitas parallel huzalozasu péalyakon térténik, melyek felvaltva vagy eltérd
kombinaciokban mikddve biztonsdgosabbd teszik a vezérelemek allando
informalasat. A vezérelemek (pl. V21) hatasukat motoneuronokban (pl. V12,
V13) kiresztUI érvényesithetik, s rendszerint ezek az efferens palyak is ket-
t6zottek.

A cardio-renalis rendszert, ezen belil a szivm(ikddést szabalyoz6 neuron-
haldzat a tulbiztositott, konvergéld tipusu halézatok csoportjaba sorolhato.
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Kémiai ingerek periférias és kozponti megkiilonboztetése éticsigan
(Helix pomatia L.)

Az allat viselkedését dontéen befolyasoljak a taplalékszerzéssel kapcso-
latos folyamatok. Ezek megval6sulasaban a csiga szaj- és ajakkortli receptorai
fontos szerephez jutnak. A kemoreceptorok vizsgélatara agy-szajszerv készit-
ményt dolgoztunk ki, mely a garatkéruli gangliongy(r(t, a széjszervet és a
kettOt 0sszekotd idegeket tartalmazta [8]. E készitményen vizsgélni lehetett
az ajak kemiai receptorainak termeszetét, valamint a kemoreceptorok indu-
kélta valtozasokat a kdzponti idegrendszer egyes sejtjein. A Kiserletek sorén
a n. intestinalis aktivitasat extracellularisan, a kdzponti neuronok aktivitasat
intracellularisan, Uveg mikroelektrédakkal vezettik el. Az ingeranyagokat
a szajszervre applikaltuk (6. abra).

Megallapitottuk, hogy a szaj korlli receptorok kémiai érzékenysege a
kiilénb6z6 anyagokra eltérd. A KC1 altalanos depolarizal6 tulajdonsaga revén
hat, de a NaCl, glukdz, szachar6z és desztillalt viz szelektiv kemoreceptor
izgatok [9]. Az eredmények igazoltdk, hogy a receptorok kemoérzékenysége
specifikus, és a periférian iz-diszkriminacid torténik.

A cerehrdlis, parietélis, pleurdlis és visceralis ganglionokban egyarant
taldltunk a szaj korili receptorok kémiai ingerlésére reagalé kézponti neuront.
E neuronok mas-mas bemenetet kapnak a kilonb0z6 kemiai ingerekre az érzé
mez6b6l, és a neuronvalaszok is elteréek. Az eltér6 valaszok summaécids folya-
matok eredményekent alakulnak ki. A visceralis és parietalis ganglion az ajak-
idegtdl tavolabb helyezkedik el, és itt a poliszinaptikus kapcsolatok dominal-
nak a neuronok valaszaban.

A kilonb6zé neuronok kozil egyesek minden anyagra azonos maodon
reagaltak, mig mésok az eltér6 anyagokra eltér6 valaszt adtak (7. &bra).
Az ajakreceptorok ingerlésekor szinaptikus aktivalodas vagy gatlas, illetve a
k6zponti neuron membran potencialjanak valtozasa volt megfigyelhetd. Ered-
ményeink szerint a kilonbozé kémiai ingerek eltéré neuronpélyakat aktival-
nak, és az iz-diszkrimincio a kozponti idegrendszerben neuron-szinten is
végbemegy. Az iz-diszkriminacié folyamataban résztvevé kozponti neuronok
kdzott masodlagos érz6 sejtek, moto- és interneuronok vannak. A receptorok-
bol a kdzponti neuronokig mono- vagy poliszinaptikus palyan jut el az inger(-
let, s mas szervekbdl érkezd informacioval keveredve vezet adekvat visel-
kedésvalaszhoz.

Axonpélyak vizsgalata Lymnaea stagnalis L.
kdzponti idegrendszerében

Lymnaea stagnalis izolalt kdzponti idegrendszerében 15 neuront azonosi-
tottunk aktivitdsi mintazatuk alapjan. E sejtek axonpalyainak lefutasat CoCl2
intracellularis injektalasaval, illetve retrograd festéssel vizsgaltuk. Megéllapi-
tottuk, hogy a neuronok tobbsége pseudounipoléris, s ezek elagazd axonok
segitségével ket, esetenként harom ganglion kozott Iétesitenek Osszekottetést.
A neuronok be- és kimeneti jellemzoit elektrofizioldgiai mérésekkel vizsgaltuk.
A szOmaboal regisztraltuk a spontan aktivitast, es vizsgaltuk annak osszefiig-
gését az idegekrdl szivéelektrodaval elvezetett extracellularis jelekkel, masrészt
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az idegek ingerlésével kivaltott antidromos és ortodromos véalaszokat tanul-
manyoztuk [6, 7].

A vizsgalt axonpalydk tobbsége az intestinalis és jobb pallialis idegbe
fut ki, de vannak neuronok, amelyek két idegbe is kiildenek axont. Mas neuro-
nok axonjai nem Iépnek ki a ganglionokbol (8. &bra).

Az identifikalt neuronokat funkciondlis szerepiiknek megfelel6en harom
csoportba soroltuk: ) o
1 egyszer(, illetve integrativ funkciét is betdltd motoneuronok;

2. szenzoros neuronok (els6dleges vagy masodlagos);
3. kozvetlen periférids kimenettel nem rendelkez6 neuronok, melyek az
intergranglionéris integrativ folyamatokban jatszanak szerepet.

Lymnaea kdzponti idegrendszerében e sejtparokbdl tortént parallel elveze-
téssel mind ez ideig nem sikeriilt kozvetlen mdédon interneuronokat azonositani,
azonban az egyes neuronok bemeneti, illetve kimeneti mintazatdnak tanulma-
nyozasa sorén arra lehetett kdvetkeztetni, hogy az 6rias neuronokon tobb
serkentd és gatld interneuron hatasa konvergal. Kuldéndsen a vizsgalt idegekbe
kdzvetlen axont nem kild6, feltételezhetéen integrativ funkciéju neuronok
rendelkeznek igen gazdag szinaptikus bemenettel.

Néhany sejtpar esetében mind a CoCI2 festéssel, mind elektrofizioldgiai
mérésekkel igazoltuk azok elektrotonusos kapcsolatat. Ezek a sejtek szinkron
makddést mutatnak, és kolcsondsen befolyasolni képesek egymés aktivitasat.
Szerepik Lymnaea fizioldgiai miikodésének szabalyozasaban még nem tisztazott.

STUDIES ON THE MECHANISM OF THE NEURAL
INTEGRATION

KATALIN S.-ROZSA

Recently, in addition to the investigation of the membrane events at
cellular level, the exposure of the structural and functional organization of
simple neural nets or ensembles came into the foreground. In comparison with
elementary membrane processes, the investigation of the neuronal network of
a given number of cells represents a more complex level of research and creates
a transition from neurophysiological investigations on the cellular level to
behavioural studies of integrative functions.

In our Institute during the past years several preparations were developed
on molluscs for experimental studies of integrative processes and for the
determination of the organization of real neuronal networks.

Organization of the central regulation of Gastropoda hearts

The neuronal network regulating the heart beat with special reference to
central reactions arising in answer to the sensory inputs originating from the
heart and to a lesser degree from the whole cardio-renal system was analyzed.

The investigations were carried out on the brain-heart preparation ofthe
active snail, Helix pomatia L. [3]. The heart contractions, the extracellular
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activity ofthe heart nerve and the intracellular activity of two central neurones
were registered simultaneously (Fig. 1). Identification of the central neurones
was made according to the reaction in response to the heart stimulation and
that of the intracellular or retrograde injection of CoCl2 [4]. The stimulation
of peripheral receptors was performed mainly by tactile stimuli or with intra-
cardial perfusion of 5-hvdroxytryptamine.

As aresult of our investigations 22 neurones involved in heart regulation
have been identified. All of them received direct or indirect inputs from the
heart, nevertheless, only some modified the activity ofthe heart. The neurones
taking part in the regulation of the heart are scattered throughout the visceral
and right parietal ganglia (Fig. 2). The neural network identified in the
central nervous system of Helix pomatia regulates both the heart activity and
the whole cardio-renal system [I].

Among the neurones, regulating the heart beat and the cardio-renal
system sensory neurones, motoneurones and interneurones were found. The
sensory and motoneurones were identified according to the correlation of the
soma sPike with one component of the extracellular activity of the cardiac
nerve, further the running of the axons towards the heart was proved by intra-
cellular CoCI2 staining [5]. The majority of the sensory cells proved to be
bipolar displaying rich arborization, while the motoneurones were unipolar
and the interneurones had pseudo-unipolar axons terminating within the
ganglia (Fig. 3).

On the spontaneously active cells the reaction of the cells to the tactile
or chemical stimulation of the heart was either inhibition, or increase in the
activity, while in some cases biphasic effect occurred. In the majority of the
cells inhibition or excitation was due to the generation of inhibitory or excita-
tory postsynaptic potentials (IPSP or EPSP). The neurones failing to generate
postsynaptic potentials were mainly primary sensory cells. Upon the stimula-
tion of the heart the silent cells produced synaptic or action potentials.

Most of the identified cells regulating heart beat reacted to both tactile
and chemical stimulation of the heart. Upon tactile stimulation the activity
of 9 cells was increased, 12 cells were inhibited and one cell showed biphasic
reaction. Chemical stimulation of the heart caused increase in activity on 7
cells, decrease in activity on 6 cells and biphasic response on 3 cells. Several
cells responded antagonistically to tactile then to chemical stimuli.

The discharge of the soma was found to correlate with one component
of the electrical activity of the heart nerve in RPal, RPa5, V12, Y13, V14
and V21 neurones. Among them V12 and V13 proved to be inhibitory moto-
neurones of the heart, giving branches into the intestinal nerve.

Together with motoneurones also interneurones were identified showing
characteristic pattern of activity and being connected not only with the
receptor area of the heart but with the pericardium, blood vessels, kidney and
liver, too. Among them, neurone V21 proved to be the most typical, playing
at the same time central role at the neuronal network regulating the heart.
The pattern of neurone V21 was either tonic or phasic, showing close correla-
tion with heart beat (Fig. 4). The phasic pattern of cell V21 appeared as a
burst coinciding with heart contractions. The phasic pattern of cell V21 became
tonic upon the stimulation of the heart, pericardium and kidney (Fig. 4A,
B, C), while the tonic pattern turned again to phasic under the influence of
illumination (Fig. 4D). The tonic pattern of cell V21 always resulted in the



105

inhibition of heart activity independently from the nature of activated inputs
leading 'to tonic discharges.

Similarly to cell V21 burst activity was found on cell RPal (Br cell).
The burst activity of cell RPal was also turned to tonic pattern during heart
stimulation, however, the latter failed to influence heart rhythm.

The efferent influence of the regulating network was tested by hyper-
or depolarization of the cells. According to our results the depolarization or
hyperpolarization only of moto-, and interneurones modified the heart beat.
Among identified neurones the effect of six motoneurones and three inter-
neurones was described.

The interconnections and relationship between central neurones taking
part in heart regulation were also studied and an attempt was made to clear
up the role of each neurone in the network. Neurones V21 was found to be in
contact with numerous cells within the visceral ganglion. Some of the cells
receive KPSP-s, while the other ones IPSP-s from neurone V21. On the follower
cells of V21 the postsynaptic potentials appear during the tonic firing of V21.
On one cell receiving EPSP from V21 the degree of the activation depended
on the nature of the activated inputs, e.g. the stimulation of the vein and
kidney evoked an intensive generation of action potentials, while the stimula- -
tion of the heart and aorta caused only increase in the frequency of EPSP-s.

Among others, cell V22 receives also IPSP-s from neurone V21. Cell V22
has a symmetrically organized partner cell. These two cells were inhibited by
large IPSP-s during the stimulation of the heart, kidney and vein, however,
the stimulation of the aorta was without effect (Fig. 5). On both cells, IPSP-s
and the inhibition of discharge appeared during the tonic firing of neurone
V21. No direct connection was found between the two cells as the polarization
of the membrane of either cell was without effect on the other cell, however,
cell V21 influenced in a similar manner the firing of both cells. This shows that
the firing of these two cells is synchronized by a command element. On an
other pair of the cells increase in frequency was observed during the tonic
firing of neurone V21. This pair of cells discharging synchronously coupled
electrically through an axo-axonal synapse (Fig. 3D ).

Beside the symmetrically organized pair of cells also two neurones were
found reacting with simultaneous short increase in frequency to the stimula-
tion of different area of the cardio-renal system, although their original pattern
of activity differed. On both cells burst activity appeared upon the stimulation
of the aorta and auricle causing with some delay the inhibition of the heart
beat. This type of activity was not observed during the stimulation of the
ventricle, vein, liver and kidney [2].

The data proved that different pairs of the cells transmit the infor-
mation from various areas of the cardio-renal system to the central member
of the network, e.g. neurone V21, where only uniformized reaction can be
observed.

According to our data in the ganglionic nerve system the neurone ensem-
ble regulating various organs or system of the organs is built up also in a hier-
archial manner. However, it represents only a functional hierarchy without a
morphologically organized hierarchy. The hierarchial character of the system
was emphasized by the presence of sensory, moto-, and interneurones, among
the identified cells, as well as by the detection of the activation of inputs on
various levels.
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According to our data at the level of the central elements of the network,
e.g. in the activity pattern of the interneurone, the origin of the inputs is no
longer distinguishable. For example, in cell V21 the activation of various parts
of the cardio-renal system caused the turning of burst activity into a tonic
one resulting always in the inhibition of the heart. On the middle level of the
network the origin of the inputs can be verified as this part is specialized for
receiving the inputs from various peripheral areas (aorta or vein, auricle or
ventricle). The behaviour of the middle level of the network gives possibility
for dividing the neural network into subsystems. It was found that the sub-
systems can be regarded as collectors of information, running from certain
receptor fields, forming no direct connections with each others and being
coordinated by a command element (interneurones) of the network. In the
network regulating heart beat the transmission of the information takes place
in parallel pathways, assuring the permanent information of command ele-
ments by alternative or combinative functioning. The command elements (e.g.
V21) can realize their effect by motoneurones (e.g. V12, V13) too, and as a rule
these efferent pathways are also doubled.

The network regulating heart activity and the whole cardio-renal system
belongs to the overguaranteed, convergent networks.

Peripheral and central discrimination of chemical stimuli in the snail
(Helix pomatia L.)

The behaviour of the animal is basically affected by processes connected
with the obtaining of the food. For realizing these behavioural acts the recep-
tors in the area of the mouth and lips are of vital importance. For studying the
chemoreceptors brain-lip preparation was made containing suboesophageal
ganglionic ring, mouth and the nerve coupled the two systems [8]. This prep-
aration gave possibility to study the nature of chemoreceptors of the lips,
as well as the changes of activity of single cells in the central nervous system
as a response to chemoreceptor stimulation. During the experiment the activ-
ity of the labial nerve was registered extracellularly, while the activity of
central neurones was registered intracellularly by glass microelectrodes. The
substances were applied to the surface of the mouth ( Fig. 6).

The chemosensitivity of the receptors in the area of the mouth was
found to be different to the various substances. KCl had an effect due to its
common depolarizing nature, however NaCl, glucose, saccharose and distilled
water can be regarded as specific stimuli of chemoreceptors [9]. The results
proved the specificity of the chemosensitivity of the receptors and the dis-
crimination of the taste at the periphery.

In the cerebral, parietal, pleural and visceral ganglia alike there were
found neurones reacting to the stimulation of the receptors of the mouth.
These neurones received various inputs when different chemostimuli were
applied to the sensory area and the answer of the neurones also significantly
differed. Various responses were formed as a result of summation. In the
visceral and parietal ganglia situating farther from the labial nerve the poly-
synaptic influences determine the reaction of the neurones.

Some of the neurones reacted uniformly others showed specific answer
to different substances (Fig. 7). As an answer to the stimulation of chemo-
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receptors of the mouth synaptical inhibition and activation or changes in
membrane potential of the central neurones were observed. According to
our results various neural pathways are activated by different chemical
stimuli and the discrimination of taste takes place on the neuronal level of
the central nervous system, too. Among the central neurones taking part in
the discrimination of taste, secondary sensory cells, moto- and interneurones
were found. The excitation is forwarded by mono- or polysynaptic pathways
from the receptors to the central neurones, where combining with the informa-
tion arriving from other organs, the taste discriminating process results in
the required change of behaviour.

Studies on the axonal pathways in the central nervous system of
Lymnaea stagnalis L.

In the central nervous system of Lymnaea stagnalis 15 neurones were
identified on the basis of their pattern of activity. The running of the axonal
pathways was studied with retrograde or intracellular injections of CoCl2
The majority of the neurones was found to be pseudounipolar, creating contact
with branching axons between two or three ganglia. The inputs and outputs
of the neurones were studied by electrophysiological measurements. The
spontaneous activity was registered from the soma and was compared to the
extracellular activity of the nerves registered with suction electrodes; on the
other hand, the antidrom and orthodrom reactions evoked by stimulation of
the nerves were also studied [6, 7].

The majority of the investigated axonal pathways was directed to the
intestinal and right pallial nerves, though, some of the neurones sent an axon
into two nerves. Axons of other neurones did not leave the ganglia (Fig. 8).

The identified neurones can be divided into three groups according to
their functional role:

1 usual motoneurones, sometimes with integrative function;

2. sensory neurones (primary or secondary);

3. neurones having no direct peripheral outputs, and playing role in the

interganglionic integrative processes.

Using simultaneous registration from two central neurones of Lymnaea
the interneurones were not yet directly identified, however, the convergence
of several excitatory and inhibitory interneurones on the giant neurones was
proved according to the pattern of inputs and outputs. Especially the neurones
of proposed integrative functions, sending no axons to the nerves, are provided
with rich synaptic inputs.

Eor several pairs of neurones both the staining with CoClI2 and the
electrophysiological measurements proved the electrotonic coupling. These
cells discharge synchronously and are able to effect each other’s activity. Their
role in the regulation of the physiological processes in Lymnaea has not been
cleared up.



HCCJIEfIOBAHMfl MEXAHH3MOB HEPBHOfl HHTErPALIHH

KATAJIHH LU-PO>KA

B nocjieAHHe roAbi iiomhmo H3ygeHHH ajieMeHTapHbix cbohctb HeiipoHOB Ha
nepBbiii njiaH 6buiH BbiABHHyTbi HccjieAOBaiiHH HeiipoHHbix ceTeii,nocTpoeHHDbix H3
onpeAejieHHoro HHCJia HeiipoHOB. no cpaBHeHHio ¢ H3ygeHHeM ajieMeHTapHbix
cbohctb HeMpoHOB, HccjieAOBaHHe HeiipoHHbix aHcaMOJies ¢ H3BecTHbiMH pery-
JiHTopHbiIMH 4>yHKUHHMH npeACTaBJineT Rojiee cjiojkhm ypoBeHb opraHH3auHH h b
onpeAeJieHHoii mecof%AaeT nepexoA ot kjictomhoh neHpo(})H3HOJiorHH k H3ygeHHio
HHTerpaTHBHOIT AeHTeJIoHOCTH H nOBeAeHHH.

B HacTonmee BpeVH b HauieM MHcraTyie 6buiH pa3pa6oTaHbi cneqHajibHbie
npenapaTbi H3 mojutiockob, No3BOJiHiocigHe ocyigecTBHTb HenocpeACTBeHHbie he-
CJieAr(SBaH—H HHTerpaTHBHbix npogeccoB h oiracaHHe peajibHbix HeiipoHHbix
ceTeR.

UeHTpajibHan opraHH3agHH peryjinuHH cepAga OproxoHornx

noBeAenne HenpoiiHOH cera, peryjnipyiomeH padoiy cepAqa, (h b MeHbuieii
Mepe Bceii KapAHO-peHalibHoii CHCTeMbi), 6biJio H3yHeHO Ha ocHOBaHHM H3MeHeHHH,
HacTynaromHx b geHTpe b otbct Ha aKTHBaqgnio ceHCopHbix bxoaob.

3KcnepHVEHTDI 6mjih npolleAeHbi Ha npenapaTe, coAep>KaigeM cepAue, cep-
AeHHIH (HHTeCTHHRJIbHDIH) HepB H OKQIIQjI0TCHHie raHTIIHH,  npHTOTORJieHHOM
H3 60ApCTBYiomHx BHHorpaAHbix WjiHTOK (Helix pomatia, L.) [3].

OAHOBpeMEHHO 6hjih 3aperHCTpHpoBaHbi coKpaigeHHH cepAua, BHeKlieTon-
Han aKTHBHocTb cepAeHHoro HepBa h BHyTpHKJieTOHHan aKTHBHOCTh ARyx bh-
6paHHbix ueHTpajibHbix HeiipoHOB (Puc. 1). LJeHTpajibHbie HenpoHbi 6buiH hach-
THI)HHHOBaHhI COTJiaCHO HX (J)H3HUIOrHHeCKHM xapalKTepHCTHK3M, nOTOM KlieTKH
6buiH noKpameHbi peTporpaAHbIM hjth BHyTpHKIieTOHHIM BBeAeHHeM CoCl2 [4],
Pa3Apa>KeHHe nepH”epngecKHx peuemropoB ocyigecTBJianoch rjiaBHbiM o6pa-
30M TaKTHIIbHIM pa3Apa>KHTejieM, HHOrAa 5-rHAPOKCHTpHNTaMHH (5-HT) BBOAH-
(H HHTpaKapAHaJIbHO.

B x0Ae HecjieAOBanVH 6 buiH HAeHracjiHqHpoBaHbi 22 HeiipoHa, ygacTBYioigHe
b peryjingHH cepAeHHOH AOHTEIbHOCTH Bee ohh nojiynajiH bxoabi ot cepAda, ho
patoTa cepAHa H3VeHHJiach TQJbKO noA bjihhhhem HeKOTOpbix H3 hhx. HeMpoHbi,
peryjiHpyiomHe cepAeHHbiii phtm, pacnojioweHbi AHPA3HD b BHcgepalibHOM h
npaBOM napneTajibHOM raHniHfIx (Puc. 2). HenpoHHan ceTh, HAeHTH)HHOBaH
Han b geHTpanbHOH HepBHOH cHCTelVe BHHorpaAHOH yjiHTKH, peryjinpyeT He
TQIbKO cepAeHHyio AenTejibHOCTD, ho h gejiyio KapAHO-peHajibiiyio CHCTeMy [1].

CpeAH 22 KlieTOK, BOBlieneHHbix b peryjingHio cepAeHHoii AeflTejibHOcra,
obuiH onpeAejieHbi ceHcopHbie kjictkh, MOTOHeiipoHbi h HHTepHeiipoHbi. CeHcopHbie
KJieTKH H MOTOHeiipOHol ColdIH HARHTH()HgHpOBaHbl Ha OCHOBaHHH KOppeJiflgHH
noTemjHajTa achctbhh comh h OAHoro KOMnoHema BHeiuieTOIHOM 3kthbhocth
cepAeHHoro HepBa, AalibHeMmee ygaerae hx 3kcohob b cocTaBe HHTecTHHajibHoro
HepBa 60lJ10 AOK333HO0 BHyTpHKIieTOHHIM BBeAeHHM CoCl2 [5]. CeHcopHbie
KJieTKH 0Ka3ajIHCh OHhQIIHpHbIVH C QQllbUUHVI KQIIHHCTBOM p33Be TBJieHHH, MOTO
HeiipoHbi 6buiH yHHnoJiHpHbiIMH, a HHTepHeRpoHbi — nceBAoyHHNojiHpHbIMH, 3a-
KaiiVHBaiomHVHCH B raHrjiHH ap6opH3agHHMH (Puc. 3).

PeaKgqHH cnoHTaHHo 3kthbhhx KilieTOK, OTBegaioiuHx Ha TaKTHjibHoe h
xHMHgecKoe pa3Apa>KeHHe cepAua, Bbipawajiach b yrHeTeHHH hjih yBejiHneHHH
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pa3papa, hah >Ke b pByx<jia3HOMH3MeHeHHH TopMO>KeHHe h BO3(")y>erHHe KJieTOK
kAuhx nocTCHHanTHnecKHx noTeHpnajioB (Tncn Bncn) HenpoHbi, He reHe-
pnpyiomHe nocTCHHanTHgecKHe noTeHpHajibi, hbahiotch oShhho nepBHgHbIMH
ceHcopubiMH KlJieTKaMH. MojigamHe KJieTKH OTBenaioT Ha pa3ppa>KeHHe cepppa
CHHanTngecKHMH noTeHpnajiaMH hah reHepapHeil noTeHipiana pencTBHH.

BOABHIHHCTBO KlieTOK, CBH33HH0IX CperyJIHpHeii CeppeHHOH AeHTeJIbHOCTH,
pearapoBajio h Ha TaKTHjibHoe, h Ha xHMHagecKoe pa3Apa>KeHHe cepppa. IIpH—
MeHHH TaKTHjibHoe pa3Apa>KeHne, 6hao ycTaHOBJieHO, mto akKTHBHOCTL 9 KlieTOK
yBejiHHHJiach, 12 — yMeHbimuiach h 1 KlieTKa noKa3alia pByx<})a3HbiH OTEeT.
XHMHoecKoe pa3Apa>KeHHe Bbi3biBajio yBejiHHeHue 3kthbhocth 7 KiieTOK yrae-
TeHHe 3KTHBHICTH 6 KlieTOK H Ha 3 KICTK3X HaOAIOpanaCb AByx4ia3HaH peakKUHH.
MacTh KilieTOK pana npoTHBonono>KHbiH otbct Ha TaKTHjibHoe h XHMHgecKoe
pa3Apa>KeHHH,

FIOTeHUHaJlbl AeilCTBHH COMbl KJieTOK M0>KHO0 OOHapy>KHTb no CHHXpOHHOIi
aKTHBHocTH ceppeqHoro HepBa B cjieAyiouinx cnyganx: RPal, RPa5, V12, V13,
V14 h V21 HeMpoHbi. M3 hhx kjictkh V12 h' V13 0Ka3ajinch TopM03HbiMH motohch-
pOH3MH CepApa, nOCbUiaiOipHMH aKCOHbl B HHTeCTHHaAbHbIH HepB.

NOMHMO MOTOHefipOHOB OblWIH HpeHTH(j)HpHpOBaHbl HHTepHeiipOHbIl, KOTO-
pbie CBH3aHbi ¢ MHoroMHCJieHHbiMH BXOAaMH H odnapaioT xapaKTepHbiM THnOM
aKTHBHocTH, pearHpyH HeTOJibKO na HHiJiopMapHio, npnxopHmyio OT pepenTOpHbIX
30H cepppa, ho h Ha pasppaweHHe nepHKapAa, nogKH, neqeHH h KpoBeHOCHbix
cocyAOB. CpepH HHTepHeapoHOB KlieTKa V21 0K a3ajiacb caMOii thhhhhoh, HBjiHHCb
OAHOBpeMeHHO peHTpajibHbiM  ajieMeHTOM  HenpoHHOH ceTH, peryjiHpyroineid
ceppegHyio penTenbHOCTb. Tnn 3kthbhocth nefipoHa V21 hjih (Jia3HbiH, hjih tohh-
necKHH, HaxoAHipHHCH b TecHoii B33HMOCBH3H ¢ paBoTOH cepppa (Puc. 4). Korpa
KlieTKa paBoTaeT b (})a3HOM pe>KHMe, OHa odnapaeT 3ajinoBOH aKTHBHOCTbio h 3Ta
roynna noTeHpnanoB abhctbhh coBnapaeT bo BpeMeHH ¢ oahhohhhmh coKpa-
meHHHMH cepppa. Oa3HbiH pa3pnp Kkjictkh ¢cTaHOBHTcn tohhacckhm b otbct Ha
pa3ppa>KeHHe cepppa, nepHKappa h nonKH (Puc. 4 A, B, C), a TOHnnecKHIii Tnn
aKTHBHocTH Bcerpa npeBpaiyaeTCH CHOBa b 3ajinoBbiH ripn ocBeipeHHH raHniHeB
(Puc. 4D). ToHHnecKHH ran aKTHBHocTH KJieTKH V21 Bcerpa BlieneT 3a codoii
TOpMOWeHHe CeppeHHOH peHTeAbHOCTH, He33BHCHMO OT TOTO, K3KHM BXOpOM OH
6blJI BbI3B3H.

nopoRHO KlieTKe V21 HeRpoH RPal Towe obtnapaeT 3amoBOH hjih tohh-
eCKOIl aKTHBHOCThio. 33jin0BaH aKTHBHOCTh KlieTKH RPal TQKe CT3HBHICH
TOHHEOKOH BO BpelvH p33ppa>KeHHH Cepppa, HO 3T0 He BHAOH3VEHAET paOOTy
cepppa.

3 PepeHTHoe BO3pencTBHe sneineHTOB perypHpyroipeH ceTH 6buio BOcnpOH3-
BeaeHO rnnep-, hah penoAHpH3apHeH kactok. CorAacHO HauiHM paHHbiM penonn-
pH3apHH HAH rHnepnOAHpPH3apHH TOABKO MOTG- H HHTepHeMpOHOB MOpyAHPOB3AH
ceppeqnylo penTeAbHOCTh. CpepH HCCAepoBaHHDIX kactok 6na H3ygen 33T 6

MOTOHEfpOHOB H 3 HHTepHeHOHOB.

BolAH T3K>Ke BolHCHeHDl THnbl CBHBefi H B3aHMOOTHOIlieHHH peHTpaAbHbIX
HeMpoHOB, peryAHpyiomHx ceppenHyio penTeAbHocTh. YcTaHOBAEHO, mito ka€eTKa
V21 c03paeT cHHanTHnecKne cbh3h co mhothmh HenpoHaiviH BHcpepaAbHoro raH-
tahh. Oahh KAETKH nonygaioT Bncn, a ppyrne TUCh ot V21. Ha nopgHHeimbix
kaeTKe V21 HelpoHax nocTCHHanTHoecKHe noTeHpHaAbi noHBHAHCh bo BpelvH
TOHHAecKHx pa3papoB KAeTKH V21. Ha opHoii ka€TKe, noAygaromeM Bncn ot
HeiipoHa V21, cTeneHb aKTHBapHH 33bhcht ot npnpopbi BO30y>KpeHHbiX bxopob
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Tan, HTO pa3Apa>KeHHe iiomkh h BeHbi BbBbiBaeT HHTeHCHBHyro reHepapnio noTeH-
pnanoB Aed6cTBHH, ho pa3Apa>KeHHe cepApa h aopra npnBOAHT TOJibKO k yBenn-
HeHHio NacTOTbi Bncn.

MHorne KAeTKH, b tom MHCAe h V22, noAydgaioT TopMO3Hbie hocTCHHanra-
gecKHe noTeHgHanbi ot neiipoHa V21. KAeTKa V22 o6naAaeT oahoii CHVIVETpHHHO
OpraHH30B3HHOH napTHepHOIl KAeTKOH. npH pa3Apa>KeHHH BeHbl H nOMKH 3TH ABe
KJieTKH 6buiH 3aTopMO>KeHbi c ynacmeM SonbimixTncn, ho pa3Apa>KeHHe aop™
He BbI3bIBajlO HHK3KOH peaKUHH (PUC. 5). BO3HHKHOBeHHe T ncn H TOpMO>KeHHe
3THX AByx KAeTOK HacTynaAO Towe bo BpeMH TOHHnecKoro pa3pHAa HeépoHa V21.
3TH ABe KAeTKH He CBH3ailbl Me>KAy codoii, TaK KaK nOAHpH3apHH MeMOpaHbl
AK)6OH H3 HHX He BblI3blBaeT H3MeHeHHH 3KTHBHOCTH ApyrOii, HO KAeTKa V21
BHAOH3MeHHeT AeHTeAbnocTh odeHx OAHHaKOBbIM 06pa30M. 3 to yKa3biBaeT Ha to,
MTO pa3pHABI 3THX AByx KAeTOK CHHXpOHH3HpyK)TCH KOMaHAHbIM 3AeMeHTOM. Ha
Apyroii nape KAeTOK 6mao ofRnapyaceHO ynameHHe pnTMa bo BpeMH TOHHnecKoro
THna aKTHBHOCTH KAeTKH V21. jApyrne napbi HenpoHOB, opraHH30BaHHbie aah
CHMMeTpHHHOH paOOThbl, C03Aai0OT Me>KAy C060H 3AeKTpHHeCKHe CBH3H nepe3 aKCO-
aKCOHHbie CHHancbi (Pac. 3D). )

HOVHVIO CHVIVETpHVHO OpraHH30B3HHbIX KASTOK 6blAH OOHapy>KetHbl ApyrHe
napbi, KOTopbie pearapoBanH KpaTKOBpeMeHnhm yBennneHHeM nacTOTbi pa3pHAOB
b oTBeT Ha pa3Apa>KeHHe pa3AHHHbix ynacwoB KapAHO-peHanbHOIi CHCTelVhi, xoth
hx HexoAHaH akKTHBHOCTD 6bina pa3AHHHOH. flpn pa3Apa>KeHHH aop™ H npeA-
cepAHH Ha osenx KAeTKax noHBHAHCH 3aAnoBbie HVinyAbChi, BbRbiBaiomHe ¢ He-
KOTopoH 3aAep>KKOH TopMOJKeHHe cepAennoH AenTenbHocTH. noAOOHan peaKpnn
HacTynaaa npH pa3Apa>KeHHH wenyAOHKa, Benbi, neneHH n noHKH [2].

N.aHHbie noATBepAHAH, hto pa3AHHHbie napbi HeiipoHOB nepeAaioT HHiJiop-
MapHIO H3 pa3AHMHbIX ynaCTKOB KapAHO-peHaAbHOH CHCTeMbi K UeHTpaAbHOMy
3BeHy cera, t. e. k HenpoHy V21, rAe HaOAioAaeTCH TOAbKO yHHijiopMHpoBaHHbiH
OTBeT.

CornacHO HauiHM AaHHbiM b raHTAHOHapHOH HepBHOH CHCTeMe HenpoHHan
ceTh, peryAnpyiomaH pa3Hbie opranbi, opraHH30BaHa Towe HepapxHnecKHM o6pa-
3om. 0 ah3K0 3to 03HanaeT TOAbKO ijiyHKUHOHanbHyio HepapxHK) 6e3 CTpOTOH
Mop4>0AorHHecKOH nocAeAOBaTeAbHOCTH. HepapxHnecKoe yapoiicTBO noATBep-
>KAaeTCH HaAHHHeM CeHCOpHbIX, MOTOpHbIX H UpOMOKYTOHHbIX HeHpOHOB B
HAeHTHijIHpHpOBaHHOH HeiijpOHHOH nOnyAHUHH, a T3K>Ke TeM (JiakTOM, HTO aKTHBa-
pHIO BXOAOB MO>KHO npOCAeAHTb Ha pa3Hb!X ypOBHHX CHCTeMbi.

KaK noKa3aAH HauiH HccAeAOBaHHH Ha ypoBHe peHTpanbHbix sneMemroB,
t. e. b narrepHe HHTepHenpoHOB y>Ke Henb3H pa3AHHHTb hctohhhk aKTHBapHH
BXOAOB, T. K. 3aAnOBaH aKTHBHOCTb HeiipOHa V21 CTaHOBHTCH TOHHHeCKOIi npH
pa3Apa>KeHHH Aiodoro ynacTKa KapAHopeHaAbHOH CHCTeMbi, npHBOAHmMeii oaho-
BpeMeHHO K TOpMOHCeHHIO CepAHa. OAH3K0 ynaCTOK aKTHBapHH BXOAOB AOCTO-
BepHO pa3AHHaeTCH Ha npOMOKyYTOHHbIX 3BeHbHX CHCTeMbi, TaK KaK OHH CneiJH-
3AH3HpoBaHbi aah npHeMa HHiJiopMapHH H3 pa3AHMHbix nepnijiepHHecKHx nOAeii
(aopTa hah BeHa, wenyAoneK hah npeAcepAHe). iloBeAeHHe npoMOKyTOHHbix
3AeMeHTOB CHCTeMbi AaeT B03MO0>KHOCTb p33AeAeHHH HeMpOHHOII cera Ha Cy6-CHC-
TeMbl. BbIAO yCTaHOBAeHO, MTO Cy6-CHCTeMbl HBAHIOTCH npneMHbIMH CTaHUHHMH
HHiJiopMapHH, nocTynaromeii H3 onpeAeAeHHbix peuenTopHbix oOAacTeii, ohh He
C03AaiOT npHMOH CBH3H APyr ¢ APyrOM, H HX AeHTeAbHOCTh KOOpAHHHpyeTCH KO-
MaHAHbIMH 3AeMeHT3MH (HHTepHeMpOHaMH) CeTH. B HeiipOHHOH CeTH, peryAHpyiO-
meM cepAeMHyio AeHTeAbHOCTb, npoBeAeHHe HHiJiopMapHH npoHcxoAHT no napan-
AeAbHO opraiiH30BaHHbIM nyTHM, KOTopbie, paOOTan no onepeAH hah b pa3Hbix



KOMOHHauHHX, AenaioT Sojiee AOCTOBepno HenpepbiBHyro HHcpopMapHio KOVEHA-
Hbix aaeMeHTOB. OthiHHO KOMeHaHbie aseMeHThi (V21) ocymecTBjinioT cboh bo3-
aeMETBHH nocpeac TBOMMOTOHe3poHOB (V12, V13), hsth aepeHTHbie nyra, KaK
npaBHJio, Towe yABoeHbi.

HeMpoHHaH ceTh, peryAHpyiomaH cepaemiyio AenTejibHocTh n bdd
peHajibnyio cHCTeMy, npnHaAJie>KHT k CBepxrapanrapoBaHHbiM, KOHBeprnpyio-
mHM ceTHVI

UeHTpajibHa« nh nepHfpepHgecKa« ahckphmhh3uhh BKyca Ha BHHorpaAHOfi yjiHTKe
(Helix pomatia L.)

npopecchi, CBH3Hbie ¢ AdhiBaHHEM niimH, bjihhiot pemaioinHM o6pazoM
Ha noBeAeHHe whbothoto. B ocymecTBlieHHH AolbiBaHHH nnmH BawHyio pojib
HrpaioT pegenTopw ry6noH h potoboh oQJiacTeH. H3yneHHH xeiwopepenTopoB
6bia pa3paboTaH npenapaT, coAepwamHH OKQliorjioTOHHbie raHrjiHH, potoboh
opraH h CBH3iBaioomH hx HepB [8]. Ha 3TOM npenapaTe mokho 6buio H3yHHTD
npiipoAy xeMopepenTopoB ryobi h H3VeHHHH Ha ypoBHe oahhohhmx HelipoHOB
peHTpajibHOH HepBHoil cHCTelvhi, HacTynaiomHe b otbet Ha pa3Apa>KeHHe xeMO-
pepenTopoB. B xoae 3KcnepHIVEHTOB akKTHBHOCTb ryOHoro HepBa perHCTpnpoBa-
Jiach BHEKJiETOHHO, a aKTHBHOCTb peHTpallbHbIX He3pOHOB OTBOAHjiaCh BHyTpH-
KITeTCHD CleKIIHHHIVH MHKpO3J1eKTpOAaVH  BO3Oy>KAaiOmHe BemeCTBa SJIH
annjiHpHpoBaHbi k potoboh oQliacTH (Puc. 6).

BbiJio ycTaHOBJieHO, hto xHMHHecKan HyBCTBHTenbHOCTbhb pepenTopoB
Potoboh oBjiacTH K pa3HbiM BeiyecTBaM pa3JiHHHan. KCl OKa3biBaeT bjihhhhc,
OliaroAapH cbohm osihhm AenojiHpH3yiomHM cbohctb3m, ho NaCl, nnoko03a,
caxapo3a h AHCTHjuiHpoBaHHan BOAa hbjihiotch cneHHijiHHecKHMH pa3Apa>KHTejiH-
mh xeMopepenTopoB [9], Pe3yjibTaTbi nccjieAOBaHHH noKa3ajin, hto xeMonycTBH-
TeabHocTb pepenTopoB HBnneTCH cnepH(j)HqecKOH h ahckphmhh3hhh BKyca npo-
hexoaht y>Ke Ha nepH(})epHH.

Bo Bcex; uepefRpajibHbix, napneTajibHux, naeBpaabHbix h BHcpepajibHbix
raHniHHx 6buiH oOHapy>KeHbi nenpoHbi, pearnpyromne Ha xHMHHecKoe pa3Apa-
weHHe pepenTopoB potoboh odjiacra. 3th HenpoHbi nojiynaioT pa3Hbie bxoam H3
ceHcopHbix oRjiacTeR b otbct Ha pa3Hbie XHMHgecKHe pa3Apa>KHTejih h hx ot-
BeTHaa peaKpHH Tonce pa3HaH. Pa3Hbie pearajHH (JiopMHpyioTCfl b pe3yjibTaTe
cyM Mapubix npopeccoB. BHcpepajibHbin h napHeTajibHbin raHrjiHH yAajieHbi ot
poTOBoro HepBa, h 3Aech b pearaiHH HefipoHOB AOMHHHpyioT nojiHCHHanTHnecKHe
CBH3H.

CpeAH HefipoHOB oahh pearnpoBaaH OAHHaKOBbiM 06pa30M Ha Bee BemeCTBa,
a Apyrue noKa3biBajm pa3Hbie OTBeTbi Ha pa3JiHHHbie BeipecTBa (Puc. 7). Bo
BpeMH pa3Apa>KeHHH pepenTopoB potoboh 00JiacTH 6biJin oOHapy>KeHbi CHHanTH-
necKoe B030y>KAeHHe h TopMonceHHe, hjih >Ke H3MeHeHHe MeMRBpaHHoro noTeH-
pnajia HeHTpanbHbix HeMpoHOB.

CorjiacHO HauiHM AaHHbiM pa3Hbie XHMHgecKHe pa3apa>KHTejih aKTHBHpyioT
pa3Hbie HeMpoHHbie nyTH h ahckphmhh3hhh BKyca npoHcxoAMT h Ha ypoBHe Heiipo-
hob penTpajibHofi HepBHOH CHCTeMbi. CpeAH HeMpoHOB, ygqacTByroiHHx b ahckphmh-
HapHH BKyca, OblJIH HAeHTH(j)HHHpOBaHbl BTOpHHHbie CeHCOpHbie KlJieTKH, MOTO-
HeMpOHbi h HHTepHenpoHbi. Bo36y>KAeHHe npoxoAHjio qgepe3MOHO0- h nojiHCHHanTH-
gecKHe nyTH c pepenTopoB k peHTpajibHbiM HenpoHaM, TAe, CMeuiHBanch ¢ hh-
(JjopMapneH, nocTynaromeM H3 Apyrnx opraHOB, npHBOAHJio k aAeKBaTHbiM H3Me-
HeHHHM nOBeAeHHH.
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M3ygeHHH axcottHbix nyTeii b geHTpajibHOH nepbnofl cHCTeVE npy/iORHKa,
Lymnaea stagnalis L

B H3MiHoOBaHHOH peHTpaAbHOU HepBHOH GHCTeve Lymnaea stagnalis L
15 HeiipOHOB éblAH Hﬂel—ﬂ'l—ﬂ)l—ﬁ%l—bl QOMiaCHO THN3M Hix ySKI'I—Bl—DCI'I—? 1lpOeK-
UHH aKOOHHix nyTeii 3thx HenpoHOB Shina H3ygeHa peTporpaAHbiM hjin BHyTpn-
KJieTOMHbIM BBefleHHeM CoCL

BojlbUIHHCTBO HeMpOHOB 0Ka3ajl0Ch nceBAOYHHNOJIHpHbBIMH, CO3AaK)LUHMH
npH nOMOIipH pa3BeTBJIHK)MHXCH akKCOHOB CBH3b Me>Kfly AByMH, HHOTfla TpeMH
raHrjiHHMH. XapaKTepncraKH bxoaob h bhxoaob HeMpOHOB 6biJiH H3yqgeHbi
3JieKTpO(J)H3H0J10rHHeCKHMH H3MepeHHHMH. CnOHTaHH3H 3KTHBHOCTb 6blJia 3ape-
THCTpHpOBaHa Ha COMe H COnOCTaBJieHa C OAHOH CTOpOHbI ¢ BHeKAeTOMHbIMH nOTeH-
pHajiaMH HepBHbix bojiokoh, 3aperHCTpHpoBaHHbix npH noMomH BcacbiBajoipHx
SJieKTpOAOB, H ¢ Apyroil CTOpOHbl — aHTHAPOMHbBIMH H OpTOAPOMHbBIMH OTBeTBMH,
BbI3B3HHbIMH pa3flpa>KeHHeM p33HbIX HepBOB [6, 7].

BojibiHHHCTBo H3yHeHHbix akKCOHHbix nyTen Shijio HanpaBjieHO b hhtccth-
HajibHbil h npaBbiH naAAHaAbHhIM HepBbi, ho HeKOTOpbie HelVpoHbi nocbuiajiH
aKOOHbI b aba HepBa QAHOBpeVEHHO. Akcohh Apyrnx HEMpOHOB He bhxoahah H3
raHTAHeB (Puc. 8).

MeeHTHI)H;HooBaHHaie HeVpoHA no hx (JHBHDAOHecKHMI A hruham pa3-
AeAHOTCH Ha TpH rpynnbi:

1 npocThie MOTCHenpoHai, Hrpaiomne HHorAa poAb b HHTerpapHH

2. ceHCopHboie HeVpOHbi (nepBHHiibie hah BTopHHHbie),

3. HenpoHbi, He 0cOAaAaromne npHVLIMH BhixoAaMH Ha nepH”epnio h nrpa-

romne poAb b HHTepraHrAHOHapHbix HHTerpaTHBHbix npopeccax.

B peHTpaAbHOH HpBHCH GHCTeMe Lymnaea stagnalis L. OAHOBpeVEHHIM
OmBeAeHHEMot napl ractok nona He yAaAOCH HAGHTH(J)HoHpoBaTh HHTepHenpoHbi,
O0AHBKO 8 XOPe H3yHeHHA naTTepHa BXOAB 1 BHXOACB OTAeAbHIX
mo)kho IAO npeANCAOVWHTD, HIO Ha mraHTCKHe Henponbi KOHBeprHpyjoT MHorne
BO3Oy>KAai0mHe = TOpMO3Hbie BRACHCTBHH HHTepHVpOHOB. CHHanTHHCKHVH
BxoAalVH ocodeHHo Sora™ HeMpomj, He nocbiAaroipHe aKOOHh b HecAeAyevbie
HepBbi h 0OAaAaiouiHe HHTerparaBHoIMH (JiyiiKUHAVH

3AeKTp0(})H3HOAOrHHeCKHe H3MepeHHH HeCKOAbKHX nap KAeTOK H OKpa-
UIHBaHHe C CoCI2 nOATBepAHAH HanHHHe 3AeRTpOTOHHGeCRHX CBH3eH. YcTaHO-
BAeHO, MIO3TH KAeTKH pa®OTaiOT CHHXpOHHO H CnOCOOHbI B33HMHO BHAOH3MeHATb
Apyr Apyra, OAHaKO hx poAb b perynflpHH (J)H3HOAOrHHecKHx npopeccoB npyAO-
BHKa nona He BbiHCHeHa.
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1. abra. Kisérleti elrendezés a sziv és kdzponti idegrendszer kapcsolatanak vizsgalatara.
SOG = garatalatti ganglionok; ni = intestinalisideg; ne = intestinalisideg szivhez mené
dga. 1 = vena pulmonalis; 2 = maéj; 3 = pericardium; 4 = pitvar; 5= kamra; 6 =

aorta; 7 = vese. P — fiziolégids oldatot tartalmazé perfuziés edény; DOA, ACA — er6-
sit6k; ME = mikroelektrédédk; BE —bipolaris elektréda; IR ma = fotooptikus berende-

zés a szivkontrakciok regisztralasara

Fig. 1. The experimental arrangement for studying the connection of the heart and
central nervous system. SOG = suboesophageal ganglia; ni = intestinal nerve; no =

cardiac branch of the intestinal nerve. 1 = pulmonal vein; 2 = liver; 3 = pericardium;
4 = auricle; 5 = ventricle; 6 = aorta; 7 = kidney. P = perfusion chamber with physio-
logical solution; DCA, ACA = amplifiers; ME = microelectrodes; BE = bipolar electro-

des; IBini = photooptic arrangement for the registration of heart contractions
Puc. 1. SKcnepHMeHTajibHbie yaiOBHH gjiu royueHHu crush cepjtua h peHTpajibHofi HepBHOH
CHCTeMbi. SOG — noflrjiOTO'iHEiie ramumH; ni — HHTecTHfiajrbHbiH HepB; nc — cep/ieaHau BeTBb
HHTecTHHajibHoro HepBa. 1 — jierouHaH Bena; 2 — rreuenh; 3 — nepmeapg; 4 — npegeepflue;
5 —jKejiygoueK; 6 — aopTa; 7 — eiomkh. P — cocy/i um nep(f)V3HH cep,apa, cogepMomuH (j)H-
3HOJiorHHecKHH paereop; DCA, ACA — ycHJiHTejm; ME — MHKposjieKTpogbi; BE — 6h-
riojiupEibie 3jieKTpo«bi; IRma — (JioTooirrmecKoe ycrpoiiCTBo gjui perHCTpapuH KOHTpaKTypw
cepflpa
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2. dbra. Helixz pomatia szivmiikodésének szabédlyozésat ellaté neuronok elhelyezkedése
a kozponti idegrendszerben. A ganglionok elnevezésének roviditése: V' — viscerdlis
ganglion; LPa — bal parietdlis ganglion; RPa — jobb parietdlis ganglion; LPl — bal
pallidlis ganglion; RPl — jobb pallidlis ganglion
Fg. 2. Localization of neurones taking part in the regulation of heart activity in the
central nervous system of Heliz pomatia L. The abbreviation of the name of ganglia:
V — visceral ganglion; LPa — left parietal ganglion; RPa — right parietal ganglion;
LPl — left pallial ganglion; RPl — right pallial ganglion
Puc. 2. Pacnojio)KeHHe KJIETOK B LIeHTPaJIbHOH HEPBHOIT CHCTeMe BUHOI'DAJHOM YJIMTKH, Y4acT-
BYIOIMX B peryJsinuu cepaua. CoKpalieHHble Ha3BaHHMs raHryiveB: V — BHCLEPAJbHBI raur-
Jmii; LPa — neBblii napueTanbHblii raHrinid; RPa — npaeeiif mapueTanbHeli ranriuii; LPl —
JIeBBIf majuManbHelil raurauii; RP! — npaBblif MaJTHAJIbHBI TaHrImi

8*
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3. dbra. Szenzoros (A), motoros (B) és interneuron (C) alakja és helyzete, valamint
egy elektromosan, axo-axondlisan kapesolt sejtparos (D) a soma CoCl,-vel tortént
feltoltés utdn
Fig. 3. Shape and localization of sensory (A4 ), moto-, (B) and interneurones (C), as
well as electrically coupled pair of cells (D) through on axo-axonal synapse after intra-
cellular injection of CoCl,

Puc. 3. Pacnosio)keHre u BHJ CEHCOPHOH KieTku (A ), MoToHeiipoHa (B), unrepHeiipona (C)
H 9JIEKTPHYECKH CBS3aHHOH 4Yepe3 aKCo-aKCOHHDLIH CHHAIC napbl KJIeToK (D) mocjie BBeJeHHs B
comy CoCl,.
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4. abra. A V21 sejt fazisos és tonusos miikddése a sziv ingerlése nélkiil, majd a pericardidlis
rendszer kiilonboz6 elemeinek ingerlésekor. 4 — a sziv; B — a pericardium; C — a vese
ingerlése. D — a fény hatésa a V21 sejt aktivitdsi mintdzatédra. | — hatds kezdete;
t §— hatds vége
Fig. 4. Firing of cell V21 in the absence of heart stimulation, then the stimulation of
various parts of the cardio-renal system. Stimulation of the heart (4 ), pericardium (B),
kidney (C). D — effect of the illumination on the activity of neuron V21. | — the
beginning and 4 — the end of stimulation

Puc. 4. AktHBHOCTD KJIeTKH V21 B OTCYTCTBHH PasfpaykeHHs Cep/a, 3aTeM BO BpeMsi pasfipa-

JKEHMs1 PasHbIX Y4YaCTKOB KapJAHO-PeHaIbHOH cHuCcTeMbl. Pagapakenue cepjaua (A ), nepukapaa

(B)unouku (C). D — BIUsIHHE OCBEILeHHsI TAHIJIHEB HAa aKTHBHOCTD KJIETKH V21. | — Havaso
BO3NEHCTBHSI, {1 — OKOHYAHHE BO3JEHCTBHSI
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5. dbra. A V22 sejt, valamint sejtparjinak aktivitdsa. 4 — a sziv; B — a vese és C — a
véna ingerlése mindkét sejten nagy GPSP-k megjelenéséhez vezet. Az aorta (D) ingerlése
hatéstalan

Fig. 5. The activity of cell V22 and that of the symmetrical pair of this neurone. The
stimulation of the heart (4 ), kidney (B) and vein (C) lead to the generation of large
IPSP-s on both cells. The stimulation of the aorta (D) was ineffective
Puc. 5. AxtuBHOCTL KJIeTKH V22 U e mapTHepHOi KyeTku. Pagnpadcenue cepana (A), Moy
(B) w Benbl (C) npuBomut K nossieHuio Goapmux TIICIT na obenx kierkax. PaspaparkeHus
aoptel (D) He BbI3bIBaeT OTBETa
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6. abra. Helix pomatia agy-szajszerv prepardtum az iz-megkilonboztetés vizsgalatara
Fig. 6. Brain-mouth preparation for studying the discrimination of the taste on Helix
pomatia L.

Puc. 6. npenapaT, co;iep>Kau<nii OKQJioivioTOBHbie ramviHH, poTOBoii opraH h CBjiauBaioniHH hx
HepB, BHHorpagHoh yjiHTKH fljia HsyaeHHH /mcKpHMHuauHH Bxyca
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Xit. glucose

7. abra. Két neuron aktivitdsanak valtozasa az ajak receptorok desztillalt vizzel, szacha-
r6zzal és glukézzal torténd ingerlésekor. A vizsgalt neuronok elhelyezkedését a kozponti
idegrendszerben a véazlat mutatja
Fig. 7. Changes in the activity of two neurones upon the application of distilled water,
saccharose and glucose on the receptors of the mouth. The localization ofthe investigated
neurones in the central nervous system is shown on the scheme
Puc. 7. HBMCHCHW aKTHBHOCTH fIByX HefipOHOB BO BpCVH pa3fipa>KeHHB peiienTOpOB pOTOBOii
0QJiaCTii npi-i NOMOuUIH fIHCTHIUinpoBaHHOH + o ;u 5, caxapo3bi » rniOKO03bi. Pacno.i»Kenne HCClie-
Aye.Mi.ix uenpoHOB » ueHTpajibHoii HepBHoii CHCTeMe yKa3aHO0 Ha cxeMe
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8. 4abra. Identifikalt 6ridsneuronok axonpalyadinak véazlata Lymnaea stagnalis visceralis
és jobb parietalis ganglionjaiban
Fig. 8. Scheme of the axonal pathways of the identified giant neurones in the visceral
and right parietal ganglia of Lymnaea stagnalis L.

Puc. 8. Cxeiwa akcoHHbix nyTefi H," (enTH(})HunpoBaHHL,ix rurat Tck Hx HeftpoHois b BHCpepa;ibHOM
h npaBOM napueTaJibHOM raHrjiHHx npyaoBHKa
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