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KOLETSUSTOKINIINI RETSEPTORITE TAHENDUS KAITUMISE
REGULATSIOONIS NING HALOPERIDOOLI JA DIASEPAAMI TOIMES

Kokkuvote

Kéesoleva t66 Uheks eesmdrgiks oli selgitada, milline on koletststokiniini
(CCK) retseptori alatliipide tdhtsus CCK agonistide (tseruleiini, CCK-8,
pentagastriini ja CCK-4) k&itumuslikes efektides. Uuriti jargmiseid CCK agonistide
kéitumuslikke  toimeid: sedatiivset, amfetamiinivastast, anksiogeenset,
agressiivsusevastast ja krambivastast toimet. Jélgiti, millisel méaral ks vdi teine

CCK agonistide toime on korvaldatav valikuliste koletsistokiniini antagonistide
poolt. Eksperimentides kasutati CCKA (‘perifeersete’) retseptorite antagonisti

devasepiidi ja CCKB ('tsentraalsete’) retseptorite antagonisti L-365,260. Devasepiidi
ja L-365,260 moju katseloomade kéitumisele ja [*"H]pCCK-8 sidumisele ajus uuriti
nende ainete ihekordse ja kestva manustamise jargselt. Selgitamaks CCK-ergiliste
mehhanismide osa neuroleptilise ravimi haloperidooli efektides, vorreldi
haloperidooli ja CCK agonisti tseruleiini pikaajalise (14-paevase) manustamise
toimet hiirte kaitumisele ja erinevate [“Hj-radioligandite sidumisele ajus. T&0
teiseks eesmargiks oli selgitada, millisel mééral on CCK retseptori alattiibid seotud
neuroleptikumide ja anksiolutiliste preparaatide toimega. Selleks uuriti muutusi
CCK retseptoritel haloperidooli ja diasepaami kestva manustamise jargselt.

Teostatud farmakoloogilise analliisi alusel voib véita, et ainult mittevalikulised
CCK agonistid tseruleiin ja CCK-8 pérsivad katseloomade motoorset aktiivsust,
selektiivsetel CCKBagonistidel (pentagastriin ja CCK-4) antud toime puudub. Kuid
valikuliste CCK antagonistide (devasepiid ja L-365,260) vastupidine moju
tseruleiini ja CCK-8 liikumisaktiivsust parssivale toimele annab alust arvata, et
CCKAja CCKBretseptorid omavad vastupidist rolli loomade motoorse aktiivsuse
regulatsioonis. CCK agonistide liikumisaktiivsust vahendav toime realiseerub
eelkdige CCKJ1 retseptorite vahendusel. Tseruleiin ja CCK-8, mitte aga
CCKagl/gastriini retseptorite agonist pentagastriin, kdorvaldasid amfetamiinist
tingitud hiperlokomotsiooni hiirtel. Devasepiidi manustamine véikestes annustes
(1-100 ng/kg), mis toimivad ainult perifeerset tulipi CCK retseptoritele, kérvaldas
téielikult tseruleiini amfetamiinivastase toime. Devasepiidi suur annus (1 mg/kg),
mis avaldab toimet ka CCKB retseptoritele, oli aga ise vOimeline kdrvaldama
amfetamiini motoorikat stimuleerivat efekti. Need tulemused viitavad eelkdige
CCKA ja CCKB retseptorite antagonistlikule interaktsioonile dopamiinergiliste

neuronite aktiivsuse regulatsioonis katseloomade ajus.



CCK agonistid (tseruleiin, CCK-8, pentagastriin, CCK-4) véhendasid
méarkimisvéérselt rottide uurimisaktiivsust  pluss-puuris. CCK  agonistide
‘anksiogeenne' toime korrelleerus nende afiinsusega CCKB retseptorite suhtes
ajukoores, kuid mitte CCKA retseptorite suhtes pankreases. Valikuline CCKB
retseptorite blokaator L-365,260 oli tugevam CCK-4 ‘anksiogeense' toime
antagonist kui devasepiid. Erinevalt tseruleiinist pdhjustas CCKB agonisti CCK-4

ajusisene vOi susteemne manustamine agressiivse kditumise tunduvat suurenemist
isastel rottidel. Jarelikult etendavad CCKB retseptorid vé&ga olulist osa

katseloomade emotsionaalse kéitumise kontrollis.

Tseruleiini ja CCK-8, kuid mitte pentagastriini, manustamine antagoniseeris
pikrotoksiini ja pilokarpiini poolt esile kutsutud krampe hiirtel. Erinevate
konvulsiivsete ainete (pikrotoksiin, pilokarpiin ja N metiul-D-aspartaat) krampe
pdhjustav  toime  korrelleerus CCK retseptorite tiheduse védhenemisega
katseloomade ajus. L-365,260 ja devasepiidi Uhesugune annus (1 mg/kg) blokeeris
taielikult CCK-8 mdju pilokarpiinist tingitud Timbilistele’ krampidele, mis viitab
CCK retseptori mdlema alatiiiibi osalusele CCK agonistide krambivastases toimes.

CCK antagonistide L-365,260 ja devasepiidi kestev manustamine pohjustas
erinevaid muutusi loomade kéitumises ja 1"HJpCCK-8 sidumises hiirte eesajus.
Devasepiidi mdjul véhenes tseruleiini motoorikat pérssiv toime ja tugevnes
amfetamiinist tingitud hiperlokomotsioon. Samal ajal L-365,260 suurendas

markimisvéarselt CCK retseptorite tihedust hiire ajus, avaldamata aga olulist md&ju
loomade kditumisele. Jarelikult etendavad CCKA retseptorid uuritavates

kaitumisavaldustes suuremat tdéhendust kui CCKBretseptorid.

Haloperidooli ja CCK agonisti tseruleiini pikaajaline kasutamine pohjustas
samaseid nihkeid loomade kaitumises ja erinevate (“Hj-radioligandite sidumises
ajus. Tolerantsus kujunes tseruleiini, mustsimooli ja flumaseniili motoorsete
efektide suhtes, kuid amfetamiinist tingitud hiperlokomotsioon on oluliselt
suurenenud  14-p&evase haloperidooli ja tseruleiini manustamise jéargselt.
Paralleelselt k&itumuslike nihetega suurenes hiire ajus opioid ja dopamiin2-
retseptorite tihedus, kuid véhenes GABAa, bensodiasepiini ja CCK retseptorite arv.
Antud tulemused viitavad CCKA retseptorite olulisele osale haloperidooli

pikaajalise manustamise toimes.

Kestev haloperidooli ja diasepaami manustamine pdhjustas tolerantsust



iseruieiini  kditumist pdrssivate efektide (sedatiivne, amletamnnivastane,
krambivastane ja antiagressiivne toime) suhtes. Haloperidooli ja diasepaami
pikaajalise kasutamise jargselt tuli ilmsiks CCK agonisti tugev proagressiivne
toime. Seejuures on oluline réhutada, et haloperidooli ja diasepaami kroonilise

sustimise mdjul suurenes CCK retseptorite afiinsus ajukoores. Jérelikult tekib
haloperidooli ja diasepaami 14-paevase manustamise véltel alatundlikkus CCKAja

tlitundlikkus CCKBretseptoritel.

Léabiviidud farmakoloogilise analiiisi alusel vdib véita, et CCKAja CCKB

retseptorite vahel eksisteerib funktsionaalne antagonism mitmesuguste
kéitumisavalduste regulatsioonis. Haloperidooli ja diasepaami pikaajalisel
manustamisel leiavad aset vastupidised nihked CCKAja CCKB retseptorite
tundlikkuses, mis on ilmselt seotud organismi adapteerumisega nende
ravimite suhtes.
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1. INTRODUCTION

Cholecystokinin (CCK) is an important intestinal hormone with a major role in
regulating the control of digestive processes (pancreatic secretion and gall bladder
contraction) and in inhibiting feeding behaviors (Morley, 1987). Vanderhaeghen et
al. (1975) discovered gastrin-like immunoreactivity in the mammalian brain.
Several years later this immunoreactive substance was identified as the sulfated C-
terminal octapeptide of cholecystokinin (CCK-8) (Eng et al., 1982). CCK-8 is
probably the most widely distributed neuropeptide in the mammalian brain, which
fulfills many of the criteria for a neurotransmitter (Beinfeld, 1988). CCK-8 is
localized in high concentrations in the cerebral cortex, hippocampus and other
limbic structures, midbrain and spinal cord neurons (Beinfeld, 1983). CCK is
leleased from the rat cerebral cortex synaptosomes, from the rat striatum tissue
slices, and from the rat nucleus accumbens tissue slices, after calcium-, potassium,
and veratridine-induced depolarization (Meyer, Krauss, 1983; Voight et al., 1986;
Vitkroy, Bianchi, 1989). Specific high-affinity binding sites for (125ij_(XK-8
have been identified, with the anatomical localization of terminals containing CCK-
8 (Innis, Snyder, 1980; Saito et al., 1981; Beinfeld. 1983). Over the past decade
major advances have occurred in our understanding of CCK receptors. There are at
least 2 types of CCK-8 receptor designated CCKA ('peripheral’) and CCKB
(‘central’) (Dourish, Hill, 1987). Neurophysiological studies of CCK 8 indicate its
function as an excitatory transmitter throughout the central nervous system
(Skirboll et al., 1981; White, Wang, 1984). Behavioural studies have suggested that
high doses of CCK-8 administered systemically have analgesic, sedative or
neuroleptic-like activity (Zetler, 1980; Kadar et al., 1985), while centrally
administered CCK-8 may have opposite functional effects (Faris et al., 1983;
Crawley et al., 1985). The discovery that CCK coexists with dopamine and GABA
in certain neurons of the rat brain (Hokfelt et al., 1980; Somogyi et al., 1984)
aroused great interest in the role of CCK-8 in biochemical and behavioral processes
which might be relevant to the action of anxiolytic and neuroleptic drugs.

In the present work an attempt to learn more about the role of CCK receptors in
the regulation of behaviour was made. The selective CCK antagonists (devazepide
and L-365,260) were used throughout the study to reveal the relevance of the CCK
receptor subtypes in the action of CCK agonists. In the second part of this work the
involvement of CCK receptors in the action of long-term treatment with a
neuroleptic drug haloperidol and an anxiolytic compound diazepam was studied.

n
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2. REVIEW OF LITERATURE

2.1. Behavioural effects of CCK agonists

Caerulein and CCK-8, the unselective agonists at CCK receptors, are shown to
induce many behavioural effects after systemic or intracerebral administration.
However, in the present study main attention is directed to the interaction of CCK
agonists with motor activity, amphetamine-induced hyperlocomotion, seizures
induced by picrotoxin, pilocarpine and quinolinate, and emotional behaviour
(‘anxiogenic-like' effect in an elevated plus-maze, antiaggressive action). These
behavioural effects are believed to be related to the interaction of CCK with
dopamine and GABA (Zetler, 1985; Harro, Vasar, 1991b) and may be affected by
benzodiazepine tranquillizers, exerting their effect through the facilitation of

GABA-ergic neurotransmission (Haefely et al., 1985), and neuroleptic drugs, the
potent antagonists at dopamine2 receptors (Seeman, 1980).

2.1.1. Motor depressant and antiamphetamine effect of CCK agonists

The motor depressant effect of caerulein and CCK-8 in mice and rats manifested
itself as a reduction both in motility and in frequency of rearings, and also as a
potentiation of central depressant drugs (barbiturates, ethanol). The systemic and
intracerebroventricular administration of CCK-8 and caerulein, but not of CCK-4,
induced the hypolocomotion and blocked amphetamine-induced hyperlocomotion
in the mouse (Zetler, 1985; Moroji et al., 1987; Hagino, Moroji, 1989). The
pretreaunent of mice with a selective CCKA receptor antagonist devazepide
antagonized the sedative effect of systemically and intracerebroventricularily
administered CCK-8, reflecting the involvement of the CCKA receptor subtype in
the action of CCK agonist (Khosla, Crawley, 1988; O'Neill et al., 1991). On the
other hand, motor depression occurred in the rat not only after
intracerebroventricular administration, but also after microinjection of a few ng
into the periaquaductal grey and ventromedial thalamus (Juma. Zetler, 1981;
Katsuura, Itoh, 1982; Matsushita, Itoh, 1982). The rearing inhibiting potency of
caerulein in mice was many times greater than that of reference drugs as
clonazepam, diazepam, haloperidol and clonidine (Zetler, 1980; 1983; 1984). It is
thought that the motor depressant effect of CCK-8 and the suppression of
dopaminergic activity by large doses of CCK agonists are of peripheral origin.

12



since they could be abolished by abdominal vagotomy in rats (Crawley, Kiss, 1985;
Hamamura et al., 1989). Nevertheless, not all authors have been able to reproduce
the finding that vagotomy can reverse the behavioural effects of CCK agonists in
rodents. Moroji and Hagino (1987) have demonstrated that bilateral
subdiaphragmatic vagotomy does not prevent the behavioural effects of
systematically administered caerulein in mice. The suppression of electrical self-
stimulation by caerulein is completely insensitive to vagotomy in rats (De Witte et
al., 1986). Altar and Boyar (1989) have shown that peripherally injected CCK-8
interacts through CCKBreceptors with central dopaminergic mechanisms.

2.1.2. Interaction of CCK agonists with emotional behaviour in rodents

The systemic administration of CCK agonists (caerulein, pentagastrin, CCK-4)
at very low doses inhibited the exploratory activity of mice and rodents in an
elevated plus-maze (Harro et al., 1988, 1989, 1990a). The pretreatment of animals
with proglumide, an unselective CCK antagonist, attenuated the anxiogenic-like
effect of CCK agonists (Harro et al., 1989). Moreover, proglumide was able to
antagonize the antiexploratory effect of GABA-negative drugs DMCM and
pentetrazole in the plus-maze test (Harro et al., 1989). There it was possible to
select the rats according to their behaviour in the elevated plus-maze. The animals
with "anxious" behaviour had evidently higher density of CCK receptors in the
cerebral cortex as compared with "non-anxious" animals (Harro et al., 1990).
Evidence exists that the CCKBreceptor antagonist CI1-988 reversed the anxiogenic-
like effect induced by the cessation of long-term diazepam treatment in the mouse
(Hughes et al., 1990). Rataud et al. (1991) have shown that the treatment of mice
with the CCKB receptor antagonist L-365,260, but not with the CCKA receptor
antagonist devazepide, causes the anxiolytic-like effect in the elevated plus-maze.
The intracerebroventricular administration of pentagastrin signifl ;Zuitly reduced the
exploratory activity of rats in the elevated plus-maze and this effect was reversed
by pretreatment with C1-988 (Singh et al., 1991).

Several times higher doses of caerulein antagonized foot- shock- and isolatio -
induced aggressiveness in mice (Zetler, Baumann, 1986; Vasar et al., 1987). The
aniiaggressive effect of caerulein was blocked by pretreatment with proglumide
and naloxone, an antagonist at opioid receptors (Vasar et al., 1987). Probably the
aniiaggressive effect of caerulein at high doses is related to its antinociceptive
action (Zetler. 1985; Barber etal., 1989).



2.1.3. Anticonvulsant action of CCK agonists

Caerulein and CCK-8 delayed or prevented convulsions induced by picrotoxin,
harman, thiosemicarbazide and isoniazid, whereas they were only weak antagonists
or inactive against other convulsants such as bicuculline, pentetra/ol and strychninc
(Kadar et al., 1983; 1984; Zetler, 1980, 1981, 1985). The inactivity of caerulein
and CCK-8 against convulsants, bicuculline and pentetrazol, and the resistance of
the antiharraan effect of caerulein against the benzodiazepine antagonist,
flumazenil, separates the anticonvulsant action of caerulein and CCK-8 from that of
diazepam (Zetler, 1985). The tonic-clonic convulsions induccd by maximal
electroshock were not prevented by caerulein and CCK-8, but latency to the onset
of clonic seizures and the duration of postictal motor inactivity were prolonged
(Zetler, 1985). The anticonvulsant effect of caerulein against picrotoxin induced
seizures was reversed by pretreatment with an unselective CCK antagonist
proglumide (Vasar et al,, 1987). The benzodiazepine antagonist CGS 8216, but not
flumazenil, also blocked the anti-picrotoxin effect of caerulein (Vasar et al., 1987).

2.2. Multiple CCK receptors in the brain and the selective antagonists at
CCK receptors

Two CCK receptor subtypes have been differentiated according to their affinity
for CCK fragments and analogues (Innis, Snyder, 1980; Moran et al., 1986;
Dourish, Hill, 1987). ‘Peripheral' CCK receptors (CCKA) located in organs such as
the gallbladder and pancreas (Sankaran et al., 1980), but also in several discrete
brain regions such as the area postrema, interpeduncular nucleus, nucleus tractus
solitarius, nucleus accumbens and the dorsal raphe (Moran et al., 1986; Hill et al.,
1987; Barrett et al., 1989; Vickroy, Bianchi, 1989; Pinnock et al., 1990). CCKA
receptors exhibit a high affinity for the sulphated octapeptide fragment and a lower
affinity for the desulphated octapeptide, gastrin and cholecystokinin tetrapeptide
(CCK-4). Conversely, central’ CCK sites (CCKB) display a high affinity for all
these CCK fragments and gastrin (Innis, Snyder, 1980). The vast majority of CCK
receptors in the brain are of the CCKBsubtype and these receptors are ubiquitous in
the mammalian brain (van Dijk et al., 1984; Hill et al., 1987). The careful analysis
of dissociation curves also revealed the presence of two subtypes binding sites for
[3HI-pCCK-8 and |"ij.ccK -S in the rodents’ brain (Wennogle et al., 1985;
Sekiguchi, Moroji, 1986). There was only the 2-4-fold difference between the
affinities of these binding sites in the different species (Sekiguchi, Moroji, 1986).
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The preincubation of brain membranes at 37°C converted all the binding sites for
[3H]pCCK-8 into the low- affinity state (Soosaar et al., 1988). The relation of these
binding sites of CCK to CCKAand CCKBreceptors remains to be established.

In recent years very specific and highly potent non-peptide CCK antagonists
have been developed, including some that are highly selective for CCK receptor
subtypes and have good brain penetrability. These include the CCKA receptor
antagonists MK-329 [devazepide) (Chang, Lotti, 1986), A65186 (Kerwin et al.,
1989) and lorglumide (Rovati etal., 1987), and the CCKBreceptor antagonists L-
365,260 (Lotti. Chang, 1989), CI-988 (Hughes et al., 1990) and LY-262684
(Howbert et al., 1991). MK-329 (deva/epide) is shown to antagonize the decreased
feeding induced by systemic injection of CCK-8 (Dourish el al., 1989).
Behavioural studies showed that both MK-329 (devazepide) and L-365,260
increased food intake and postponed the onset of satiety, however, the CCKB
receptor antagonist was 100 times more potent than MK-329 (Dourish et al., 1989).
In contrast in the rat tail flick test, L-365,260 was only 5 times more potent than
devazepide in enhancing of morphine analgesia (Dourish et al., 1990). L-365,260
and CI-988, but not devazepide, exhibited anxiolytic-like properties in several
behavioural tests in rodents (Hughes et al., 1990; Singh et al., 1991; Rataud et al.,
1991).

2.3. Interaction of neuroleptics and anxiolytic drugs with CCK-ergic
neurotransmission

CCK-8 is shown to colocalize with dopamine in the mesencephalic
dopaminergic neurons (Hokfelt et al.,, 1980) and with the major inhibitory
transmitter GABA in the cerebral cortex and hippocampus (Somogyi et al., 1984;
Hendry et al., 1984). Therefore it is not surprising that the administration of
dopaminergic  drugs, but also compounds affecting the GABA-ergic
neurotransmission, is changing the CCK-ergic activity in the brain. Repeated
administration, but not acute treatment, of different dopamine antagonists
(clozapine, chlorpromazine and haloperidol) evidently increased the amount of
CCK-8 in the striatum and mesolimbic structures (Frey et al., 1983). Chang et al.
(1983) have shown that long-term treatment with haloperidol increases the density
of CCK receptors in the cortical and limbic structures of mice and guinea pigs. By
contrast, chronic treatment with an indirect dopamine agonist metamphetamine
decreased the number of CCK-8 receptors in the rat cerebral cortex (Suzuki,
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Moroji, 1989). In addition, the repeated, but not acute, administration of dopamine
antagonists (haloperidol, chlorpromazine, clozapine etc.) induced, through the
CCK-8 sensitive mechanisms, depolarization and subsequent inactivation of
dopaminergic neurons in the rat midbrain (Chiodo, Bunney, 1983; Bunney et al.,
1985). The CCKAreceptor subtype is shown to be involved in the mediation of this
effect of neuroleptic drugs (Jiang et al., 1988: Zhang et al., 1991; Minabe et al.,
1991).

Benzodiazepine tranquillizers (lorazepam, diazepam), exerting their action
through the facilitation of GABA-ergic neurotransmission in the brain (Haefely et
al., 1985), selectively depressed the CCK-8-induced excitation of rat hippocampal
pyramidal cells (Bradwejn, De Montigny, 1984). The blockade of CCK-8 receptors
by a selective CCKAreceptor antagonist lorglumide is shown to augment the action
of diazepam in the rotarod motor performance test (Panerai et al., 1987). The
withdrawal of long-term treatment with diazepam was demonstrated to increase the
density of CCK receptors in the cerebral cortex and hippocampus of rats (Harro et
al., 1990). The CCKBreceptor antagonist CI-988 has been shown to antagonize the

behavioural signs of benzodiazepine withdrawal (Hughes et al., 1990).
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3. AIMS OF THE PRESENT STUDY

The general purpose of the present work was to study the roie of CCK receptors
in the regulation of behaviour, but also in the action of haloperidol (a ‘classical’
neuroleptic drug) and diazepam (a widely used anxiolytic compound). In detail the
aims of the present study were:

1 To examine the role of CCKAand CCKB receptors in the different behavioural
effects of CCK agonists (motor depressant, antiamphetamine, modulation of emo-
tional behaviour, anticonvulsant effect).

2. To analyze the interaction of CCK antagonists (devazepide and L-365,260) with
the behavioural effects of CCK agonists.

3. To investigate the effects of long-term treatment with CCK antagonists
(devazepide and L-365,260) on mice behaviour and pH]pCCK-8 binding in the
mouse brain.

4. To compare the effects of long-term administration of caerulein and haloperidol

on mice behaviour and on the parameters of dopamine2, opioid, CCK-8 and
GABAA-benzodiazepine receptors in the mouse brain.

5. To examine the changes at CCK receptors and in behavioural effects of caerulein
after long-term treatment with diazepam and haloperidol in rodents.
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4. MATERIALS AND METHODS

4.1. Animals

Mate and female albino mice, weighing 20-25 g, and rats, weighing 150-300 g,
were used throughout the study. Mice and rats were maintained at 20+.VC with
food and water ad lib. Every experimental group consisted of 8-16 animals.

4.2. Behavioural experiments

4.2.1. Exploratory activity in an elevated plus-maze.

The method suggested initially by Handley and Mithani (1984) for measuring
exploratory activity was used in rats with our modifications (Harro et al., 1990).
The apparatus consisted of two opposite open arms (50x10 cm) without side walls
and two enclosed arms (50x10x40 cm) with side walls and an end wall, extending
from a central area (10x10 cm). To determine the exploratory activity in the open-
part of the plus-maze, the maze (together with the central open square) was divided
by lines into 7 equal squares. The maze was elevated to the height of 50 cm, and
placed in a room exposed to daylight. During a 4-min test session the following
measures were taken by an observer: (1) the latency period of the first open part en-
try, (2) the number of lines crossed in the open part, (3) the total time spent in the
open part of plus-maze, and (4) the total number of closed and open part entries. At
the beginning of the experiment the rat was placed at the centre of the plus-maze,
facing usually the right closed arm. The rats clearly preferred the closed arms. An
entry was counted only when all four limbs of the rat were within a given arm.

4.2.2. Locomotor activity in an open-field test.

After testing in the plus-maze the mice and the rats were placed singly into an
open field (for mice 30x30x18 cm; for rats 100x100x40 cm, divided by lines into
16 equal squares) and observed during 3 min. The number of line crossings and
rearings was counted.

4.2.3. Measurement of motor activity in the photocell cages.

Locomotor activity and (+)-amphetamine-induced hyperlocomotion in the mice
were also measured in individual photocell cages. The cage for the registration of
motor activity was a cylinder with an inner diameter of 40 cm and two photocells
(located in the walls) for detection of motor activity. The motor depressant effect of
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caerulein was measured between 0 and 30 min after subcutaneous administration of
CCK agonist (15 Mg/kg)- The antiamphetamine action of caerulein (100 pg/kg, sc)
was determined between 15 and 45 min after intraperitoneal injection (+)-am-
phetamine (an indirect dopamine agonist, 5 mg/kg). Caerulein was given 5 min af-
ter the administration of amphetamine.

4.2.4 Foot-shock-induced aggressive behaviour.

The interaction of caerulein with aggressive behaviour of the mice was detected
by using the foot-shock-induced aggressive behaviour. A pair of mice was placed
into a special box (15x15x15 cm) with a grid floor where during 2 min they re-
ceived 30 foot-shocks with an intensity 1.5 mA. The number of aggressive contacts
(bitings, boxings etc.) was counted during this period. Caerulein (40 pg/kg) was
given subcutaneously 15 min before the experiment. The animals were used only

once.

4.2.5 Interaction of CCK agonists with seizures.

The interaction of caerulein with picrotoxin and pilocarpine-induced seizures
was detected in the individual observation boxes. The animals were placed there 15
min before the start of the experiment (20x20x20 cm). After this habituation period
each animal was treated with caerulein (20-250 pg/kg sc) or saline. Picrotoxin (10
mg/kg ip), a potent antagonist at chloride channel, and the muscarinic agonist pilo-
carpine (380 mg/kg ip) were given 10 min later. After that the mice were observed
for 60 min and the latencies to onset of clonic seizures, tonic extension and death
were registered. In one part of the experiments the interaction of caerulein with
quinolinate (5 pg icv) and N-methyl-D-aspartatc (0.1 pg icv) induced seizures was
studied. Caerulein was injected (1-50 ng icv or 100-500 pg/kg sc) 5 min before
intraventricular administration of NMDA agonists. The unselective CCK antagonist
proglumide (25-100 mg/kg ip) was injected 10 min before treatment with convul-
sants. The behaviour of the mice was observed for 10 min and the number of mice
with clonic seizures was registered.

4.3. Preparation of brain membranesfor radioligand binding experiments
Following decapitation the whole brain was rapidly removed from the skull.
The different brain regions (cerebral cortex, striata, mesolimbic structures [nucleus

accumbens and tuberculum olfactorium| and brainstem) were dissected on ice.
Freehand method was used for dissection of the brainstem, whereas the other struc-
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tures were dissected according to the method of Glowinski and Iversen (1966).
Brain regions from 5-8 mice were pooled and homogenized in 10 volumes of ice-
cold 50 niM TrisHCI, pH 7.4 at 20"C, using motor-driven Teflon-glass homoge-
nizer for 12 strokes. The homogenate was centrifuged at 40000 x g for 15 min,
resuspended in the same volume of buffer and again centrifuged for 15 min. The
membrane preparation for all radioligands was the same, except for j*Hj-etorphine
binding. In this case the homogenate of the mesolimbic structures was incubated
for 45 min at 37X between two centrifugations (for elimination of endogenous
opioid peptides). In the case of [*HI-muscimol binding the membranes were
washed (centrifuged) 7 times at 40000 x g for 15 min.

4.4, Radioligand binding experiments

Different incubation mixtures were used for the radioligand binding experi-
ments. The binding of fAH]-etorphine (36 Ci/mmole, Amersham International),
I"HI-flunitrazepam (81 Ci/mmole, Amersham International) and [*H]-muscimol
(19 Ci/mmole, Amersham International) were performed in 50 mM TrisHCI (pH
7.4 at 20"C). pH]-spiroperidol (77 Ci/mmole, Amersham International) binding
was determined in an incubation buffer consisting of the following: 50 mM Tr-
isHCI (pH 7.4 at 20X), 120 mM NaCl, 5 mM KCI, 2mM CaCl2, 1 mM MgCI2 1
mM EDTANa2, 50 pM pargyline and 0.1 % ascorbic acid. [*H]-pentagastrin (81
Ci/mmole, NEN-Dupont) and |propionyl-*H]propionylated-CCK-8 ([3H]pCCK-8,
60-81 Ci/mmole, Amersham International) binding was studied in the following

incubation medium: 10 mM HEPES-KOH (pH 6.8 at 20X), 130 mM NaCl, 5 mM
KC1, 5 mM MgCI2, 1 mM sodium, 0.2 % bovine serum albumine.

For the binding experiments each polypropylene tube (1.5 ml) received 50 pi of
{"H]-ligand, 50 pi of incubation medium or displacing compound and 400 pi of
brain membrane homogenate (1-4 mg of original tissue wet weight). [*H]-fluni-
trazepam was added in concentrations from 0.6 to 16 nM. The nonspecific binding
was determined by using 1 pm flunitrazepam. The membranes of the cerebral cor-
tex and brainstem were incubated at 0°C for 60 min. [*H]-muscimol was used in
concentrations from 1to 80 nM. The nonspecific binding was measured by 100 pM
muscimol. The membranes of the cerebral cortex and brainstem were incubated for
10 min at OX. ["HJ-etorphine was added in concentrations from 0.05 to 3 nM, the
nonspecific binding was detected by adding naloxone (10 pM). The incubation of
the mesolimbic membranes performed at 25X for 45 min. [*HJ-spiroperidol was
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used in concentrations from 0.1 to 2 nM and the nonspecific binding was measured
by adding 1 uM spiroperidol. The membranes of murine striata were incubated for
30 min at 37°C. |“H]-pentagastrin was added to the incubation medium in
concentrations from 0.1 to 20 nM, nonspecific binding was detected with 1 jiM
caerulein. Incubation of [*HJ-pentagastrin was performed for 75 min at 25 °C. In
the case of [3wpCCK-8 binding the brain membranes were preincubated for 25
min at 23"C with or without 200 nM CCK-8, after which the radioligand was added
and the samples were carefully mixed. The membranes were incubated in the pres-
ence of radioligand for 120 min at 23°C.

In all cases the incubation was terminated by rapid centrifugation in a Beckman
microfuge (11000 x g) for 3 min at room temperature. The supematants were care-
fully aspirated and the pellets washed three times with 250 w1 of ice-cold incubation
buffer before transfer to scintillation vials. Radioactivity of samples was counted
after stabilization in scintillation cocktail within 24 hours, using a Beckman LS
6800 (counting efficacy 50-54%). The binding experiments were repeated at least
three times. The specific binding of [*H]- radioligand was defined as the difference
between the degree of binding in the absence and presence of excess of unlabelled
ligand. Saturation curves were analyzed using a non-linear, regression program
(ENZFITTER, Leatherbarrow, 1987).

4.5. [3HJ-spiroperidolbinding *'in vivo"

pH]-spiroperidol (5 pg/kg, 17 Ci/mmole, Amersham International) was injected
subcutaneously into the dorsal part of the mouse’s neck. N-propylnorapomorphine
(NPA, 5 and 50 pg/kg) and caerulein (20-250 pg/kg) were used to inhibit [*H]-
spiroperidol binding. Two doses of NPA with different action on rodent behaviour

were selected because two sites with different affinity for dopamine and its agonists
existed on dopamine2-receptors (Creese, Leff, 1982; Grigoriadis, Seeman, 1984).

Five Mg/lkg NPA is ED50 for suppression of exploratory activity in mice, whereas
50 pg/kg is ED50 for motor excitation in rodents (Bradbury et al., 1983). NPA and
caerulein were administered 15 min before [*HJ-spiroperidol. The animals (6 mice
per group) were sacrificed 20 min after [3H]-spiroperidol treatment by cervical
dislocation. The brains were rapidly removed and the dorsal cortex and subcortical
forebrain structures (striata and limbic structures) were dissected on ice. The dis-
sected brain areas of each group were pooled and homogenized using a glass-teflon
homogenizer by hand during 1 min. The homogenization procedure was performed
in ice-cold Tris-HCI buffer (50 mM, pH 7.4 at 20°c) in the volume of 40 mg tissue
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per ml. After homogenization 0.5 ml (20 mg tissue) of suspension was pipetted into
6 polypropylene tubes (1.5 ml) and centrifuged during 10 min at 9000g. The super-
natant was carefully discarded and the remaining pellet was washed and cut into
vials. Radioactivity of the samples was counted after stabilization in the Bray cock-
tail within 12 hours in Beckman LS 6800 with the counting of efficacy 43 %. The
binding experiments were repeated at least three times and the data were analyzed
by using Student's t-test.

4.6. Drugs and their administration

The drugs used in the present investigation are caerulein (Bachem; Farmitalia
Carh Erba), CCK-8 (Bachem; Bristol-Myers & Squibb)), pentagastrin (Sanitas),
CCK-4 (Bachem), proglumide (Rotta Pharmaceutici), devazepide, L-365,260
(Merck Sharp & Dohme), haloperidol (Gedeon Richter), spiroperidol (Janssen
Pharmaceutica), naloxone (Dupont), flunitrazepam, flumazenil (Hoffmann-La
Roche), diazepam (Gedeon Richter), muscimol (Serva), pilocarpine (Sigma), picro-
toxin (Sigma), quinolinic acid (Sigma), N-methyl-D-aspartate (Sigma), apomor-
phine (Sigma), N-propylnorapomorphine (NPA, Sterling-Winthrop) and (+)-am-
phetamine (Sigma). CCK agonists, proglumide, dopamine agonists (apomorphine,
NPA and amphetamine), muscimol, naloxone and commercial solutions of
haloperidol, diazepam and pentagastrin were prepared in saline (0.9 % NaCl solu-
tion w/v). Devazepide (MK-329, I-methyl-3-(2-indoloyl)amino-5- phenyl-3H-1,4-
benzodiazepin-2-one), L-365,260 (BR(+)-N-(2,3-dihydro-1-methyl-2-0x0-5-
phenyl-1H-1,4-benzodiazepin-3yl)-N'-(3-methyl-phenyl)urea and flumazenil were
suspended in saline with 1-2 drops of Tween-85. Each injection was done in a
volume 0.1 ml/10 g body weight.

Devazepide (2 mg/kg twice daily) and L-365,260 (2 mg/kg twice daily) were
administered for 10 days. The effects of caerulein and amphetamine on motor
activity were studied 24 h after the last injection of CCK-8 antagonists. ["H]pCCK-
8 binding experiments were carried out also 24 h after the last injection of drugs.
Haloperidol (0.5 mg/kg) and caerulein (0.1 mg/kg) were injected once daily for 15
days. The doses of haloperidol and caeruelin were chosen according to the previous
behavioural experiments. Acute administration of haloperidol (0.5 mg/kg) and
caerulein (0.1 mg/kg) caused significant neuroleptic effects in the mice (catalepsy,
motor depression and the reversal of the behavioural effects of dopamine agonists).
The behavioural and radioligand experiments were performed 72 hours after the
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cessation of haloperidol and caerulein treatment.

Haloperidol (1 mg/kg), diazepam (5 mg/kg) and saline were injected once daily
for 14 days. The doses of caerulein, haloperidol and diazepam were chosen
according to our previous studies (Vasar et al., 1990; Harro et al., 1990a). The
behavioural and radioligand experiments were done 72 hours after the last injection
of haloperidol and diazepam treatment. This withdrawal period was chosen in order
to be sure that most haloperidol and diazepam had been washed out from the
mouse's body, because large doses of diazepam and haloperidol may substantially
mask the behavioural actions of caerulein in the mouse (Harro et al., 1990a; our
unpublished data).

4.7. Statistical analysis

The behavioural data were analyzed by using a one-way analysis of variance
(ANOVA). Post hoc comparisons between the groups were made by using the
Newman-Keuls test. The Mann-Whitney U-test was also used to analyze the
behavioural experiments. The results of radioligand binding studies were evaluated
by Student's t-test.
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5. RESULTS AND DISCUSSION
5.1. Motor depressant and antiamphetamine effect of CCK agonists

Subcutaneous treatment with caerulein and CCK-8 (1-50 pg/kg) in a dose-
dependent manner depressed the locomotory activity of mice (Table 1). Five (ig/kg
caerulein caused a significant reduction of motor activity. The administration of 10
pg/kg CCK-8 did induce the same effect on the locomotory activity of the mice.
The CCKBreceptor agonists pentagastrin and CCK-4 did not change the locomotor
activity up to the dose of 100 (ig/kg. The pretreatment of the mice with an
unselective CCK antagonist proglumide (1-50 mg/kg) failed to affect the motor
depressant action of caerulein (Table 2). The pretreatment of the animals with a
selective CCKIJ1 receptor antagonist devazepide (0.1-10 Mg/kg) only partially
antagonized the sedative effect of the CCK agonist. By contrast, a selective CCKB
receptor antagonist L-365,260 (0.1- 1000 (ag/kg) significantly enhanced the motor
depressant effect of caerulein. A dopamine agonist apomorphine in a low dose (0. i
mg/kg) also reduced the motor activity of the mice. Pretreatment with L-365,260
(1-10 pg/kg) significantly enhanced the sedative effect of apomorphine in the
mouse (Table 2). Small doses of devazepide (1-10 pg/kg) only partially attenuated
the sedative effect of apomorphine, whereas high doses (100 and 1000 pg/kg)
enhanced the action of the dopamine agonist. The pretreatment with caerulein (15
pg/kg) significantly potentiated apomorphine-induced hypolocomotion in the
mouse. The co-administration of apomorphine and caerulein caused nearly
complete loss of motor activity in the mice. Neither devazepide, nor L-365,260
could antagonize the effect of concomitant treatment with apomorphine and
caerulein. According to the existing data the motor depressant effect of
apomorphine and caerulein are thought to be related to the decreased activity of
dopaminergic cells in the mesencephalon (Strombom, 1977; Zetler, 1985). The
behavioural effects of CCK antagonists probably reflect the distinct role of CCKA
and CCKHreceptors in the regulation of presynaptic dopaminergic activity in the
mouse's brain. The blockade of CCKB receptors by L-365,260 decreases the
dopaminergic activity, whereas the interaction of devazepide with CCKA receptors
increases it in the mouse's brain. It seems probable that the CCKA receptors at
which caerulein and CCK-8 act to reduce locomotor activity are in the periphery
and are associated in some way through the vagal afferent pathway with
dopaminergic neurons (Crawley, Schwaber, 1984; Crawley, Kiss, 1985; Hommer
et al., 1985). However, it is important to stress that in our study devazepide, in
contrast to the investigation of Khosla and Crawley (1988), only moderately
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Table |
THE BEHAVIOURAL EFFECTS OF CCK AGONISTS IN RODENTS

Behavioural effect Caerulein CCK-8 Pentagastrin  CCK-4
Motor depression + + 0 0
Inhibition of + + + b

exploratory activity

Antiaggressive effect + 0
Antiamphetamine effect + + 0
Anticonvulsant effect + + +/0

+ - strong effect; +/U - moderate effect; O - ineffective

Table 2
THE INTERACTION OF CCK ANTAGONISTS WITH TH1
BEHAVIOURAL EFFECTS OF CCK AND DOPAMINE AGONISTS

Behavioural effect Proglumide Devazepide L-365,260
CCK-8-induced hypo- ineffective antagonism potentiation
locomotion

Antiamphetamine ineffective antagonism moderate
effect of caerulein antagonism
Antiexploratory antagonism antagonism antagonism
effect of CCK-4 at low dose at high dose at low dose
Anticonvulsant antagonism antagonism antagonism
effect of CCK agonists  at high dose at high dose at high dose
Apomorphine-induced ineffective antagonism potentiation

hypolocomotion

Amphctaminc-induced  antagonism antagonism ineffective
hyperlocomotion at high dose at high dose
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antagonized the motor depressant effect of caerulein. This seems to support the idea
that not only the CCKA receptor subtype is involved in mediating the effect of
caerulein. The concomitant treatment with a low dose of apomorphine and
caerulein causes nearly complete loss of motor activity in the mice. Devazepide and
L-365,260 were completely ineffective against the motor depression induced
by simultaneous administration of caerulein and apomorphine. According to the
studies of Hommer et al. (1986) and Crawley (1989) the CCK receptors that
mediate the potentiation of dopamine-induced hypolocomotion and suppression of
the electrical activity of dopamine neurons in the rat mesencephalon by CCK
belong to the CCKB subtype. Altar and Boyar (1989) have found that the
antagonistic effect of centrally or peripherally administered CCK agonists on the
amphetamine-evoked dopamine release in the mouse is also related to the CCKB
receptor subtype. Nevertheless, it is not clear whether CCK,, receptors are involved

in the potentiation of apomorphine-induced hypolocomotion induced by caerulein
in the mouse and it remains to be established.

An indirect dopamine agonist (+)-amphetamine (5 mg/kg) caused a three fold
increase in the number of motor activity counts. Pretreatment with caerulein (25-
125 pg/kg) induced a dose-dependent inhibition of (+)-amphetamine-induced
hyperlocomotion (Table 1). CCK-8 significantly antagonized the behavioural effect
erf (+)-amphetamine at a dose 200 pg/kg, whereas pentagastrin was completely
ineffective up to 1 mg/kg. It is worth noting that intraventricular administration of
CCK-33 (1 lvy Unit) also blocked the behavioural effects of (+)-amphetamine
(stereotyped behaviour and motor stimulation). Taking into account that the
selective CCKA receptor antagonist devazepide (10 jag/kg) also completely
antagonized the behavioural effects of dopamine agonist, it is possible that CCK-33
interacted with (+)-ampfietamine-induced behavioural effects through the CCKB
receptor subtype. This finding is in accordance with the study of Crawley et al.
(1985) where administration of CCK-8 into the anteriolateral part of the nucleus
accumbens reversed (+)-amphetamine-induced hyperlocomotion by interacting
with the CCKB receptor subtype. L-365,260 had no effect on (+)-amphetamine
induced hyperactivity, whereas devazepide in high doses (above 1 mg/kg)
suppressed spontaneous motor activity and completely antagonized the motor
stimulation induced by (+)-amphetamine in the mice. The unselective CCK
antagonist proglumide induced a similar antiamphetamine effect at doses 5-15
mg/kg. The pretreatment of mice with devazepide over a wide dose range (MOO
pa/kg) completely blocked the antiamphetamine effect of caerulein (Table 2) The
administration of L-365,260 at a low dose (1 pg/kg) also did counteract the
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antiamphetamine effect of the CCK agonist. Proglumide (1-100 mg/kg) could not
affect the antiamphetamine effect of caerulein. The interaction of CCK antagonists
with amphetamine-induced hyperlocomotion and the antiamphetamine effect of
caerulein is somewhat different from their action on caerulein- and apomorphine-
elicited hypolocomation. It is suggested that (he different pharmacology of CCK-8
against dopamine-induced hypolocomotion and hyperlocomotion is related to the
involvement of distinct brain regions in the development of two opposite
behavioural effects of dopamine in the rat (Crawley, 1989). The CCK-Bgastrin
antagonist L-365,260 did not significantly change amphetamine-induced
hyperlocomotion, but paradoxically it reversed (at a low dose) the antiamphetamine

effect of caerulein. Devazepide antagonized the antiamphetamine effect of
caerulein at low doses, where it probably interacts selectively with CCKAreceptors.

However, at a high dose (1 mg/kg), which also interacts with CCKB receptors
(Dourish et al., 1989), devazepide per se reverses the motor excitation induced by
(+)-amphetamine. It is noteworthy that proglumide, which failed to interact with
the sedative and antiamphetamine effect of caerulin, substantially antagonized the
motor excitation induced by (+)-amphetamine (Table 2). According to the studies
of Moroji and Hagino (1987) the antiamphetamine effect of caerulein in mice is

completely resistant to vagotomy. Accordingly, it seems very probable that the
CCKA receptors involved in the antiamphetamine effect of caerulein are distinct

from the CCKA receptors related to caerulein- and apomorphine-induced
hypolocomotion. The idea that these CCKA receptors are located in the mouse's
brain is supported by the study of Hagino et al. (1989), in which the
intraventricular administration of CCK-8 and caerulein, but not desulfated CCK- 8

and CCK-4, antagonizes amphetamine-induced motor excitation in the mouse. The
possible mediation of the antiamphetamine effect of caerulein through the CCKA

receptors in the mouse's brain may reflect the substantial difference between CCKA
receptors in the mouse and rat brains. Crawley et al. (1985; Crawley, 1989) have
shown that CCK-8 by interacting with CCKA receptors facilitates dopamine-
induced hyperlocomotion in the posteriomedial part of the nucleus accumbens of
the rat. The different pharmacology of CCKA receptors in the mouse and the rat
brains seems to account for the interspecies differences in the behavioural effects of
caerulein in the mouse and the rat. Namely, systemic treatment with caerulein
reversed the behavioural effects of amphetamine in the mouse, but not in the rat.
(n the other hand, deva/epide at a moderate dose (10 ng/kg) completely reversed
amphetamine-induced stereotypy and motor excitation in the rat, whereas in the
mouse it potently antagonized the antiamphetamine effect of caerulein.
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In conclusion, the results of the present study reflect the apparently distinct role
of CCK/land CCK,, receptors in the regulation of motor activity. The opposite

effect of devazepide and L-365,260 on caerulein- and apomorphine-induced
hypolocomotion is probably related to the antagonistic role of CCKA and CCK,,
receptor subtypes in the regulation of dopaminergic cells. The CCKJ1receptors, at
which caerulein acts to reduced locomotor activity, are possibly in the periphery
and are associated in some way through the vagal afferent pathways with
dopaminergic neurons in the mesencephalon (Crawley and Schwaber, 1984,
Crawley and Kiss, 1985). The antiamphetamine effect of caerulein seems to be
linked to the stimulation of CCKAreceptors in the mouse's brain, whereas probably
the blockade of both subtypes of the CCK-8 receptor is involved in the
antiamphetamine effect of devazepide.

5.2. Interaction of CCK agonists and antagonists with emotional behavwur

The lowest dose of caerulein to cause the anxiogenic- like effect on the
exploratory behaviour of the rat in the elevated plus-maze was 100 ng/kg (Table 3)
pentagastrin had a similar effect after administration of 500 ng/kg. The
subcutaneous treatment with 10 ng/kg CCK-4 in some experiments also
significantly decreased the exploratory activity of the rats. The maximal reduction
of the animals' behaviour was seen after injection of 25 and 50 (ig/kg of CCK-4.
The anxiogenic-like effect of CCK agonists in the elevated plus-maze was in good
accordance with their potency to inhibit pH]pCCK-8 (0.3 nM) binding in the
cerebral cortex, but not in the pancreas (Table 3). According to these results it is
very likely that CCKB receptors have a significance in the anxiogenic-like action
of CCK-8 agonists on the rat. The interaction of different CCK antagonists
(proglumide, devazepide and L-365,260) with the anxiogenic-like effect of CCK-4
(50 jug/kg) was also studied (Table 2). The pretreatment with 1 pg/kg L-365.260,
the selective antagonist at CCKBreceptors, moderately reduced the anti-exploratory
effect of CCK-4. But only 10 pg/kg L-365,260 caused statistically evident
antagonism with the anxiogenic-like action of CCK-4. The CCKB receptor
antagonist L-365,260 was nearly 100-fold more effective than the selective CCKA
receptor antagonist devazepide (1 mg/kg) and the unselective CCK antagonist
proglumide (1 mg/kg). Consequently, the experiments with the selective CCK
antagonists obviously support the idea that tho anxiogenic-like effect of
peripherally administered CCK agonists is related to the CCKBreceptor subtype in
the rat.
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Table 3

THE CORRELATION BETWEEN ANXIOGENIC-LIKE EFFECT OF CCK
AGONISTS AND THEIR AFFINITY AT CCK RECEPTORS IN THE RAT
CEREBRAL CORTEX AND PANCREAS

CCK agonist Anti-exploratory IC50 values against
effect in plus-maze [3H]-pCCK-8
(pmol/kg) cerebral cortex  pancreas
(™) (nM)
Caerulein 0.074 11 0.6
Pentagastrin 0.670 10 6200
CCK-4 17.3 411 >10000
Pearson's y 0.9999 0.808
p=0.008 p>0.4

The systemic administration of caerulein (2-100 ng/kg), but not that of
pentagastrin, induced a dose-dependent reduction of foot-shock aggressiveness in
the male mice. The failure of pentagastrin, the agonist at CCKBgastrin receptors, to
reduce the aggressive behaviour, probably supports the opinion that the CCKA
receptor subtype is mediating the antiaggressive effect of caerulein in the mouse.
The pretreatm”nt of mice with the unselective CCK antagonist proglumide (5-25
mg/kg) antagonized the antiaggressive effect of caerulein (40 Mg/kg). The opioid
antagonist naloxone (0.5- 2.5 mg/kg) also blocked the antiaggressive effect of CCK
agonist. Concomitant repeated administration of caerulein (100 ng/kg twice daily,
for 14 days), but not of pentagastrin (250 ng/kg twice daily), with apomorphine (1
mg/kg twice daily) potently antagonized the development of apomorphine
aggressiveness in the male rat. These data seem to support the above mentioned
idea that the antiaggressive effect of caerulein in rodents is linked to the CCKA
receptor subtype. Moreover, intraventricular injection of 200 ng of CCK-4, but not
of caerulein, induced an appreciable enhancement of the foot-shock-induced
aggressiveness. The animals receiving CCK-4, differently from the control animals,
inflicted injuries on one another. When the dose of CCK-4 was further increased, at
lirsi the aggressive reactions were reduced (1000 ngh but then (5000 ng) they again
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exceeded the control level. Pirenperone, the selective antagonist at serotonin2-
receptors, in comparison with the dopamine2-receptor antagonist haloperidol, had a
more pronounced effect on the CCK-4-enhance foot-shock aggressiveness. A low
dose of haloperidol (0.01 mg/kg) potentiated the action of CCK-4, and only the
administration of 0.2 mg/kg haloperidol significantly suppressed aggressive
behaviour. Pirenperone, in contrast to haloperidol, significantly lowered the
intensity of aggressive behaviour in a dose of only 0.01 mg/kg. When the dose was
further increased, the antiaggressive action of pirenperone became more profound.
The increase of aggressive behaviour, although not so significant, was also
established after systemic treatment with a nearly 60-fold higher dose of CCK-4
(50 Mglkg, 12.5 |ig per rat). Accordingly, there is considerable evidence that CCK-4
potentiates the foot-shock aggressiveness through the CCKB receptor subtype. The

strong antagonism of pirenperone against the proaggressive action of CCK-4 seems
to support the role of serotoninergic mechanisms in the action of the CCKBagonist.

In conclusion, the above described results reflect the apparently distinct action
of CCK agonists on the emotional behavior in rodents. At very low doses caerulein,
CCK-8, pentagastrin and CCK-4 induced anxiogenic-like effect on the exploratory
behaviour in the rats. There is good correlation between the minimal effective
doses of CCK agonists and their affinity at CCKB receptors in the rat's cerebral
cortex, but not at CCKp receptors in the pancreas. L-365,260 was a stronger
antagonist of the anxiogenic-like effect of CCK-4 as compared with devazepide.
Accordingly, the anxiogenic-like effect of CCK agonists is related to the CCKB
receptor subtype in the rat. On the other hand, the unselective CCKBCCKAagonist
caerulein at high doses inhibited through the naloxone-sensitive mechanisms the
aggressive behaviour in the mice. Probably, the antiaggressive effect of caerulein is
related to CCKA receptors. By contrast, the selective CCKB agonist CCK-4
increased the foot-shock-induced aggressive behaviour in the rat after systemic, as
well as after intracerebroventricular administration. The comparison of doses of

CCK-4 affecting the aggressive behavior after the intracerebral and systemic
administration left little doubt that this action of CCK-4 is related to the CCKB

receptor subtype in the brain. However, it seems possible that CCKA and CCKB
receptors have a distinct role in the regulation of negative emotions and this may
explain why CCK-4 and pentagastrin, but not CCK-8, induce generalized anxiety
and panic attacks in man (De Montigny, 1989; Abelson, Nesse, 1990; Bradwejn et
al., 1990).
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5.3. Anticonvulsant effect of CCK agonists

The administration of picrotoxin (10 mg/kg) induced fatal seizures in all the
tested animals. Pretreatment of control animals with caerulein (20-500 ng/kg)
obviously delayed the onset of clonic seizures, tonic seizures, and death (Table 1).
Moreover, caerulein (125 |ig/kg) was able to protect 60 % of mice against the fatal
action of picrotoxin. The concomitant administration of the CCK antagonist
proglumide (50 mg/kg) with caerulein evidently antagonized the anticonvulsant
action of CCK agonist (Table 2).

Systemic treatment with muscarinic agonist pilocarpine (380 mg/kg) evoked
fatal seizures in all injccted male mice. The pretreatment of mice with CCK-8 (25-
200 ng/kg) significantly antagonized the effect of 380 mg/kg pilocarpine (Table 1).
50 ng/kg CCK-8 obviously reversed the effect of muscarinic agonist, the further
increase of CCK-8 dose did not enhance the effect of neuropeptide. 13 mice from

the 39 tested survived pilocarpine-induced seizures after administration of 200
jug/kg CCK-8. The CCKR/gastrin agonist pentagastrin only moderately reduced the

convulsant action of pilocarpine (Table 1). The CCKA receptor antagonist
devazepide at a high dose (1 mg/kg) evidently antagonized the anticonv3.rnt
effect of CCK- 8 (Table 2). The CCKBreceptor antagonist L-365,260 also after the

administration of a high dose (1 mg/kg) reversed the anticonvulsant action of CCK.

Intracerebroventricular administration (1-50 ng), but not systemic injection
(100-500 pg/kg sc), of caerulein completely blocked the seizures induced by
quinolinc acid (5 ng icv) and N-methyl-D-aspartate (NMDA, 0.2 ng icv) in the
mice. The antagonist at CCK receptors proglumide (50 mg/kg) attenuated the
anticonvulsant effect of caerulein. The coadministration of proglumide (25 mg/kg)
with a subthreshold dose of quinolinic acid (2.5 ng icv) induced fatal seizures in all
the tested animals.

Picrotoxin, pilocarpine and NMDA up to 1 mM did not interact with
fAH|pCCK-8 binding in the radioligand studies in 'in vitro'. The anxiogenic dose of
picrotoxin (0.5 mg/kg) increased the density of CCK receptors in the cerebral
cortex and hippocampus (FIGURE 1). The administration of picrotoxin at the
convulsant doses (1 and 2.5 mg/kg) increased the affinity, but decreased the density
of [*"H]pCCK-8 bhinding sites in the rat's forebrain. The injection of a high dose of
pilocarpine (380 .ng/kg) changed the parameters of |"HJpCCK-8 binding sites in
several lor brain structures of the rat. Pilocarpine also reduced significantly the
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number of [*H|pCCK-K binding sites in the striatum, frontal cortex and
hippocampus. Simultaneously, their affinity was increased in the striatum and
hippocampus. The anxiogenic dose of NMDA increased also the density
fAHIpCCK-8 binding sites in the mouse's forebrain. By contrast, the administration
of NMDA at convulsant doses (100-200 mg/kg) increased the affinity of CCK
receptors, but decreased their density in the mouse's brain.

The above presented data reflect a significant role of CCK-8 receptors in the
modulation of the epileptogenic effect of picrotxin, pilocarpine and NMDA
agonists. CCK-8 and caerulein potently antagonized the seizures induced by
chemoconvulsants. The selective CCK antagonists devazepide and L-365,260
reversed the anticonvulsant effect of caerulein and CCK-8 against the pilocarpine-
induced seizures. However, this happened after the administration of a very high
dose (I mg/kg) of CCK antagonists. It is noteworthy that the effect of L-365,260
was somewhat stronger as compared with devazepide. Indeed, L-365,260, in a wide
dose range (10-1000 pg/kg), blocked also the effect of CCK-8 on pilocarpine-
induced lethality. Nevertheless, both subtypes of CCK-8 (CCKAand CCKB) seem
to be involved in the anticonvulsant effect of CCK-8. However, the site of the
anticonvulsant action of CCK agonists remains to be ambiguous. The
administration of picrotoxin, NMDA and pilocarpine at convulsant doses
significantly decreased the density of CCK receptors in the different forebrain
structures of the rodents. The administration of picrotoxin and kainic acid was
shown to reduce the concentrations of CCK-8-like immunoreactivity in the rats
limbic structures (Kato et al., 1988, Gall, 1988). Therefore, it is possible that the
CCKn receptor subtype is, at least partially, involved in the modulation of seizures
induced by different chemoconvulsants (pilocarpine, picrotoxin, NMD> etc.). Last
not least, the unselective CCK agonists (caerulein and CCK-8) seem to be the
unique anxiogenic-like compounds. They possess, differently from the other
anxiogenic drugs, the anticonvulsant action.

5.4. Effect of repeated administration of devazepide and L-365,260 on motor
activity and f3HJpCCK-8 binding in mice

A ssingle injection ol the CCKJ/lantagonist, devazepide (2 mg/kg) increased the
frequencies of rearings and line-crossings, whereas the CCKB antagonist. L-
365,260 (? mg/kg) only increased the number of rearings. Tolerance developed to
the Joiomotor elfeels ol the antagonists al ler their repeated administration (for 10



days, iwicc daily). However, tolerance to devazepide was not seen in all the mice,
about 20 % becoming aggressive with repeated treatment. The mice attempted to
bile the backs of other mice in the cage. Administration of a moderate dose of
caerulein (20 pg/kg) 24 h after the last injection of CCK antagonists reduced motor
activity in control animals pretreated with vehicle and in mice treated with L-
365,260. The sedative effect of caerulein (20 pg/kg) was significantly reduced in
mice pretreated with devazepide. Administration of (+»-amphetamine produced a
54% increase in the number of line crossings and this effect was not altered by 10
days pretreatment with L-365,260. Injection of (+)-amphetamine in animals
pretreated with devazepide increased motor activity more than in animals
pretreated with vehicle. This increase was more marked when compared with the
saline + vehicle group. Repeated treatment with devazepide and L-365,260 altered
[*"HIpCCK-8 binding in the mouse’s forebrain. Treatment with devazepide slightly
increased the affinity of pHjpCCK-8 binding sites whereas after L-365,260 there
was no significant change. Devazepide and L-365,260 increased the number of
pH]pCCK-8 binding sites, but only an 83 % increase after 1-365,260 was
significant.

Repeated treatment with devazepide significantly affected the locomotor
activity of mice and their behavioural responses to caerulein and (+)-amphetamine.
The results are interpreted in the light of recent suggestions that CCKAand CCKB
receptors have opposite effects on dopamine-mediated behaviours (Crawley, 1989;
Koshikawa et al., 1990). Chronic treatment with proglumide increased the activity
of dopaminergic cells in the mesolimbic system (Chiodo et al., 1987). A similar
effect occurring after repeated treatment with devazepide might explain the reduced
sedative effect of caerulein. The increased motor stimulant effect of (+)-
amphetamine is most likely due to increased sensitivity of striatal and mesolimbic
dopamine2receptors because long-term administration of CCK antagonists
(proglumide, devazepide) increased the number of dopamine2receptors in the basal
ganglia of the rodents (Csemansky et al., 1987; our unpublished data). Increased
dopamine2-receptors  sensitivity would also account for the increased
aggressiveness seen in some mice during repeated treatment with devazepide.
However, it is difficult to explain the discrepancy between the increase in the
density of CCK-8 receptors and the lack of any changes in behaviour after 10-day
treatment with L-365,260. It may be that the behaviours studied are more
dependent on CCKA receptors and that L-365,260 does not affect these receptors

even at high doses.



5.5. Comparison of the effects of long-term haloperidol and caerulein
treatment on mice behaviour and 1"HJ-radioligand binding in the mouse
brain

According to our preliminary experiments the cessation of long-term
administration of haloperidol and caerulein did not cause significant signs of
withdrawal. The basal motor activity of mice was unaltered 72 hours alter the last
injection of repeated treatment with saline and haloperidol as well as caerulein. In
addition, we found that quinolinic-acid- and picrotoxin-induced seizures were
identical after the withdrawal of long-term saline, haloperidol or caerulein
treatment. Moreover, there were no significant differences in the binding values of
t"H]-spiroperidol, [*HJ-flunitrazepam and [“H]-pentagastrin if the tissues were
obtained 2 or 72 hours after the last injection of haloperidol and caerulein.
Therefore the changes in mice behaviour and radioligand binding described below
were not caused by the withdrawal of haloperidol and caerulein, but were rather
induced by the repeated administration of both drugs.

Seventy-two hours after the cessation of 15 days of haloperidol (0.5 mg/kg
daily) and caerulein (0.1 mg/kg) treatment the effects of different drugs on mice
motor activity were changed. The motor excitation induced by amphetamine (3
mg/kg) was evidently increased after haloperidol and caerulein treatment (Table 4).
However, tolerance developed to the action of muscimol (1 mg/kg), caerulein (15
Mg/kg) and flumazenil (10 mg/kg). Muscimol and caerulein were not able to
suppress the motor activity of the mice after haloperidol or caerulein
administration. Flumazenil, which increased the motor activity in saline-treated
animals, failed to affect the activity after 15 days of haloperidol or caerulein
treatment.

The prolonged haloperidol and caerulein treatment also affected the binding of
different radioligands to washed brain membranes in a similar way. The density of
[3w -spiroperidol binding sites in striatum (mainly dopamine2receptors) was
significantly increased after the administration of both drugs (Table 4). Similar
increase of [*HJ-etorphine (labelling mu-, delta- and kappa-opioid receptors)
binding sites was detected in the mesolimbic structures. Accordingly, our data
suggest that both compounds increase the number of dopamine2-receptors in the
striatum and opioid receptors in the mesolimbic structures. The increased
sensitivity of the mice to the motor stimulating effect of amphetamine, a compound
that increases the release of dopamine, probably reflects the enhancement of
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dopaminc2-receptors density aller caerulein or haloperidol treatment. Some authors
have demonstrated that opioid receptors play an important role in the regulation ol'
dopamine receptors' sensitivity (Matsuhara, Matsushita, 14X6; Siinus et al., 1986).
It seems probable that the increased sensitivity of opioid receptors is obligatory for
the development of hypersensitivity at dopamine receptors in the mesolimbic area.

Table 4
THE COMPARISON OF LONG-TERM EFFECTS OF HALOPERIDOL AND
CAERULEIN

Haloperidol Caerulein

Behavioural effects
Caerulein-induced tolerance tolerance
hypolocomotion

Muscimol-induced tolerance tolerance
hypolocomtion

Flumazenil-induced tolerance tolerance
motor stimulation

Amphetamine-induced increase increase
motor excitation

Radioligand binding studies

Dopamine2-receptors increased density increased density
in striatum
Opioid receptors increased density increased density

in mesolimbic structures

CCK-8 receptors decreased density* decreased density™
in cerebral cortex

GABAAbenzodiazepine receptors
in cerebral cortex decreased density decreased densit\
in brainstem increased density increased density

* - increased affinity (decrease of Kj values)
Differently from j*H]-spiroperidol and [-“Hj-etorphine binding the number of

lj-pentagastrin (a ligand interacting with CCK,,/gastrin receptors) binding sites

was evidently decreased, but their affinity was increased in the mouse cerebral
35
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cortex (Table 4). The significant reduction of motor depressant effect of caerulein
after haloperidol or caerulein treatment is probably related to the decrease of the
CCK-8 receptor number in the brain. Many behavioural studies now support the
idea that CCK-8 acts as a functional antagonist of dopamine and endogenous opioid
peptides in the brain (Faris et al., 1983; Zetler, 1985; Malsubara, Matsushita,
1986). Accordingly, the subsensitivity of CCK-8 receptors seems to be necessary
for the development of hypersensitivity at dopamine and opioid receptors. The
changes in ["H]-flumtrazepam and [*H]-muscimol binding were dependent on the
brain region studied. In the cerebral cortex their number was reduced, whereas in
the brainstem the density of [*HJ-flunitrazepam and PH]-muscimol binding sites
was increased after 15-day treatment of haloperidol and caerulein. The similar
alteration of CCK-8 and benzodiazepine-GABAA receptors may be linked to the
finding that CCK-8 and GABA are comediators in the same neurons of the cerebral

cortex and hippocampus (Somogyi et al., 1984). The molecular changes at
benzodiazepine and GABAa receptors are probably associated with tolerance of

behavioural effects of GABAa agonist muscimol and benzodiazepine antagonist

flumazenil. Muscimol did not suppress and flumazenil did not increase the motor
activity of the mice after long-term treatment of haloperidol and caerulein.

In conclusion, the similar actions of haloperidol and caerulein after long-term
treatment seem to be related to the fact that the effects of haloperidol are mediated
not only through dopaminergic, but also via CCK-8-ergic mechanisms. The effect
of CCK-8 seems to be related to the modulation (probably through CCKA
receptors) of the sensitivity of different neurotransmitter receptors (dopamine,
endogenous opioid peptides and GABA).

5.6. Changes at CCK receptors after long-term treatment with haloperidol and
diazepam

Administration of caerulein (15 |ig/kg) to the saline pretreated mice produced an
evident inhibition of the locomotor activity in the animals. After diazepam
withdrawal the motor depressant effect of caerulein was somewhat reduced, as
compared with the saline + diazepam treated mice. But, it was still statistically
significant in comparison with the saline + saline treated group. By contrast,
caerulein was unable to decrease the motor activity of the mice after the long-term
administration of haloperidol (Table 5). The administration of (+)-amphetamine (5
mg/kg) induced a nearly 4-fold increase in the motor activity of the mice as

36



compared wilh ihe saline-treated control mice. The co-administration of caemlein
(100 Mgl/kg) with (+)-amphetamine potently antagonized the action of dopamine
agonist. Long-term treatment with haloperidol induced a complete tolerance to the
antagonistic action of caerulein against (+)-amphetamine- induced motor
excitation. Two-weeks administration of diazepam did not change the
antiamphetamine effect of caerulein. There is considerable evidence that the motor
depressant and antiamphetamine effect of CCK agonists (caerulein, CCK-8) are
related to their interaction wilh CCKA receptors in the mouse (Khosla, Crawley,
19X8; Hagino et al., 1989; Crawley, 1989; O'Neill et al, 1991). The
intraventricular administration of caerulein (5-50 ng) also decreased the locomotor
activity in the rat. However, after the long-term treatment with haloperidol
caerulein (50 ng icv) significantly increased the motor activity of the animals in the
open-field test. On the other hand, repeated treatment with haloperidol potentiated
the long-term antiamphetamine effect of caerulein and CCKBgastrin agonist
pentagastrin in the rat. Thus, it is probable that the long-term antiamphetamine
effect of CCK agonists in the rat is related to their interaction with the CCKB
receptor subtype. Accordingly, it is most likely that long-term treatment with
haloperidol causes the subsensitivity at CCKAreceptors modulating the activity of
dopaminergic neurons, whereas the CCKBreceptor subtype became more sensitized

to the action of CCK agonists. By contrast, repeated administration of diazepam
seems to have only a weak influence on CCKA receptors affecting the activity of

dopaminergic neurons. There exists evidence that long-term haloperidol
administration induced through the indirect interaction with CCKA receptors the
depolarization inactivation of dopamine neurons in the midbrain (Bunney et al.,
1985; Zhang et al., 1991; Minabe et al., 1991). This inactivation of dopaminergic
neurons may explain to some extent the development of subsensitivity at CCKA
receptors after repeated haloperidol treatment. The injection of caerulein at doses
(20-250 |Jg/kg), decreasing the motor activity and blocking (+)-amphetamine-
induced motor excitation, inhibited [*HJ-spiroperidol binding in 'in vivo' studies in
the mouse forebrain. The CCK antagonist proglumide (25-50 mg/kg) counteracted
the effect of caerulein. On the other hand, the CCKBgastrin agonist pentagastrin
(100-2500 pg/kg) was unable to influence [*H]-spiroperidol binding performed in
"in vivo" conditions in the mouse forebrain. It is noteworthy that after long-term
treatment with haloperidol caerulein caused an opposite effect: it stimulated the
binding of [*Hj-spiroperidol in the mouse forebrain. It seems probable that these

changes in [3H]-spiroperidol binding after repeated treatment with haloperidol also
reflect the  development of  subsensitivity at CCKA  receptors.
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COMPARISON OF LONG-TERM EFFECTS OF DIAZEPAM AND
HALOPERIDOL ON THE BEHAVIOURAL EFFECTS OF CAERULEIN
AND ON I"HjpCCK-X BINDING IN THE MOUSE BRAIN

Dia/epam Haloperidol
Behavioural effects of caerulein
Motor depression Moderate decrease Complete tolerance
Aniiaggressive effect Increased Increased
aggressiveness
Anticonvulsant effect Complete tolerance Moderate decrease
Antiamphetamine effect Unchanged Complete tolerance

[3HIpCCK-H binding in the mouseforehrain
Affinity Increased Increased
Density Decreased Decreased

The injection of 40 ng/kg caerulein to the saline-treated control animals induced
the statistically significant reduction of aggressive behaviour. On the contrary, after
long-term treatment with haloperidol and diazepam, caerulein markedly increased
ihe intensity of aggressive behaviour, especially the number of biting attacks was
increased (Table 5). The antiaggressive effect of caerulein was reversed after 14
days administration of haloperidol and diazepam. The increased aggressiveness
induced by caerulein is in agreement with the above described studies where the
intraventricular administration of a CCKB agonist CCK-4 (0.2 jig per animal)
induced very dramatic potentiation of foot-shock-induced aggressiveness in the
male rat. Moreover, the subcutaneous administration of CCK-4 (25-50 pg/kg)
induced the anxiogenic-like interaction with the exploratory behaviour in the rat,
and this effect had clearly the CCKBreceptor subtype pharmacology (Harro, Vasar,
1991). Some evidence exists that CCKHreceptors are involved in the mediation of
anxiety-like states in the mouse (Hughes et al., 1990; Rataud et al., 1991).
Therefore, it is likely that the increased aggressiveness induced by caerulein, after

two-weeks administration of haloperidol and dia/epasn. could be explained by the
increased sensitivity of the CCK,, receptor subtype.



The systemic treatment with caerulein is shown to antagonize ihe seizures
induced by picrotoxin, an antagonist at chloride channel, in the mouse (Zeller,
19X5). Two-weeks treatment with haloperidol moderately reduced the
anticonvulsant effect of caerulein, especially the latency to death was shorter, as
compared with the saline-treated control mice (Table 5). After two-weeks
administration of diazepam caerulein was unable to affect the development of
picrotoxin- induced seizures in the mice. The site of caerulein's interaction with
picrotoxin-induced seizures is still unclear. However, the development of tolerance
to the antipicrotoxin effect of caerulein alter repeated administration of diazepam
may support the involvement of GABA-ergic mechanisms in the action of CCK
agonist. Harro et al. (1990a) have established that two-weeks administration of
diazepam induced tolerance to the anxiogenic-like effect of caerulein. These
behavioural data are in accordance with the electrophysiological study of
Bouthillier and De Montigny (1988), showing that long-term treatment with
diazepam significantly reduced the responsiveness of hippocampal pyramidal
neurons to the application of CCK. There is a possibility that the anti- picrotoxin
effect of CCK agonists is related to the CCKBreceptor subtype. Indeed, the nearly
similar doses of sulfated CCK-8 and unsulfated CCK-8, the selective agonist at
CCKB receptors, antagonized picrotoxin-induced seizures in the mouse (Kadar et
al, 1985). It is possible that CCK receptors, functionally linked to the GABA-ergic
system, are involved in the anti-pierotoxin action of caerulein. Probably, long-term
treatment with diazepam induces the subsensitivity at these CCK receptors.

Haloperidol and diazepam (up to 1 mM) failed to inhibit ["H]pCCK-8 binding
in "in vitro" studies. Acute administration of haloperidol (1 mg/kg) and diazepam
(5 mg/kg) did not influence [3H]pCCK-8 binding in the mouse forebrain.
However, alter the cessation of long-term treatment with diazepam and haloperidol
the parameters of [*"H]pCCK-8 binding sites were significantly changed (Table 5).
Namely, the affinity of [*"H]pCCK-8 binding sites was increased (Kd values were
decreased), but their number was evidently decreased in the mouse forebrain.
Long-term treatment with haloperidol as well as with diazepam is shown to
increase the density of CCK receptors in the forebrain structures of rodents (Chang
et al., 1983; Harro et al., 1990b). In the light of these findings the data of the
present study are really unexpected. Indeed, two-weeks haloperidol and diazepam
treatment significantly decreased the density of [*HIpCCK-8 hinding sites, but
simultaneously increased their affinity. The careful analysis of dissociation curves
for pH]pCCK-8 and ['"ICCK-K revealed the existence of two distinct binding
sites for CCK in the different brain structures of the rodents (Wennogle et al.,
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1985; Sekiguchi, Moroji, 1986). It might he possible that long-term diazepam and
haloperidol treatment differently alters these subtypes of the CCK receptor. Thus,
one could speculate that the high-affinity binding sites for |["H|pCCK-8 started to
prevail over the low-affinity sites after long-term treatment with haloperidol and
diazepam.

Long-term treatment with diazepam and haloperidol reduced or induced
tolerance to the inhibiting effects of caerulein on the mouse behaviour.
Simultaneously, a clear proaggressive action of CCK agonist became evident al ter
the cessation of haloperidol and diazepam administration. These behavioural
changes seem to be in favour of the opinion that the subsensitivity developes at one
subtype of CCK receptors, whereas the other subtype of CCK receptors becomes
more sensitized to the action of caerulein. There is evidence (the development of
tolerance to the sedative and antiamphetamine effect, but also to the inhibiting

effect of caerulein on [“H]-spiroperidol binding in 'in vivo') that the sensitivity of
CCKAr receptors is decreased after two-weeks haloperidol treatment. By contrast,
the changes occurring at the CCKB receptor subtype during long-term haloperidol

and diazepam treatment are still less clear. Nonetheless, the possibility remains that
the hypersensitivity develops at one part of CCKB receptors (behaviourally related

to the regulation of aggressive behaviour). This idea is supported by the increased
affinity of CCKBreceptors in the mouse forebrain after long-term administration of

haloperidol and diazepam.
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6. CONCLUSIONS

1 The unselective CCKJYCCK,, agonists caerulein and CCK-8. bul nol the CCKH
agonists pentagastrin and CCK-4, dose-dc|>endcnlly inhibited the locomotor
activity of rodents. A selective CCKJ/1receptor antagonist devazepide attenuated the
motor depressant effect of CCK agonists, whereas a selective CCK,, receptor
antagonist L-365,260 potentiated their action. Therefore. CCKJ/1 and CCKB

receptors have the opposite role in the regulation of motor activity in the rodents.

2. Caerulein, but not pentagastrin, antagonized (+)-amphetamine-induced
hyperlocomotion in the mice. Pretreatment with devazepide at low doses (1-100
pg/kg), interacting with CCKA receptors, blocked the antiampheiamine effect of
caerulein. Accordingly, the antiamphetamine effect of caerulein is related to the
stimulation the CCKAreceptor subtype in the brain. The blockade of both subtypes
of the CCK receptor by a high dose (1 mg/kg) of devazepide completely blocked
the locomotor stimulation induced by (+)-amphetaminc.

3. CCK agonists (caerulein, CCK-8, pentagastrin, CCK-4) reduced the exploratory
activity of the rodents in the elevated plus-maze. The anxiogenic-like effect of
CCK agonists correlated with their affinity at CCKB receptors in the cerebral
cortex, but not at CCKA receptors in the pancreas. L-365,260 was a stronger
antagonist of anti-exploratory action of CCK-4 as compared with devazepide.
Thus, the CCKBreceptor subtype is involved in the anti-exploratory effect of CCK

agonists.

4. Systemic treatment with the unselective CCKAICCKB agonist caerulein, but not
with the CCKBgastrin agonist pentagastrin, blocked the foot-shock-elicited
aggressiveness in the mouse and antagonized the development of apomorphine
aggressiveness in the rat Intraventricular and subcutaneous administration of the
CCKBagonist CCK-4, differently from caerulein, increased the intensity of foot-
shock-induced aggressiveness in male rats. Consequently, the CCKA and CCKB
receptor subtypes are play an opposite role in the regulation of aggressive
behaviour in the rodents.

5. Systemic treatment with caerulcin and CCK-8, but not with pentagastrin,
significantly antagonized picrotoxin- and pilocarpine-induced seizures in the
mouse. Intraventricular, but not subcutaneous, administration of caerulein potently
blocked quinolinate- and NMDA-induced seizures. Proglumide attenuated the
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anticonvulsant effect of caerulein against picrotoxin- and quinolinate-induced
convulsions. The selective CCK antagonists L-365,260 and devazepide at a high
dose (1 mg/kg) blocked the anticonvulsant effect of CCK-8 against pilocarpine
seizures. Accordingly, both subtypes of CCK receptors are related to the
anticonvulsant action of CCK agonists.

6. Long-term treatment with devazepide and L365.260 induced different changes in
the behaviour and in the I"H]pCCK-8 binding in the mouse forebrain. Repeated
administration of devazepide reduced the motor depressant effect of caerulein and
increased (+)-amphetamine-induced hyperlocomotion in the mice. L-365,260 failed
to change the behavioural effects of caerulein and (+)-amphetamine, but
significantly increased the density of CCK receptors. These data obviously support
the involvement of the CCKAreceptor subtype in the sedative and antiamphetamine

action of caerulein.

7. Long-term treatment with haloperidol and caerulein caused very similar changes
in the mice's behaviour and [*H]-radioligand binding in the mouse forebrain.
Tolerance developed to the locomotor effects of caerulein, muscimol and
flumazenil, whereas amphetamine-induced hyperlocomotion was increased after
15-days haloperidol and caerulein treatment. Simultaneously, the number of opioid
and dopamine2receptors was increased, however, the density of GABAa-

benzodiazepine and CCK-8 receptors was reduced in the mouse forebrain. It is
most likely that CCKAreceptors play a role in the long-term effects of haloperidol.

8. Long-term diazepam and haloperidol treatment decreased or induced tolerance to
the inhibiting effects (motor depressant, antiamphetamine, anticonvulsant and
antiaggressive) of caerulein on the mouse behaviour. Simultaneously, the
proaggressive action of caerulein became evident. The number of [3wpCCK-8
binding sites was decreased, whereas their affinity was increased after the
withdrawal of long-term haloperidol and diazepam treatment. Therefore, long-term
administration of diazepam and haloperidol induced the subsensitivity at one
subtype of the CCK receptor (mainly the CCKA subtype), whereas the others
(mainly the CCKBsubtype) became more sensitized to the action of CCK agonists.
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MHTPALUEPEBPOBEWTPUKYNAPMNOE BBEAEHWE
XONEUNCTOKNHNWAN YTHETAET AKTUMBHOCTb
LO®AMUH- N CEPOTOUWHEPTMYECKOW CWCTEM MO3rA

3. 3. Bacap, M. A. OTTep un /1. li. Paro

Kadegpbl ¢usnonornH (3as. 3. ®. Bacap) u dapmakonorumn (3as. J1. X. AnankmeTc)
FocyfapCcTBEHHOro yHuBepcuTeTa, TapTy

B onbiTax na Kpbicax-camuax AMHNW Brcrap nccnefonany noBeAeHUECKUe M 6MOXMMUYECKNE-
aheKTbl MHTPaLepe6POBEHTPUKYNAPHOTO BBEAEHNA XONELUCTOKUHUHA, XONeLUCTOKUHHH Bbi3blBan
cneunduyeckne, 3aBucALLMe OT [03bl, U3MEHEHUS B MOBEAEHWUMN XUBOTHbIX. MpU ManbiX ero gosax
npeBanvMpoBasno yrHeTawllee BAWSIHWE HA NOBeAeHWe, MPU GONbLIMX Ao3ax Nabnfannc, CTepeo-
TUMHOE MOBEAEHUE, BCTPSIXMBAHWUSA r0MI0BOV W MOBbILIEHHAs PEaKTUBHOCTL Wa 60MeBble pasgpaxu-
Tenu. XoneuWCcTOKUHHH 3aMeTHO yrHeTan Mo CPaBHEHWIO C (DU3MONOTMUYECKUM PacTBOPOM KPyro-
060pOT CepoTOHMHA 0 fohaMMHa B MO3rOBbIX CTPYKTypax. BBejeHMe XONeLUCTOKUHUHA Ha (oHe
theHaMMHa U 5-OKCUTPUNTOaHa Ha KOPOTKOE BPEMS MOMHOCTbIO YCTPAHSIO0 BblI3biBaeMble 3TUMU
BelecTBaMM  MoBejeHYecKne 3ddeKTbl. Ha 0CHOBe MOMYYeHHbIX faHHbIX MOXHO Mpeanonarathb,
YTO XOMIELUCTOKUHHH SBNSETCA 3SHAOTEHHbIM MOAYNSTOPOM aKTUBHOCTU MOHOAMUHEPTUYECKHX
cucTem mosra.

Knioyesble cnoa: XO0NELUUCTOKWHHH, CTepeoTUNHOe MOBeAeHWe, KPyroobopoT MOHOAMMWHOB,
eHaMunH, 5-okeuTpunTOothaH.

B nocnegHue roabl ycTaHoBneHO [5> 10, 12], 4To X0NEUUCTOKMHHH, KpoMe Xeny-
[OYHO-KULIEYHOr0 TpakKTa, B 3HAUYUTENIbHbIX KO/IMYecTBax COAEPXWUTCA B pasHbIX
CTPYKTypax ronoBHoro mosra. OcobeHHO BbICOKME KOHLEHTpauuu 3TOro nentuga u
ero ()parMeHTOB BbIsiIBIeHbl B KOpe 60/MbLUMX MOAyLWapuin, NUMOUYECKUX CTPYKTY-
pax, runoTanamyce u ctpuatyme [13], T. e. B CTpyKTypax, Mosyyarwlmnx o6uabHy0
adhepeHTHYI0 UHHEPBALMIO OT MOHOAMUHEPTMYECKHX cnucTeM mo3ra. Fuxe mn coaBT. [91
BalL/IN, YTO XOMEUUCTOKMHHH B ManblX [03ax YrHeTaeT Kpyroo6opot gogamuHa
B MepeAHMX agpax cTpuatyma u npunerawowem sgpe. O (yHKUMOHaNbHOW ponu
XO0MEeUUCTOKMHMHA B LieHTPasbHOW HepBHOW CMCTeMe MOKa WM3BECTHO OTHOCUTENbHA
mMasno. HekoTopble aBTOPbl CBA3bLIBAIOT €ro (yHKUWIO C Perynsaumeid nuuienoro no-
BedeHns [4], npuyeM, N0 MX MHEHWIO, ero [eiicTBMEe onmocpedyeTcs 4epe3 CepoTo-
HUHEPTMYeCcKne MexaHWu3Mbl.

OCHOBbIBasACb Ha BbILUEN3NOXEHHbIX (DaKTax, B HacTosilweli paboTe nocTaBfeHa
3aflaya uccnefoBaTb MnoBefeHYeCKMe 3hdeKTbl NHTPaLepe6pPOBEHTPUKYNAPHOIO BBe-
[LEeHNSA XONeuMCTOKMHWHA, a TaKXe ero B/INAHWEe Ha LeHTpasibHble CEPOTOHWUH- U
notaMuHeprmuyeckme npowecchol.

METOAONKA

OnbITbl NPOBOAMNNCL HAa Kpbicax camuax nuHum Buctap (maccoit 250—300 r). Mog athUpHbIM
HapKOo30M Mo KoopAuHaTam aTnaca ®B(KoBoii 1 Mapwana [1] B Yeperne npocBepaNBanucL 0TBep-
CTWS 1 CNycTA 4—>5 Y Noc/e 3TOr0 XMBOTBbIE 6PannCh B OMbIT. X0NELBCTOKUHUH (thupma «Boots»,
AHINA) paaBoAMnn B (U3N0OMOTMYECKOM pacTBope. Yepes 6unatepanbHble OTBEPCTUS MenTuj
B 06lem o6beMe 10 MKN BBOAMAM B TeyeBue 60 ¢ B 6OKOBble XenyAoukn Mosra. KoHTponem cny-
XUAN VHBEKLMM (U3MOMOTMYECKOr0 pacTBOpa B TOM e 06beme. XONeLUBCTOKUHUH BBOAWIICA
B paBHbIX fo3ax — oT 0.1 go 8 Eg no lvy. Cpa3y mocne BBYTPBMO3IOBbIX WMHBEKLMIA XXNBOTHBIX
nomeTanu B KAeTKy pasMepamun 60X 60x35 cM u Habnwopanu 3a UX CMOHTaHHbIM MOBeAeHUEM
M peakuueil Ha BHellHWe pasgpaxuTenn. Cnycts 10 MWUH nocne BBefeHWUS XOMELUCTOKMHUHA
B fose 0.1, 1, 4 EA noBoAMAnCb Takxe 6Guoxmmumyeckue uccnefoBaHusa. Mo metoguke Earley
n Leonaid [6] onpefensnn uEwmenenrs B COAEPXaHUW AedammuBa W ero rnaBHbIX MeTabonnToB —
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rOMOBaHB/IMHOBOW KUCNOTbI W 3,4-AUOKCMEHNIYKCYCHOW KUCMOTbI B CTPUaTyMe W NMMBUYECKNX
cTpykTypax. CogepXaHue CepoToHMNa U ero metabonuta 5-0KCMUWMAONYKCYCHON KWUCMOTbI onpe-
[ensinnucb B YepHOM BeLecTBe W CTBOME Mo3ra no metoguke Curzon, Green |SJ. Bce sTv onpepgene-
HWS NPOBOANANCL C MOMOLLLIO (hayopecueHTHOro cnekTpooTomerpa MM ®-2A upMbl «XnuTaum».

B oTAenbHoOW cepumn onbITOB MCCef0Banoch BWAHWE CPeAHel fo3bl xonnuyuctokunnna (1 Ep)
Ha noBefeHuYeckne adekTbl eHammnHa (2.5 Mr/Kr) u 5-okcuTpuHTodaHa (150 Mr/Kr), BAMSAOLWUX
Ha aKTWBHOCTb [0(aMMH- W CepOTOMWHEPrHYEeCKOW CUCTeMbl 4epes MpecunanTUYecKue Mexa-
HU3MbI 114, ). BHYTPWXeNy[o4KOBbIO BBefeHWs (hM3MONOrMYeCcKOro pacTteopa NAu Xoneumcro-
KNHWUHa npoBoaunun yepe3 30 MUH Nocne MOAKOXHOW MHBbeKUUWM heHammHa. CTepeoTUNUIO OLEHMU-
BanM Mo MeToauKe, NpeanoxeHHoit Costall, Naylor [*Jt nepes BHYTPUMO3roBbIM BBEAEHUEM W
cnycTa 7 MWUH nocne BBefeHWs. B onbiTax ¢ 5-0KCMTPUHTO()ANOM XONELUCTOKUHWUH U hn3nonoru-
YecKuii pacTBoOp BBOAMIUCL Yepe3 45 MWH M0efio NpejLlecTBEHHWKA CEPOTOHMHA. YMCNO BCTPAXU-
BaHWii ros0Boi NOACUMTBLIBAIOCH U Mepuog oT 3 A0 10 MUH Mocne BHYTP»KeNyA0YKOBbIX UHBbEKLWIA.
Bce aKCrmepyMeHTa/IbHble AanHbIO MOABEPra/uCb CTAaTUCTUYECKOW 00paboTKe C MCMO/b30BaHWEM
t-tecta CTblofeHTa.

PE3YNbTNTblI WCCNEAOBAHUMA

MNHTpaLCcpebpoBeHTPUKYNSPHOE BBEAEHUE XO/IELUCTOKMHUHA BbI3biBANO OMpe-
LeNeHHble M3MEHeHUs1 B MOBEAEHWMMN XXMBOTHbIX, HaXOAUBLUMXCA B TeCHOW Koppens-
LUun ¢ BBOAMMON [030i. [losa 0.1 Ep it oTamume oT (YU3NONOrMYECKOrO pacTeopa
BbI3blBasla MOSIHOE MPEKPALLeHNe ABUraTeNbHOl aKTMBHOCTM W 3aMETHYH COHAW-
BOCTb Yy HEKOTOPbIX YXMBOTHbIX. C MoBbIlWeHWEeM A03bI Yepe3 3—4 MWUH MOCne BBe-
[eHUA NOSIBNS/INCL MOBOPOTLI Tena B CTOPOHY MepBOi MHBLEKLMUW, a 3aTeM CTepeo-
TUMHbIE ABVWXEHWUS B BUE NPUHIOXMBAHUA W XeBaHus B TeyeHWe 3 —4 mun. locne

Bwuwio (IHrpaugpedposeHrp’ 1KY/IANL.1n> H>gem w \ > rv'c.NHWA Ha cofepxxaHue pAodamuHa,
rOMOBLLUMWIUMOBOW KWUCOTbI, 3 ,4-ANOKCI(eHIL|yKCYT[1>]| KMUCnoThl ii cTpuaTyme u NMMGEUYECKUX
CTPYKTypax; CepoTOHUHA U 5-OKeMMHAONYKY-YCHOM km c.ioiu u YEPHOM BeLLecTre W CTrose Mo3ra
KpbICbl (NpUBeAeHbI CPefHMe AaHHble W MKF Ha | T TKaHW MWHa W AOCTOBEPHbIe TPaHuLbl K HUM)

Ncwec nun, nuya

Nodamun FoMNBaHW.HWOBAH KUCNoTa
numbuyeckue num6uyeckmne
oTpuatym CTPYKTYp« eTpHaTym CTPYKTYpbI
VIHTaKTHbIE XK- 6.64 £0.38 2.9« MUS 0.40 +0.06 0.55 +0.06
BOTHble
KoHTponb 9.13 £0.42 2.27 £0.26 144 +0.12 1.08 £0.12
XoneuncToku-
HUH B f03e:
0.1 Ep 7.36 £0.36* 2.30+0.30 1.53+0.12 <1.85J0.09
1 Ep 6.77 £0.31* 2,72 +0.18 0.99+0.11 * 0.90+0.12
4 Ep 6.03 +0.32* 2.89+£0.31 1.00+0.08 * 0.54 +0.04*

Mpoaunncenne

BeuwecTBo, po3sa

3,4-nnokclldpcHunykcycHam CepoTOHUH 5-0KCUMUHNONYKCYCHas
Kucnota Kucnota
numéuyeckne yepHoe CTBON MOBra yepHoe CTBON MOBra
cTpnatym CTPYKTYpbI BElW ecTBO BEL ecTBo

VIHTaKTHbIe K- 0.78£0.05 056 +0.05 181 +0.18 0.70 £0.04 0.86 £0.07 0.54+0.04
BOTHblE

KoHTponb 1.10+0.11 1.09 £0.09 512 +0.45 0.77 £0.07 1.70+0.16 0.74+0.08
X0oneumncTokmn-

HUH B fJ03e:

0.1 Ep #0.10  0.66 +0.07* 224 +0.22* 0.77 +0.04 151 +0.19  0.61+ 0.06

1.28
1 Ep 0.79 £0.09* 0.6!) +0.08* 2.09 +0.25* 0.88+0.08 1.39 fO.15 0.54+ 0.04*
4 Ep 0.67+0.07  0.47 +0.06* 244 +0.22* 0.81+0.07 0.78 +0.04* 0.52+0.03*

110 samﬁm(moy:a%pwe BBEAEHNM (U3NONOTNYECKOro pacTeopa

" 0],
Mun), — joCcTOBepHOe ;J
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3TOro ABuraTesibHbleé peaKuuMun NOMTHOCTbK Npekpauwannucb MU y 4acTu KpbIC pas3Bu-
nanacb COHAUBOCTb. B Aosax 4n8 KA XONeyncToKMHNH Bbl3blBan nopoj nossneHnem
yKasaHHbIX CTEPeOTUMNHbIX peakKuWil KpaTKOBPEMEHHble BCTPAXUBAHWSA TFO/I0BOWA.
Peakuusa XWBOTHbIX Ha 60NeBble pa3fpaXeHUsn HaxoAwnnacb B NPAMOA Koppensuuu
c BBOAMMOI [030/ nenTupa. B mManbix f03ax OHa He OTAWYanacb OT TakKOBOW y XW-
BOTHbIX KOHTPONbHOW TPynnbl, 0AHAKO Gblfla HWXEe MO CPABHEHUI C HHTAKTHbIMW
KpbicamMmu. Mocne BHYTPUMO3roBoro BBejeHNa X0NeyuUCTOKWHWHa B [Jo03e 4 vnn 8 EA
B TOYeHWe 1 4 HaGnwpganace 6ypHas peakuus Ha GoneBble pasfpaxeHWs, MNpuU 3IToM
MEXAY XUBOTHbIMU Nerko MpoBOLUPOBA-
nucb ApaKwu.

BBefeHve pU3NONOTNYECKOTO pacTBopa
(cm. Tabnuuy) B 3Ha4YMTeNbHOW cTenenwu
noBbIWAN0 MO CPaBMNEHWU C WUHTAKTHbI-
MU  KWBOTHbIMW CUHTE3 U Kpyroo6opoT

Puc. 1. VIHTEHCMBHOCTb peakLun Ha BBefe- Puc. 2. Yuncno BCTPsSIXMBaHWUiA rofoBoiA, BbI3BaH-
Hue teHamuHa (2.5 Mr/Kr) y KpbiC nocne  HbIX 5-0KcMTpHATOdaHoMm (150 Mr/Kr) y WHTaKT-
WHTpaLepe6poBEHTPUKYIAPHOTO BBefleHUs HbIX >XWBOTHbIX W MOCNe WHTpauepebpoBeHTPU-
(hM3M0NOrNYECKOr0 pacTBopa U XOMeUUCTOKN-  KYNAPHOTo BBeAeHUA (DU3MONOTMYECKOro pac-

HuHa (1 Bg). TBOpa W XxoneuyuctokMHuHa (1 Ep).
Mo ocu opagNHAT — MHTEHCUBHOCTb CTEPEOTUMHOTO Mo ocu oOpAMHAT — 4NWCAO BCTPAXMBAHMA F0ONOBOWA.
nosejeHns, B 6Gannax. CTon6uku: 6Gensle — fo, CTon6ukn: Genble — WHTAKTHbIE XXKMBOTHbIE, »aiumpu”
»MUTpPUXOBaHHbIE — MoCNe BBEAEHUA (U3UONOTH- XOBaHHble — nocne BBEAEHWA (U3NONOTrNYeCKOro pac-

yeckoro pactBopa (p < 0.05), uepHble — nocne TBOpa, YepHble — noc lscaé HUS  XONEUMCTOKUHUHA
BBElEHWA XOoNneymctokuHuHa (p < 0.01) C m

MOHOaMWHOB BO BCEX HaMW WUCCNe[0BaHHbIX MO3roBbIX CTPYKTypax. Xo0neyucro-
KWHWH B 3aBUCMMOCTW OT [03bl yrHeTan CUMHTE3 M 060POT MOHOAMWHOB, MPUYEM
B f03e 4 EA 0TMeYanoCb CHWXXEHWEe COfepXaHUs MOHOAMWHOB U UX MeTabonnTos
[0 YPOBHSA, HabnoAaemMoro y MHTaKTHbIX XMWBOTHbIX. OCO6EHHO 3aMeTHbIMWU Obln
3hheKTbl XONEUMCTOKMHMHA B IMMOMYECKNX CTPYKTypax (Kpyroo6opoTt godamuHa)
N YepHOM BellecTBe (KPyroobopoT CepOTOHWMHA), MPUYeM B 3TUX CTPYKTypax Aeli-
cTBMe nenTtuaa nposiBasnocb yxe B fgose 0.1 Epa.

Mpn nHTpaLepebpOBEHTPUKYNAPHOM BBeAeHUN (U3MONOrNYeCKOro pacTBopa
(puc. 1) yvepes 30 MWH Nocne WHbEKUMM (eHammHa (2.5 Mr/Kr) BHa4vane cTepeo-
TUMHblE [BUTraTe/ibHble peakuuu npekpawanncb, a 3aTtem B TeyeHue 8—10 MuH
Habnofanocb AOCTOBEPHOE YCUJIEHWE UX MHTEHCMBHOCTW. XONeuncTokuHuH (1 Eg)
Ha 10—12 MWH MNOMHOCTbI YCTPaHANA BCe MPU3HAKMW [eAcTBUS (heHaMUHa Yy BCeX
nojonbITHbIX >XMBOTHbIX. BBegeHne Qu3nonornyeckoro pacrtesopa (puc. 2) uepes
45 MUH nocne MHbeKUUKU 5-okeuTpuntodaHa (150 mr/kr) BEluane Takxe HeCKONbKO
yMeHbLUano 4nucao BCTPAXMBAHWIA FOM0BOA W MHTEHCMBHOCTb Tpemopa* ofgHaKo no-
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TOM 3TV MPOSIBIEHUSI CTAHOBU/NCL 60/1ee UHTEHCUBHLIMW MO CPaBMEHUI0 C WHTaKT-
HbIMW YXMBOTHbIMU. X0NeuncToKMHHH B fo3e 1 Eq Ha 10—12 muH nonnoctblo 610-
KWpoBas BCTPSIXMBAHWUA TOM0BOM Y BCEX >XMBOTHbIX.

OBCYXAEHWE PE3Y/IbTATOB

MonyyeHHble pesynbTaTbl NOKa3biBalOT, YTO XOELMCTOKMHUN BbI3biBaeT CheLu-
thnyeckme CABUTKN B MOBEAEHUMN >XXWUBOTHbIX, U 3TU CABUTM HaXOAATCA B TeCHON Kop
penAunn ¢ BBOAUMOI A030i. lMocne BBefeHWA Manbix [03 HabnojaeTcs cefaTUBHOE
feicTBue, a 6Gonee BbICOKME [03bl BbI3bIBAOT YCWU/IeNHe [BUraTeNbHbIX peakuui
(NoBOpPOTbLI Tena B CTOPOHY MNepPBO WHBEKLUWM W CTepeoTUNHble ABMXeHWS). [Mpu
fo3a3 4 n 8 Ef nepef CTepeoTUNHLIMU peakuUAMU BO3HUKAKT BCTPAXUBAHUA T0-
noBoii. Zetler [16] ycTaHOBW/, 4YTO XO0NEUUCTOKWUNWUH o6nagaeT 6oneyToNAwLWUM
felicTBMeM, NpUYeM [aHHbIN 3h(eKT ycTpaHseTcs BBeAeHVWEM HafoKCOHa — onwat
HOr0 aHTaroHUcTa B O4YeHb MasbiX fo3ax. OfHAKOo Hawwu pesynbTaTbl, HanNpoTuB,
NnokasblBalOT, YTO MOC/Me BBEAEHWA XONEeUUCTOKUMUH» B 60MblIMX fA03ax 60neBble
pasgpaxeHuUs MOryT BbI3BaTb Oypnble peakuun U faxe arpeccMBHOCTb — 3(EKThI,
BO MHOFOM HanomuHalowme pfeiicTere [OHAMUHOMUMETUKOB. XOMELUCTOKNHHH
yrHeTaeT MO CPaBHEHMIO C (U3MONOrMYECKUM pacTBOPOM MeTabonusm pogammnHa
N CepOTOHMHA, YTO OCO6EHHO BbIPAXEHO B NIMMOMYECKMX CTPYKTypax W YepHOM
BellecTBe. B TecHoll Koppensiumm ¢ GUOXMMWUYECKUMW [AHHBIMU HaxoAWUTCA BAWA-
HMEe XONeUuUCTOKMHWHA Ha noBefeHYecKUe 3PMeKTbl (PeHaMuHa W 5-0KCUTPUNTO-
(haHa, NOBbILIAIOLWNX aKTUBHOCTb AOPaMUH- U CEPOTOHUHEPTUYECKON cMCTeM 4epes
npecMHanTUyeckme mexaHusMmbl [14, 16]. X0NeuWCTOKUHHH B OT/MYMe OT (hKU3MosIo-
ruyeckoro pacteopa Ha 10—12 muH ycTpaHsieT geiicTBMe 060MX BellecTB. Bce 3Tm
[laHHble CBWUAETeNbCTBYIOT O TOM, YTO MO B/MSAHWEM XOJIELMCTOKMHMHA Pe3KOo Mo-
HUXKaeTCA aKTUBHOCTb MPeCMHaNnTUYEeCKUX MeXaHW3MOB [O(haMWH- U CepOTOHUHEpP-
rnyeckoli cuctem. OfHako Hapsfy CO CHWXeHMeM aKTUBHOCTU MpecuHanTU4ecKmx
MexaHW3MOB HabnofaeTca MNoBbllLeHWe YYBCTBUTE/IbHOCTU MOCTCUHAMTUYECKUX pe
LenTopoB 3TUX HelipoMeanaTopHbIX CUCTEM, O YeM CBWAETENbCTBYIOT MOBeAeHYe-
CKue 3hdheKTbl Mocne MHTPaLepebpoBeHTPUKYNAPHOrO BBefEeHUA XO0NeLUMCTOKUHUHA
(BCTPAXMBaAHMA r0/10BOM, NOBOPOTHI Tena, CTepeoTUNHbIe ABMXEHWS U NOBbILLIEHHAA
peakTMBHOCTb Ha 6oneBble pasgpaxuTenn). B nonb3y 3TOr0 MHEHWUs yKasblBalOT W
Hawu npeabigyline WMccnefoBaHUsA, rAe XOMELUCTOKMHHH 3aMeTHO MOoTeHuupoBan
MHTEHCMBHOCTb anoMop(MHOBO CTEPEOTUNUN Y KPbIC, T. €. MOBbIWAN YyBCTBUTE/b-
HOCTb  MOCTCMHANTUYeCKMUX [0(haMUHOBbLIX PELENTOPOB. AHa/IOTUYHble pe3y/b-
TaTbl nonyunnm Kovacs u coaBT. Iii ], KOTopble HaLAW, YTO XONELUUCTOKMHHH 3Ha-
YNTENIbHO YCWUMBaeT CUHAPOM «Jla3aHbsi», BbI3bIBAEMOro anoMOpPpUHOM Y MbILUei.

MccnegoBaHnAMM nocnegHMX Nnet yctaHoBneHo le’ 7], 4uTo B nepegHMX MO3ro-
BbIX CTPYKTypax XO/IeLUCTOKUHHH cofepxutca B hopme COOH-KOHLEBOro OKTa-
nentuaa. BnonHe BO3MOXHO, 4TO HabnlojaeMble HamMW MOAYNMPYIOLLME BAUAHUA
Ha AodaMWH- U CePOTOHUHEPrUYeCKMe MpPOLeCCbl PeannsyloTca VMEeHHO Yepes pe-
LEenTOpHbIe MeXaHW3Mbl, CBA3aHHbIE C XOJIELUCTOKUHUHOM.

NTNTEPATYPA

(1J Bures J Petran M., Zachar I. Electrophysiological methods in biological research.
Prague, 1967.

[2] Costall B., Naylor R. Stereotyped and circling behavior induced by dopaminergic
agonists after lesions of the midbrain raphe nuclei. Eur. J. Pharmacol., 1974, 29, 206—222.

[3] Cvrzon G., Green A. R. Rapid method for the determination of 5-hydroxy-tryptamine
ggg Sth/droxylndolacetlc acid in small regions of rat brain. Brit. J. Pharmacol., 1970, 39,

[4] Dajny N., Jacobson E. D. Cholecystokinin and central nervous regulation o/ appetite.
In: Gastrointestinal Hormones. A Symposium. Austin—London, Univ. Texas Press, 1975.
643—649

[5] Dockray G. J, | iimunochemical evidence of cholecystokinin-like peptides in brain.
Naturé, 1976, 264, 568—570.

[6J Dockray G. J., Gregory R. A., Hutchison J. B., Harris J. /., Runswick M. J. Isolation,

structure and blologglcal activity of two cholecystokmm octapeptldes from sheep brain. Nature.
1978, 274, 711—7

(7) Dockray G. J. Cholecystokinins in rat cerebral cortex: identification, purlflcatlon and

characterization by immunochemical methods. Brain Res., 1980, 188, 155—165

o1



[8] Earley C. J., Leonard B. E. Isolation and assay of noradrenaline, dopi.ra.ne, 5-bydroxy-
tryptamine and several metabolites from brain tissue using disposable Bio-Rad columns packod
witn Sephadex G-10. J. Pharmacol. Methods, 1978, 1, 67—79.

[9] Fuxe K., Andersson K., Locatelli V., Agnati L. F., llokfelt T., Skirboll L., Matt V.
Cholecystokinin peptides produce marked reduction of dopamine turnover in discrete areas
in rat brain following inlraventricular injection. Eur. J. Pharmacol.,, 1080. 67, 329—331.

[10] Innis R. B., Correa F. M., Uhl G. R., Schneider B., Snyder S. Cholrcystokiniu octa-
peptide-like immunoreactivity histochemical localization in rat brain. Proc. Nat. Acad.
Sei. USA, 1979, 76, 521-525.

[11] Kovaci G. L., Szabo G., Penke B., Telegdy G. Effects of cholecystokinin octapeptide
on striatal dopamine metabolism and on apomorphino-indueed stereotyped cage-climbing
in mice. Eur. I. Pharmacol., 1981, 69, 313—320.

[12] Rehfeld J. F. Cholecystokinins and gastrins in brain and gut. Acta Pharra. Toxicol.,
1977, 41, 24.

[13] Saito A., Sankaran H., Goldfine /., Williams J. A. Cholecystokinin receptors in the
brain: characterization and distribution. Science, 1980, 208, 1155—1156.

[14] Sloviter R. S., Drust E. G., Connor J. D. Serotonin agonist actions of p-chloropheny-
lalanine. Neuropharmacol., 1978, 17, 1029—1033.

[15] Taylor R., Snyder S. Differential effects of d- and 1-amphetamine on behavior and
on catecholamine disposition in dopamine and norepinephrine containing neurons of rat brain.
Brain Res., 1971, 28, 259-309.

[16] Zetler G. Analgesia and ptosis caused by caerulein and cholecystokinin octapeptide
(CCK-8). Neuropharmacol., 1980, 19, 415—422.

MocTtynuno 13 VII 1981

INTRAVENTRICULAR ADMINISTRATION OF CHOLECYSTOKININ
DECREASES THE ACTIVITY OF DOPAMINE- AND SEROrONINERGIC
SYSTEMS IN THE BRAIN

E. E. Vasar, M. Ya. Otter and L. K. Ré&go

State University, Tartu

In male Wistar rats, intraventricular administration of cholecystokinin caused specific
dose-dependent behavioral changes: low doses (0.1—0.25 U) depressed the exploratory activity
whereas higher doses (0.5—8.0 U) caused head twitches, stereotyped gnawing and hyperreacti-
vity. Cholecystokinin suppressing markedly dopamine and serotonin turnover in various brain
structures, completely blocked the behavioral effects of amphetamine (2.5 mg/kg) and 5-hydroxy-
tryptophan (150 mg/kg). The data obtained suggest that cholecystokinin suppresses presynaptic
dopamine- and serotoninergic mechanisms but ehances the sensitivity of postsynaptic receptors

of these systems.
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Recently the in vitro modulation of affinity
and density of neuroleptic binding sites in
striatum by cholecystokinin octapeptide (CCK-
8) was described (Agnati et al., 1983). CCK-8
increased the affinity of neuroleptics to its
binding sites but reduced their density. Con-
comitant use of different CCK-related pep-
tides with neuroleptic drugs in neuroleptic-
resistant schizophrenic patients was reported
to reduce the intensity of disease symptoma-
tology (Moroji et al., 1982; Nair et al., 1982).
According to the proposed hypothesis, CCK-
8 and related compounds may be acting by
potentiating the effect of neuroleptic drugs in
neuroleptic-resistant patients (Bloom et al.,
1983). In the present work an attempt to clar-
ify the possible mechanism of interaction be-
tween caerulein, an analogue of CCK-8, and
neuroleptic drugs, with the help of in vivo ['H]-
spiperone (:;,H-SPI) binding after long-term
haloperidol treatment was done.

According to the studies of Battaglia and
Titeler (1982), there are two existing binding
sites (with low and high affinity) for N-propyl-
norapomorphine (NPA) on dopamine-j-recep-
tors, whereas neuroleptic drugs possess high
affinity for both. To study the possible changes
in dopamine-2- and serotonin-j-receptor sub-
populations, NPA as a displacer in different
doses was used.

Male mice weighing 25-27 g were used. In-
traperitoneal haloperidol (Gedeon Richter,
Hungary) 0.25 mg/kg twice daily or saline in-
jections were given for 14 days. Seventy-two
hours after withdrawal, in vivo 'H-SPI (Ainer-
sham International, U.K., 17 Ci/mmole) bind-

1institute ol General and Molecular Pathology. Tartu State Uni-
versity, Tartu, Estonia, U.S.S.R.
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ing studies were performed. NPA (5 and 50
u-g/kg, Sterling-Winthrop, USA) and caerulein
(200 u-g/kg, gift from Prof. R. De Gastiglione,
Farmitalia, Italy) were injected subcutane-
ously. Five w-g/kg NPA caused suppression of
motor activity whereas 50 -g/kg induced ster-
eotyped behavior in control animals. *H-SPI
(5 wg/kg SC) followed 15 min after NPA and
caerulein. The animals (6 per group) were sac-
rificed 20 min after 3H-SPI. The brains were
rapidly removed, and frontal cortex and fore-
brain subcortical structures (limbic structures
and striata) dissected on ice. The dissected brain
areas of each group were pooled and homog-
enized in glass-teflon homogenizer by hand in
ice-cold Tris HC1 (50 mM, pH 7.4, 20°C) within
1 min in the volume of 40 mg tissue per ml.
After homogenization 0.5 ml of suspension was
pipetted into six polypropylene tubes (1.5 ml)
and centrifuged at 9000 r.p.m. during 10 min.
The supernatant was discarded and pellet
washed four times with 1 ml ice-cold buffer
and cut into vials. Radioactivity was counted
after stabilization in Bray scintillation cocktail
12 hours in Beckman LS 6800 with counting
efficacy 43%. The experiment was repeated
three times and the data analyzed using Stu-
dent’s (-test.

In the figure, inhibition of SH-SPI binding
by NPA 5(j.g/kg was expressed as 100%, show-
ing the amount of high affinity sites for NPA.
As the higher dose of NPA could inhibit 3H-
SPI binding to both high and low affinity sites,
the difference between 50 and 5 u-g/kg NPA
shows the number of low affinity sites. After
2 weeks’ saline treatment the "H-SPI displac-
ing potency of 5 w-g/kg was lower than the ac-
tion of 50 -g/kg NPA Caerulein inhibited 5H-
SPI binding in subcortex and in frontal cortex.
After chronic haloperidol 50 (Aglkg NPA more
readily inhibited SH-SPI binding, whereas the
displacing potency of 5 u-g/kg NPA was sig-
nificantly reduced. Caerulein, in contrast to
the inhibition of ~H-SPI binding in chronic
saline group, stimulated it after chronic halo-
peridol.

It was concluded that long-term haloperidol
treatment increased the affinity of 3H-SPI to
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FIGURE. The effect of N-propylnorapomorphine and
caerulein on sH-spiperone binding after chronic saline
and haloperidol. Each column is the mean of three in-
dependent experiments, the vertical bars represent SEM.
The NPA 5 fig/kg displaceable part of total binding is
100% (18140 + 1230 DPM/g tissue in subcortex and
15350 + 1100 DPM/g tissue in frontal cortex) in the
chronic saline group. Significant differences between
saline and haloperidol pretreated animals: * ~ <r<0.05,
** * [><0.01. Light columns show the effect of NPA 5
Hg/kg, striped columns the difference between the ef-
fect of Nr A 50 mg/kg and 5 ~g/kg; the dark is for ca-
emletn

high-affinity binding sites for NPA on
dopamine!- and serotonin*-receptors but de-
creased it towards low-affinity sites bound by
high concentrations of NPA. Considering the
stimulating action of caerulein on 3H-SPI
binding, it seems possible that endogenous
CCK-8 increased the interaction of *H-SPI with
high-affinity binding sites for NPA on
dopamine2- and serotonina-receptors. The

PSYCHOPHAKMACULOGY GULLtIIN

number of CCK binding sites has been shown
to increase twice after chronic neuroleptic
treatment (Chang et al.. 1983). The present
work supports the study of Agnati et al. (1983)
showing the ability of CCK-8 to increase the
affinity of neuroleptics to its binding sites. It
seems that the same mechanism may be in-
volved in the beneficial action of CCK-related
peptides in neuroleptic-resistant schizo-
phrenic patients.
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XXYPHAN BbICLUEA HEPBHOW AEATE/IbHOCTU
TOM XXXIV 1984 BbIN. 2

YK 612.82/.83 + 615.78 + 612.821

POJ/Ib CEPOTOHUHIPELEMNTOPOB B PEryndaunm
ATrPECCVBHOIO NMOBEAEHUNA

BACAP 3. 3, MAUMETC . O., ANNNKMETC /. X.

NabopaTopua ncuxoapmakonoruun n kadegpa hapmakonorumu
TapTycKoro rocyfapcTBEHHOro yHuBepcuTeTa

C. MepoyTka n C. CHaiigep [11], ocHOBbIBasiCb Ha 3KCMEpPMMEHTax cO CBSI-
3bIBaHWEM MEYEeHbIX JIMFaH/0B, Pa3fensann CepoTOHUNOBbLIE PeLenTopbl Ha ABa
nogtuna. Mo nMx Knaccumkauum CyLeCcTBYIOT cepoTOHWH,-PeLenTopbl, CBA-
3aHHble C [JeliCTBMEM CepoTOHMHa, W cepTolllIH2-peuenTopbl, OMOCpeaytoLLme
3 (eKTbl ran/OLUNHOINEHHbIX CePOTOHWMHOMMUMETNKOB. B noBefeHYeCKUX uC-
CNnefo0BaHNAX YCTaHOB/IEHO, YTO KPbICbl 0YeHb 6bICTPO 06yvalTCA N0 MeTOAW-
Ke CaMOBBE/IEHUA OT/NNYaTb BBefjleHUe rannioynHOreHHbIX CepOTOHUHOMUME-
TVKOB OT BBefeHWs Apyrux BewecTB [5], mpuuyem TONbKO MHPEHMEPOH — W3-
6upaTenbHbIli aHTaroHWCT CepPOTOHMHOBbLIX PeLenTopoB, 6/10KNPOBan B HU3-
KVX fi03aX flaHHbIA adthekT. C ApYroil cTopoHbl, M3 pa6oTbl [13] BMAHO, 4TO
MeCKa/IuH — CTUMYJIATOP CepOTOHMHI-PELCNTOPOB. BbI3blBaeT MNaTosiornye-
CKYI0 arpeccMBHOCTb Yy KpbiC-camuo0B. ABTOpbl [ 141 Hawnu, 4To BBefeHWE Bbl-
COKUX 103 anomopduHa BbI3biBaeT y KOLIEK NoBejeTe, He OT/nyaloLLeecs oT
noBefileHNss Npu [AeliCTBUM APYroro CTUMYyNATOpa CepoTOMUH2-penenTopou
ANATUNAMUAA NM3EPTUHOBON KMUCNOTbI. VIMeTCA faHHble, YTO BbICOKME [03bl
OMMATHOro aHTaroHMCTa Ha/NOKCOHAa YCWUMBAKOT MOBEAEHYECKUE W 3/1EKTPO-
thH3HONOrnYecKne 3heKTbl ranNtOLUHOreHHbIX CEPOTOHWHOMUMETMKOB (6].
B HacToseM uccnefoBaHWM NPUBOAATCA [aHHble, MOKasblBawliMe, 4YTo B
LUHC cywecTBytoT ABa nogtuna cepoToTlHXpeuenTopoB, MPOTUBOMONOXHO
BANAIIOLLME HA arpecCUBHOe NoBefeHMe. BepoATHbIM MOAYNATOPOM aKTUBHO-
CTU CEPOTOHMHOBLIX PELLENTOPOB, CBA3aHHbIX C arpecCUBHbLIM MOBeAeHUEM, AB-
NIAeTcA TeTpanenTuj XoNeynCTOKUHUHA.

METOAUKA

OnbITbl nposefeHbl Ha 300 Kpbicax-camuax NMHUM Buctap, pasfeneHHbIX
Ha 29 rpynn, no 10— 12 XMBOTHbIX B Kaxzoli. BAusiHne kBuuasHua (hupma
«Maiin3 Jlabe», AHrAvMa) u nupeHnepoHa (pupma «HAHcceH», Benbrus) Ha
cBasbiBaHne 5H-cnvponepHgona (thvpma «Amepwam WHTepneisonan». AHr-
NNS) u3y4vanocb B CTpMaTyme u PPOHTaNbHOW KOpe, rge MecTa CBS3bIBaHWUS
HenponenTNKOB COOTBETCTBEHHO OTHOCATCA K fODaMWH2- 1 CEPOTOHLIb peunen-
Topam [9]. CBA3bliBaHMe M3yyanu no metoguke [4]. [eicTBue cnuponepngo-
Nna v nupeHnepoHa Ha ces3biBaHue 3H-cnuponepugona (0,5 HMonb, yaenbHas
akTMBHoCcTb 21 Kwu/MmoOnb) onpegensanocb B nNpejenax KOHUeHTpauuu
1 HMo/lb — 10 MKMOMb, BANAHWE CTUMYNIATOPaA CEePOTOHWHOBLIX PeLenTopoB
kBun43mHa— 10 HMonb — 50 MKMonb. CogepxaHue 6enka B CyCMeH3Mu on-
pefenann no metogmke [10]. PesynbTaTbl OMbITOB CBA3bIBaHUA obpabaTbiBa-
X ¢ noMoLbio aHannsa CkeTyappa.

Bo BTOpOli 4acTu nccnefoBaHWA CpaBHUBANIN BVAHWE CUCTEMHOK bHefe-
Hua ranonepugona (0,01—0,2 Mr/Kr BHYTPUOGPIOLIMHHO) ¥ MUPEHHEPOHA
(0,07—90,3 Mr/KFr BHYTpMOPIOWMHHO) Ha MoBefeHYeckune 3PheKTbl anomop-
¢puHa (0,5 mr/kr noakoxHo). Manonepugon M NUpPeHNepoH Bcerga BBOAUAN
3a 1y o BBeAeHMA anomopduHa. Bce nccnegyemblie BelecTsa BBOAUAN B Me-
yeHue 10 gHeit, 2 pasa B AeHb. NMoBefeHYECKME TecTbl NMPOBOAMAM Ha 1. 3, 7-i
n 10-i AeHb ANWTeNbHOrO BBefeHWA. WHTEHCMBHOCTb CTepeoTUnuu onpefe-
nanu no metognke B. Koctann v coaBT. [7], arpecCMBHOro MoBefjeHUs ;0 Me-
ToAvKe, paspaboTaHHOW J1. X. AnankmeTcom u coasT. [3]

B TpeTbell yacTu uccnefoBaHUA M3yyanu BAWSAHWE PasHbIX 403 Hal0KCO-
Ha (0,5—15,0 mr/kr nogkoxHo, tupma «3Hgo Jlabe», CLUA) Ha pa3sutue



anomoptuHoBoit (0,5 MF/Kr MOAKOXHO) arpeccMBHOCTWU. Pa3BuMTME CMOHTaH-
HOW arpecCMBHOCTU OLLeHWBaNW Yy CrpynnuMpoBaHHbIX Kpbic (Mo 10— 12 »uBoT-
HbIX B rpynmne). ANoMopuH 1 HaJOKCOH BBOAUAWM B TeyeHue 10 gHei 2 pasa
B AeHb. Yepe3 48 4 nocne ux OTMeHbl ONpeaensnu noBeAeHYeckue aPHeKTbl
KBUNasHHa (2,5 Mr/Kr) — 4ucno BCTPAXMBaHWI ronoBoit B TeyeHue 40 MUH
N CMOHTaHHYI arpeccUBHOCTb.

B uyeTBepTOi uyacTu uccnefoBaHUs M3y4vanu B3aMMOAeiicTBUe TeTpanenTu-
fa xoneynctokmHmHa (XLK-4, L. K. ., AHrnns), KoTopblii, N0 HaWUM npeg-
BapuTe/bHbIM AaHHbIM, U3 BCeX NEeNTUAOB XO0NeLUCTOKMHWHOBOro psija obna-
[laeT cambIM BbIPaXEHHbIM YCUMBAKOLWMM B/IMSSHUEM Ha arpeccMBHOE MoBe-
LeHne C CepoTOHMH2-peH.enTopamH. XLIK-4 BBoAuAM B 6OKOBble Xenyjo4Ku
mosra no metoguke [1]. XLK-4 npumeHann B pasHbix go3ax (200—5000 Hr)
yepe3 10 MHM nocne BNYyTPMOPIOLWIMHHOINO BBeAeHMA KBMNasHHa (2,5 Mr/Kr).
Yucno BCTPSXMBAHWUW TOMOBOW MOACUUTBLIBANN € 5-i no 10-t0 MWUHYTY nocne
BBefeHna XLIK-4. MapannenbHo uccnefosanut BAMAHWE 3aTux xe fo3 XLK-4
Ha arpeccMBHOCTb, BbI3BAHHYIO 3/71EKTP060/IEBbIM  pasfjpakeHnemM. Cnycts
5 MyvH nocne BBefeHnss XL K-4, AByx KpbIC Nogsepranv 31eKTpoboneBbIM pas-
npaxeHUAM (96 BK/IOYEHWIA ToKa B TeyeHMe 2 MUH, HanpsbkeHuem 35 B).
VIHTEHCUBHOCTb arpeccMBHOrO MOBEAEHUSA OLEHMBAMN MO YUCNY arpeccuBHbIX
KOHTAKTOB MeX[Ay >KUBOTHbIMU. ONpefensnn TakXe BAUAHME PasHbIX [A03
nupernnepona (0,01—0.1 mr/kr) u ranonepmngona (0,01—0,2 mr/kr) Ha ycu-
neHHyto XLIK-4 (200 Hr) asnekTpo6oneByt arpeccrBHOCTb. Oba BeljecTsa
BBOAWUAM 3a 60 MUH Ao BBefeHUA XLLK-4. B oTAenbHOl cepumn onbITOB Mcche-
posanu BnuaHme XLK-4 (200—5000 Hr) Ha 31eKTpo60neByH arpeccrBHOCTb
nocne 10-AHeBHOro npeasapuTenbHOro BBeAeHWs anomopduna (0,5 Mr/kr.
2 pasa B fieHb). XLIK-4 BBOAMAM cnycTA 48 4 nocne 3aKAUYUTENbHON UHDB-
ekuMn anomopdnHa. Bce pesynbTaTbl MoBefeHYECKMX MCCMefoBaHWii noasep-
ranm cratucTu4yeckoil o6paboTke ¢ ucnonb3oBaHueM t-tecta CTblofeHTa.

PE3Y/IbTATbl UCCNELOBAHUN

TupeHNepoH 1 KBWMa3WH B pasHOl CTeneHW BbITeCHANM 3H-cnnponepuaon
13 MecT CBA3bIBaHWA B cTpuatyme u ppoHTanbHol kope (Tabn. 1). B cTpua-
TyMe BbITECHEHME Me4YeHOro ennpornepHpona focTurano Tonbko 30%, B TO
Bpems KakK BO (PPOHTaNbHON Kope 3TOT nokasaTenb 6bl1 0Kono 90%. OfHako
CPOACTBO KBMNAa3HHa K MecTaM CBf3blBaHWA cnuponepugona 6bia10 3HaYUTeNb-
HO HMXe MO CPaBHEHWUIO C MHPEHMEPOHOM. OTOT (PaKT 06bACHAETCA CyLLecT-
BOBaHMeM HeO[MHAaKOBbIX MECT CBA3bIBAHUA A5 arOHUCTOB W aHTaroHWCTOB
CEPOTOHMH2-peLenTopos.

[anonepnaon v NMNpPeHNepoH Mo-pasHOMY BAWANW Ha MOBefeHYecKune -
ekTbl anomopdnHa (Tabn. 2). Manas fosa ranonepugona (0,01 mr/kr), He
6nokupylowas CTepeoTUNHOro MoBefeHWs, MNOTeHUMpoBana pasBUTUe ano-
MOp(MHOBOI arpeccMBHOCTU. Tonbko 0,2 MI/Kr ranonepugona, KoTtopoe nosn-
HOCTbIO MOAABAANO BCe MPU3HAKW CTEPEOTUMHONO NOBEAEHUA, YCTPaHANOo pas-

Tabnuuya 1
Bnuauune cnuponepugona (I HMonb— 10 MKMONb), NMpeHnepoHa
(1 HmMonb — 10 MKMOMb) U KBMNasuHa (10 HMOMbL — 50 MKMONb)
Ha cBs3blBaHWe 3H-cnuponepupona ¢ mMem6paHamu GPOHTaNbHON Kopbl
n cTpuatyma

Ctpuatym ®poHTanbLHas Kopa
BeujectBo
®BMNIKC KA Cemakc
Cnwuponenugon 2.1 28521 15 370125
MypeHnepoH 4.8 80 + 10* 4,0 330-123
KsunasuH 78,0 88+7* 83,0 315+28

Mpumeyanue. MpuBefeHbl CpefHNE TeTUUMHBLI TPeX He3aBUCUMbIX Hrcnea'm.n-
HUiA. Kg __KOHCTaHTa gHccoumrumn, HMuAr . CUM(K ¢ — MaKCUManbHOoe YMCNo M«-0T

CBA3LIBAHMA, M3 KOTOPbIX WCCefyeMble MelweeTa HbITECNHAH MeyeHblii cumpone-
pugon (dmons/Mr 6enka).
*/<0,05.
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BuTiic anomopguHoBOW arpeccmBHocTu. 0,07 Mr/Kr nupeHnepoHa TakXe 3a-
MeTHO YCKOPSiN0 pasBuTue anomMop(UHOBOIM arpeccuBHOCTW, B TO BPeMs Kak
6onee BbICOKME [j03bl OKa3blBanN [03a-3aBHCMMOE CHUXXEHWEe arpecCUBHOCTM.
Mpu 3TOM NUPEHNEPOH CyL|eCTBEHHO He U3MEeHAN napameTpoB anoMophuHO-

BO cTepeoTUnuu, T. €. OKasblBan B
oTAu4YMe OT ranonepugona msbupa-
TeNbHOE BAWSIHME Ha anoMopduHO-
BYIO arpeccuBHOCTb.
OpHoBpeMeHHoe BBefeHue 15 mr/
/KI nmasnioKcoHa ¢ anomMopguHOM pes-
KO YCKOpSNo pasBuTue anomopdu-
XIOBOH arpeccuBHocTW. Mocne oTme-
Hbl 3TO KOMOGWMHaLMM OTMevanocb
[OCTOBEPHOE  YMeHblUeHMe 4ucna
BCTPAXMBAHWIA T0N0BOM, BbI3BAHHbIX
KBMNA3WHOM, N0 CPaBHEHUIO C rpyn-
noii, mony4yasLUeii TONbLKO amnomop-
tHH  (Tabn. 3). CnepyeT oTMme-
TUTb, YTO KBWMMA3WH MOl BbI3bIBaTb
y TaKux KpbIC CMOHTaHHYyl arpec-
CMBHOCTb, KOTOpas He oT/M4vanach
0T anomoptuHoBoii. Manasa pfosa
nanokcona (0,5 Mr/kr) okasbiBana
aHanorMyHoe C BbICOKOM  [A030W
(15 mr/kr) peiicTBue, XoTA U 6onee
cnaboe. CpefHsAs [o03a HanoKCOHa
(5 Mr/kr) npu ofHOBPEMEHHOM BBe-
EeHUN C anomMop(UHOM HeCKO/bKO
TOpMO3nna pasBuTME anomoptuHo-

BnuvsiHWe ANUTeNbHOro npeABapuTesIbHOTO BBe-
feHnsa anomoptuHa (0,5 Mr/kr B TeyeHue
10 aHel, 2 pasa B fieHb) Ha YCWU/IEHHYH TeT-
panenTuaoM  X0NeLUCTOKUHUHA (XLK-4)
3nekTpobonesyto arpeccvBHOCTb. XLIK-4 BBO-
AUV BHYTPUKENTYI0MKOBO Yepes 48 4 nocne
OTMeHbl anomoptuHa. Mo ocu opaMHaT—uuc-
N0 arpeccyBHbIX KOHTaKTOB B TeueHue 2 MLUF.

no ocn abecumce — fosa XLK-4, Hr.  KoH-
TpONb — BHYTPWXENYJ0UKOBOE BBefeHMe (u-
3M0/10FMYECKOr0  pacTBopa. 1— mocne  AnW-
TEe/IbHOTr0 BBEAEHWS (PU3MOMOTUYECKOTO  pac-

TBOpPa U 2 — anomopduHa. * — p<0,05; «+—

p<0,02

BOW arpeccMBHOCTW. Mocne OTMeHbl 3TOW KOM6MHaLMWM Habnganocb 3Ha4u-

Te/nbHOE YyBe/ndeHne 4yucna BCTpFIXI/IBaHI/II7I rofI0BOWA,

BbI3BaHHbIX KBUNasn-

HOM, OlHAKO He OTMeYasiInCb arpecCMBHbIE peakKynn.

Tabnuya 2

BnusHue pnutenbHoro (B TeueHwe 10 fHeid, 2 pasa B feHb) OJAHOBPEMEHHOr0 BBejeHUA
nupeHnepoHa (0,07—0,3 mr/kr) nu6o ranonepugona (0,01—0,2 mr/kr) ¢ anomoptuHOM
(0,5 Mr/Kr) Ha WHTEHCUBHOCTb anoMOP(UHOBOW CTEPEOTUMUMN W arpeccUBHOCTW.
MpuBeaeHbI CpefHMe BenUuUMHBLI (6annbl) ANS BCeX TFPynn U CTaHAapTHble OLWWGKN

ArpeccuB-

CTtepeoTunus HOCTB CTepeoTunusa ATpPecCMBHOCTb
BeuwjecTBo, Aosa (Mr/kr)
1-i peHb 3-1 peHb
AnomoptmH 0,5 -f- usronoruyeckuii 3,1+0,18 0 2,7+£0,19 0,3+0,22
pacTBop

AnomopuH 0,5 + nupeHnepoH 0,07 2,8+0,21 0 2,6+0,23 2,9+0,25*
AnomopuH 0,5 + nupeHnepoH 0,15 2,7+0,26 0 2,5+0,18 0
AnomopduH 0,5 + nupeHnepoH 0,30 2,4+0,34 0 2,4+0,22 0
AnomopgmH 0,5 -j- ranonepugon 0,01 3,0+40,22 0 3,240,20 2,2+£0,32*
AnomopdmH 0,5+ ranonepugon 0,10 0* 0 0* 0
AnomopgmH 0,5+ ranonepugon 0,20 0* 0 0* 0

CTepeomnmﬁ AI’peCCMDHDCTb CTEpEOTMHVIH ATpeccuBHoOCTb

BeujecTBo, go3a (Mr/kr)
7-M peHb 10 it peHb
AnomoptivH 0,5 + usmonormyeckuii 2,2+0,19 2,3+0,18 2,0+0,17 3,2+0,22
pacTBop

AnomopduH 0,5 + nupeHnepoH 0,07 2,7+0,22 3,6+0,15
AnomoptuH 0,5 + nupeHnepoH 0,15 2,3+0,22 0,8+0,42* 22+0,24 1,0+0,45*%
AnomopguH 0,5 + nupernepoH 0,30 2,2+0,17 0,3+0,22* 1,7+0,19 0,3+0,22*
AnomopdguH 0,5 + ranonepugon 0,01 3,0+0,19 3.5.t0,23* 3,0+0,24* 3,9+0,10
Anomoppud 0,5+ ranonepugon 0,10 1,4+0,16 0,6+0,32* 2,4-10,N 2,3+0.25
AnomopcmH 0,5 + ranonepugon 0,20 0* 0* * o*



Tabnuua 3

Koppensiuusi mexay pasBUTeM anoMop(huHOBON arpeccMBHOCTW W MOBeAEHYECKUMU dtdeKTamu
KBUMNasnHa (2,5 Mr/Kr) nocne oTMeHbl AnUTeNbHOro (B TedeHue 10 AHeld, 2 pasa B feHb)
0fHOBpPeMeHHOro BBefeHWs anomopduHa (0,5 Mr/kr) u HanokcoHa (0,5— 15,0 mr/kr)

Ksunasumh
AnomoptunHoBns
BewecTBo, ao3a (Mr/kr) uncno. BeTpAXU- arpeccusHoCTb
BaHuii ronosoii  ArpeccuBHOCTbL
DU3NONOTNYECKNIA pacTBop 32+3,4 )
AnomoptvH 0,5 + hr3nonormyeckuii pactsop 55+4,2* 8-11 fieHb) *
AnomopcmH 0,5 + HanokcoH 0,5 31+5,5 + 1(5- peHb)
Anomoptms 0,5 + HanokcoH 5,0 88+5,8** 1(10-i peHb)
AnomoptnH 0,5 -f- HanokcoH 15,0 19+2,7* + + T|(2-i peHb)
anMe‘-IaHMe. «+», «—» — HanNuyne UM oTcyTcTBUE CMOHTaHHOW T/ TH nocne
4 — ycunenue unu 6. ne i arp T noj . * — B cKobKa* PH-

BeAeH [AeHb ANUTENbHOro BBeJeHWA, KOrja BCe XWBOTHbIe B rpynne CTaHOBU/UCL arpecCUBHbIMU
> /)<odﬁ
ok
£
Ta6nuua 4

BAunsiHne BHYTPUXXeNy[o4KOBOro BBeJeHWs TeTpanenTuha XONeuucTokuHuHa (XLIK-4)
Ha 3N1eKTPOGONeBYI0 arpeccUBHOCTb W BCTPAXMBAHUSA [ON0BON, Bbl3BaHHbIE KBUMA3MHOM
(2,5 mr/kr). [feiictBue nupeHnepoHa (0,01—0,1 mr/kr) u ranonepugona (0,01—0,2 mr/kr)
Ha ycuneHHytlo XLIK-4 3nekTpo6oneByl0 arpeccMBHOCTb

Ynucno BCTpAXMBAHWIA rono- dnekTpoGonesBas arpecclBHOCTb,
BOA, C 6-1 M0 10-0 MUHYTY 4NCNO arpecCMBHbIX KOHTAKTOB

Beuwecteo, Aosa nocne eeegenns XLIK-4 B TeueHMe 2 MUH
DU3NONOTNYECKNIA pPacTBOP 8+1,5 22%2.,5
XLK-4

200 Hr 5+0,9 50+4,2%*
1000 » 8+1,7 19+2,6
5000 » 4+1,2 40+3,9*
XLIK-4 200 Hr+ranonepugon 0,01 mr/kr - 62+4,5%
0,05 > - 33+4,0
0,2 » —_ 15+2,6
XLK-4 200 Hr -f nupennepoH 0,01 mr/kr — 31+2,8
0,05 » - 2+0,8**
0,1 » — 0**
* p<0,05.
*e p< 0,02

BHyTpuxenyaoukosoe BBefeHue 200 Hr XLIK-4 BbI3biBaso 3amMeTHOe ycu-
NeHne 31eKTpo601eBO arpecCMBHOCTW, MPUYEM HKMBOTHbIE HAHOCUAW MO-
BpexaeHua apyr apyry. MNpu ganbHeliwem nosbiweHun aosbl XLIK-4 BHauya-
Ne arpeccuBHble peakuuu ocnabnsnnce (1000 Hr), a notom (5000 Hr) onATb
npeBbIWanU KOHTPO/bHbIA ypoBeHb (Tabn. 4). CnepyeT OTMeTUTb, YTO 3TU
no3bl XLLK-4 oKasbiBann TakXe pasHoe BAUSIHWE HA YMCNO BCTPSAXUBAHMUI ro-
NOBOM, BbI3BaHHbIX KBMNasuHoM (2,5 mr/kr). BeegeHune 200 n 5000 Hr XLIK-4
yrHetano, B 70 BpemMsi Kak 1000 Hr He M3MEHAM0 MOBefeHYeCKOro adpdexTta
KBunasnHa (tabn. 4). MupeHnepoH o6nagan Mo cpaBHEHWIO C ranonepugonom
60nee BblpaXeHHbIM BANAHME Ha ycuneHHyto XL K-4 anekTpo6oneByt arpec-
cUMBHOCTb. Manas posa ranonepugona (0,01 Mr/kr) noTeHuupoBana feicT-
e XLIK-4 n nuwb BBegeHue 0,2 Mr/Kr ranonepujona sHaunTenbHO Nojas-
NAN0 arpeccnBHOe noBejeHWe. MUpPeHNepoH B OTIMUME OT ranonepujona yxe
B fone 0,01 Mr/Kr AOCTOBEPHO MOHWXXaN MHTEHCMBHOCTb arpeccMBHOroO Mose-
neHusa (tabn. 4). MNpu ganbHelileM MOBbILWEHWW [03bl aHTUATPECCUBHOE feit-
CTBME MUpeHnepoHa yrayénsnoce. Mocne oTMeHbl ANUTENbLHOTO BBEAEHUS amno-
Mopuma npoaipeccnBHoe geiicTBue XLK-4 ycmnmanocb (pUCyHOK), npu-
YeM TaKoe W3MeHeHWe 6bin0 0CO6eHHO O4YeBUAHO nocne BBegeHUs 1000 Hr
XU K-4. /



OBCY)XAEHWE PE3Y/IbTATOB

AHanns cBA3bIBaHUA MeYeHOro CrHponepujona CBUAETeNbLCTBYET, YTO On-
pefeneHHas 4acTb MeCT CBSI3bIBAHWS HENpPONenTUKOB MMeeT OTHOLLUEHWEe K Ce-
POTOHMHEPIMYECKNM MexaHu3MaMm MepeAaHero mosra. Haww fgaHHble cornacy-
I0TCS C MHeHuem aBTopa [12], 4To B cTpuMaTyme MecTa CBSA3bIBAHUSA Heipo-
NenTUKOB B MepBYI0 O4epedb OTHOCATCA K AohaMWUMepruyeckoi, B To Bpems
KaK BO ()pOHTa/NbHOI Kope — K CepOTOHWHepruyeckoi cucteme. CyliecTsBo-
BaHWe HEOfHOPOAHbIX MeCT CBA3bIBAHUA AN HelposIeNnTMKOB corsacyeTcs u
C Tem, YTO MWPEHNEepPoOH W ranonepuios Mo-pasHOMY M3MEHAT MOoBeAeHYe-
cKkue apdekTbl anomopduHa. AHTMArpeccuBHOe AeiNCTBME ranonepupona Kop-
penvpyeT c nojaBfieHMeM anomMop(UHOBOM CTPeoTUNWW, B TO BPeMS Kak Mu-
peHnepoH B f03ax, MOAaBAAOLWMNX anoMOPMUHO'BYIO arpecCMBHOCTb, He M3Me-
HAeT WMHTEHCUBHOCTM CTEPEOTUMHOrO MOBefeHUsA. VI3BECTHO, UTO CHWXKeHWe
CTepeoTUMHOro NOBefeHNA MOJ BAWAHWEM HeliponenTUKOB B MepBY oyepefb
peanusyetcs 4yepe3 6/10Kafy AO(PaMUHOBbLIX PeLenTOpoB B M0/0CaTOM Tefe
[4]. MupeHnepoH He B3aMMOAeCTBYeT B MCMNOMNb30BaHHbLIX HAMU f03ax C 3TU-
MW peuLenTopaMn W NO3ITOMY He BAWSET Ha WMHTEHCUMBHOCTb CTEPEOTUMHOIO
noBefeHNs. 3a aHTWarpeccCUBHOe feiicTBME MUPeHNepoHa OTBETCTBEHHbI ApY-
rve CTPYKTYypbl MepefHero Mosra, rge mecta CBSi3bIBaHWA HeliponenTuKoB
MUMelT TECHYH CBS3b C CEPOTOHWHOBBLIMW peLienTopaMu — B NTMMOUYECKON ch-
cTemMe W (DPOHTaNbHON Kope. MoNyYeHHble HaMW f[aHHble CBWAETENbCTBYIOT
TakKXXe 0 TOM, YTO CEepPOTOHWHEPTrMYECKMM MeXaHuW3maM NpuHagnexuT 6onee
CyliecTBeHHasi pofib B pasBUTMM anoMopdMHOBOI arpeccMBHOCTU MO CpPaB-
HeHMIO C foaMUHePrnYeCKUMU. DTO MHEHME MOATBepXAaeTca U GakKToM, YTO
nocne AANTENbHOIO0 COBMECTHOrO BBefeHWs anoMopduHa C onpefefieHHbIMN
[03aMN  Ha/IOKCOHa KBMNa3WH, CTUMYNATOP CepOTOHWH2PeLenTOpOoB, Bbi3bl-
BaeT CMOHTAHHYI0 arpeccMBHOCTb, MPUYEM arpecCUBHOE MOBefeHWe He OT/u-
YaeTca OT anomopuHOBOl arpeccuBHocTU. C APYroi CTOPOHbI, 3T pe3ynb-
TaTbl fal0T Ham BO3MOXHOCTb MofiaraTb, YTO CPeAn CepOTOHMH2-peLenTopoB
CYWeCcTBYOT (PYHKLUMOHA/IBHO HEOAHOPOAHblE MOATUMbI peLenTopoB. OpAHO-
BpPeMeHHOe BBefeHWe OMnpefesieHHbIX 03 Ha/IOKCOHa W anomopduHa MNoBbl-
waeT YyBCTBUTE/NIbHOCTb CEPOTOHMHOBBLIX PeLenToOpoB, BK/OYaOLWMX arpec-
CMBHOE MOBefeHne, 0AHAKO Mapassie/lbHO Pa3BMBaeTCA COCTOSAHME MOHMXKEH-
HOW  YyBCTBMTENbHOCTU K pelenTopam C NPOTUBOMOMIOKHbIM  BAUSIHUEM Ha
arpeccuBHoe nosefeHue.

B npefbigyLnx Hawmnx UCCNeAOBAHUSAX YCTAHOB/IEHO, YTO MeNnTUAbl Xone-
LMCTOKMHMHOBOIO psifja 06najatoT anoMopduH-Nofo6HbIM aelicTBuem [2].
OnucaHHble Bbllle flaHHble MoKasbiBalT, 4To XLIK-4 yyacTByeT B perynaymm
YYBCTBUTE/IbLHOCTM CEPOTOHUHOBbLIX pelentopoB. XLIK-4, Kak n ofjHOBpeMeH-
Hoe BBeJeHWe OMpejesieHHbIX 403 Ha/OKCOHa M anomopduHa, HeoAMHAKOBO
VN3MeHSAET YYBCTBUTE/IbLHOCTb PasHbIX MOATUMNOB CEPOTOHMH2-peLenTopoB U B
CBA3W C 3TUM BefieT K YCWU/IeHNI0 060POHUTENbHBIX peakuulii opraHusma.

Takum obpasoM, B pesynbTaTe NPoOBefeHHbIX WCCMeA0BaHWU MOXHO cpe-
naTb 3aK/l0UYeHune, YTo B MO3re MMeeTca [Ba MoATuna CepoTOHWH,-peLenTopoB,
onocpeayroL X NPOTUBOMNO/MOXKHbIE B/IMAHUA Ha arpeccMBHoe nosefeHue. Of-
HOBpeMeHHOe BBefjleHNe OMpefeneHHbIX A03 HAaNOKCOHa C anoMOP(HHOM Bbl-
3blBaeT CABUI B CTOPOHY aKTUBALWUW PeLenTopoB, BK/IOYAOLWNX arpeccuBHble
peakuun. Pe3ynbTaTbl HACTOSILLErO0 WUCC/MeAOBAHWUA  CBUAETENbCTBYIOT, YTO
aHaforMyHbIM felicTBuemM o6nafgaeT Takxe XLK-4. M3BecTHO, uTo XL K-4 co-
JEePXUTCA B CTPYKTypax MepefHEro Mosra B 3HaUYMTeNbHbIX KOHLEHTpauusax
[8]. B cBAi3n ¢ aTM MOXHO nonaraTb, 4To XLIK-4 sBNsieTCA 3HAOreHHbIM MO-
AyNnATOPOM YyBCTBUTENbHOCTW CEPOTOHUHOBBLIX PELEnTOPOB, CBA3aHHbIX C pe-
rynsunein arpeccMBHOro rnosefeHus.

BblBO/AbI

1 MnpeHNepoH, aHTaroHUCT CepOTOHWHZ2-PeLenTopoB B OT/INYME OT
nonepuaona SABNsSeTCA M3bMpaTebHbIM aHTAroHMCTOM anomMophMHOBOW arpec-
CMBHOCTWU. [lNNTeNnbHOe COBMECTHOE BBefleHWe OMnpefAesieHHbIX [03 HalloKCOHa
C anoMOP(HHOM BbISIB/ISIET pasHble MOATUMbI CEPOTOHUH2-PeLLenTOPOB, YTO Bbl-
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paXkaeTcs B YrHETEHUW BCTPSAXMBAHWIA roN0BO W MOSIBEHUM  CMOHTAHHOMR
arpeccUBHOCTU MoCNe BBEAEHWUS KBMUMAa3nHa, CTUMYNSiTopa CepoOTOHWMHI-peLen-
TOpOB.

2. TeTpanenTuj XO0NIeLLUCTOKUHUHA 3HAYNTENIbHO YCW/IMBAET 3/1eKTP060o-
NeBYI0 arpeccMBHOCTb M B TeX XKe J03aX YMeHbLUAeT YMC/0 BCTPAXUBAHWUIA ro-
N0BOMA, BbI3BaHHbIX KBUMa3WHOM. MMPEHNEPOH ABNSieTCS M3bupaTenbHbIM 6/10-
KaTopoMm [elicTBUSA TeTpanenTuia XoNneuncToKNHUHA.

3. TeTpanenTuz X0NeLUCTOKUHUHA, BO3MOXHO, SIBNAETCS 3HAOTEHHBIM MO-
AYNATOPOM 4YYBCTBUTENbHOCTU CEPOTOHMHOBBLIX PeLenTopoB. BbicKasbiBaeTcA
npesnosioXKeHne, YTO ero (PyHKUMOHaNbHaA posb 3akfloyaeTcsi B aKTMBauuu
CEPOTOHUHI-PELENTOPOB, BK/OYAOLWMUX 060POHNTENbHbIE arpeccuBHble peak-
umu.
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THE ROLE OF SEROTONIN2RECEPTORS
IN THE REGULATION OF AGGRESSIVE BEHAVIOUR

K/IS4R E. E.i MMMETS M. 0.t ALLIKMETS L- H.

Chair of Pharmacology, Tartu University, Tartu

Quipazine and pirenperone, the drugs interacting with serotonin2recep-
tors, more readily displaced 3H-spiroperidol from its binding sites in the
iruiih’l cortex than in the striatum. Pirenperone (0,07—0,3 mg/kg), anta-
gonist of serotonin2receptors, selectively decreased the intensity of apo-
morphine aggresiveness. The antiaggressive action of haloperidol (0,01—
0.2 mg/kg) was in correlation with its nntistereotypic activity. Long-term



administration of naloxone (0,5; 15.0 mg/kg), together with apomorphine
(0.5 mg/kg) reduced 1llie number of iiead-twitehes caused by quipazine
(2,5 mg/kg). TJie administration of quipazine 48 hours after (he last inje-
ction of naloxone and apomorphine caused spontaneous aggressiveness
that did not differ from apomorphine aggressiveness. Intracerebroventri-
cular injection of cholecystokinin tetrapeptide (CCK-4) markedly enhanced
the foot-shock aggression. The same dose of CCK-4 also decreased the in-
tensity of quipazine (2,5 mg/kg) head-tvvitches. Compared to haloperidol,
pirenperone was a more selective antagonist of CCK-4. After long-term
apomorphine treatment (0,5 mg/kg during 10 days, twice daily), the effect
of CCK-4 on aggressive behaviour was markedly enhanced. It is possible
that two subtypes of serotonim-receptors exist in the brain and have oppo-
site action on the aggressive behaviour. CCK-4 may play the role of an
endogenous modulator of sensitivity of serotonin2-receptors involved in
the control of aggressiveness.
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CTUMYNAUMA LEPYNEMHOM-AHANOIOM
OKTAMNENTUAA XONEUNCTOKNHUHA —
CBASbIBAHMA 3H-CMMPOMEPUAONA TMO-

CNE pnutenbHoro Beepgenus Helipo-

nenTukos
Na6opatopus ncuxodapmakonoruu HUW obujeit 1 moneky-

NApHOW natonorum, Kageapa tapmakonorun TapTyckoro yHu-
BepcuTeTa

Mpejctasnena akag. AMH CCCP A B. Bagumam™

NmeTca faHHbIe O TOM. YTO MENTWAbl XONeunucTo-
KWHMHOBOTO PAfla B HU3KWUX KOHLEHTPaLuUaX MOAY-
NUpYIOT B3aMMOfAeiicTBME eHHpPOHepugona ¢ pgoda-
MUH2- U cepoTouMHZ2-peuyeTopamu [2]. B uccnego-
BAHWAX MOBEJEHYECKHX PeaKLuii BbISBNEHO, YTO XO-
NEUMUCTOKUHUH U ero aHanoru npu BHYTPHMO3rOBOM
1 neputepnyeckom BBeAEHUM OKasbiBaloT feiicTBue,
nojoGHOe BNUSHWIO Kak Heliponentukos [4, 15],
Tak W anomoptumHa [1]. MapannenbHo noBefeHYe-
CKUM C/BUraM XONeLMCTOKMHUN W ero aHanoru Bbl-
3bIBAlOT MOfaBNeHNe MeTaGonusma AothamuHa u ce-
POTOHWHA B CTPYKTypax nepeAHero mosra [1. 7].
B HacTosljee BpemMs MOSBUNNCL [JaHHble, CBUJe-
TEeNbCTBYHOLME O TOM. YTO XONELWUCTOKUHHH W ero
aHanor LepynenH OKasblBalT Ha 6O/MbHBIX  WK30-
(hpeHunell, pesNCTEHTHbIX K HeliponenTukam, 3Hauu-
TeNbHOe aHTUNcMxoTuyeckoe feiictene [10. 11].

B CBA3X C 3TUM NpeACTaBNSNO0 MPAKTUUECKUA WH-
Tepec M3yuyeHWe BAUAHMA LepynemMHa —BbicoKoad-
(WHHOTO aHanora oKTamenTuAa XoneLuUCcTOKUHUHA
[15] Ha cBssbiBaHMe 3H-cnnponepujona B OnbiTax
in vivo. YuutbiBas anomoptmHonofo6Hoe feiicTBue
LepynenHa, AaHHblii 6UOXMMUYECKNA aHann3 nNpoBo-
AUNM B CpaBHeHUM C H-nponunHopanomopdHNom

(HWN) -
Ha.
MeToguka uccnepgoBaHua. OnbiTbl Npo-
BOAWUAN Ha Genbix 6ecnopofHbIX — Mblllax-camLax
maccoit 20- 25 r. B TeyeHue 2 Hed 2 pasa B [eHb
XWBOTHbIM BBOAUAW ranonepugon (0.25 mr/kr, dup-

MbleOKOA(HHHBIM aHanolM anomopdu-

ma «Gedeon Richter», BeHrpusa), nupeHnepoH
(0.25 mr/kr, ¢dupma «Janssen Pharmaceutica»,
Benbrus) wunu dusnonoruyecknii pactsop. Cnycts

72 4 nocne oTMeHbl ANUTENbHOTO BBEAEHWUA CTaBUNN
OMbITbl MO CBA3bIBAHMIO in Vivo: 6 XWBOTHBIM U3
Kaxgoi rpynnsl (dusnonornyeckuii pactsop, rano-
MEepPHAON 1 MUPEHNEepPOH) BBOAWAM TONbKO 3H-cnnpo-
nepuAon B f03e 5 MKI/KF NOAKOXHO (yA. pajnoak-
TUBHOCTb 17 Ku/mmonb, gupma «Amersliam», AHr-
nna) ucenycta 20 MmuH  ux  gekanutuposann. Oc-
TanbHbIM MbIlAM W3 Tex e rpynn (Mo 6 XueoT-
HbIX) Mepej MeueHbIM CNUPONEepUACNOM BBOAWAM
BbITECHAIOWLME  BellecTBa. [anonepujon B fose
2,5 Mr/kr 6bin BBeAeH BHYTPUOGPIOWMWHHO 3a 40 MUH
[0 BBEfiEHUS MEYEHOTr0 NWTaHAa, a LepyneuH B fJo-
3e 0.4 mr/kr (noakoxHo, dupma «Farmitalia», UTa-
nua) H (HMA B gosax 5 n 50 mkr/kr (pupma «Re-
search Biochemicals Inc.», CLUIA) BBOAWAM 3a
15 muH neped 3H-cnuponepugonom. lMocne aekanu-
TalMH XMBOTHbIX Ha /by GbICTPO M3BNEKanu Mo3r
H NpenapupoBanu NOAKOPKOBblE 06pa3oBaHusA  ne-
peAHero mosra (num6uyeckas cuctema u cTpuatym)
1 (POHTaNbHYK KOpy. BbiAeneHHble CTPYKTYpbl ro-
MoreHusuposanu B 25 o6vemax Tpuc-HC1-6ydepa
(50 MM pH 74 npun 20°C). 3aTemM npo6bl LEHTpU-
tdyruposanu npu 9000 06. B TeueHne 10 mMuH. Cy-
NepHaTaHT BbINUBANM U OCAJOK OCTOPOXHO MPOMbI-
BaN HECKONbKO a3 C MOMOLLbI0 XONOAHOrO Tpuc-
HCI-6ytepa. PapgnoaktusHocTb npo6 (5 nmapanne-
neit) onpefenann B CUMHTUANATOpe 13peH Ha cueT-
ynke B-vacTm «YnbTpo-bera 1210» (dpmpma L.KR,
L Beyuns). OnbITbl NOBTOPANM 3 pasa.
PesynbTaTbhl unccncpoBaHua. BeiTec-
HAloWee feiicTBMe BbICOKOK [03bl  ranonepugona
(2.5 Mr/kr) cywecTBEHHO He W3MeHANocb nocne
ANnNTenbHOro BBefeHma ranonepugona (0,25 mr/kr)
U nupeHnepoHa (0,25 Mr/kl) mo cpaBHeHWl ¢ no-
KazaTenem U Ipynne >XMBOTHbIX, NONyyaBWUX (K-

BnHsanHe ranonepupona (2,5 mr'kr), HMA (5 n 5» mkr'kr) v uepyneuna (0,4 Mmr/kr) Ha csasbiBaHue “H-cnupouepuaona (5 MKr/kr)
B OMbITax in vivo nocne gnuTenbHoro BeeAeHWs ranonepugona (0,25 mr kr) v nupexnepoHa (0,25 Mr'kr)

cbnHononuuy kun PICTIICP r-n.n g, 1l poi viepoH
Hewectk, THCVHE " s Wy tbpoHTansHay
SSW VTpyi Typel
TCanonepugon, 2,5 mr kr 9050 jr840 11 100.£800 9700780 11 200 L740 *M00.4 ) 5 14)*890*
HWAN:
50 MKr/KT 8«100+7()0 n 400 12 400 1-800* 11800 M 020% 12 fIK) *7'K) 10 ) 1 010
5 MKr/kr 73001:670 12250+1 OJO 1100-h400** ™01 2700 >Ji00- L0 <50 *
LiepynenH, 0,4 mr kr 1 110£:100 7300-M»10 i-.unoo i-40>* 100 : 250° 1100 11*0" 2450 . 100*-

MpuBeaeHbl cpegHue pa (MHYMKM (YNCNO UMNXNLCHM HA 1T 3KaHH) Yeviy ipyHMutti. n. K YaMWUMK mi.n.ko
AON Ha (OHe Bbl BelecTs. 3HaK e*nnioc- CTHMYNHP'.rOYNY’ BAUAHME Ma <um.im
OpHa 3sesgouka — P<0,0.1). gse - /-*<0,02 HO cpaBHeHuio 4 Kwirpo.wv (dH wonormuk'kuii pactsop).

MpumeyaHue

3H nm
BaHHe *H-cnuponepHaona
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3MonorHyeckuit pacteop  (cM. Tabnuuy). Tonbko
nocne MHOTOKPAaTHOTO BBEJEHUS CePOTOHMH2-aHTa-
FOHMCTA MHPCHMEPOHA YMEHbLanoch ero BbITECHA-
ujee BNUAHME BO (DPOHTANbHOW Kope. B oTnuume oT
feiicteua ranonepupona BausHue HMA  3ameTHO
M3MEeHANOCh Nocne ANNTeNbHOTO BBEAEHWs ranone-
puaona u HupeHnepoHa. B pgose 50 mkr/kr  HIMA
3HAUNTENbHO CUNbHEE BbITECHAN 3H-CMHPONEpPHAON
B NOJKOPKOBbIX CTPYKTypax nocne ANUTeNbHOro
BBe/lEHUA KaK ranonepujona, Tak W NupeHnepoHa.
Bo dpoHTanbHOM Kope BbiTeCHALWMIA ahdhekT HMA
B 3TOW [03e fJaxe Heckonbko ocnabnsncs nocne
ANNTENbHOTO BBeJEHMA HeliponenTukos. Takoe pas-
nvune B pgelicteum HI1A B fiBYX pernoHax Mos-
ra, no-sMAMMoMy, 06bAcHAeTcA ero Gonee cna-
6bIM  arOHUCTUYECKUM  [JeficTBMEM  Ha  CcepoTo-
HWUH-peLenTopbl MO CPaBHeHUW C AodaMUHO-
BbIMM. YCTaHOBNEHO, 4TO TOMbKO BbICOKWME [0-
3bl  anomopnHa BbI3bIBAOT NOAJOGHbIE rannto-
LMHOTEHHbIM ~ CEPOTOHMHOMWUMETWKAM  MOBeAeHYe-
ckue addekTsl [14] M 3HaUMTENbHble KOHLEHT-
pauuu anomopthuHa BbITECHAOT 3H-KeTaHCEpUH —
aHTaroHHCT CePOTOHWH2-PeLenTopoB — U3 MecT CBS-
3blBaHWA B npedpoHTanbHoii kope [8]. K BbITeC-
HAlOWeMy AeiicTBuio Manoit fosbl HAA (5 MKr/kr)
pasBuBanacb, 0JHako, TONePaHTHOCTb Mocne Anun-
TeNbHOTO BBEJEHWA ranonepupona W NUpeHNnepoHa
(cm. Tabnuuy). 3TOT hakT CBUAETENbCTBYET O TOM,
YTO Ha OMpefeneHHbIX MecTax CBA3biBaHMA 3H-cnun-
ponepuaon cunbHee B3aMMOAECTBYET C AO(AaMUHO-
BbIMM 1 CEPOTOHWHOBLIMU pelienTopamu nocne Anu-

TEeNbHOTO  BBeJEHWs  HeliponenTukoB. PesynbTa-
Tbl  HACTOAWLEr0  WCCNeJ0BaHWs  BO  MHOrOM
cornacyloTcs C AaHHbIMM nuTepatypbl [5], cornac

HO KOTOPbIM HeiponenTuKM M anomopthiuH HeoAnHa-
KOBO B3aWMOAENCTBYIOT C A0(aMUH2-peLenTopamu.
MokasaHo, 4TO B3aWmogeiicTBue anomoptuHa ¢ 3H-
cnMponepuaonoM ua JodamuH2-peLentopax —ocy-
L eCTBAAETCA Yepe3 HU3KO- U BbICOKOAD(UHHbIE Me-
CTa CBA3bIBAHMA, B TO BPEMA Kak HeiiponenTuku ume-
10T Ha 3TUX PeuenTopax TONAbKO BbICOKOAMMUHHbIE
MecTa CBA3bIBaHMA [5]. BbIABNEHO, YTO KOHCTaHTbI
Anccounaymn aTuX AByX MeCT CBA3bIBAHWA ANA ano-
moptuHa oTnuualoTcs npubnusntensHo B 10 pas.
YunuTbiBaa pasnuyHoe feiicTBue pasHbix Ao3 HMA
nocne ANNTENbHOTO BBEEHWUS Tanonepupona u M-
peHnepoHa, MOXHO nonaratb, 4To aphUHHOCTb Heil-
pONeNnTMKOB K 3TUM [BYM MecTaMm CBSi3blBaHWA ANs
anomMop{uHa UM3MEeHAeTCA HeOoAMHaKoBO. [10-BHAM-
MOMY, MOHWXaeTca adhuHHoCT 3H-cnuponepHaona
K HU3KOAQ(hUHHBIM MecTam CBA3bIBAHUS ANA ano-
MOp(UHa, B TO BpeMa KaK Ha BblCOKOAM(hHHHbLIX Me-
CTax. CBsi3blBaHWe 3H-CMMPOMEpHA0.1a CyL|eCTBEH
HUM 06pasoM yBenuunBaeTcs. BepoATHO, 4TO M3Me-
HEHVe YYBCTBUTENbHOCTU  HH3KOAD(HHHBIX  MecT
CBA3bIBAHMA OTpaxKaeT pasBUTME  THMEpPUyBCTBU-
TPALHOCTY K AO(aMUHO- 1 CEPOTOHNHOMUMETUKAM W
ocnabneHue pasHblx 3((PEKTOM HeiiponenTukKos, B TO
BpeMS Kak nosbllleHne athduHHOCTU 3H-enuponepu-
aona K BbICOKOA(dHHMBIM MecTaM CBAi3bIBaHUS ANA
anomopduHa, no BCell BEPOATHOCTU, CBA3AHO C pas-

BATMEM aHTUMCUXOTUYECKOro AelicTBMA W npouecce
ANUTENBHOTO BBEJIEHWA HeiponenTUKOB.

Mocne ANMTENbHOTO BBeJEHWA HelpoNenTUKOB He
n3MeHsieTcs TonbKo feiictene HIMA, a Takxe Ue-
pynenHa — BbICOKOAD(UHHOTO aHanora okTanenTu-
fa XoneunctokmHuHa [15]. CyuiecTByeT MHeHue,
yto pAA 3PPeKTOB XONELUCTOKUHWUHA U ero aHano-
roB peanusyertcs npu neputepuyeckoM  BBEAEHUN
yepes adpepeHTHble MexaHU3Mbl  GnyxAaaloLero
HepBa [9, 13]. OaHaKO HawwW uccnefoBaHWs ceupe-
TENbCTBYIOT O TOM. YTO LepynenH NpOHUKan B MO3r
M BBITECHAN Y KOHTPONbHbIX XWBOTHbIX 3H-cnupo-
nepuaon M3 MecT cBA3biBaHMA (cM. Ta6nuuy). Moc-
Ne 2-HefleNbHOTO BBEJeHUA ranonepuaona U Nupew-
nepoHa jeiicTBMe LiepyneHHa, 0fHaKo, CTano npoTu-
BOMOJIOXHBIM. LlepynenH He BbITECHSAN, @ CTUMYNNPO-
Ban CBA3bIBAHWE CMMponepujona B 06OWUX Hamu Wc-
CnefoBaHHbIX pernoHax nepeaHero mosra. Cnepyet
OTMETUTb, YTO MOCNe ANUTENbHOTO BBEJEHUS aHTa-
TOHUCTA CEPOTOHUH2-PELLeNTOPOB MUPEHMEPOHA CTU-
Mynupylouiee feiicTeue LepyneHHa 6bino 6onee Bbl-
paXeHHbIM BO ()pPOHTanbHOW Kope (cM. Ta6nuuy),
a nocne ranonepuaona, B3auMo/eiicTeytoLero npeu-
MyL|eCTBEHHO C A0(aMUHOBLIMU peLenTopamu, 3To
feiicTBMe LepynenHa 6bino 6onee 3HaYMMbIM B NoA-
KOPKOBbIX CTPYKTypax. DTN JaHHble COrnacywTcs c
uccnefoBaHnamMn [12], nokasasWwMWMM, 4TO BO PPOH-
TanbHO KOpe MecTa CBA3bIBAHWA ANA HeliponenTun-
KOB B OCHOBHOM OTHOCATCH K CEPOTOHWH2-peLenTo-
pam, B TO BpeMs Kak B MOAKOPKOBbIX CTPYKTypax
npesanupyeT B3aumojeiicTBne ¢ JohaMUHOBLIMN pe-
uentopamn. Ecnu yunTbiBaTb, YTO ANUTENbHOE BBe-
AeHuve ranonepugona (2—3 Mr/kr) noBbilwaeT nAoT-
HOCTb XONELNCTOKNHUHOBBLIX PeLenTopoB  Mo4TU B
2 pasa [3]. MOXHO nonaraTb, 4TO yBennueHue CBSA-
3bIBaHMA 3H-cnuponepupona Ha BbICOKOAMHUHHBIX
MecTax CBSI3bIBAHWA AN anoMop(uHa 06YyCNOBNEHO
VUMEHHO YCU/EHHbIM [Ie/iCTBUEM 3H/JOTEHHOr0 OKTa-
nenTuAa XoNeynMcToKNHUHA Nocne AAUTENbHOTO BBe-
[leHNA HeiiponenTuKOB.

Takum 06pa3oMm, TMONyYeHHble [AaHHble CBUfe-
TeNbCTBYIOT O TOM, YTO MOCNe ANNUTENbHOTO BBEje-
HUS HelipoNenTUKOB YCUNNBAETCA WX B3aUMOpeicT-
BUe C BbICOKOAP(UHHBLIMU MecTaMi CBA3bIBAHWA ANs
anomMopduHa Ha A0(aMUH2- U CEPOTOHWUH_>-PeLenTo
pax. 9TOT MeXxaHU3M, MO-BUAMMOMY, NEXMUT B OCHO-
BE aHTUMCUXOTUYECKOTO [ieiCTBUM HeliponenTUKoOB.
O/HaKo, KaK MoKasbiBalOT JKcnepuMeHTanbHble [6]
W KNMHWYeckue uccnegosaHua [10], 3To' peiicTBue
HeiipoNnenTUKOB peann3yeTcs TONbKO Ha (OHe Aoc-
TAaTOYHbIX KOHLEHTPaLMii oKranenTuga Xoneyucro-
KWHUHA. YCTaHOBNEHO, YTO Y GONbHbLIX LWN30(PeHn-
eif, Pe3NCTEeHTHbIX K HeliponenTukam, nocne cMepTu
BbISBNAETCA HU3KOE COZEPXaHWe XONeuncTOKUHUHA
B IMMBUYECKUX CTPYKTypax [6].
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STIMULATION WITH CERULEIN, AN ANALOG OF CHO-
LECYSTOKININ OCTAPEPTIDE, OF 3H-SPIROPERIDOL
BINDING AFTER PROLONGED ADMINISTRATION OF
NEUROLEPTICS

E. E. Vasar, A. M. Nurk, M. O. Maimets, L. Kh. Allikmets

Research Institute of General and Molecular

Tarlu University

Pathology

It has been established in experiments on white male
rals that prolonged administration (twice a day for 14 days)
of haloperidol (0.25 mg/kg) and pyreneperone (0.25 mg/kg)
resulted in the reduced interaction between 3ll-spiroperidol
and low affinity binding sites for apomorphine in subcorli-
cal structures, whereas B5H-spiroperidol binding with high
affinity binding sites for apomorphine increased both in
the frontal cortex and subcortical structures of the forebrain.
After prolonged administration of neuroleptics the displac-
ing effect of cerulein, an analog of cholecystokinin octapep-
ticlr, was replaced by the stimulant action on 3H-spiroperi-
dol binding. It is assumed that increased interaction bet-
ween 'H-spiroperidol and high affinity binding sites for
apomorphine on dopamine2- and serotonin*-receptors under-
lies the antipsychotic action of neuroleptics after their pro-
longed administration. Cholecystokinin octapeptide is a ne-
cessary factor for realization of this action of neuroleptics.

YAK 618.281-07:616-008.949.4:«1S5.28t.8- 615.281.8033:618.2

Knwouessoe
MaHTaguH

cnosa: 6epeMeHHOCTb, pe-

H. ®. MNpoeaunxa,
C. T. Tynbkec,

KVUHETUKA HAKOMNEHNA W BbIBEQEHUA
*H-PEMAHTAANHA B TKAHAX BEPEMEHHbIX
MbILLEA W NAOAAX

WHctutyT BUpyconormm wm. [. W. WeaHosckoro AMH

CCCP, .Mockea HWW no 6M0NOTMYECKUM WCMbITAHUAM XMW~
MUYECKUX COeAUHEHUI

B. M. LLo6yxos,
r. A. Taneros

N T. NeTposa.

MpeacTnenenn akag. AMH CCCP B. B. 3akyconsim

AMUHONPON3BOAHbIE aflaMaHTaHa, B YaCTHOCTW peMaH-
TaAuH (a-mMeTun-bajamaHTaHMETHNAMUH),  NPUMEHS-
10TCA B KayecTBe CPEACTB MPOMUNAKTUKM W NneyeHus
rpunna [2, 4, 71. OfHa U3 BaXHbIX (hapMaKOKUHETU-
YeCKMX XapaKTepuCTUK XWMWUOMPenapaTos, WCMONb-
3yembiX ANA WUPOKUX KOHTWHFEHTOB HaceneHus, a K
HUM, 6e3yCNnoBHO, OTHOCWUTCS PeMaHTajuH, ABAfeTCS
NPOHNLAEMOCTL Yepe3 NnaueHTy U JUHaMUKa Hakon-
NeHUs 1 0COBEHHO BbIBEEHUA X U3 NNOAJOB. B nute-
paType MoJoGHble JaHHble OTHOCUTENbHO PeMaHTafuHa
OTCYTCTBYIOT.

B CBA3M C 3TWM 3ajayeil HACTOALLETO UCCNeA0BaHUA
ABWUNOCh W3y4eHUEe KUHETUKM HaKOMMEHUN W 3AUMU-
Hauum 3H-pemaHTaguHa B niojax W Tkanhx 6epemen-
HbIX MbILLEVA.

MeTopauka wuccneposaHus. B pa6ote
1cnonb3oBaH 3H-pemMaHTafuH, NONYYeHHbI Hamu no
paHee onucaHHoil MeToauke [5]. ¥YpenbHas papuo-
aKTWBHOCTb npenapata 30 MKu/Mmonb. OnbiTbl CTa-
BWNWN Ha 6ecrnopofHbIX GenbiX Mblllax-caMKax Maccoit
30 r Ha 15—16-e AHM GepeMeHHOCTM, a TaKxXe Ha
6ecnopofiHbIX Genbix Mbllwax maccoit 10—12 r. *H-pe-
MaHTagHH BBOAWAW B 0,3 MA (hU3NONOrMYecKoro pact-
BOpa nepopanbHo (2,8 Mr/kr). B ycTaHOB/EHHbIe CPo-
ku (15 1 30 MuH, 1, 2, 6 1 12 4 nocne BBeAeHUS Mpe-
napata) Mbillen [eKanuTUpOBanW U W3BMEYeHHble
opraHbl nomewann B5H. NaOH (7 mn — Ha nnogsl,
5 MN — Ha NeyeHb M N0 3 MA — Ha NOYKU W CeneseH-
Ky). TKaHW TOMOreHW3VpoBann U K roMmoreHaty [o-
6aBNANN paBHbIll 06beM GeH3ona AN 3KCTPaKLWK Me-
YEHOro pemaHTaduHa. [locne MHTEHCMBHOFO BCTPS-
XUBaHWA B TedyeHne 10 MUH CYyCMeEH3MIO LEHTPUdyru-
posanu 15 muH npu 4000 06/MUH ANs O0TAENEHUA GeH-
30n1a OT BOAHOI (hasbl. OT KaxAol npobbl oT6Mpanu
anuksoTbl (0,2 Mn — Ana neyeHn u no 1 mn — ana
NN0AOB, CeNe3eHKW W MOYek) W onpedensinn paguo-
aKTUBHOCTb B 10 M TONYONOBOTO CUMHTUANSTOPA
Ha OKUAKOCTHOM CLMHTU.NASLHOHHOM  CMEeKTpOMeTpe
SL-30 dwmpmbl «Intertecknique» (®paHuus).

PesynbTaTthl nccnepoBaHna. [Jan-
Hble, MpeACTaBNeHHble B Tabn. 1, oTpaxaloT pacnpe-
AeneHne ‘H-pemaHTajMHa B NNOAAxX, MeyeHW, Noykax
M ceneseHKe 6epeMeHHbIX Mbllleii B TeueHne 12 u



SSSSSSSSSSSSS

BHOJ1JIETEHDb
3SKCMNEPUMEHTAJTIbHOW
BEMONOI A U MEANLVHBI



ULJE A M

Puc. 2. BnusHue HuUKoTUHa B Ao3ax 0,05 mr/kr (/) v 01 mr/kr
(/) wa pnUTenbHOCTb MMMOGWUNM3ALUM KpbIC.

Mo OCM OpAWHAT —BpeMs (B C). / — HUIKOGKTHEHbIE KDbIChI. 2— Bbi-
COKOKTWBHbIE KPbiChl. CBETAbIE CTONGUKM —(OH, 3AWITPUXOBAHHbIE —

(koHTponb) BBOAUAM 0,15 MA (HU3MONOTUYECKOTO pa-
ctBopa. Mpu atom BBefeHue 0,05 MI/Kr HUKOTWUHA
BbI3bIBAN0 3HAauUMTENbHOE MOBbIWeHWe AMC «noaun-
HEHHOW» KpbICbl H B 6OMbLIMHCTBE cny4aeB (B 6 u3
8) npoucxofuna CMeHa [AOMUHMpYIOLWed ocobn
(puc. 3). BeegeHue 0,1 Mr/Kr HUKOTUHA «NOJYNHEH-
HOii» 0CcO6K Takxe noBsbiwano ee IMC, ofHaKo cMe-
Ha [OMWHWPOBAHWA npousowna Tonbko B 4 U3 8
cnyyaes.

Mpyu N3y4YeHUN BAWAHUA HUKOTUHA B  LUMPOKOM
AvanasoHe [03 Ha [BUTaTeNbHYH aKTUBHOCTb Mbl
el Kakoro-nM6o 3Hauyumoro agdekTa He Habnwga-
nock.

Taknm 06pasom, MOXHO CAenaH, BbIBOJ, 4TO HU-
KOTUH OKa3blBaeT cCreyutuyeckn akTusupyloujee
feiicTBNE Na XXMBOTHBLIX C HU3KUM afanTUBHLIM NO-
TEHLMaNnoM, OTAUYHOE OT [eiCTBUS NCUXOCTUMYNS-
TOPOB, YeM, MO-BUAUMOMY, W 06YCNOBNEHO WX Bbipa-
KEHHOEe BieYeHne K HUKOTUHY.

MpoBefieHHbIe IKCNEPUMEHTbI CBUAETENLCTBYIOT O
HaMuuKM y 4actu ocobeid B nonynaymmu camuos 6ec-
NOpo/AHbLIX GenbiX KpbiC BbIPaXEHHOW npeapacnono-
XKEHHOCTU K Pa3sBUTUI0O HUKOTUHOBOK TOKCUKOMaHUM.
MpeacTaBnseT MHTepec TOT (hakT, YTO faHHa,; Na-
TONOrNA PasBMBAETCH Y XWBOTHLIX C HU3KUM ajan-
TUBHBIM MOTEHLWANOM, 3aHUMalOLLUX B 300COLMaNb-

Pur. 3 BAnAHWe HUKOTWHA B PasHbIX 033X Ha [BUraTeNbHOK

10

HOli uMepapxun Huswwue paHru. Togo6Hble o0ocobu
06bI4HO XapaKTepusylTCs BbICOKOW 4yBCTBUTENb-
HOCTbIO K CTPECCOpUbIM  (hakTopam W BblPaXEHHOM
CKNIOHHOCTbIO K Pa3BUTWIO 3KCMEPUMEHTaNbHOro an-
KOT0/1M3Ma, OCHOBAHHOW Ha HOpManusyluiem BAUS-
HUM, KOTOPOE 3TAHON OKa3blBaeT Ha 3MOLWNOHANbHYO
cthepy u nosefeHue 3Tmx ocobeit [I, B]. Cnegosa
TeNbHO, MOMYYEHHbIE HaMW AaHHble CBUAETENbCTBY-
10T 06 OGL{HOCTW MPUYMH, BbI3bIBAKOWUX BrieYeHWe
KaK K HUKOTWHY, TaK U K ankoronio.
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THE FOLE OF NICOTINE PSYCHOTROPIC EFFECTS IN
INDUCING INCLINATION TO INCOTINE IN RATS
T. Khodzhageldyev

Institute of Pharmacology, Academy of Medical Sciences of
the USSR, Moscow

The experiments have proved some male noninbred while

rats to of inclined to toxicomania development. It is of in-
terest that such pathology develops in animals with low
adaptive potential occupying the lowest rank in zoosocial

hierarchy These animals are usually characterized by high
sensitivity to stress factors and pronounced inclination to
the development oi experimental alcoholism. Thus, it sug-
gests the existence of common reasons causing the inclina-
tion to both nicotine and alcohol consumption

YK 615.357.34:577.175.7341.017:615.213.015.2:61>.21) .22:547.891.2
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A. M. Hypk, M. O. MaiimeTc

MOAYNUPYKOUWEE BANAHWNE UEPYNEHHA
HA BEH3OAMNA3EMNHOBbLIE PELLENTOPbI

Na6Gopatopus ncuxothapmakonorum HWUW obweit H Monekynap-
HOll maTonoruu TapTycKoro yHusepcutera
MpeacTasnena akag. AMH CCCP A. B. Banbjuamom

YCTaHOBNEHO, YTO OKTamenTuj  XO/NeLHeTOKLIHWa
(XLLK-8) u ero aHanor 6onee CWUAbHOIO AeACTBUS
LepynenH BbI3bIBAKOT MPU CUCTEMHOM BBeAeHUN 3(h-
(hekTbl, MoAobHble addeKkTaM TPaHKBUIN3ATOPOB



6eH30AMa3ennHoBoOro paga [6,81. OTHOCUTENbHO JKMBOTHbIE He MOrMGanu, To peakuus Mbilleid No BCeM
BbICOKME fA03bl uepynenHa n XLIK-8 yanuHAWT na-  uUccnefoBaHHbIM napameTrpam COOTBETCTBOBaNa
TEHTHble Nepuojbl NPOABNEHUA CYAOPOT, Bbi3BaHHbIX 30 MUH. AHTaroHuct XLK-8 npornymug (dhupma
TMoceMukap6asnMaom 1 rapmMaHoM, M nosbilWwalT Tak- «Rolta Farmaceutici», WTanus) [3] BBOAUAN BHYT-
Xe MOpOroByl A03y MWKPOTOKCUHA, HEO6XOAWMYHD — PUOPIOWIMHHO B A03ax 5 1 25 Mr/Kr 3a 5 MUH A0 BBe-
ANA BbI3bIBAHMA CyAOpOr y Mbllweii [6, 8], npudyem  feHus uepyneuHa. MapannenbHo c U3ydyeHnem nose-
LepynenH Mo CBOeMy MPOTUBOCYAOPOXHOMY [AeAcT-  [eHYeCKUX peakuuil UCCNefoBanu BAWSHWE Lepyneu-
BWIO MPEBOCXOAMUT AMaszenam. AHanorvM4yHoe MPoTU-  Ha Ha CBA3biBaHWe 3H-PAyHUTpasenama B OMbITax
BOCY/J0POXHOe feiicTBMEe HabnoAaeTcs Npu BHYTPU-  in vitro uin vivo. Mporaymug (5125 Mr/kr) u uepy-
XeNy/J0uKoBOM BBeJEHUM HU3KMX A03 XLIK-8 (1 M neuH (20—500 MKr/kr) BBOAWUAM 323 5 MUH [0 noj-
100 wr) [4]. B 1o xe Bpema XL|K-8 u iepynenH oka- KOXHOW WHbEKLUUW Me4YeHOro (ayHuTpasenama B
3bIBAlOT AeiiCTBME, CYLIECTBEHHO OTAMYaloLeecs OT  fo3e 0,3 MmKr/kr (yAaenbHas paguoakTUBHOCTb
BNNAHWA TpaHKBMNN3aTOpPOB 6GeH30AMasennHoBoro 84 Ku/mmonb, pupma cAmersham», AHraus). Xu-
papa. LlepyneuH B oTnnuue OT fuasenama MOTEHLUU-  BOTHbIX (MO 6 Mbllei W3 KaxAoii cepuun) Aekanuti-
pyeT CyAoporu, Bbi3BaHHble aHTaroHuctom FAMK-  posanu uepes 30 MuH nocne BBeAeHus nusotona. Me-
peuentopoB 6uKykynnuHom [6]. BeeseHune Ro 15-  pefHWiA MO3r XXUBOTHbIX OAHOW rpynnbl 06befUHUNN

1788 — aHTaroHucta 6eH30AMa3eNMHOB — He YCT- B O4WH MyN M FOMOTEHM3NPOBaNM C MOMOLWbIO FOMO-
paHseT cefaTMBHOEe M NMPOTUBOCY/JOPOXHOE AeiicTBue  renmsatopa [loTTepa B 40 o6bemax Tpuc-HC1-6y-
uepynenHa n XL K-8 [8]. tepHoro pacteopa (50 mM pH 7,4) npu 20"C. Cne-

B HacToAuieil pa6oTe wccnegosann yuyactue 6eH-  Luduueckoe CBA3bIBaHWE (AyHMTpasenama onpepe-
30AMa3enMHOBbLIX  PeLenTopoB B NPOTUBOCYAOPOX- NAAN Npu AobasneHun KOMKM HemeuyeHOro (hnyHu-
HOM [efiCTBUM LiepynenHa. Tpasenama K romoreHatam Mmosra. PasHuua mexpy

MeToguka wnccneposaHusa. ONbiTel MPO-  NokasaTeNsiMu PagnoakTUBHOCTU Mpo6 6Ge3 NuraHaa
BOAWAN Ha Mblliax-camuyax Maccoid 25—30 r. Mpu ¥ C HeMeyeHbIM AUraHAOM XapakTepu3osana crneyu-
MCCNEJ0BAHNN MUKPOTOKCUHOBBLIX CyAOPOT LEpyNeuH  (u4eckoe CBA3biBaHWE (NyHWTpasenama. VHKyba-
(bupma «Farmitalia— Carlo Erba», Wtanua) BBO- uuto nposoaunu npu 0°C B TeyeHue 60 MuH. Mocne
AUNn B pasHbix Aosax (20—500 MKr/Kr) NOAKOXHO — MHKy6auuwm npobbl GunbTpoBanu uvepes QUAbTPbI
3a 10 MMH 40 BHYTPUGPIOWMHHOTO BBegeHUs nukpo- [ ®/B (bupma «Whatman», AHrnua), KoTopble 3a-
TOKCMHa B Ao3e 8 Mr/kr (dpupma «Serva», ®Pl). Tem npombiBann fBaxAbl 5 mn 6ydepa. Paguoak-
B | cepuy 3KCMepuUMEHTOB ONpeAeniny BAUsHWE Le- TUBHOCTb (UNLTPOB OMpPefensann B CLUHTUANATOPE
pynenHa (5— 1000 HM) Ha cBs3biBaHWe 3H-(nyHu-  bpes Ha cueTumke R-yactuy JIC-7500 (dupmbl «Be-
Tpasenama (1 HM) B cpege 50 MM Tpuc-HC1-6ytep- ckman», CLUA). OnbiTel N0 cBA3biBaHWiO 3H-thny-
Horo pacTteBopa. Bo Il cepuu onbiToB K 3TOW cpege  HUTpasenama in vitro B nepegHemM Mo3re Mbllleit
po6asnann 120MMKC1. B Kaxjoil cepum 610 N0 NPOBOAMAKM MO ONUCAHHOW paHee meTogmke [1].
16—20 XuBOTHbIX. Onpegenann 3 pasnWyHbIX Ma- PesynbTaTel uccneposaHus. [Mpeasapun-
pameTpa MUKPOTOKCMHOBBLIX CYJOPOr: NaTeHTHbIe Me- TeNbHOE MOAKOXHOE BBefieHMe OTHOCUTENIbHO BbICO-
puodbl KNOHMYECKUX CYAOpOr, fnaTeHTHble nepuodbl  KWX 03 LepynenHa (6onee 100 MKr/Kr) 3ameanano
TOHWYECKUX CYAOPOT M NPOJOMKUTENLHOCTb XM3HM  PasBUTME NUKPOTOKCUHOBBLIX CYyAOpOr (cM. TaGnuuy),
Mbllueli nocne BBeAeHUS| 8 MI/KI MUKPOTOKCMHA. Pe-  NpWU 3TOM YANUHANUCH NaTEHTHbIE Nepuoabl KIOHHYe-
aKUMI0 Mblleli Ha BBeJleHUE MUKPOTOKCWHA HABGMO- CKWX W TOHUYECKMX CyA0por, a TaKXe yBenuunsa-
fanu B TeyeHne 30 MuH. Ecnu B TeyeHue 3TOro Bpe-  Nacb MPOJOMKUTENbHOCTL XWU3HU Mblleid. Liepyneunn
MEHM y XUBOTHbIX He pa3BWBaNUCb CydoporM wam B f03e 250 MKI/KF OKa3biBan Haubonee BbipaxeHHOE

BnaTke UepynenHa H Mpornymua Ha MAKPOTOKCMHOAble CyAOpPOrN H casisblaaHHe 'H-tinyHuTpasenama a onbiTax In vivo
(Afiffli n* 3)
NaTeHTHble NEPUOALI NMKPOTOKCUHOBBIX CYAOPOT

Cheundneckoe ceasbisaHme
*H-nyHuTpasenama & ne-

Flpenaparet Rov> pegiieh MOsTe, WM. K& 1o, ¢ romwsccine, wn  ROBOTRTOISHOCT
DH3M0N0TNYECXMN PacTBop 149704829 41723 13,4+ 1,4 13,8+1,4
Liepynemt 20 14840850 428+36 13,5+1.8 14,0+1,7

50 14020+790 486x42 15.6%1,5 16,2+ 1,8
100 12 200+680 593+41* 19,3+2,3* 21,3+2,5*
250 6 145£420*** 674+£58°* 19,8+|5* 21,6£2,0*
500 5720+£380" ' 573+62* 20,4%2,7* 21,0x2.8*
Mpornymug 5 15030£790 432432 13,615 14,215
25 158404760 40625 128+ 1,7 21?4.14111,89
Mpornymn, epynenH 54100 10820+860** 644 £48** 20,8+1,5%* A *x
Hgorn;wmﬁ Eeg;/nemu 25! 100 15620+670 50436 17,4+19 18,r>+2,0

Mpornymug « uepyneuH 25 w250 11 640+870*

Mpumeyanne. OpHa 3Besgouka — P < 0,05, pgse — P < 0,01. Tpu — P < 0.001
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BnusHue uepyneHHa (5— 1000 HM) Ha cBsi3biBaHWe *H-(hnyHB-
Tpasenama (1 HM) B onbiTax in vitro.
Mo ocv abeuuce —KOHUEHTpauWs Lepynekka (8 HM), no ocu opan-
HaT — npn&ekt YrHETEHWUA LepyNenHoM CBA3bIBaHNA *H-(nyHHTpasena-
ma. 3a % TPUHATO WHrUOpYiOLee neicTBie 1 MKM  HemeueHoro
mnykmpaaenama — peficTame uepﬁ/‘neHHa 8, cPeae 60 MM Tpuc-1C),
8 p/:\EMKCMlZU m 50 uM Tpnc-HC!.
Opra ssespouka — XK 0.06, —%<0,01, Ipw L5001, yeTbipe —
/*<0,0001 (Mo Kputepuio t Cn,»anema) TpeacTasnenbl garikble 3 He-
3aBUCMMbIX OMBITOB.

BNNSIHWE HAa MUKPOTOKCUHOBbIE CyAOPOTY, AanbHeii-
lee yBenuueHWe [03bl LiepyneHHa He NPUBOAMNO K
YCUNEHWIO €ero  NpOTUBOCY/IOPOXHOTO  AeicCTBUSA.
B f03ax, yrHeTalwwWmnX NUKPOTOKCUHOBbIE CYA0POTH,
LiepynenH [0CTOBEPHO WHTMGWUpPOBan CBA3bIBaHUe
3H-bnyHuTpasenama B onbiTax in vivo. B gosax 250
1 500 MKr/Kr uepyneuH Bbi3biBan Gonee 4em 50 %
YMeHblIEHNE CNeyu(pnUYeckoro CBA3bIBAHWUA (NYyHU-
Tpasenama B nepegHem Mmosre. AHTaroHuct XLUK-8
NpornymMuA B UCCNEAOBaHHbIX [03aX CYL|eCTBEHHO
He W3MEHAN MUKPOTOKCMHOBBLIX CYAOPOr M NUWb B
f03e 25 MKI/KI He3HauMTenbHO MOBbIWaN crneuntu-
yeckoe cBf3biBaHWe 3H-thnyHuTpasenama (cMm. Tab-
nnyy). B gose 5 Mr/Kr npornymuj noTeHuuposan
yrHeTaloljee BAUAHME LiepyneHHa KaK Ha NMUKPOTOK-
CUHOBbIE CYlOPOTY, TaK W Ha Cneunduyeckoe CBA3bI-
BaHue (nyHuTpasenama. B pgose 25 mr/kr nporny-
MWUJ 0Ka3an NpoTUBOMONOXHOE AelicTBME: YMeHbLIan
QHTUNWKPOTOKCUHOBLIA 3ddekT 100 MKr/Kr uepyne-
HHa 1 YCTPaHAN MHrMbupylole BAMAHME LepyneHHa
(250 MKr/kr) Ha cneuuduyeckoe cBsi3biBaHWe (ny-
HuTpasenama. B onblTax in vitro uepynenH (5—
1000 HM)  npoTuBOAeicTBOBAaN  CBA3bIBaHUIO 3H-
(hnyHuTpasenama TOAbKO B npucytcTeun 5 MM KCL
n 120 vM NaCl (cm. pucyHOK). B aTux ycnosuax
napannenbHo MOBbILIEHNIO KOHLEHTPALun Lepyneu-
Ha Habn/Aanoch ero MHrnbupylllee BAUAHME Ha
CBA3bIBAHME MEYeHoro (hayHuTpasenama.
Pe3ynbTaThl HacTOAWEro MCCNeAoBaHWA CBUje-
TeNbCTBYIOT O MOAYNMPYIOLLEM BAMAHUN LepyneHHa
Ha GeH3ofMnasenuHoBble pelenTopbl. HaunHas ¢ fo-
3bl 100 MKF/KF UepynenH yrHetan Kak NUKpPOTOKCW-
HOBblE CYOPOrY, TaK U creunduyeckoe CBA3bIBaHME
3H-thnyHWTpasenama B MepefjHeM Mo3re Mbilleli B
onbiTax in vivo. 3TU AaHHble NOKa3biBalT, YTO WH-
rnéupylollee BAUSHUE LepyNenMHa Ha MUKPOTOKCH-
«WHe CYAopOrn W Ha cBAi3biBaHuWe 3H-(nyHUTpase-
M M peanusyloTcs 4Yepes OfjHU U Te e MeXaHWU3Mbl.
O MMMEANOCTH XONELHCTOKWHUHOBLIX PeLenTopos

B 3TW 3((eKTbl LepynenHa CBUAETENbCTBYeT ycune-
HUe NOCNeAHWX MOA  BAWAHWEM  HU3KOW  NO3bI
(5 mr/kr) npornymuga, a Takxe ux ocnabneHue
nocne BBeJeHUs 6Gonee BbICOKOW A03bl (25 MKr/Kr)
npornymuaa. V3BecTHO, 4TO HU3KWe [A03bl Lepynen-
Ha (27 MKr/Kr) oTYeTAUBO YANUHAOT rekco6ap6ura-
noBblii coH [8]. Mo cyliecTBylOWMUM npeacTaBieHN-
AIM, fleficTBME NUKPOTOKCUHA U Gap6uTypaToB Ha no-
Be/leHNe XUBOTHbIX peannayeTcs 4Yepes Ux Hemnocpep-
CTBEHHOE BANAHWE Ha XNOPHbI/ KaHan [2, 5]. B onbl-
Tax in vitro uepynemH WHruGuposan CcBsA3bIBaHWE
3H-(nyHUTpasenama TONbKO B NPUCYTCTBUAN CYLLECT-
BEHHbIX KOHLEHTpaLUnii aHuoHa xnopa, uTo CcBUAe-
TeNbCTBYET TakXe B MO/Mb3y B3aWMOAEHCTBUA Lepy-
NenHa ¢ MOHO(OPOM Xnopa. Ha OCHOBaHWM 3TOTO
MOXHO Nonarath, 4TO UMEHHO Yepe3 MOHO(OP Xnopa
peanusyeTtcs NpoTMBOCYAOPOXHOe AelicTBue XLIK-8
W LepynenHa, a Takxe MOAY/Upylollee BAUAHUE Lie-
pyneuHa Ha cBsisbiBaHuWe 3H-(nyHuTpasenama.

NNTEPATYPA

I3

Bacap 3. 3, Paro N. K, AnaukmeTtc Jl
BbICW. HepBH. fAeaT, 1983, 1. 33, c. 864
. Braesirup C., Nielsen M. — In: Handbook of Psychophar-
macology. New York, 1983, vol. 17, p. 285.

X. — XKypH.

~

3. Hahne W. F, Janssn R T., Lemp G. F. Gardner J. D. —
Proc. nat. Acad. Sei. USA, 1981, vol. 78. p. 6304.

4. Kadar T., Pesti A., Penke B. Telegdy G.— Neuropharma-
cology, 1984, vol. 23, p. 955.

5. Pole P., Bonetti E. P, Schaffner R. Haefely 07.—
Naunyn-Schmiedeberg's Arch. Pharmakol., 1982, Bd 321,

6. Zeller G.— Neuropharmacology. 1981, vol. 20, p. 277.

7. Zeller G.— Neurosci. Lett, 1982, vol. 25, p. 287.

8. Zetler G. — Psychopharmacol. Bull, 1983, vo! 19,
p. 347.

MocTynuna 21.03.85

MODULATORY EFFECT OF CAERULEIN ON BENZODIA-
ZEPINE RECEPTORS

E. E. Vasar, L. K
M. O. Maimets

Réago, A. Kh. Soosaar, A. V. Nurk,

Institute of General and Molecular Pathology, Tartu State
University, Tartu

Subcutaneous  administration of  caerulein (100—
500 ng/kg) significantly reduced the development of picroto-
xin (8 mg/kg) seizures in male mice. The same doses of
caerulein inhibited  3H-flunitrazepam binding in in vivo
experiments. Proglumide, an antagonist of cholecystokinin
receptors, in low dose (5 mg/kg) potentiated the effects
of caerulein (100 ng/kg), whereas the administration of
proglumide in high dose (25 mg/kg) reduced the action of
caerulein on 3H-flunitrazepam binding and picrotoxin sei-
zures. Caerulein (5-1000 nM) decreased 3If-flunitrazepam
binding in in vitro experiments only after supplementation of

the binding medium with 120 mM NaCl and 5mM KCI. The
results suggest the possible interaction of caerulein with
chloride ionophor. It seems probable that the direct inter-

action of caerulein with chloride ionophor in involved in the
inhibitory effect of caerulein on picrotoxin seizures and
3H-flunitrazepam binding.



Comparison of Motor Depressant Effects
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VASAR, E.. M. MAIMETS, A. NURK, A. SOOSAAR AND L. ALLIKMETS. Comparison o fmotor depressant effects
oj caerulein and N-prupyhwraponunphine in mice. PHARMACOL BIOCHEM BEHAV 24(3)469-478, 1986.—The motor
depressant effects of caerulein and N-propylnorapomorphine (NPA) were compared in male mice. Caerulein (I-50/ig/kg
SC) in a dose dependent manner depressed the exploratory activity, whereas NPA in lower doses (0.5-10 ~g/kg SC)
decreased the motor activity, but in higher doses (over 50/xg/kg) had stimulating effect on the exploratory behavior. In mice
selected according to their motor response after administration of 100 Mg/kg NPA to weak and strong responders, the low
dose of NPA (1 Mg/kg) similarly suppressed motor activity in both selected groups, while the effect of caerulein (2 jtg/kg)
was apparently higher in weak r . Destruction of inergic terminals by 6-hydroxydopamine (60/Ag ICV)
reversed completely ihc motor depressant effect of NPA, whereas degeneration of serotoninergic terminals (5.7-dihydroxy-
iryptamine 60  ICV or p-chloroampheiainine 2x15 mg/kg IP) enhanced the sedative effect of NPA. The motor depressant
effect of caerulein remained unchanged after lesions of monoaminergic terminals in forebrain. Subchronic haloperidol (0.25
mg/kg IP. twice daily during 14 days) treatment, reducing significantly the density of high-afftnity dopamine]- and
serotonin.-receptors, decreased the motor depressant action of caerulein. It is possible that motor depressant effect of
caerulein. differently from the action of NPA, is mediated through the high-affinity dopamine.-receptors and in lesser

extent through the high-affinity serotonin.-receptors.

Exploratory activity Caerulein N-prop: p

THE suppression of spontaneous locomotor activity by low
doses of apomorphine in rodents is a widely studied behav-
ioral phenomenon. It is generally accepted that the sedative
action of apomorphine and its more powerful analog
N-propylnorapomorphine (NPA) is mediated through the
stimulation of dopamine “autoreceptors,” inhibiting the
dopaminergic neurons activity [9, 10. 38. 45]. This opinion is
supported by various investigations. The subcutaneous ad-
ministration ofapomorphine in low doses inhibited the firing
rate of dopaminergic neurons in mesencephalon (2), de-
creased dopamine release and suppressed dopamine turn-
over in forebrain structures (32,44]. Lesion of dopaminergic
terminals by 6-hydroxydopamine and administration of dif-
ferent neuroleptic drugs in low doses reversed the inhibiting
action of apomorphine on behavior and dopaminergic
neurons activity [3. 42, 46]. However, some recent investi-
gations demonstrated a more complicated nature of apomor-
phine‘s action in low and moderate doses. It was found (16)
that haloperidol and sulpiride reversed the sedative effect of
moderate dose (150 ~g/kg) ofapomorphine, whereas lhe ac-
tion of low dose (25 M£/kg) of apomorphine was resistant to
the antagonizing action of neuroleptic drugs. The compli-
cated nature of apomorphine's action in low doses was de-
scribed also in chronic schizophrenic patients, evidently re-
sistant to neuroleptic medication. The reduction of schizo-

Dopamine.. ] in... pi

phine

phrenic symptomatology was demonstrated in approx-
imately 50% of patients, suffering mainly from paranoid
schizophrenia (47,48]. It was quite surprising that apomor-
phine possessed its beneficial activity when coadministered
with neuroleptic drugs, but not alone (1, 21, 37].

Obviously similar suppression of animals’ spontaneous
behavior was found after systemic administration of
cholecystokinin octapeptide (CCK-8) and caerulein in mice
(56, 57, 58]. CCK-8 and caerulein significantly potentiated
apomorphine-induced inhibition of dopaminergic neurons in
mesencephalon (30]. There is strict evidence that CCK and
dopamine coexist in some mesencephalic cells innervating
forebrain limbic and cortical regions [31]. In addition, CCK
has been reported to decrease dopamine turnover in the dis-
crete regions of caudate-putamen (24|. However. CCK also
decreased serotonin turnover (51], whereas apomorphine
had the opposite effect on serotonin metabolism (26). Re-
cently the rapid and long-iasting reduction of psychotic
symptoms, mainly negative, in schizophrenic patients after
administration of different CCK-related peptides was
demonstrated (7, 39, 40].

The main task of the present investigation was to compare
the mechanisms of inhibiting action of apomorphine and CCK
on the animals' behavior. The attention was drawn to the study
of interaction of caerulein and NPA with dopamine- and



semloninergic mechanisms. Caerulein ;uui NPA wore
selected lur Ilk* present investigation as the most clfechve
compounds among, respectively, CCK 8 and apomoiphmc
analogs 18. 55. 561.

(iIlVNLRAL MITMOI)
Animals

Male albino mice weighing 25+3 g were used. Mice were
maintained at 20£2°C and on 12 hr light, between 8 a.m. and
8 p.m.. with food and water allowed ad lib

Measurement o f Spontaneous /,<g-omotor Activity

Spontaneous locomotor activity was measured in grouped
albino mice, 10animals in each group, between 10a.m. and 4
p.m. Immediately after systemic administration of drugs a
group of mice was placed in the middle of an open-field cage.
The open-field consisted ofa 1x 1 m area surrounded by a 40
cm high wall. The locomotor activity ofanimals was counted
by 5 independent photocells located in walls. Interruptions
of the light beams were recorded electromechanically and
the level of locomotor activity was expressed in counts per
150r 30 min period. The experiment was repeated with each
drug combination at least three times on different days and
the data analyzed using Student’s /-test.

Selection of Mice According to Their Motor Response lo
Administration of NPA

There exists the possibility of selecting rats according to
iheir motor response after 50 Mfc*kg NPA treatment 115). A
similar attempt was made for selection of mice. In the pres-
ent study the selection was performed with subcutaneous
administration of 100 /ug/kg NPA in 400 male mice. The ex-
periment was carried out in individual cages. The cage for
measuring individual locomotor activity was a cylinder with
an inner diameter 40 cm and 2 photocells for detection of
locomotor activity. Locomotor activity was counted be-
tween 15 and 30 min after subcutaneous NPA (1(H) /xg/kg)
treatment.

Lesums of Brain Minu/anuneryic Terminals

Monoaminergie neurotoxins 6-hydroxydopamine (6-
OHDA) and 5,7-dihydroxytryptamine (5.7-DHT) were dis-
solved in 0.1% solution of ascorbic acid. 6-OHDA (60 /xg in 5
Ail) and 5,7-DHT (60 ~g in 5\xl) were injected into the right
lateral ventricle of mice under the ether anesthesia. The be-
havioral and binding experiments were carried out 8 days
after the injection of neurotoxins. Finally, the injection sites
were confirmed histologically to be located within the right
lateral ventricle. p-Chloroamphetamine in neurotoxic dose
(2x15 mg/kg 8 and 7 days before the experiment) was also
used for lesioning ol scrotonincrgic terminals J5J. The effect of
neurotoxins on the content of inoitainmes and their major
metabolites in brain structures was assessed biochemically
using fliiorimctric assay J20J.

In | Mil 4hSptperi>nc Hindin

Jl-spipcronc (5 /ig/kg. 17 Ci.mmole. Amersham Interna-
tional. U.K.) was injected subculaneousI\ into the dorsal
part of mouse neck NPA (5 and 50 /tg'’kg) and vaemlem
120-250 pg/kg) were used to inhibit 'H-spipcrone binding.
Twti4loscs of N'PA with different actum on rodeni behavior
were selected because two site® with different alfinilN for

VASAK. MAIMI IS, NtJKK. SOOSAAK AND Al | IKMI IS

FIG. 1 The effect of different doses of N-propylnorapomorphine
and caerulein on exploratory behavior in mice. Each point in the
figure represents mean value of three independent studies in
grouped mice (10 animals in group). Abscissa—the dose of NPA or
caerulein in /xg/kg. Caerulein—A.. NPA—B, The mean value for
saline treated group was 1182+170 counts during 30 min. Statisti-
cally evident differences from saline treated mice: */><0.05;
**/»<0.01 (Student's/-test).

TABLE 1
THE ACTION OF CONCOMITANT ADMINISTRATION OF
CAERULF.IN AND NPA ON MICH SPONTANEOUS
LOCOMOTOR ACTIVITY
Spontaneous locomotor activity of r

Counts during
30 mi

Drug do.se 15 min < 0 min %
Saline 608 .t 58 100 1230 £ 162 100
NPA 0.5 /iglkg 380 + 42+ 63 780t 68* 63
Caerulein 2 Mg/kg 352 * 38* 58 746 + 55* 61
NPA f Caerulein 170 + 16t 28 276 + 24t 22
NPA 10/tg/kg 158 + 121 26 240 2 J2t 20
Caerulein ! mVkg 560 T 57 92 1080 + 182 88
NPA + Caerulein Br 48 5 61 i 8 5

The mean values of four independent experiments on grouped
mice (10 animals in group) are presented. */»<0.05; t/><0.0l:
t»*-0.001 (Student s paired / test, in relation to saline treated
animals).

dopamine and its agonists existed on dopamine..-receptors
118.271 Five /*glkg NPA is ED-*, for suppression of explora-
tory activity in mice, whereas 50 /*g/lkg NPA is ED*, for
motor excitation in rodents 18}. NPA and caerulein were
administered 1* nun before 'H-sptperone- The animals (6
mice per group) were sacrificed 20 mm after ‘H-spiperone
tiealinent by cervical dislocation. The brains were rapidly
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TABLE 2

THE EFFECT OF CAERULEIN AND NPA ON EXPLORATORY ACTIVITY AND 'H-SPIPERONH IN VIVO
BINDING IN MICE SELECTED WITH 100m*/k| NPA

Weak Responders

Inhibition of locomotor activity

to 100 /Ag/kg NPA
Strong Responders

Motor activity counts during 30 min

Drug/dose % %
Saline 1168 + 98 100 1224 + 115 100
NPA 1ftg/kg 550 2: 58 47 630 + 52 52
Caerulein 2 “g/kg 292 + 34* 25 690 + 68 56
Inhibition of ‘H-spiperone binding
to 100 Mg/kg NPA
Weak Responders Strong Responders
cpm per gram tissue
Subcortex Dorsal cortex Subcortex Dorsal cortex

NPA 5 Mg/kg + 1600 + 280t +750 £ 200t 9900 + 1020 10950 + 1200
NPA (50-5) Mg/kg 5180 + 380% 3750 + 280* 10200 + 980 6900 + 520
Caerulein 100 jxg/kg + 1800 - 360+ w1200 + 300+ 11840 r 930 11150 + 1060

The experiments were carried out 10-12 days after mice selection.
The mean values of three independent experiments are advanced in table. +—Stimulation of ;H-
spiperone binding. */><0.05; +/><0.01 (Student's paired /-test, compared to strong responding mice).

removed and dorsal cortex and subcortical forebrain struc-
tures (striata and limbic structures) were dissected on ice.
The dissected brain areas of each group were pooled and
homogenized using a glass-teflon homogenizer by hand dur-
ing 1 min. The homogenization procedure was performed in
ice-cold Tris-HCI buffer (50 mM. pH 7.4, 20°C) in the volume
of 40 mg tissue per ml. After homogenization 0.5 ml (20 mg
tissue) of suspension was pippeted into 6 polypropylene
tubes (1.5 ml) and centrifuged during 10 min at 9000xg. The
supernatant was carefully discarded and remaining pellet
was washed and cut into vials. Radioactivity of samples was
counted after stabilization in Bray scintillation cocktail
within 12 hours in Beckman LS 6800 with counting efficacy
43%. The binding experiments were repeated at least three
times and the data analyzed using Student's z-tesl.

Drugs

Drugs used in the present investigation were caerulein
(Ceruletide, Farmitalia Carlo Erba, Italy), haloperidol (Ge-
deon Richter, Hungary), N-propylnorupomorphinc (Sterling-
Wi inthrop, USA), p-chloroamphelamine, 6-hydroxydopamine,
5.7-dihydroxytryptamine (Sigma, USA). Caerulein, commer-
cial solution of haloperidol and p-chloroamphetamine were
dissolved in saline. The injection solution of NPA was prepared
in 0.001 N HCI. Each injection was done in a volume of 0.1
ml/10 g body weight.

EXPERIMENT I: THE INVOLVEMENT OF
DOPAMINERGIC MECHANISMS IN THE MOTOR
DEPRESSANT ACTION OF CAERULEIN AND
N-PROPYLNORAPOMORPHINE

The aim of experiment | was to study the role of
dopaminergic mechanisms in the sedative effects of caeru-

F1G. 2. The changes in motor depressant effect of caerulein and
N-propylnorapomorphine after intraventricuJar administration of
6-hydroxy ine. White signs—the action of NPA; black
signs—caerulein. Triangles—after administration of 6-OHDA;
squares—after milraventricular injection of 0.\% ascorbic ac
Abscissa—the dose of NPA or caerulein in me/kg. The mean value
for saline medicated mouse was 1098+ 156 counts during 30 min in
the case of 0.1% ascorbic acid and 780+78 in case of 6-OHDA.
Statistically evident differences from ascorbic acid pretreated group:
*17<0.05; **//<0.01 (Student's /-test).

Icin and NPA. The problems under examination were: (1) the
action of different doses of caerulein and NPA on explora-
tory activity in mice; (2) the effect of concomitant use of
caerulein and NPA on locomotor activity in mice; (3) the
action of caerulein and NPA on exploratory activity and :H-
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TABLE 3

THE CHANOES IN *H-SPIPERONE BINDING AFTER INTRACEREBROVENTRICULAR ADMINISTRATION OF "HVUROXYDOPAMINF AND
LONG-TERM ADMINISTRATION OF HALOPERIDOL AND P-CHLOROAMPHETAMINE

NPA 5 liglkg
Drug/dose Subcortex Dorsal cortex
Saline 7800 + 580 6950 + 620
6-OHDA 60 >g 14400 2 930t 11800 + 1060*
PCA 2X15 mg/kg 4240 + 560* 3320 + 310t
Haloperidol 0.25 mg/kg NOO + 120+ 2150 + 380*

The binding of "H-spip after i icular

saline i ion o f’H-spip

spiperone binding parameters in pharmacologically selected
mice. The animals were selected according to their motor
response after administration of 100 Mg/kg NPA into two
groups—weak and strong responders. The uneven motor re-
action after NPA administration reflected the different den-
sity of postsynaptic dopamine.-receptors in rodents (14, 15,
29]; (4) the effects of caerulein and NPA on locomotor activ-
ity in mice and -'H-spiperone binding parameters after de-
struction of presynaptic dopaminergic terminals by
6-hydroxydopamine.

METHOD

The group of mice was placed into the center of an open-
field cage immediately after subcutaneous injection of caeru-
lein (1-50 Mg/kg) or NPA (0.2-50 ga/kg). After selection of
appropriate doses, giving marked suppression of spontane-
ous locomotor activity, the effect of concomitant use of
caerulein and NPA was studied. The action of NPA (I aa/kg)
and caerulein (2 y.g/kg) was also examined in mice selected ac-
cording to their motor response to the administration of NPA
in a high dose (100 ga/kg). The groups of weak and strong
responders to 100p.g/kg NPA were selected among 400 mice.
The motor activity was assessed in individual cages from 15
to 30 min after 100 po/kg NPA ii\jection. The mean value of
motor activity for the first group (weak responders) was
36+3.8 counts during 15 min and 216+!5.2 for the second
(strong responders). The response of these two groups to
saline administration did not differ markedly. It was 1168+98
counts during 30 min for weak responders and 1224+I15
counts for strong responders. Simultaneously with behav-
ioral investigations 3H-spiperone in vivo binding studies
were performed. NPA (5 and 50 Mg/kg) and caerulein (100
Mg/kg) were used as displacing drugs. Two doses of NPA
were administered to demonstrate two distinct binding sites
for NPA on dopamine,- and serotonin,-receptors. Inhibition
of 'H-spiperone binding by 5 Mg/kg NPA expressed the
amount ofhigh-aflinity sites for NPA, whereas the difference
between the inhibiting action of 50 and 5 Mg/kg NPA demon-
strated the number of low-aflinity sites. Catecholaminergic
neurotoxin 6-OHDA (60 ga) was injected into the right lat-
eral cerebral ventricle in a volume of 5mlduring 3 min under
ether anesthesia. Seven days were allowed for recovery from
mtnventricular intervention. After completion of behavioral
experiments the site of microinjection was detected histolog-
icory.

Inhibition of 3H-spiperone binding

cpm per gram tissue

NPA (50-5) Caerulein 50 fig/kg

Subcortex Dorsal cortex Subcortex Dorsal cortex
5200 + 640 4000 + 480 5250 + 420 4750 £ 390
1020 + 200t 2040 + 240* 3000 + 470* 2600 + 320
5800 + 670 3900 + 350 3500 + 430 3600 + 410
10400 + 980t 6700 £ 530* +3600 + 320} +400 + 120t

of 0.1% ascorbic acid did not differ from the binding after long-term

binding. *p<0.05; t/><0.01:tp<0.001, compared to saline treated mice (Student’s r-test).

RESULTS
Effect of Caerulein und NPA on Exploratory Motor Activity

Caerulein in a dose dependent manner depressed the ex-
ploratory activity in male mice (Fig. 1A). Two ga/kg caeru-
lein caused the minimal significant reduction of motor activ-
ity and 20-50 pga/kg the maximal effect. Low doses of NPA
also reduced the animals' spontaneous locomotor activity.
0.5 Mg/kg NPA caused remarkable and 10 ag/kg NPA in-
duced the maximal reduction of mice exploratory behavior
(Fig. 1B). The further elevation of NPA dose did not enhance
the sedative action, but on the contrary 50 ga/kg NPA had a
mild stimulating effect on motor activity of mice. After
coadministration of NPA and caerulein the reduction of
motor activity was obviously higher compared to the treat-
ment of both drugs alone (Table I). One Mg/kg caerulein,
which did not significantly aifect the mice behavior, poten-
tiated the motor depressant effect of NPA (10 Mg/kg). This
combination ofdrugs caused nearly complete suppression of
locomotor activity. In mice, selected according to their
motor response after administration of 100 ~g/kg NPA, 1
palkg NPA in a similar manner suppressed exploratory ac-
tivity in strong as well as in weak responders (Table 2).
However, the sedative effect of caerulein (2 ga/kg) was de-
pendent on the mice sensitivity to 100 ga/kg NPA. In strong
responders the sedative effect of caerulein was lower. Signif-
icant differences were found also in 'H-spiperone binding
performed in "in vivo" conditions (Table 2). In weak re-
sponders caerulein (100 ga/kg) stimulated "H-spiperone bind-
ing in both brain regions studied, whereas in strong respon-
ders it had the opposite effect, inhibiting "H-spiperone bind-
ing (Table 2). Five ga/kg NPA also increased "H-spiperone
binding in weak responders, while the displacing potency of
50 pa/kg NPA in weak responders was lower than the effect
of 5 ga/kg NPA in strong responders.

Effect of 6-OHDA on Locomotor Effects o f Caerulein and
NPA, und *H-Spiperone Binding

Intraventricular administration of 6-OHDA (60 pa) in-
duced more than 60% reduction ofdopamine and its metabo-
lite 3.4-dihydroxyphenylacetic acid (DOPAC) levels in
striatal slices (dorsal cortex, striata and mesolimbic struc-
tures) of mice brain without changing markedly serotonin
levels. Simultaneously the reduction of spontaneous locomo-
tor activity was seen in mice after 6-OHDA treatment (Fig.
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FIG. 3. The influence of p-chloroamphetamine and 5,7-
dihydroxytryptamine pretreatment on motor depressant effect of
caerulein and N-propylnorapomorphine. White bars—caerulein 2
Mglkg, striped bars—NPA 0.5 pg/kg and black bars—
caerulein + NPA. The mean value of motor activity for saline treated
group was 11804122 in case of long-term saline administration,
1020+ 140 in case of 5,7-DHT and 1270+ 178 counts during 30 min in
case of PCA. ¢/><0 05; *V<0.02; ++p<0.01; **++p<0.001, com-
pared to saline pretreatment (Student's /-test).

2). NPA completely lost its sedative action and stimulated
the mice exploratory activity after administration of
6-OHDA, while the action of caerulein remained unchanged
(Fig. 2). In binding experiments 6-OHDA caused a signifi-
cant increase in displacing action of 5 ga/kg NPA, but re-
duced the potency of 50 fxg/kg (Table 3). The inhibiting ac-
tion of caerulein (50/ig/kg) on ‘H-spiperone binding was also
somewhat lower after 6-OHDA treatment. Administration of
6-OHDA altered 'H-spiperone binding more relevantly in
subcortical structures than in dorsal cortex.

DISCUSSION

Caerulein and NPA in low doses caused similar suppres-
sion of exploratory activity of mice. Coadministration of
NPA and caerulein evidently potentiated their depressive
action on behavior. There is clear evidence for coexistence
of dopamine and CCK-8 in the same mesencephalic
dopaminergic neurons [31). It was demonstrated that CCK-8
and caerulein potentiated apomorphine-induced inhibition of
dopaminergic neurons in mesencephalon [30]. Lesion of
presynaptic dopaminergic terminals by 6-OHDA completely
reversed the motor depressant action of NPA, demonstrating
the prevalent role of presynaptic mechanisms in the action of
NPA. The motor depressant effect of caerulein was resistant
to the administration of 6-OHDA. The different action of
caerulein in selected mice according to their response to 100
IAg/kg NPA revealed that the sedative effect of caerulein was
more probably related to postsynaptic dopamine receptors.
The sedative effect of caerulein was higher in weak NPA
responders, which evidently had lower density of
dopamine”- and serotoninr receptors in forebrain structures
It was established that dopamine.j-receptors had one high*
affinity site for neuroleptic drugs, but two sites—Ilow- and
high-affinity—for dopamine, apomorphine and NPA 118.27].
In weak responders caerulein and 5 Mg/kg NPA stimulated
'H-spiperone binding, but inhibited it in strong responders
NPA had similar sedative action in both groups of selected
mice, revealing that dopamine "autoreceptors” were not re-
lated to high-affinity dopamine.:-receptors [27]. Costall [14)

TABLE 4

THE EFFECT OF HALOPERIDOL AND CAERULEIN ON MICE
EXPLORATORY ACTIVITY AFTER 14 DAYS

HALOPERIDOL TREATMENT

Saline Haloperidol

Motor activity counts during 30 min

Drug/dose % %
Saline 1180 ¢ 188 100 1054 + 143 100
Caerulein 2 "g/kg 680 + 78* 58 920 + 89 90

Haloperidol 50 /xg/kg 880 + 96 75 1280 + 160 12
Caerulein + Haloperidol 620 - 64* 53 520 + 56t 49

The investigation was performed 72 hours after cessation of halo-
peridol or saline treatment. The mean values of three independent
studies are advanced. *p<Q.05; tp<0.01, compared to saline treated
animals (Student’s /-test).

has found that in strong responding rats to NPA (50 tig/kg)
the content of dopamine (in nucleus accumbens) was approx-
imately twice higher than in weak responders. It appears that
displacing potency of caerulein against "H-spiperone binding
is dependent on dopamine content in brain structures and
caerulein only modulates the interaction of endogenous
dopamine with dopamine”-receptors. It is quite possible that
these differences in the action of caerulein on ‘H-spiperone
binding in two selected groups of mice are linked to the
different sedative effects of caerulein in these animals

In conclusion, experiment | evidences that the sedative
effect of caerulein is related, differently from NPA action, to
postsynaptic dopamine receptors. Caerulein seems to act as
a functional antagonist of behavior stimulating effect of
dopamine.

EXPERIMENT 2: THE EFFECT OF SEROTONINERGIC
LESIONS AND LONG-TERM HALOPERIDOL
TREATMENT ON MOTOR DEPRESSANT AND JH-
SPIPERONE BINDING INHIBITING EFFECTS OF
CAERULEIN AND N-PROPYLNORAPOMORPHINE

Experiment | suggested differences in the mechanism of
sedative action of caerulein and NPA. The aim ofexperiment
2 was to study further the mechanisms of action of caerulein
and NPA using serotoninergic lesions and long-term
administration of haloperidol.

METHOD

Serotoninergic neurotoxin 5,7-DHT (60 *tg) w»s injected
into the right lateral ventricle in a volume of5/xlI during 3 min
under ether anesthesia. Seven days were allowed for recovery
from intraventricular intervention. After completion of be-
havioral experiments the site of microinjection was detected
histologically. According to some authors [5, 28, 35), admin-
istration of p-chloroamphetamine (PCA) in high doses causes
degeneration of serotoninergic terminals in forebrain struc-
tures. PCA was injected twice in a dose of 15 mg/kg, 8 and 7
days before the behavioral and binding experiments. The
action of NPA and caerulein was also studied after 14 days
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FIG. 4. The changes tn motor inhibiting action of
N-propylnorapomorphine and caerulein after cessation of 14 days
haloperidol medication. While bars—caerulein 2 Mg/kg. slriped—
NPA 0.5 and 5.0 /ig/kg. black—the combination of caerulein and 0.5
~g/kg NPA. The mean value of motor activity for saline treated
group was J180+!47 counts during 30 min. *p<0.05; **/><0 02;
***[><0.01 (Student’s Mest).

administration of haloperidol (0.25 mg/kg. twicc daily), in-
creasing the sensitivity of pre- and postsynaptic dopamine
receptors [11,53]. Seventy-two hours after cessation of two
weeks haloperidol treatment the behavioral experiment with
appropriate doses of caerulein, NPA and haloperidol was
performed. Simultaneously with the behavioral experiment
the in vivo 'H-spiperone binding studies were carried out
after long-term administration of PCA and haloperidol. After
lesioning of serotoninergic terminals of brain by PCA and
5,7-DHT the spectrofluorimetric method was used for de-
tection of dopamine, serotonin and their major metabolites

[20].

RESULTS

Effect of PCA and 5.7-1YHT on Locomotor Effect of
Caerulein and NPA

The pretreatment with PCA and 5,7-DHT decreased ob-
viously (50-60%) the levels of serotonin and its major
metabolite 5-hydroxyindoleacctic acid in striatal slices,
without changing dopamine concentrations. The administra-
tion of both serotoninergic neurotoxins evidently potenflated
the motor inhibiting effect of NPA. The action of simulta-
neous administration of NPA and caerulein was also aug-
mented, whereas the sedative effect of caerulein in grouped
mice was somewhat enhanced only after administration of
PCA (Fig. 3). The pretreatment wilh PCA (2x15 mg/kg)
inhibited the displacing potency of 5 fi%/kg NPA and 50 jxg/kg
caerulein (Table 3). while the part of 'H-spiperone binding
displacable only by 50 Mg/kg NPA remained unchanged

Effect, of NPA and Caendein on Locomotor Activity
and 3H-Spiperone Binding After Lon”-Ter/n
Haloperidol Treatment

The mild sedative effect of 50 jig/kg haloperidol was re-
versed to stimulation of exploratory activity after cessation
of long-term haloperidol (0.25 nig/kg twice daily during two
weeks) treatment (Table 4). Tolerance developed also to the
motor depressant action of 2 /xg/kg caerulein. In saline pre-
Ireated mice the sedative action of simultaneous treatment of
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FIG. 5. The action of caerulein on :H-spiperone binding after cessa-
tion of 14 days haloperidol treatment. Black squares—the action of
caerulein after saline pretreatment. white squares—after two weeks
haloperidol administration. Abscissa: the dose of c&emlein in /xg/kg,
ordinate: radioactivity counts per gram tissue.-—--inhibition, and
+—stimulation of ‘H-spiperone binding. *p<Q.05; **/><0.01 vs,
saline pretreated animals (Student's /-test).

haloperidol and caerulein did not differ from the action of
caerulein alone. However, after withdrawal of long-term
administration of haloperidol the concomitant treatment of
caerulein and haloperidol completely reversed the tolerance
to the action of both drugs (Table 4). The changes in motor
depressant action of NPA were dependent on the dose of
NPA. 0.5 Mg/kg NPA had more pronounced inhibiting effect
after two weeks haloperidol medication (Fig. 4), while the
action of 5°g/kg NPA was significantly reduced. Two weeks
haloperidol treatment also reduced the interaction between
NPA and caerulein (Fig. 4). Some animals became hyperex-
cttable after simultaneous administration of NPA and caeru-
lein to haloperidol pretreated mice. The diminution of 5
Mg/kg NPA inhibiting action on ;H-spiperone binding was
seen after 14 days haloperidol medication (Table 3), whereas
the action of 50 p.g/kg NPA was evidently increased. The
inhibiting action of 50 ~-g/kg caerulein was turned to stimula-
tion of 'H-spiperone binding after cessation of long-term
neuroleptic treatment liable 3). More detailed analysis of
caerulein inhibiting action revealed (Fig. 5) the more
pronounced effect of caerulein on "H-spiperone binding in
subcortical structures, with maximal inhibition after admin-
istration of 100 ftg/kg caerulein. After cessation of two weeks
haloperidol treatment the inhibition curve of caerulein was
shifted to stimulation of 3H-spiperone binding (Fig. 5).

DISCUSSION

Experiment 2 evidently supports our opinion that the
sedative effects of caerulein and NPA are mediated through
dissimilar mechanisms. Lesions of serotoninergic terminals
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by PCA ar.d 5,7-DHT demonstrate the involvement of sero-
tonineigic mechanisms in the inhibitory action of NPA. This
opinion was supported by our previous investigation (52],
where the potentiation of apomorphine sedative effect by
low dose of pirenperone. a selective antagonist of
serotonin2-receptors. was shown. The sedative effect of
caerulein was influenced only by pretreatment with PCA.
but not by microinjection of5,7-DHT. The possible explana-
tion for these differences may be the dissimilar action of
5,7-DHT and PCA on postsynaptic serotonin”-receptors
sensitivity. It was found that 5,7-DHT caused behavioral
hypersensitivity on serotonin receptors 16, 49. 501. while
PCA induced subsensitivity to serotonin agonists (5). These
findings may support the involvement of postsynaptic
serotonin.-receptors in the action ofcaerulein, but to a lesser
extent than dopamine2-receptors. This opinion is in agree-
ment with binding studies where higher doses of caerulein
were needed for inhibition of H-spiperone binding to
serotonin., receptors in dorsal cortex than to dopamine*-
receptors in subcortical structures.

Investigations performed after cessation of two weeks
haloperidol treatment support the hypothesis of Protais [42]
that the sedative effect of moderate doses of NPA is related
to other types of dopamine receptors than the action of low
doses. Long-term haloperidol medication induced tolerance
to the sedative effect of 5 p-g/dcg NPA, but increased the
action of 0.5 jxg/kg NPA. In the binding experiments the
reduction of displacing potency of 5 Mg/kg NPA after with-
drawal of 14 days haloperidol was also seen. It is probable
that NPA in moderate doses interacts with postsynaptic
dopamine2receptors having high-affinity for dopamine
agonists and not only with so-called dopamine “autorecep-
tors.” Two weeks haloperidol treatment caused tolerance to
both effects of caerulein—sedative and inhibition of :|H-
spiperone binding. The interaction between NPA and caeru-
lein was also decreased after 14 days neuroleptic administra-
tion, while coadministration of haloperidol and caerulein in
low doses reversed the tolerance to the sedative effects of
both drugs. It is probable that the stimulation of ‘H-
spiperone binding to dopamine2- and serotonin2-receptors
after long-term neuroleptic medication plays a role in the
antipsychotic action of neuroleptic drugs. There was de-
scribed the substantial dose dependent increase of CCK-8
content in subcortical forebrain structures after two weeks
administration of different neuroleptic drugs (haloperidol,
chlorpromazine, clozapine) f23}. The density of CCK bind-
ing sites was also elevated after long-term neuroleptic medi-
cation [12].

In conclusion, experiment 2 supports the idea about the
involvement of postsynaptic dopamine.,-receptors and to a
lesser extent serotonin2-receptors in the action of caerulein.
Itis probable that the action of caerulein on animals behavior
and 'H-spiperone binding is related to the functional activity
of dopamine.,- and serotoninr receptors, but also to the levels
of endogenous neurotransmitters

GENERAL DISCUSSION

There are two opposite concepts existing about the site of
action of CCK-8 and caerulein after systemic administration.
The first group of investigators [17,34) has demonstrated the
relation of sedative effects of CCK-8 and caerulein to the
afferent system of ncrvus vagus. Vagotomy [34Jor lesions of
nucleus tractus solilarius 117), the central termination of
vagal sensory fibers, abolished the depression of somatic

475

function induced by CCK-8 or caeurlein. However, the
pharmacological experiments described by Zetler (56, 57,58)
suggest that CCK-like peptides possess marked effects in
animal behavior models known to reliably reflect the efficacy
of well-known centrally active drugs such as analgesics,
neuroleptics and tranquilizers.

The present investigation reveals that at least partly the
central monoaminergic mechanisms are involved in the de-
pressive action of caerulein on mice behavior. This idea is
supported by the following findings: (1) Caerulein inhibits in
vivo 'H-spiperone binding in the brain, in lower doses to
dopamine,-receptors in subcortex and in somewnat higher
doses to serotonin2-rtceptors in dorsal cortex. This finding is
inagreement with the in vitro investigations [4] showing that
10 nM CCK-8 significantly modulates :H-spiperone binding
to dopamine.-receptors in striatum and moderatley to
serotonin2receptors in dorsal cortex; (2) The sedative effect
ofcaerulein was in negative correlation with reaction of mice
to motor stimulating action of NPA (100 /xg/kg) and density
of ;IH-spiperone binding sites in forebrain structures; (3)Two
weeks haloperidol administration induced the tolerance to
the motor depiessant effect of caerulein and reversed the
inhibiting action of caerulein into stimulation of *H-
spiperone binding

The potentiation of apomorphine-induced inhibition of
dopamine neurons by CCK-8 and caerulein was demon-
strated in mesencephalon (30]. But, the present investigation
indicates the differences in the mechanism of motor de-
pressant action of NPA and caerulein. It appears that NPA
releases its inhibiting action of mice behavior through the
presynaptic dopamine receptors, while caerulein mainly in-
teracts with postsynaptic dopamine2-receptors. Intraven-
tricular administration of 6-OHDA, destructing presynaptic
dopaminergic terminals, shifted the sedative effect of NPA
into stimulation of mice exploratory activity, whereas the
action of caerulein remained unchanged. In fact, the sedative
effect of caerulein was in negative relation with the
postsynaptic effect of NPA—to stimulation of locomotor ac-
tivity. Similar correlation was found between the behavioral
effect of caerulein and density o f’H-spiperone binding sites
in forebrain. These findings are in agreement with investiga-
tions [4.25] showing that CCK-8 more readily interacted with
‘H-spiperone than ‘H-NPA binding in “in vitro” conditions.
There was described [18,27) the existence of two binding
sites for dopamine agonists on dopamine2receptors (high-
and lo*v-affinity) and only high-affinity site for neuroleptic
drugs. It was found [43] that these two sites for dopamine
agonists had different localization in striatum—high-affinity
sites were located predominantly on intrinsic neurons and
low-affinity sites on corticostriatal fibers. The high-affinity
sites were regulated by guanine nucleotides: GTP or its
analogs significantly reduced the interaction of dopamine
agonists with dopamine2-receptors [27,43]. It seems that
caerulein more probably interacts with high-affinity binding
sites for dopamine agonists on dopamine2receptors,
antagonizing the stimulating action of dopamine and its
analogs on animals' behavior. Caerulein (75 Mg/kg and higher
doses) effectively reversed the motor stimulating action of
dl-amphetamine (5 nig/kg), but did not affect quipazine (5
mg/kg), serotonin.,-receptors agonist, head-twitches (our un-
published data) and cage climbing behavior induced by
higher doses of apomorphine in mice [57]. The selection of
mice according to their response after administration of 100
Mg/kg NPA also support the involvement of high-affinity
dopamine2-receptors in the action of caerulein. The clearcut
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positive correlation between ihe content of dopamine in nu-
cleus accumbens and the response to motor stimulating ef-
fect of NPA was discovered in rats [14]. In strong responders
the concentration of dopamine in nucleus accumbens was
approximately two times higher compared to weak respon-
ders [14}. In the present study, caerulein and 5 pg/kg NPA
stimulated :H-spiperone binding in weak responding mice,
while in strong responders both drugs had the opposite ef-
fect. It appears that the action of caerulein on NH-spiperone
binding is dependent on the levels of dopamine and affinity
ofdopaminer receptors to dopamine. The long-term infusion
of dopamine into nucleus accumbens caused the opposite
changes in dopamine2receptors sensitivity in selected rats
[15]. In weak responders dopamine demonstrated dopamine
receptor antagonist like properties, increasing the sensitivity
ofdopamine2-recepiors, while in strong responders it had the
opposite effect, decreasing the affinity of dopamine recep-
tors. It is probable that NPA, similar to dopamine, has
dopamine antagonist properties in weak responders in mod-
erate dose (stimulation of 3H-spiperone binding) and in high
responders it acts as a receptor agonist (inhibition of ‘H-
spiperone binding). The mixed agonist-antagonist properties
of apomorphine and NPA seem to have the clinical rele-
vance, because apomorphine reduces the psychotic symp-
tomatology only in one subgroup of schizophrenic patients,
suffering mainly from the paranoid schizophrenia, receiving
ncuroleptic medication, but not without neuroleptic drugs [1,
19, 21, 37, 47}. Probably, this action of apomorphine is dif-
ferent from the sedative action of apomorphine, which was
antagonized by neuroleptic drugs [13]. It is possible that in
these patients apomorphine caused the short-lasting stimu-
lation of neuroleptics binding to dopamine,,- and serotonin-»-
receptors.

The differences in the action of NPA and caerulein also
involve the serotoninergic mechanisms. It seems that the
inhibiting action of caerulein on mice behavior is mainly de-
pendent on dopaminergic mechanisms, while NPA also
interacts with serotonin receptors. There was demonstrated
the displacement of ;:H-ketanserin from serotonin2receptors
by apomorphine [36]. In the present study NPA inhibited
similarly 3H-spiperone binding in dorsal cortex (mainly
serotonin2-receptors) as well as in subcortical forebrain
structures (prevailing dopaminer receptors). Caerulein in
lower doses interacted with dopaminerreceptors, whereas
the higher doses were needed for interaction with
serotonin.-receptors. It was found that to suppress dopamine
turnover lower concentrations of CCK were needed than to
inhibit serotonin turnover [51]. Destruction of serotoninergic
terminals by PCA and 5,7-DHT significantly increased the
motor depressant effect of NPA, while only PCA, decreasing
also s«rotonin2-receptors sensitivity [5], moderately poten-
tiated the action of caerulein. The involvement of
serotoninergic mechanisms in the behavioral effects of
apomorphine was also stated by other authors. The adminis-
tration of different serotonin agonists into median raphe nu-
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clei. innervating mesolimbic area, potentiated in rats the
motor stimulation induced by apomorphine [22]. Nlpowor-
phine in high dose* (over 4 mg/kg) induced in cats behaviorai
effects similar to LSD, an agonist of serotonin.-receptors
[50]. In the clinical studies [33], it was established that
apomorphine had pronounced sedative action only in pa-
tients with enlarged cerebral ventricles. In this subgroup of
schizophrenic  patients the decreased content of
5-hydroxyindoleacetic acid, the major metabolite ot seroto-
nin. in cerebrospinal fluid was described [41]. These clinical
observations are in agreement with our study showing the
increased sedative effect of apomorphine and NPA in the
case of deficiency of central serotoninergic mechanisms.

Special attention was drawn to the interaction between
haloperidol, the classical neuroleptic drug, and cacruiein. In
the pharmacological experiments similarities were found in
the behavioral effects of caerulcin and haloperidol, but a
positive interaction between these drugs was not found [55,
57, 58]. Similar absence of interaction in intact animals was
established in the present study. The interaction between
caerulein and haloperidol became evident after two weeks
haloperidol administration. Caerulein reversed the tolerance
to the sedative effect of haloperidol and increased :H-
spiperone binding after long-term neuroleptic medication.
The increased number of CCK binding sites was demon-
strated after long-term haloperidol treatment [12]. Different
neuroleptic drugs (haloperidol, chlorprumazine, clozapine)
induced dose dependent elevation of CCK-8 content in forc-
brain subcortical structures after two weeks administration
123]. It is possible the mechanisms described above are in-
volved in the beneficial action of CCK-like peptides in
neuroleptic-resistant schizophrenic patients [39,40]

In conclusion, it is probable that apomorphine and NPA
have at least three distinct levels of action: (i)lhe stimula-
tion of dopamine "autoreceptors’ causes the sedative effect
in animals and humans [37}; (2) The interaction with high-
affinity dopamine,- and serotoninrreceptors induces the
stimulation of ‘H-spiperone binding in animals responding
weakly to motor stimulant action of NPA. The beneficial
clinical effect of apomorphine and NPA [47,48] might be
related to these monoaminergic mechanisms; (3) Through
the stimulation of low affinity dopamine;,- and serotonin.,-
receptors are mediated the typical behavioral effects of
apomorphine and NPA in higher doses (stereotyped behav-
ior. cage climbing behavior, aggressiveness, etc.).

Caerulein, after systemic administration, more probably
interacts with high-affinity dopamine.-receptors and to a les-
ser extent with high-affinity serotonin”-receptors, inhibiting
the stimulating effect of dopamine and its analogs on animals’
behavior.
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9. 3. Bacap, A. X. Coocaup, M. O. MaiimeTc.
N. X. AnnukmeTc

NMOHWMXEHWE 4YYBCTBUTENBHOCTUN XONE-
UNCTOKMHNHOBbLIX PELEMNTOPOB B MO3-
re nog BANAHWEM ANUTENBHOIO BBE-
AEHWNA TANONEPUAONA

Na6opatopus ncuxogapmakonorum HWUW oblweii u monekynsap-
Hoii maTonoruu TapTycKoro yHusepcuTeTa

MpeacTasneda akag. AJILL CCCP A. B HanbgmaHom

Mo MMelWNMCs AaHHbIM, ANUTeNbHOE NPUMeHeHMe
HelipoNenTNKoOB 0Ka3biBaeT CYL|ECTBEHHOE BAUAHUE
Ha  XONeuUCTOKUHUH-8-(XL|K-8)-epruueckune npo-
Leccbl MO3ra. YCTaHOBNEHO, 4YTO 2-HefleNlbHOe BBe-
fleHue ranonepujona WM pesepnuHa  NoBbilaeT
nnoTHocTb XL K-8-peuentopoB B mnepejHeM MoO3re
mbllweid [2J. TpUMMeHeHWe pasHbIX HeiponenTUKoB
(knosanuHa, xnopnpomasnHa u ranonepujona) yse-
nuunsaeT cogepxaHne XLK.-8 B NOAKOPKOBbIX NNUM-
6uueckux cCTpykTypax ¥ xsoctaTtom sgpe [5]. BHa-
WUX NpeAbIAYLNX UCCNef0BaHMAX 6bIN0 MOKasaHo,
uTO ANUTENbHOE BBeJeHWe ranonepujona Bbi3biBaeT
M3BpalleHne WHTMGUPYIOLLEro BAWUSIHWUA LiepynenHa,
aroHucta XLUK-8, Ha cBs3biBaHWe :H-cnuponepnjo-
na B onbliTax in vivo [7]. LiepynenH ctumynuposan
cBasbiBaHWe :[H-cnnponepHpona ¢ godamnH2- u ce-
poOroHnH2-pelentopamn nocne 15-AHEBHOro npume-
HeHus ranonepugona [7|. CyujecTByeT MHeHue, 4TO
CHWXeHne cofepxaHus XLIK-8 B HEKOTOpbIX CTPYyK-
Typax nepefHero mMosra MOXeT N1eXaTb B OCHOBE pe-
3UCTEHTHOCTU K HeliponenTukam y  NCUXUYECKNX
60MbHbIX 13]. B HacToslemM WCCNef0BaHNM U3yye-
HO BNWAHWE ANUTENbHOTO BBEJEHWUA TUMUUYHOTO Heid-
ponentuka ranonepujona Ha cessbiBaHue 3H-\one-
UNCTOKHHMWA B nepegHeM MO3re MblWeid n na no-

Be/leHYeckune phekTbl LepynenHa. aroHucra
XL,K-8-penentopos
MeTofuka wuccneposaHua. OnbiTel Npo-

Be/leHbl Na GenbiX Mblllax-caMHax Mmaccoit 25—30 T.
®U3MoNornyecknii - pacteop uwnn - ranonepugon
(0,25 wr/k[. «Oerieon Richter». THP) nHognnH
2 pasa B fleHb NMa NpoTseHun 15 aueH. MoBefeH-
UecKue OMbIThbl M OMbITbI MO PaANONHTAHAHOMY CBS-
3bIBaHNIO CTaBUAM Yepes 48 72 4 nocne nocneg-
Hell MHbeKUWN ratonepupona, B onbiTax HO CBSA3bI-

BaHuto Il XUK H (KO Kwu/mmixii,.  Nun4 li.iiiu.
AHIIMM) W MEpefHEM MO.He MbILIeN MeHMN.W, Uwann
Mo[||(|H[[Hpoun.1MHyt0  meToguky  |1]|. Smuy» »
'KaT. rOMMTEWHMpNBanH B O 06bemMax X0N0AHOro
rpuc 11(11 6yil)epiiorii pactsopa (pH 7,4) npu 20"C
C nomolbl0 romMoreHunsatopa Hurepa FomoreHu-
3MPOBaHHYI0 TKaHb LenTpudyruponann npu 48 000 y
B TeyeHue 15 MHW, MOCNe 4ero MONYYEHHbI ocafok
CcHoBa romoreHusuposanum B 10 o6bemax Tpuc-HO-
6ydepnoro pactsopa U romoreHat LeHTpudyrunpo-
Banu npu 48 00O M B TeyeHue 15 MHWM. OKOHYaTeNb-
Hbl 0cafoK romoreHusuposanu B 100 o6bemax WH-
KybauuoHHoro 6ydepa, cocToswero u3 10 MM
HLPES, 130 MM xnopupa Hatpus, 5 MM xnopupa
kanus, 5 MM xnopuga markus u 1 MM 34T/ (pH
OBOAMAN A0 7,4 C TMOMOLWbIO TUAPOKCUAA KanHA).
mH-XLK 8 fo6aBunu B WHKybGaLMOHHYHO CMecb B
pasHbIX KOHUeHTpauuax oT 50 HM go 3 HM. He-
cneunduyeckoe CBA3bIBaHWe onpefensnu foGasne-
Huem | MKM uepyneuHa («-Farrnitalia», WTanus).
Mpo6bl MHKY6KUpoBanu npu 24 “C B neyeHne 90 MuH.
Mocne wuHKy6aunum npobbl LEHTpUdyruposanm npu
1200 g B TeueHue 2'/r MMH. CynepHaTaHT BblNBa-
NN 1 0CaZloK OCTOPOXHO MPOMbIBANN HECKONLKO pa3
C MOMOLbI XONOAHOTO WHKYy6aLunoHHoro 6ydepa.
PapunoakTuBHOCTb npo6 (4 napanneneil) onpepe-
NANN B CUMHTMANATOpe Bpes Ha cueTumke R-yacTuu
«J1C-6800» («Bcckman», CLIA). OnbiTel nosTOPSA-
nn 3—4 pasa. lonyyeHHble AaHHble o6pabaTbiBanu
c nmomowbio aHanusza CkeTuappa.

MapannensHo ¢ onbiTamu NO PajuONHTaHAHOMY
CBA3bIBAHWIO MPOBOAWNN WCCNEJOBAHUE W3MEHEHUi
B nosefeHyeckux addektax aroHucrta XL|K-8-pe-
L4enTopoB LepynenHa. BnunsHue LepynenHa
(10 MKr/Kr NOAKOXHO) Ha OPWEHTUPOBOYHO-UCCNe-
[0BaTeNbCKYH aKTUBHOCTb Mbilleil pernctpuposanu
C nomouiblo (hoTO3neKTpMyeckoro aktomerpa. Cpa-
3y nocne BBeAeHWS LepynenHa unn Qusnonorunye-
CKOro NacTBopa XXWBOTHbLIX MOMeLann B WHAUBUAY-
anbHble KNeTKW aKTOMeTpa W onpejensnu wux gsura-
TeNbHY0 aKTUBHOCTb B TeuyeHue 30 MuH. Mo MeTo-
AVKe «NeKTPo60neBoro pasfpaxeHus usydyanu pei-
cTBue 40 MKI/KT LepynesHa Ha arpeccBHOe Mose-
feHVWe Mbllell nocne 2-nefenbiioii MHbEKUMW rano-
nepngona. Yepes 20 mMun nocne BBeAeHUs Lepyne-
MHa 2 XMBOTHbIX MOMELanu B Kamepy 3/1eKTpo6o-
NEHOTOo pasfpaxeHns, rhe OHU Ha MPOTANKEHUN 2 MUH
nonymMunn 48 3neKTpUYECKNX y[apoB HanmpsxeHuem
40 B [lapamMeTpOM WHTEHCMBHOCTM arpecclBHOro
NOBeEHUA CNYXWUNO YACNO arpeccUBHbIX KOHTAKTOB
MeXAY XWUBOTHbIMW. MPOTHBOCYA0POXHOE AelicTBue
uepynenHa (125 MKr/Kr MNOAKOXHO) uMccneposann
lui Mogenn nNWUKPOTOKEHHOBBLIX CYA[OPOr. YCTaHOB-
neHo, u4to XULK-8 wn ero aHanoru u Manbix
£03aX  aHTarOHNNHPYKT  MUKPOTOKEHHOHbIM  CY-
foporamM  Kak Npu  BUYTPHXENYJOYKOBOM.  Tak
H npu  cucTemHom BBejeHun [6]. LiepyneuH
npumeHanu 3a 10 MuH o BBefeHus 10 Mr/Kr nuk-
poToKcMHa. Onpegenanu 3 OCHOBHbIX napameTpa
NNKPOTOKCUHOBLIX CYAOPOr: NaTeHTHble  Mepuopbl
KNMHUYECKUX CYAOPOT, NaTEeHTHble Nepuofbl TOHMU-
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weckux CYAOPOr U MPOAO/KUTENLHOCTb wusnu Mbl-
weii. Bce nonyueHHble B MOBEJEHYECKMX — OMbiTax
faHHble 06paGoTaHbl  CTaTUCTUYECKNW C MOMOLLbIO
Kputepna t CTblofeHTa.

PesynbTaTbl uccnepgoBaHua. [pumeHe-
Hue ranonepugona B TeueHwe 15 gHeit (0,25 mr/kr
2 pasa B fleHb) B HalIWX OMbITax MOBbIWANO NNOT-
HOCTb BbICOKOAM(HHHBbIX MeCT cBA3biBaHWA XLIK-8
(tabn 1). Yncno HusKoah(UHHLIX MECT CBA3bIBA-
HNA YMEHbLIANoCh, 0HaKo X auHHOCTL K XLIK-8
3aMeTHO noBblWanack. MapannenbHo W3MeHeHUAM
Ha MecTax cBA3biBaHMS XL K-8 Habnwopganocb oc-
nabneHve unM n3BpalleHWe MOBeAEHYECKUX 3dhdek-
TOB UepyneuHa, aroHucta XLK-8.  LlepynenH
(10 MKr/Kr) y Mblweid, nony4yaslwnX npeABapuTenb-
HO B TeueHue 15 fHell ranonepupon. B 3Ha4UTeNb-
HOI CTeneHW yTpaTun CBOK CMOCOGHOCTb MOAaBNATHL
OPUEHTMPOBOYHO-UCCNE0BATENbCKYIO peakLnio, B
TO BpeMA KakK aHTWarpeccuBHoe fAeiicTBue Lepyneu-
Ha u3Bpawanocb (1abn. 2). LlepynenH B pgose
40 MKr/Kr 3HauuTeNbHO MOBbIWAN YMCNO arpeccus-
HbIX KOHTaKTOB MeXAy Mblwamu (cMm. Tabn. 2).
AnnTenbHoe npejBapuTeNbHOE BBEAEHUE ranonepu-
fona [0CTOBEPHO 0CNaGNAN0  aHTaroHMCTUYecKoe
BANAHME LepynenHa (125 MKr/Kr) Ha MUKPOTOKCK-
HoBble cygoporu (Taén. 3).

Takum 06pa3om, pe3ynbTaTbl HACTOALLEr0 WUccne-
[0BaHNA CBUAETENLCTBYIOT O TOM, YTO ANUTENbHOE
NpUMeHeHVe TUMUYHOTO HeiiponenTtuka ranonepu-
[ONN, HECMOTPS Ha MOBbILIEHME uMCNa BbICOKOAM-
Qwwblx u ysenuueHne aPUHHOCTU HU3KOADHHH-
HbIX MecT cBsidbiBaHWa XLK-8, Bbi3biBaeT ocnabne-
HUe UNM U3BpalleHne NoBeAeHuYecknx IP(eKToB Lie-
pyneHHa. O NOHMXEHHOW YyBCTBUTENbHOCTM XLIK-8-
peLenTopoB CBWAETENbCTBYIOT TakXe [aHHble Ha-
WWX npeAblAyWNX — UccnefoBaHuii [1, 7], B KOTO-
pbIX 6bINO YCTAHOBMEHO, YTO ANUTENbHOE BBEAEHUE
ranonepuaona BO3BpalaeT WHrubupyolee BaMA-
HUe LepynenHa Ha cBssbiBaHue 3H-cnuponepugona
B OMbITax in vivo. B TO e BpemMs AnUTeNbHoe npu-
MeHeHWe ranonepuiona CyLl|eCTBEHHbIM — 06pasom
CHWXAaeT 4YNCNO0 BbICOKOAM(MUHHBLIX AODAaMUHT- U ce-
POTOHWUHT-PeLenTopoB [1, 7). TMOHWXEHWE nnotho-

tabnHuya |

BnusiHMe ANMTENbHOTO BBEACHWA ranoMepUiona Ha CBA3bIBAHME
311-X0NeuUCTOKMHMHA B MepesHeM Mo3re Mbilueit

B mecra
CHU3bIBaHNS
BeujecTso
K, CBMakc Ll CaM1se
®usnonorn-
Yyecknii pac*
nop 0.45-:0.05 7,3+0.8 2,66+0,25 31,5¢2,5
Fanonepu-
Aon 0,45+0,05 11,7+ 1.0* 1,14+0,12** 21,4+2.0*

Lpumcya HHe. K — KOHCTaHTa auccounauynun (8 H.\),
A-BMa«C “ mMaKCUManbHas NNOTHOCTb MeCT CBA3bIBaHWA (B GMOMb
Ha 1 mr 6enka). 3pecb v B Tabn. 2 n 3 ofHa 3Be3fouka — P <
<0,05, ase — /><0,01.
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BAusiHVe ANMTENLHOMO MPUMEHEHUS ranonepujona Ha Cearssn

W aHTmar feiicTBue Lepy
[invTenbHoe BargemKke
r&nonrpmaa»
OpHeH TMPOBOY HO-HCCNIe0BATEN BeKas
aKTUBHOCTb MbllLeli
UNCNO MMMYNLCOB B TeueHue
15 MHK 30 MuH 15 HHH 30 nsH
duanonoruieckuit
pacTsop 18717 325+39 160+12 276%!7
Liepynenn
(10 mkr/kr) 115+19 198423  142+23 2S2+27

nekTpoGonesas arpeccuBHOCTL Mbltelt
UMCNO arpeccuBHLIX KOHTaKTOB
B TEUEHNE 2 MuH

DU3NONOTUYECKNI
pacTeop 13,5+0,95 8,6+0,93
LlepynenH
40 mKr/kr 5,8+0,82 21,8+2.99
Ta6nuuya 3
n npor 0 peiicTBuA P nocne
[AMTENBHOTO BBEAEHWUA ranonepuiona
TIHKPOTOCCAN  MykpoToKcHB
10 bIT/Kr,
hsionoe-  (0MAEN

HECKW PreT- (123 Mkrikr)

AnnTensHoe BBeAeHWEe (HM3NONOTMUYECKOTO

pacTsopa

NaTeHTHOe BpEMS KNOHNYECKMX
cypopor,

JlaTeHTHOe BPeMA TOHUYECKMX
cyAopor, MuH

MPOAO/MKMTENLHOCTb XKN3HN, MUH

°

AnuTenbHoe BBEAEHME ranonepugona

NaTeHTHOE BpEMS K/OHUYECKNX
cypaopor, ¢ 427+32 T76£65**
JlaTeHTHOE BPeMs TOHUYECKUX
CyAopor, MuH ]58ﬂ.,4 20,5+1,5*
MPOAOMKMTENLHOCT XKU3HM.
18,1+ 1,5 21,5¢1.5

CTW 3TUX MOHOAMHHEPTUYECKNUX PeLenTopos, No-Bu-
AUMOMY. H OnpejenseT  TUNOYYBCTBUTENbHOCTb
XLIK*8-peLienTopoB. YunTbiBas TeCHY MOPHOdYHK-
LUnoHanbHyto cBA3b Mexay XLK-8, podhamuHom un
CEPOTOHMHOM, a TaKXe 3HauMTeNbHble ajanTauu-
OHHble M3MeHeHNs Ha XL|K-8-peuentopax npu Anu-
TeNbHOM BBEJJEHWN TUMUYHOrO Heliponentuka ra-
nonepHAona, MoxHo nonarate, 4to XLIK-8 wumert
3HayeHMe ANA peannsalun Kak aHTUNCUXOTUYECKO-
ro [3], Tak 1 No6OYHbIX ID(PEKTOB HeliponenTUKoB.
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1 Bacap 3. 3, Hypk A Al Maiimerc M. O, AX»i*-
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REDUCED SENSITIVITY OF THE BRAIN CHOLECYSTO-
KININ RECEPTORS UNDER THE EFFECT OF HALO-
PERIDOL PROLONGED ADMINISTRATION

E. E. Vasar, A. Kh. Soosaar, M. O. Maimets, L. K. Allikmets
Tartu University, Tartu

The authors have used behavioural and radioreceptor
methods of investigation, that helped to find correlates of
the behavioural phenomena on the receptor level

YAK «18.127-805.4-085.23-108.8

KniouyeBble CnoBa: HaTpua OKCMOYTUpaT; nupaueTam;
NUPUAOKCUHUN-TIMOKCHNAT KpeaTuH(OCHOoKNHada;
MH(apKT Muokapga

. B. Uopux, I'. I'. YnykaHos

LEWCTBUE TMPEMAPATOB C AHTUMUMOK-
CUYECKNMW CBOWCTBAMW HA ULLEMWYE-
CKOE MNMOBPEXAEHWE MNWOKAPAOA

Nabopatopus  (apMaKONOTUM  AHTUAHTUHANbHBIX
(3aB.— fOKTOp Mej. Hayk . I'. YuukaHoB)
makonornn AMH CCCP, Mockea

MpeacTaenena akag. AMH CCCP A, B. Banbamaxom

cpeacTs
WHetutyTa dap-

B nocneaHue rofbl WKWPOKO 06CYyXAaeTca BOMPoC
0 BO3MOXHOCTU OrpaHM4eHUs pasMepoB MHMapKTa
muokapaa (MM) c nomowbio (HapmMakonornyeckux
BeleCTB. BbICKa3biBAOTCA MNPOTUBOMONOXKHbIE TOU-
KN 3pEHMA fJaxe B OTHOWEHUU TakKWX TpajULUOH-

HbIX «@HTUMH(APKTHbIX» CPeACTB, Kak R-aapeHo-
6nokatopsl [8, 9, 13].
B HacToAlleM MCCNeA0BaHUM W3YyYeHO BAUSAHUE

npenapaToB C aHTUTUMOKCUYECKUM  fAeiicTBueM —
NUPUAOKeHHUN-rAMoKcunata (rnno-6), HaTpus OK-
cubyTupaTa M nupaMeTamMa — Ha pasBuUTUE Wlle-
MWNYECKOTO MOBPEX/AEHNA U KOHe4Hbli pasmep UM
B YCNOBWAX OKK/IO3UN KOPOHapHOI apTepuu.
MeTopuka uccnepoBaHua. [na cyxpe-
HWS O BNUSHWM MpenapaToB Ha pasBUTUE WLIEeMUYe-
CKOTO MOBPEX/EHNA B CepAle Npu OKKNO3UN KOpo-
HapHOIi apTepun -XenepHMEeHTbl MPOBOAUAM Ha KOLU-
Kax Maccoii 3—4 Kr, aHecTe3MpoBaHHbIX 3TaMUHa-
IOM HaTpua (40 Mr/Kr BHYTPUBEHHO), B YCNOBUAX
MCKYCCTBEHHOTO [bIXaHUA. Y XWBOTHbIX NepeBA3bl-
BaAn MepefjHIO HUCXOASALLYI0 BeTBb NeBOW KOpo-
HapHoW apTepuu B cpeAHeil ee TpeTW. BHyTpuBeH-
HO BBOAMANU renapuH B Ao3e 1000 1-A/kr. MpoGbl

rr

KpOBW Gpanu M3 KOPOHapPHOTO CMHYCa Nepej OKKAH0-
3ueif BEHEYHOro cocyfa, a Takxke yepe3s 20 M60 MuH
nocne Hee. [lpoBefjeHbl 4 cepuM 3KCNEPUMEHTOB.
MpenapaTbl BBOAMAN Cpa3y Nocfe OKKNKO3WM KOpo-
HapHOW apTepun BHYTPWUBEHHO: HATPUA OKCUBYTMW-
pat — 200 wmr/kr, nupayetam — 400  Mmr/kr.
rnmo-6 — 100 mMr/Kr. B KOHTPONbHOI cepum XMWBOT-
HbIM BBOAWNWN 3KBWUBANEHTHbIA 06bemM usnonoru-
4eckoro pacTsopa. AKTUBHOCTb KpeaTWH(OCHOKHHa-
36l (K®K) B nnasme KpoBu onpegensinn no merto-
Ay [10]. MonyuveHHble faHHble oGpabaTbiBann cra-
TucTnYeckn. KoaduumeHTbl NUHeNHbIX perpeccuii
onpegensinM c NMoMmolLbI0 HernapameTpuyeckoro Kpu-
Tepus Teilina. [L0CTOBEPHOCTb pasnuuuii Mexay yr-
NaMn HaKnoHa perpecCMOHHbIX NpPAMbIX Onpejens-
NN C MOMOLWbI0  OAHOCTOPOHHErO HenapameTpuue-
CKOro Kputepus XonneHpepa.

ANs M3yyeHus BAUSHUA NpenapaToB Ha pasme-
psl VUM npoBoAWAN OMbITbI Ha GECMOPOAHbLIX 6Genbix
Kpblcax-camuax maccoil 180—200 r. Bcero B akcne-
pUMeHTax WCMonb3oBaHbl 44 Kpbickl (5 cepwii, no
8— 10 XMBOTHbIX B Kaxfoil). UM Bocnpon3Bognnun
no metody [11]. Y >KMWBOTHbIX perucTpuposanu
OKI B 3 cTaHAapTHbIX OTBEAEHWUAX [0 OKKNO3UU
BEHEYHOII apTepuun, yepes 5 MMH nocne Hee u nepep
3a60em XMBOTHbIX. Kpbic 3abuBanu uepes 72 u
nocne onepayun. Cepaua usBnekann u rotoBunn B
KpuocTaTe cpesbl. [lenanu 5 cpesos  TOAWMHONA
25 MKM uepe3 KaXfble 2 MM, HauyumHas OT BepxXylu-
KN NeBOro enypouka. Cpesbl OKpawusanu ¢ no-
MOLbK  HUTPOTETPa3oNNeBOr0 CUHEro, BbIABNAS,
TakuM 06pa3oM, aKTUBHOCTb CyKUMHaTAerngpore-
Hasbl. [lna onpejeneHns pasmepos MM ucnonbso-
BaAW MarTemaTuyeckyw mogens [4]. Pasmep WM
paccuuTbiBanM Mo 06bEMY HEKPOTUYECKOW Macchl,
BbIPaXX@HHOMY B MNpoleHTax OT o6bema MUOKapaa
BCEro NeBoro >xenypaouka. [lpenapaTkl BBOAUNU
BHYTPUOPIOWNHHO B PasOBbIX [03aX: HAaTPUA OKCU-
6yTupat— 200 mr/kr, nupauyetam — 400  mr/Kr.
rnno-6— 100 mr/kr. B kayecTBe npenapata Cpas-
HEHWS UMCMONb30BaNM NPOMPAHONON B Pa3oBoil Ao-
3e 1 mr/kr. Cxema BBejeHUs npenapatos Gbina
cnepytoweit: 1-e BBefleHne —3a 15 MUH A0 OKK/iO-
3UN KOpOHapHOii apTepuu, 2-e— 4epes 2 4 nocne
OKK/IO3WW, 3aTeM MO 2 BBEJEHWUA €XEeJHeBHO B Te-
YeHWe cneaylWnx 2 CyT. B KOHTpOnbHOW cepuu
XWBOTHbIM BBOAWNN 3KBUBANEHTHbLI 06bEM (hu3Mo-
noruyeckoro pacteopa. [lonyu4eHHble pesynbTaTbl
o6pabaTbiBanM cTaTMCTUYECKW. [L0CTOBEPHOCTb pas-
NNYMii onpefeninu ¢ Nomolibio Kputepus t CTbio-

AeHTa.
PesynbTaTbl McCnepoBaHuUsA. Xopowo
M3BECTHO, YTO CTeMeHb YBENWYEHWS  aKTUBHOCTW

K®K B KpoBW fABNAETCA BaXHbIM MoKasaTesem Ta-
XKECTW MLWEeMUYecKOoro nospexgeHus |6, 12| Ho
AVWHaMWKe HapacTaHua akTUBHOCTW K®K wu ycno-
BUAX OCTPOA MWEMUN MUOKapAa MOXHO CyAuTb O
CKOpPOCTM nepexoja 06paTUMbIX WLWIEMUYECKNX M-
BpeX/eHU N Heo6paTuMble. Y CTaHOBAEHO,  4TO
npu OKKNI3UN KOPOHapHOI apTepuu mnpenapaTbl ¢
NPOTMHOHWEMWYCCKUM [JeiiCTBMEM CHUXalOT aKTuB

r.ar,
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MN3MEHEHUE MOBEAEHYECKUX N BUOXVMNYECKNX
OPPEKTOB LUEPYJIEMHA, AHANOIA OKTAMEMNTUNOA
XOJIELUMNCTOKUHWHA, MOCNE AJ/TIMTENBHOIO BBEAEHUA
CANOIMEPNAONA

BACAP 3. 3., ANTINKMETC nN. A, COOCAAP A. X., TAHT A. 3.

Na6opaTopus ncuxodapmakonornu TapTycKOro rocysapcTBEHHOTO yHUBEpPCUTETA

Mo cywecTByOWNM nNpeacTaBNeHNAM OKTanenTuj  XOMeLUUCTOKUHUHA
(XLLK-8) wnmeeT TecHble MOP(OMYyHKLMOHaNbHbIE CBA3WN C AoaMuHepruyec-
KUMK cucTeMamuy nepegHero mosra [13, 21]. XLK-8, aBnssace KomegnaTtopom
foaMyvHa B HelipoHax LEeHTPasibHON YacTW MNOKPbIWKW, BAUSIET Ha BbICBO-
6oxgeHne n metabonusm pgocdamuHa [10, 20] n usmeHsieT apPUHHOCTL W
NNOTHOCTb AoamuH2peuenTopoB [11]. WmeloTcA faHHble, YTO AoaMUHCP-
rMyeckue MexaHuW3Mbl y4yacTBYIOT B peanusaunn HeKOTOPbIX MOBefeHYeCKUX
appexkToB XLLK-8 1 ero aHanora uepynenmHa: cefaTUBHOro AelcTBUSA, NOAaB-
NeHna  ()eHaMMHOBOr0 BO36YXAEHWSA, aHTMarpecCMBHOro [elcTBYA W T. f.
[15, 22, 23]. C pgpyroil cCTOPOHbI, YCTAHOB/IEHO MOAYNMpPYOLLee BAUSIHWE [O-
hamMmHa Ha XO0NeuMUCTOKUHUHEPTMYECKUe MexaHu3Mbl. [JnuTenbHas 6nokaga
[0haMUHOBBLIX PeLenTopoB HeliponenTukamu MNPUBOAUT K MOBbILIEHUIO CO-
fepxaHna XL K-8 n KonuyectBa ero peuenTopos B MepejHeM MO3re noj-
OMbITHBLIX XXWBOTHbIX [5, 9].

OfHaKo (YHKUMOHaNbHOE 3HaYeHUe BANAHUA AoaMUHEPruyeckux Mmexa-
HU3MOB Ha XO/MeLMCTOKWHWHEPrMYecKne MpoLeccbl M3y4eHO B MeHblUei cTe-
neHn. B cBA3M C 3TUM UeNnblo HacToswel paboTbl 6bIIO  M3yyYeHUe
BNAHUA ANUTENbHOW 6n0Kafbl fO0aMUHOBBLIX PeLENTOPOB ranonepuaonom
Ha nosefeH4Yeckue adekTbl uepynemHa, aroHucta XLIK-8-peuenTtopos,
a TakXe BblfiB/leHNe BO3MOXHbIX MeXaHU3MOB W3MeHeHWs MOBefeHYeCKUX
3ath(heKTOB LepynenHa nof BAUAHMEM ranonepujona.

METOOUNKA

OnbITbl NpoBefeHbl Ha 320 Mbilwax-camuax maccoit 20—25 r n 250 Kpbl-
cax-camuax maccoli 200—250 r, pa3gefieHHbIX Ha rpynnbl no 10— 12 XunBoOT-
HbIX B KaXfoil. Manonepnpon, Kak npasuno, BBOAWAM B TeyeHue 15 gHeil B
nose 0,25 mr/kr 2 pasa B AeHb. YUepe3 72 4 mocie nocrefHein WHbeKUWUU ra-
nonepugona onpeaenAnu nosefjeHYeckue U 6uoxummyeckme adekTbl Lepy-
nenHa (npoussBofcTBo «®apmutanus—Kapno 3pba», NTanus). CegaTuBHoe
feiicTBMe LepynenHa Yy Mbllleid nccnefoBann ¢ MOMOLWbio POTO3NEKTPUYEC-
KOro aktomeTpa. )KMBOTHbIX MOMeLljann cpasy mnocse MOAKOXHOro BBeAeHUS
uepynemHa (15 MKr/kr) B akTomeTp, rae B TedeHue 30 MUH onpeaensnu Asu-
raTefibHyl0 aKTMBHOCTb. [POTMBOCY[OPOXHOE [AelicTBME Liepy/iemHa uccre-
foBann B MOAeNU MUKPOTOKCUMOBLIX cyjopor. LiepynenH (125 MKr/Kr) BBO-
annun 3a 10 MMH [0 BHYTPWUOGPIOLIMHHOIO BBeAeHWUS MUKPOTOKCUHA (8 MI/KT).
Onpefensnu Tpu napameTpa MUKPOTOKCUMOBBLIX CYAOPOr: faTeHTHble Mepuo-
[bl KMIOHNMYECKMX W TOHWYECKMX CYAOpOr, a TakXe MPOA0/IKMUTENbHOCTb XUN3-
HW Mblweli nocne BBefeHWS MUKpoTokcuua. Mpu uccnefoBaHUK cegaTUBHOMO
N aHTUMWKPOTOKCMHOBOIO AeNCTBUA Lepy/enHa y KpbiC UM MOA 3PUPHbIM Hap-
KO30M 3a 7—=8 fHeil 40 oMblTa MMMAAHTUPOBANWN yHWUNaTepasbHble KaHIn
ANA MUKPOUHDBEKUWIA B NaTepanbHbIii XXenyjoyeK Mo3ra Mo KoopauHatam
aTnaca Mosra Kpbicbl [4]. KaHonu npukpennanu K 4vepeny 3y6HbIM LeMeH-
Tom. LlepynenH pas3Boagunn B CTepUSIbHOM (PU3NONOTNYECKOM pacTBOpe U B
TeyeHne 30 ¢ BBOAUIM C MOMOLLbIO MUKPOMHBEKTOPA B MpaBblii faTtepanbHbIi



Xenyaoyek mosra B o6beMe 5 Mkn (B fo3ax 5—500 Hr). KoHTponem crayxwu-
N MHKPOWHBEKLUMUW (U3NOMOTMYeCKOro pacTeopa B TOM e obbeme. Ha 60-i
CeKyH/Ae nocfie BBeAEHUS LepyneHHa WU (U3N0N0rnMYecKoro pactsopa Kpbic
nomeLani 1 LEHTP OTKPbLITOro Moas WUAWM UM BBOAUAN MUKPOTOKCUH (4 Mr/Kr).
B oTkpbiTom Hone (pasmepom 100x 100X40 cm) B TeueHuWe 5 MWUH C mo-
MOLLbIO NATWM He3aBUCUMMbIX (POTO3NEKTPUUYECKUX KaHasioB Onpefensanv ABu-
raTeNbHyl0 aKTMBHOCTb KpbIC, & TakXe 4YMC/I0 BCTaBaHWIl Ha 3agHue nanbl W
yncno o6HWXMBaHWIA rHe3d. [locne BBeAeHVWS MUKPOTOKCUHA U3y4danu
naTeHTHble MepuoAbl BO3HWKHOBEHMA Tpemopa W K/IOMUYeCKUX Cy[opor, usme-
PAANM NPOAO/IKMTENIbHOCTb XXWU3HU XMBOTHbIX. B noBefeHYecKnx uccnefosa-
HUSAX YCTAHOBJIEHO, YTO LEPY/IeMH MpU OAHOKPATHOM BBefeHWN C ranonepu-
[0N0M BbI3blBaeT Y KpbIC ABYXHefe/bHOe NojaBfieHMe BO36Y>Aaloliero fei-
cTBus (eHamuHa 115]. B HacTosiLleM WCCNeAOBaHUW OLEHUBaNW BAUSHUE
XPOHWYECKOTr0o BBeAEHWA rasonepupona Ha Takoi ANUTeNbHbIR 3ddekT Le-
pynenHa. [na 3Toro Yepes 72 4 nocne nocrefHeid UHbEKUMN uU3nMonormnyec-
KOro pacTeopa WAu rasionepujona 4YacTu KpbIC BBOAUAWN MOAKOXHO LEpynenH
(40 mKr/kr). KoHTponem CAyXuno noAKoXHoe BBeAeHWe (PU3N0N0rMYecKoro
pacTBopa B TOM e o06beme. OnbiThbl ¢ d-theHamuHOM (2,5 MI/KF) npoBoaun
TpwXKabl: yepes 1 cyT, Ha 5-ii m 12-ii AeHb nocne O[HOKPaTHOro BBefeHUA
uepynevHa. Ha 30-i MUHYyTe nocne BBeAEHUA (heHamMuHa ONpeAensiin UHTEH-
CMBHOCTb CTEPEeOTUMHOro nosefeHns [6] v yvepe3 45 MWH B TeyeHue 5 MUH
n3yyanu feiicTBme (heHammHa Ha fBuUraTe/lbHyl0 aKTUBHOCTb KPbIC B MOAenn
OTKpbLITOro nonfA. Miccnefosanun Takxe cBAsbiBaHue 3H-cnuponepugona v 3H-
XLK-8. B onbiTax in vivo Habnwogann BAUAHWE pasHbIX [03 Lepy/enHa
(20—250 w™Kr/kr) Ha cBfsbiBaHMe 3H-cnuponepugona (5 MKr/kr, 17 Ku/
/MmMonb) B nepegHem Mo3re Mblwweli. LiepynenH BBoAMAM 3a 15 MUH A0 BBe-
[eHNs Me4yeHOro HeiiponenTuka, a yepe3 20 MuH nocne BBefjeHus 3H-cnupo-
nepuaona >XMBOTHbIX fJeKanuTupoBanu. OnbITbl CBA3bIBAHUSA MPOBOAUAMN MO
MeToAMKe, OMucaHHO Hamu paHee 12, 19]. OnbITbl cBA3biBaHUS 3H-XLIK-8
(86 Kn/MMonb) MpoBOAWAWM B MepedHeM MO3re KpbIC U Mbllleld No Moandu-
uMpoBaHHOn MeTogmke 1317]. Mo3roByl TKaHb romoreHmsuposanu B 10
o6bemax xonogHoro Tpuc-HC1-6ydepHoro pactBopa (pH 7,4 npu 20° C) ¢
nomowbio romoreHunsatopa otTtepa-C («BpayH MencyHreH» ®PI). Fomo-
reHW3MpoBaHHYI0 TKaHb UeHTpudyruposann npu 48 000 g B TeyeHue 15 MUH,
nocne 4Yero MoOJyYeHHbIW OcCajoK CHoBa roMoreHusuposanu B 10 o6bemax
Tpuc-HC1-6ychepHoro pacTtBopa W romoreHaT LUeHTpudyrmposann npu
48000 g B TeueHue 15 MMH. OKOHYaTeNbHbI/i 0CafOK TOMOreHU3MpoBanin B
100 ob6bemax WHKyb6aLuoHHOro 6ydepa, coctosuwero u3 10 mM XEMEC
(M-2-rugpokcn-aTunnunepasmH-M'-2-ataHcyntorHosas  kucnota;  «Curma,
CLA), 120 MM xnopupa Hatpua, 5 MM xnopuga Kaava, 5 MM xnopuga
Marima m 1 MM aTuneHAnaMuHTeTpayKCycHOW KucnoTbl (pH 6b110 goBefeHO
[0 7,0 ¢ nomowbio rugpokcmaa kKanus). 3H-XLIK-8 pob6aBnsnum B uHKyba-
LMOHHYIO Cpeay B pasHbIX KOoHUueHTpaumax — ot 50 nM go 3 HM. Hecneuu-
(huueckoe cBAsbIBaHWe onpegenanun fobasneHnem 1 MKM uepynenHa. Mpobbl
6bI M MHKY6UpoBaHbl Npu 24° C B TeyeHne 90 MuH. lMocne MHKyb6aunn npobbl
ueHTpudyrnposann npu 12000 g B TeueHne 2 MuH. CynepHaTaHT BblAMBann
N 0CafloK OCTOPOXHO MNPOMbIBa/IN C MOMOLLbIO XOM04HOr0 WHKY6aLMOHHOIO
6ytepa. PagmoakTBHOCTb MpPo6 (YeTbipe napansenn) ONpefensinn B CLUUH-
Tunnatope bpesa Ha cueTumke 6eTa-yacTuy JIC-6800 («BekmaH», CLUA).

OnbITbl noBTOPANU 3—4 pasa. [loslyyeHHble [aHHble NojBeprann aHanusy
CkaTuapga.

PE3Y/IbTATbl WCCNEJOBAHWUN

Y KOHTPONbHbIX Mbllleli LepynenH B fo3e 15 MKI/KF Bbi3blBan TOPMOXe-
HWe fBuraTtenbHOl akTMBHOCTU (puc. 1). OfHaKo nocne AANTENbHOFO NpuMe-
HeHus ranonepugona (0,25 Mr/kr 2 pasa B AeHb B TeueHue 15 gHeld) uepy-
Nenn He W3MEHS/T MOTOPHYK aKTUBHOCTb MOAOMbITHLIX XUBOTHbLIX, TOPMO3Si-
wee feiicTBue ucyesano. Mocne ranonepugona ocnabnanocb Takxe aHTaro-
HUCTMYeCKOe [elicTBMe  uepynenmHa (125 MKr/Kr) Ha MUKPOTOKCUHOBbIE
(8 ™mr/kr) cypoporu y Mbiwein (Tabn. 1). Y XWBOTHbIX, MOAyYaBLUNX Npef-
HapuTenbno rasonepupon, Lepy/iemH 3HauuTenbHO cnabee yANMHAN NaTeHT-
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Tabnuua |

BAusiHe ANNTENBHOTO BBEAEHUs ranonepuaona Ha MpoTUBOCYAOPOXHOE AelicTBue
LepynevHa y Mbilueit

MukpoTokeun 8 Mr/toY dmato- MukpoTpKeun8 mr/kr-fuepynent

Fbp::\y'Tpbl NUKPOTOKCMNOBBLIX CyAOpPOT NOruuecKuii pacteop 125 MKF/KE

[/vMTenbHOe BBEAEHWE (DM3MOMOMMYECKOTO PacTBOpa

J1aTeHTHOe BPEMSI K/IOHWYECKUX CYy[A0- 440+25 780+72**
por, ¢

J1aTeHTHOE BPEMS TOHWUYECKUX CYA0- 16+1,5 25+2,0%*
por, MuH

[POAC/IKUTENBHOCTD XXWU3HW, MHH 17+1,7 26+1,6%*

[nuTenbHoe BBeAeHVe ranonepupona

JlaTeHTHOe BPeMS K/IOHWYECKUX CY[0- 430+32 780+75**
por, ¢

JlaTeHTHOe BpeMs TOMWUYECKUX Cyf0- 16+1,4 20+1,5*
por, MuH

Mpofo/MKNTENBHOCTD XU3HU, MUH 18+1,5 21+1,5

Mpumeyanne. * — p<0,05; ** —/><0,01 no cpaBHEHMIO C BBeJeHMEM (U3NONOTNYECKOro PpacTBopa 4- NUKpPO-
TOoKeHHa (no t-TecTy CTblojenTa; To Xe ans Ta6n.3).

HbI Nepuoj TOHUYECKUX CYAOPOr W MPOAO/HKUTENIbHOCTb XMU3HU MO cpaBHe-
HUI0 C KOHTPO/LHOW rpynnoii. CxogHoe ocnabneHne Wam nsBpalieHue geicT-
BMS LepynenHa Habnwjanocb TakXe Y KpbIC MPW BHYTPUXKENYA0UYKOBOM €ro
BBefleHUN. ECNN y KOHTPOJNIbHbIX KpbIC Manble 03bl uepynenHa (5 u 50 Hr)
YyrHeTann opueHTUPOBOYHO-UCCNE0BATENIbCKYO aKTUBHOCTb, TO Y XUBOTHbIX,
nonyyasLIMX ranonepugon, uepynevH He nogasnan (5 Hr) uam gaxe ycunm-
Ban (50 Hr) akTMBHOCTb XMBOTHbIX. BBe-
feHue 50 Hr uepyfnevHa B naTepasbHbIii
XenyAaoyeK mMosra He TO/MbKO YCMAMBaNo
ABUraTeNlbHYl0  aKTUBHOCTb )KWBOTHbIX,
HO MOBbIWANO W YWUCNO BCTaBaHUl Ha
3afHue nanbl W O6HIOXMBAHWI THe3p
(tabn. 2). Mocne ranonepupona passu-
Basacb TakKXe TO/epaHTHOCTb K MpoTu-
BOCYZJOPOXHOMY [elCTBUIO LepynenHa y
Kpbic (Tabn. 3). Tllocne [ANUTENbHOrO
NpYMeHeHNsa  ranonepujona LepyneunH
(5 Hr) He BbI3blBaN JOCTOBEPHOro ocnab-
NEeHNA NUKPOTOKCUMHOBLIX (4 MF/Kr) cypo-
EAVHCTBEHHbIM MOBEfeHYECKUM 3¢ -

Puc. 1. BnusHue pAuTeNnbHOro BBeje-
HVS ranonepujona Ha cefjaTUBHOe feii-
CTBME UepynenHa y Mblweid. Mo ocu
OpPAVHAT—YNCNO MMMNYNbLCOB B TeuyeHue
30 MuH. CBeTnble cTONGUKU — 3hdeKT
BBe/leHMA (PU3MONOrNYECKOro pacTBopa;
3aWTpuxoBaHHble—UepynenHa (15 mkr/

por.
(heKTOM Lepy/fienHa, KOTOpbIii CyL|ecTBeH-
HbIM 06pasom ycunueancs nocne fAun-
TefIbHOTO BBeJleHWsA rasionepujona, 6ui1o
ANVNTeNbHOE YrHeTeHMe BO36yXKAaloLiero
pevicteua d-peHamuHa (2,5 mr/kr), npu-

/kr). « — p<0,05 (no U-tecty MaH-

yem WHTEHCUBHOCTb CbeHaMI/IHOBO6 cTe-
Ha — YWUTHN)

peoTMnuu Npu 3TOM Yy KpbIC He WU3MeHsA-
nacb. Y KOHTPO/IbHbIX KPbIC LepyneunH
[0CTOBEPHO yrHeTan 3aMeKT PeHaMnHa TONbKO Ha 5-7 fjleHb nocne ogHoKpaT-
Horo BBefeHnsA 40 MKr/Kr uepynenHa (puc. 2), B TO BPeMS KaK Yy XXMUBOTHbIX,
noslyunBLINX ranonepuion, Takoe AeliCTBME LepynenHa 6blao 3aMeTHO Yxe
yepes 24 4 nocsie ero OAHOKPATHOro BBeJeHUA. YTHeTaloulee BMAHVE Lepy-
NevHa Ha Bo3byxjatolee feiicTBMe peHamMmHa 6blNo 3aMeTHO Ha 15—20-i
fleHb Mocne OfHOKPaTHOro BBeAEHUA LepyrenHa.

Y KOHTPO/bHbIX MbllUel LepynenH [OCTOBEPHO YyrHeTan cneynduyeckoe
cBAsbIBaHMe 3H-cnuponepuaona B onbiTax in vivo, 0fjHaKo Npu ANNUTeIbHOM
BBEJeHUN rasonepujona o4eBUAHbLIM CTan MPOTUBONOMOXHbIV 3 heKT Lepy-
nevHa— CTUMynAUMSA cBfA3biBaHMA ‘H-cHuponepugona (puc. 3). B onbiTax
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Tabnuua 2

BAusiHNe BHYTPUXKENYA0HKOBOTO BBEAEHWUS Liepy/erHa Ha OpPUEHTUPOBOYHO-WUCCEA0BaTENbCKYIO
AKTUBHOCTb KpbIC, NOMyYaBLINX NPeABapuUTeNbHO HAa MPOTsXeHWM 15 gHeid ranonepupon

Yucno mmnynLcos Yucno BcTaBaHuit Yucno obHIOXMNaHHA THesf
BeulecTso 1 go3a $UIMONOTU- ranonepu-  dusmonoruye- thusnonoru-

yeckmii aon ckwii pacteop  'anonepugon ueckn A ranonepugon

pacTsop pacTHop

DU3N0NOTNYECKINIA 40+3,1 5875 2,2+0,38 4,2+1,07 5,9H),92 4,8+0,77
pacteop

LlepynenH, 5 Hr 29 +4,4* 45-blO0,9 2,7+0,70 4,5+0,87 4,8+0,69 8,2 H1,45-

LlepynenH, 50 Hr 27+3,6* 93£9,2* 0,8 p),26* 12+2,86* 4,211 ,0311,3 1 ,83**

LlepynenH, 500 Hr  52+6,6 53+5,6 3,0 1,39 3,7+0,55 6,2+1,10 5,0+0,C1

MpumeyaHue: * — p<0,05; ** — *><0,0! MO CpaBHEHNIO C BHYTPUIXKENY[AOUYKOBbIM BBeAeHNEM (H3MONOrMYECKO™
ro pacteopa (no U-TecTy MaHHa — YUTHM).

Tabnuua.3

BAusiHWe ANUTENLHOTO BBEAEHUS ranonepujona Ha NPOTUBOCYAOPOXKHOE AeficTBUE
uepynenHa y Kpbic

Mukpotokeun, 4 mr kr-fousmo- MHKPOTOKEUH,
MapameTpsl NUKPOTOKCUHOBLIX CyAopor noruyeckuii pacTsop 4 mr/kr+uepyncen 5 ur

[nnTenbHOe BBEfEHME (M3MONOTUYECKOrO pacTBopa

JlaTeHTHOe Bpemsi Tpemopa, MuH 9,7+0,35 12,1+0,55**

JlaTeHTHOe Bpemsi K/OHWYECKUX Cy[0- 13,1+0,46 15,2+1,04*
por, MuH

[pOAOMKNTENBHOCTD YKU3HU, MUH 34,5+1,35 40,6+1,78*

[/vTenbHoe BBEAEHWE ranonepugona

JlaTeHTHOe Bpems Tpemopa, MWH 10,9+0,63 11,8+1,80
JlaTeHTHOe Bpems K/OHUYECKUX CYAo0- 15,3+1,05 15,3+1,54
por, MuH
MpofoMKNTENBHOCTL XU3HU, MUH 37,0+1,63 39,2+2,38
Tabnuua 4

BAusiHWe ANUTeNbHOTO BBEAEHWS ranonepuiona Ha cBA3biBaHWe 'H-XoNeuncToKMHWHA
B repejHeM Mmosre

Bbicokoah(hHHHbIE MeCTa CBA3bIBaHUA HuskoahhHHHbIE
BeuwecTso
KA <'BMaKc Ka N “makce
Kpbicbl
®dusmonornyeckmini pacteop | 0,19+0,04 I 11,7+1,88 I 0,66+0,08 1 21+2,08
Fanonepugon j 0,26+0,06 | 13,1+2,08 | 0,40+0,04 | 15+1,22*
Mbiwm
dusnonoruyecknii pacteop | 0,35+0,05 1 7,3-r0,80 I 2,66+0,25 | 31+2,5
Fanonepugon | 0,45+0,05 | 11,7+1,00* | 1,14+0,12 | 21+2,0*

Mpumeyanue. K4 — KOHCTaHTa Auccoyuayun, HMonb; CBMaKC - NNOTHOCTb MeCT CBA3bIBaHWA, Guonb/mMr
6enka: «+ —p<0,05 (Ho 1-TecTy CTblogeHTa).

CBA3bIBAHMA in Vitro BbliCHWNOCL, YTO XL|K-8 nMeeT fBa MecTa cBA3bIBaHWA
B NepeAgHeM MO3re KaK Y MblLUei, Tak Uy Kpbic. PasHunua B ah@UHHOCTA 3TUX
[BYX MecT CBfA3blBaHMA 6blna 60/see 3HaUUTENbHOM B MepejHEM MO3re Mbl-
wei, yem Kpbic (Tabn. 4). [NuTenbHOe BBefeHWe ranonepuposna HecKonbko
yMeHbwano ap@UHHOCTbL W MOBbIWAN0 MAOTHOCTb BbICOKOAMMUHHBLIX MeCcT
cBasbiBaHMA XLIK-8, B 10 Bpema Kak a@WHHOCTb WUU3KOoADHUHMbIX MeCT
noBbillanacb C O4HOBPEMEHHbLIM MOHMXEHMEM WX MIOTHOCTU. Y Ka3aHHble WU3-
MeHeHUs GblNN OANHAKOBbLIMW B MepefjHeM MO3re KpbIC U MblLLEW.



OBCYXOEHUWE PE3Y/NIbTATOB

MpoBefeHHbI aHanu3 noBefeHUsI CBUAETENbCTBYET O TOM, YTO ANUTENb-
HOe MpUMMEHEHMWe ranonepugona M3MeHseT BCe OCHOBHble aPEKTLI Lepyncu-
Ha, aroHucta XL K-8-peuentopoB. B 0CHOBHOM 3heKTbl LiepynenHa ocnab-
NATCS UM U3BPALLAlOTCS, TOMbKO aHTU(EHAMWHOBOE AeliCTBME LepynenHa
ycunueaetcs nocne 15-aneBnoro npumeHenus ranonepugona. Ocnabnexuve
UM M3BpaLleHne MNoBeJeHYeCKX 3PYEKTOB LiepynenHa OAWHAKOBO Kak npuw
NOJKOXHOM BBEAEHWU MblllaM, TaK W NpU BHYTPUXENYLOYKOBOM BBEefEHUU
KpbicaM. lMoflyyeHHble daHHble CBUAETENbCTBYIOT B MOMIb3Yy MHEHUsi, 4TO ce-
LaTUBHOE W MPOTUBOCYLOPOXHOE AeCTBMSA LEPyNeuHa B OCHOBHOM peanu-
3yl0TCA Yepe3 LeHTpanbHble MexaHUsMbl, a He TOo/bKO Yepe3 addepeHTHYt
cucTemMy GNYXAalOLWEro HepBa, KakK YTBEPXAAlOT HeKOTopble aBTopbl [7,
14]. OnuTenbHoe BBefeHWE ranonepupona WU3MeHsIeT He TONbKO COCTOSIHWE
MOHOAMWHepPruyecknx (fotamuH, cepoToHnH u FTAMK) npoueccoB Mosra

Puc. 2. Puc. 3.

Puc. 2. lnnTenbHoe yrHeTeHue LepynenHoMm Bo36yXjalouiero AeidicTema deHamumHa y KpbiC,
noayuYnBWUX NpejBapuTenbHO ranonepupon. Mo ocu OpAMHAT— YMCAO UMNYNLCOB B TeyeHue
5 MuH; no ocu abcumcc — AHKW nmocne OAHOKPaTHOro BBeAeHUA uepynenHa (40 MKr/Kr) wnum
(unsnonornyeckoro pactsopa. CBeTnble KBajpaTbl — feiicTBue QeHamnHa (2,5 mr/kr) y
KpbIC, MONYYMBWIUX (DU3MONOTUYECKMIE pPACTBOP + GU3MONOTMYECKUIA pPacTBOP; TeMHble — (u-
310NOTNYECKMI pacTBOP+LEepyNnenH; CBeTNble TPeyronbHWKW — ranonepuaon + gusmonornye-
CKUA pacTBOp; TeMHble — ranonepujon + uepynenH. *m—p<0,05; **—p<0,01; *»* —
p<0,005 no cpaBHeHWIO C FPynnoii (U3NONOrMYeCKWid pacTBOp-1-hu3nonoruyecknii pacTsop
(no U-TecTy MaHHa — YWUTHU)

Puc. 3. BnauaHue uepynenHa Ha cBA3biBaHue 3H-cnuponepupona B onbiTax in vivo B nepef-

HeM MO3re Mbllleil, NONYYMBIIMX NpeABapuTenbHO ranonepuaon. Mo ock opANHAT— U3MeHe-

Hue cneyutuyeckoro ceasbiBaHna 3H-cnuponepupona (5 MKr/Kr) noj BAWAHMEM LepynenHa

(20—500 MKr/kr), uucno pacnagoB Ha 1 r TKaHW. «—» — YrHeTeHUe CBA3blBaHMA 3H-cnHpo-

nepujona; «+»— CTUMynupoBaHWe cBA3biBaHMA. Mo ocu abcuucc — go3a LepynenHa, MKr/

/kr. CBeTnble TPeyronbHUKW — 3tdekT LepynenHa nocne BBeAeHWA (WU3MONOTNYECKOro pacT-
BOpa; TeMHble — ranonepugona. ** — p<0,01 (no t-tecty CTblogeHTa)

[1], HO BMelIMBAETCA W B Perynsuuio LEeHTPaibHbIX XOMCLUUCTOKLULLIHEPIU-
YecKMx MexaHu3MoB. OfHaKo, BepOSTHO, Takoe fAeiiCTBMe ranonepugona He
ABNSAETCA HenocpeicTBEHHbIM, TaK Kak rasonepuaon He B3auMopelicTByeT C
XLIK-8-peuenTopamu, ero B/AMAHWe OMOCpefyeTcs 4Yepe3 Te fgoaMUHepru-
YecKue MexaHu3Mbl, KomegmaTopoM KoTopbix XLIK-8 aBnsetca [13]. Mo cy-
LWeCTBYIOWMM NpeAcTaB/eHNAM, yrHeTallee BAMSAHWE LepynenHa Ha goda-
MUHepPruyeckre MpoLeccbl peann3yeTcs 4epes ABa pasHbIX MexaHusma [21].
Bo-nepBbIX, LepynenH, nogobHo XLIK-8, ycTpaHseT uHrnbupyioliee BAnSHMe
fothamMnHa Ha nocTCMHaNTU4YecKMX MembpaHax W npunerawoleMm spe W, Bo-
BTOPbIX, Kak 1 XL|K-8, nogaBnseT Bbl3BaHHOE MOHAMWU Kanna KanbLWii-3aBu-
cumoe BbICBOGOXAeHMe pAothamuHa [21]. B nocTcMHanTUUCCKOM [AeiicTBUN
LepyfnenHa, no-euanumMomy, Beaylliee 3HayYeHVWe WMeeT ero B3auMofeincTsume c
BbICOKOAPPUHHBIMU JohaMUH .-peLienTopaMy Ha BCTaBOYHbIX HelipoHax B ne-
peaHem wmosre [12, 18]. BnyTpHMO03roBoe BBefeHWe KauWHOBOW KMCNOTbl pas-
pywaeT nmeHHo XL|K-8-peuenTtopbl 1 BbiCOKOAh(hUHHbIE fodPaMilb-peLenTo-
pbl [8, 18]. AnanormyHoe CHWXeHWe BbICOKOAM®MHHMbIX AoPaMUHbI-peLenTo-
poB [2, 3, 19] n XLLK-8-pevenTtopoB HabnogaeTca nocne AAMTeNbHOro BBe-
[leHns1 ranonepuaona, M v cBA3M C 3TUM B OMbITax in Vivo LEPY/IENH He UHIU-
6upyeT cBsisbiBaHMe ‘H-cHuponepugona. a, HaobopoT, Aaxke CTUMYynupyeT
cBA3biBaHWe 3H-HeliponenTuk«. [la OCHOBe MPUBEYEHHbIX [aHHbIX MOXHO
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nonaraTb, 4TO ANUTeNbHOE BBeAeHWe ranonepupona nNPUBOAUT K (YHKLMO-
Ha/lbHOMY BbIK/IIOYEHNIO OMpejeneHHoN 4YacTu BCTaBOYHbIX HelipOHOB B ne-
pefHeEM MO3re, Ha KOTOPbIX W B3aumofencTByT gohamuH n XLIK-8. MimeHHO
(hYHKLMOHANbHBIM BbIK/IKOYEHMEM YacTW BCTaBOYHbIX HENPOHOB M 06bACHAET-
cs ocnabneHue wAM u3BpalleHMe MOBeAeHYECKUX U BUOXMMUYeCKUX 3 dek-
TOB LepyfenHa.

B otnnune oT gpyrux apheKToB LepynenHa ANNTeNbHOe aHTU(eHaMUHo-
BOe [jeiCTBMe, BbI3BaHHOE OAHOKPATHbIM BBeAeHWEM, 3HAYMTe/IbHO yCMAUBa-
eTcA nocfe ANNTEeNbHOro BBeAeHWS ranonepugona. 3TOT (akT CBUAETENbCT-
BYeT 0 TOM, YTO aHTM(heHaMHHOBOe fAelicTBMe LepyrnenHa peanusyeTcs 4yepes
ApYyrve mMexaHW3Mbl MO CPaBHEHWUIO C WU3M10XKEeHHbIMU Bbile. CyliecTBYeT MHe-
HMe, YTO yKasaHHbIl 3P(eKT uepyneMHa peann3yeTcs yepe3 npecMHanTuyec-
Kue goammHepruyeckme mexaHusmbl B npuneratouwem sagpe [15], uepynenH
nogaBnsieT BbICBOGOXAeHWe pAotaMuHa, Bbl3BaHHOE (eHaMWHOM, MpuUYem
NPOMEXYTOYHbIM 3BEHOM 3[ecb siBNsetca 6Geta-sHpopduH [16]. O pasnunuun-
AX MeXAY NOCTCMHANTUYeCKMM W MpecuHanTuyeckum feictenem XLIK-8 u
LepyfienHa Ha ypoBHe Ao(haMWHEePrnyeckoil cucTeMbl roBopuUT W (akT, 4To
aHTaroHnct XL K-8-peuenTopoB nporiymui ycTpaHseT TOMbKO MOCTCMHaN-
Tuueckoe feiicTBue LepyneHHa n XLIK-8, He BAMAA nNpu 3aTOM Ha uX AeiicTBuA
Ha BbICBOOOXAeHMe goamunHa [21].

WTakK, [nuTenbHOe BBeAeHMEe Tranonepufjona okasbiBaeT HEOAWHAKOBOE
B/INSAHWE Ha noBeAeHYecKue 3atheKTbl LEepynenHa, cuabHoro aroHuncta XLIK-
8-peuenTtopoB. B O0CHOBHOM noBeAeHYecKMe U Buoxmmuyeckune apheKTbl Le-
pynevHa ocnabnaTcs UAM M3BpaLLalTCsA, YCUINBAETCA TONbKO ANTENbHbI
aHTaroHn3M ¢ (eHaMWHOBbIM BO36YX/JeHWeM Yy KpbiC. Befgywium BO MHOrmnx
athheKTax LepynemHa SABNSETCA ero BAMSHWE Ha BbICOKOA®MUHHbIE Joda-
MWH2-peLlenTopbl, HaxoAslnecs Ha BCTaBOYHbIX HelipoHax XBOCTaToro sigpa
N NUMOUYECKUX CTPYKTYp. [NuTenbHoe BBefeHWe rasonepujona Bbi3biBaeT
(hYHKLMOHaNbHOe BbIK/IOYEHNEe 3TUX HelipoHOB, 4Yem 06ycn0BNeHO U ocnab-
NeHve unn msspalieHne apdeKToB LepynenHa. AAnTenbHoe aHTU(heHaMUHO-
BOE JieiiCTBMe LepynenHa peannsyeTca yepes npecuHanTuyeckue gotaMuHep-
rMyeckue mMexaHu3mbl, Npuyem 6eTa-aHAOPHUHbI BbIMOAHAT 34eCb Poab Npo-
MeXYTOUYHOro 3BeHa mMexay XL K-8- n gopamuHom [16].

BbIBOAbI

1 AnuTenbHoe BBefeHWe rasonepujona B OCHOBHOM ocnabnsaer wam us-
BpaliaeT noBeAeHYeckme 3dekTbl uepyneumHa, aroHucta XLIK-8-peuento-
poB. TO/MbKO ANUTENbHbIA aHTAroHWU3M LepynenHa ¢ BO36yXAalowWwmnm AencT-
BMeM (DeHaMWHa y KpbIC yCUNMBAETCS MOJ BAMSHWEM ranonepujona.

2. B oCHOBe ocnabneHus wauM wu3BpalleHWs MoBefeHYeCcKnX 3pheKToB
LepynenmHa mnocne OTMeHbl AMNTENbHOrO BBeAEHWUA ranonepujona NnexuT
(hYHKLVOHaNIbHOE BbIK/IOYEHNE YaCcTU BCTaBOYHbIX HEPOHOB B MOAKOPKOBbIX
CTPYKTYypax nepeAHero mosra, YTO Bblipa)kaeTcs B MOHMXEHWW 4Yucna BbICO-
Koah(PHHMbIX A0haMUHbI-pPeLenTopoB 1 HU3koahuHHbIX XLLIK-8-peuenTtopos.

3. YcuneHne aHTaroHu3Ma LiepyfenmHa ¢ Bo3byxjalowum pgelictenem de-
HaMuHa y KpbiC 06yC/10BNeHO 60/iee BblIPaXeHHbIM YrHeTalLWWUM BAUSAHUEM
LuepyfieHHa na BbICBO6OXAeHWEe AothamumHa W3 MpecuHanTU4YecKnx podamu-
HepruYyecknx TepMUHaneH nocne ANWTENbHOr0 BBeAeHWs ranonepupgona.
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CHANGE OF BEHAVIOURAL AND BIOCHEMICAL EFFECTS OF CAERULEIN.
AN ANALOGUE OF CHOLECYSTOKININ OCTAPEPTIDE (CCK-8),
FOLLOWING LONG-TERM ADMINISTRATION OF HALOPERIDOL

VASAR E,, ALLIKMETS L., SOOSAAR A., LANO A.

University, Tartu

In experiments on male mice and rats, long-term haloperidol admini-
stration (0,25 mg/kg twice a day during 15 days) significantly changed
behavioural effects of caerulein, an agonist of CCK-8 receptors. As a rule,
the effects of caerulein were reduced or inverted; only long-term antago-
nism with amphetamine motor excitation in rats increased after the cessa-
tion of haloperidol administration. The decrease or inversion of caerulein’s
effects was connected with reduction of high-affinity dopamine*- and low-
affinity CCK-8 rcceptors’ density, reflecting the inhibition of some inter-
neurons’ activity in subcortical forebrain structures after haloperidol treat-
ment. A more pronounced inhibition of dopamine’s release by caerulein was
the reason for the increased antiamphetamine action after long-term ha-
lopuidol treatment. It seems possible that both above mechanisms are
involved in the antipsychotic action of haloperidol.
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3KCNEPUMEHTA/TbHOW
BEVONOMN I MEANUVIHDI



BaHUM 3HAYMTENbHBIX Pa3/IMyunii B CBOWCTBax cepo-
TOHWHOBbIX C|a-peLienTopoB B Mo3re 4enosek! Mo
CpaBHEHMIO C MO3rOM Kpbicbl U Gblka (Hanpumep,
06 WX reTeporeHHOCTV MO CPOACTBY K GYCMHPOHY),
60 0 BbIPaXEHHbIX BO3PACTHbIX WM3MEHEHUSAX 3TUX
PeLenTopoB, MPUBOAALLMX K CHUXXEHWUIO CPOACTBA
ana 6ycnvpoHa. BO3MOXHOCTb TaKuX BO3PACTHbIX
M3MEHEHUI B CBOMCTBAX CEPOTOHWHOBBIX PeLenTo-
POB MOATBEPXAaeTCs AaHHbIMW NuTepatypbl [9].

B 3ak/nioyeHne MOXHO CAenaTb BbIBOA, UTO aH-
KCUO/IMTUK BYCTIMPOH B3anMofeliCTBYeT B MUKPOMO-
NAPHBIX KOHUEHTpauusx C CePOTOHMHOBbIMM Q- ©
Cj-peuentopamn Mo3ra uesioBeKa.
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INTERACTION OF AN ANXIOLYTIC AGENT BUSP1RON,
WITH HUMAN BRAIN SEROTONIN AND SOME OTHER
RECEPTORS

A Ya. Korneev, M. I. Factor, Chan Tkhi Bin An

USSR Research Centre for Mental Health, Academy of Me-
dical Sciences of the USSR, Moscow

Buspiron add Mj 138-05 (up to 0.1 mM) did not displa-
ce specifically bound ('H) triptamine, (*H) strychnine.
(*H) flunitrazepam and (*H) imipramine in human cortical
and hippocampal membrane preparations. At the same time
both compounds displayed similar to serotonin affinity
(1C,« in the range of 2-6 uM) for (m1)-LSD specific binding
sites in the human cortex and hippocamp. 1C» of serotonin
and buspiron and Mi 138-05 for (*H) LSD (2 nM) specific
binding sites in the hippocamp was determined as 0.14 )iM,
2.3 uM and 6.1 uM, respectively; and for ("H) serotonin spe-
cific binding sites in the hippocamp as 0.005 yM, 3.8 [iM
and 21 |iM. respectively. The affinity for human cortex
(*H) LSD binding sites was 10-fotd lower in case of se-
rotonin and 4-fold lower in case of buspiron and Mj 138-05
than in the hippocamp. However, the affinity for (*H) sero-
tonin binding sites in the cortex was the same as in the
hippocamp in case of serotonin and 12-15-fold lower than
in the hippocamp in case of buspiron and Mj 138-05. It is
concluded that in human brain buapiron and Mj 138-05 interact
with micromolar affinity with 5 HTj and are capable of
binding to a subpopulation of 5 HT, receptors in the hippo-
camp.
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Kntouyesbie cnosa: UepynewH; KeTamuH; CTepeoTunHoe
noseAeHve; ABATATENbHOE BO3GY>KAGHWE; aTaKcus;
amHesnu

3. 3. Bacap, /1. X. AnnukmeTc, A. X. Coocaap

AHTATOHN3M LUEPYNEWHA, AFOHUCTA
XUK-8 PELENTOPOB K TMOBEAEHYECKUM
3PPEKTAM KETAMUHA Y MbIWEN U KPbIC
Na6opatopus ncuxodapmakonornu TapTyckoro yHusepcuTeTa
Mpeactasnena akas. AMH CCCP A. B. BanbamaHom

DEHUNKNUAUH W Apyrue apunuuKnoreKcunamuHbl s
Cy6aMHeCTM4eCKMX [03aX OKa3biBalOT MCUXOTOMH-
meTuueckoe feiicTBMe Ha uenoseka [1]. MpumeHe-
Hue deHUuMKNMAnHa wunnm ero 6onee cnaboro aHa-
nora KeTaMMHa COMpPOBOX/AeTcs amHesueidl y ue-
noseka [2, 6]. ¥ KkpbiC U Mblwel GEHUNKANAUH 1
KeTaMUH BbI3bIBAKOT YCUNEHWe [BUraTeNbHOW akK-
TUBHOCTM W CTepeoTUNHOE MOoBejeHNe — NOBeJeH-
yeckne 3deKTbl, HaNnOMUHAKLME BO MHOTOM Aeii-
cTBMe (eHamMuHa W Apyrux [ohaMUMHOMUMETUKOB Yy
3TUX XMWBOTHbIX [9]. AKTMBaLMA MOTOPWUKN NPy BBe-
AeHUN (EHUMKNMANHA UMM KeTaMUHa COMpPOBOXAA-
eTcA aTakcueit [14]. MokasaHo, YTO BBeAeHMEe deH-
UNKANAMHA MbllaM MONHOCTbIO MOAaBNAET Bblpa-
60TKY 3alUTHOTO pe(hnekca Mo MeTOAMKe MaccuB-
Horo wusberaHms [11]. CyuiecTByeT MHeHMe, uTO
CTEpPeoTUNHOe NOBejeHNe, Bbi3BaHHOE (eEHLMKANAN-
HOM, 06YCNOBNEHO ero B3aWMOAeiicTBUEM C CepoTo-
HUH2-peuenTopamn [9], B TO BpemMs KaK amHecTu-
ueckoe feiicTBME (eEHLMKNNANHA peanusyeTcs ue-
pe3 onuouaHble peuenTopbl [11]. OkTanenTug Xo-
neynctokuumHa (XLK-8) wu ero 6nusknii awanor
LepynenH 0KasbiBalT  aHTuAodaMuUHepruyeckoe
AeiicTBME, aHTaroHM3NpylT BO36YXjalouleMy aeii-
CTBUIO (PeHamMWHA Ha MOBeJeHWe KpbiC W Mbilweit
[15]. Mossunuck Takxe paHHble, 4To XLIK-8 BbI-
3bIBAeT Y KPbIC BbIPaXEHHbI aHTUaMHecTUyeckuit
aphexT [7].

Llenbio HacTosAl,ero uccnefoBaHns 6Gbino nsyye-
Hue BAMAHWUA uepyneuHa, aroHucta XLIK-8 peuen-
TOpPOB, Ha mMoBejeHYeckne IPHeKTHl KeTamuUHa Yy
KPbIC W Mblleid, Npu 3TOM CcneyuanbHoe BHUMaHUe
obpalwjany Ha W3MEHeHWs B ONuoMA- W AohamuHep-
TMYecKoi cucTemax.

MeToaunka wuccneposaHus. Bce nose-
[eHYECKMe OMbiTbl ObIMM  NPOBEAEHbl HAa Mblllax-
camuax maccoit 25—30 r 1 Ha Kpblcax-camuyax mac-
coit 220—270 r. B akcnepuMeHTax Ha Mblllax W3y-
Yanu BNWSHUE LiepyNenMHa Ha OCHOBHbIE MOBejeHYe-
ckne 3(pheKTbl KeTaMMHa — yCuneHne ABUTaTeNbHOI
aKTUBHOCTU, CTePeoTUNHOe MOBejeHWe W aTaKCuio.
Ketamun "Gedeon Richter”, BeHrpus) B fose
15—30 Mr/Kr BBOAMAN MblllaM MOAKOXHO 3a 5 MUH
[0 MOAKOXHOro BBeAEHUA LepynenHa B fo3e 75—
375 wmkr/kr f'Farmitalia-Carlo Erba”, WTtanus).
Fanonepugon (0.1—15 Mr/MKr BHYTPUGPIOLWIWUHHO,
+'Oedeon Richter”, BeHrpus), aHTaroHWcT foda-
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MHH2-peuenTopon, BBOAUAN 3a 30 MWH [0 BBeAeHUA
KeTaMuKa. VIHTEHCMBHOCTb CTEPeOTUMHOrO MoBeje-
HMA nccnegosBanu no metoauke [4] Ha 10-i MuHy-
Te nocne BBeAEHUS KeTaMWHA.  WIHTEHCWUBHOCTb
aTakcuu OleHMBanu Takxe Ha 10-ii MuHyTe nocne
BBE/leHMA N0 YCNOBHO BblpaGoTaHHC(i wkane [3].
C 10-i1 no 15-00 MWHYTbI MoOcCne BBeAEHUS KeTamu-
Ha McCnefioBann ero BAWUSHWE Ha OPUEHTUPOBOYHO-
1ccnef0BaTeNbCKY0 aKTUBHOCTb MbllIeid B OTKPbI-
Tom none. OTkpbiToe none (30X30X15 cm) pasge-
NSANN MHWUAMU Ha 16 CeKTOpoB (B LiEHTpe KaXAoro
6bIN10 THe340). B TeueHne 5 MWH onpefensnu uuc-
N0 CEKTOPOB, MPON/JEHHbIX MbIlIaMW, 4YNCNO BCTa-

BaHWii Ha 3afHWe nanbl W 4ucno  o6Genepo-
BaHHbIX  THE34. Y  KpbiC — M3yyanun  BAusHUe
uepynemHa Ha amHecTu4eckoe [eiicTBue KeTa-

MWHa MO MeTOAMKE MacCUBHOTO W3beraHus B uen-
HOUHOI Kamepe. B 1-i eHb MCCNefOBaHUA XUBOT-
HbIX aganTuposanu K o6CTaHOBKe onbiTa. Ha 2-i
[leHb MpOBOAWNN 0By4eHWe >XXMBOTHbIX. [locne ne-
pexoja KpbiCbl B TEMHbIl OTCEK fBEpb MeXAY ABY-
Mf 4aCTAMW YENHOYHOW Kamepbl 3aKpbiBanu M Xu-
BOTHOE MoNy4ano 4 3NekTPUYeCKUX yphapa uepes
non Kamepbl HanpsxeHuem 40 B. VHTepsan mex-
LY a3nekTpuueckumu ypapamu 45 c. [lna onbiTa
0T6Mpany TONbKO TeX XKWUBOTHLIX, KOTOpble B Teye-
Hue 20 C Nepexojunu W3 CBETNOrO OTCeKa Kamepbl
B TeMHblIii. Cpa3y nocne ob6y4YeHWss XUBOTHbIM BBO-
Aunu ketamuH (7,5—30 MT/KF NOAKOXHO), Lepyne-
MH (10 MKr/KF NOAKOXHO) W HanokcoH (5 Mr/kr
nofkoxHo, “Endo Labs”, CLLUA), a Takxe Lepyne-
VH W HanoKCOH B COYETaHWNW C KeTaMUHOM. Yepe3
24 4 nocne o6y4yeHMa onmpeaenanu naTeHTHoe Bpe-
Mfl Nepexofa XWBOTHOTO W3 CBETNON B TEMHYH
4YacTb YeNHOUHOIW Kamepbl, a Takxe Bpems npebbl-
BAHWA KpbICbl B TEMHOM OTCeKe. 3a MOBejeHUeM
KaX/A0r0 XWBOTHOTO Habnwjanu B TeyeHue 3 MUH.
MapannensHo C MoBeJleHYECKMMU OMbITaMM Wncche-
[0Banu BNMAHME KeTaMMHa Ha CBA3biBaHMe 3H-cnu-

ponepujona Bo hPOHTAaNbHOW KOpe KpbiC B MpUCYT-
cTBun 5 MKM cynbnupupa ("Ravizza“, Wtanus),
n3bnupaTenbHOro aHTaroHWcTa [JodaMuHr-pelyento-
poB, W B XBOCTaTOM fjpe B NpucyTcTBM 1 MKM
nupeHnepoHa ("Janssen Pharmaceutica”, benb-
rna), aHTaroHUcTa CepoTOHUH2-peuenTopos. CBA-
3biBaHMe  3H-cnuponepugona (16 Ku/mmons,
"Amersham International”, AHraus) uccnegosanu
no metoguke [5]. BnusiHMe KeTamMMHa Ha CBA3bI-
BaHne 3H-atopduHa (36 Ku/mmonb, “Amersham
International™ n3yyanu B nepefHeM MO3re KpbiC no
meToAnke [12].

PesynbTaTbl nccnepoBaHns. MOAKOXHOe
BBeJeHMe KeTamMuHa B fo3ax 15 u 30 Mr/Kr Bbi3biBa-
N0 OTYETNNBOE YCUNEHWE [BUraTeNbHOW aKTUBHO-
CTU— ABUraTenbHoe BO36YXAeHUe Yy Mblleil B OT-
KPLITOM NOME, Y XMBOTHbIX OTMEYaNUChb WHTEHCUB-
Hble CTepeoTUMHble MPUHIOXMBAHUA, a Takxke aTak-
cua (Tabn. 1). W3-3a aTakcuu y Mblleid, nonyyas-
WKUX KeTaMUH, OTCYTCTBOBANM BCTaBaHUA Ha 3ajHue
nanel. Liepynent B fo3e 75 MKI/Kr  aHTaroHusuposan
ABUTaTeNbHOMY BO36YX/EHUIO, BbI3BAHHOMY KeTa-
MuUHOM (30 Mr/Kr), n Auwb B pAo3e 360 MKr/kr
NONHOCTbIO MOJABNAN KETaMHHOBYH CTEPeoTUNUIO.
Mpu aTom uepyneumH cnabo BAWAN Ha KeTaMWUHO-
Byl aTakcuio (cMm. Tabn. 1). Fanonepujgon B Aose
0,5 mMr/kr focToBepHo ocnabnsan gpuratenbHoe BO3-
GyX/ieHNe W CTepeoTUNHOe MNOBeJeHNe, BbI3BAHHbIE
keTaMnHOM (30 Mr/Kr). Ha KpbiC KeTaMWUH OKa3sbl-
Ban amHecTuyeckoe peiicteue (tabn. 2). B posax
15 n 30 Mr/Kr mpenapaTt [OCTOBEPHO Hapylan o6y-
YeHue Kpbic. B go3e 10 MKr/Kr LepynenH He BAusn
Ha 06y4eHuMe KpbIC B YeNHOYHOW Kamepe, OAHAKO
NOMHOCTHIO YCTPaHs aMHecTUuYeckoe feiicTeue Ke-
TaMuHa. AHanoruyHoe feiicTBMe OKasbiBan aHTa-
TOHUCT OMUOWAHBIX PELLeNTOPOB HANOKCOH B fA03e
5 mr/kr (cMm. Tabn. 2). B onbiTax No W3y4yeHWto pa-
AVNONUTAHAHOTO CBA3bIBAHWA KETaMUH faXe B KOH-
ueHTpaymm 100 MKM He BNMAn Ha cBA3biBaHMe 3H-

Tabnuya 1

BAHsHMe LiepynenHa v ranonepujona Ka N0aefeHueckk afiekTbi KeTaMuHa y Mbilliei

(OpVEHTIPOBOYHO-MCC/IEJ0BATE/IbCKAA
@KTUBHOCTb B TeueHKe S MUH

CrepeoTuntoe
[osa ATakcus, Gannbl
Gannbl 4ncno npoii-  uMcno o6Cre-  YMCo BCTa-
[leHHbIX cex-  [0BaHHbIX  BaHWA Ha 3af-
Topos THe3g e nanbl
du3nonornyeckuit
pacTsop 0+0 00 40+3,2 9+1,2 7+1,6
KetammnH 15 mr/kr 1,75+0,15 1,20+0,20 60+5,8 8+1.8 0+0
To xe 30 mr/kr 1,92+0,12 1,83£0,25 85+6,6 8+0,9 0+0
KetamuH -J- uepynenH 30 MF/Kr+75 MKr/Kr 1,75+0,20 1,75+0,15 48+4,2» 6+0,8 0+0
KetamuH + LiepynenH 30 mr/kr+150 MmKr/kr 1,20+0,18* 1,50+0,20 35+4,0- 6+0,9 0+0
KeTamuH + LepynevH 30 Mr/Kr-j-225 MKr/Kr 0,83+0,12* 1.40+0,20 24+52%* 4+0,5* 00
KeTamuH + LepynenH 0.33rb0,15** 1,320, N+1,6»« 3x0,6** 0+0
KeTammuH 4- ranonepuaon 30+0,1 mr/kr 1,50£0,20 1,42£0,20 58+5,2 6+0,9 00
KeTamuH -j- ranonepuaon 30+0,5 mr/kr 1,20+0,16* 1,17+0,25 21£42<*  4+0,5- 0+0
KeTamuH + ranonepugon 30+1,5 mr/kr 0,33+0,15* 1,83+0,20 4£0,2%**  0xQ*** 0+0

MpumeyaHue  38e3704KN — JOCTOBEPHOCTb
KeTammuHa: ogHa—p<0,05, asBe —p<0,01, Tpn—p<

13*

Baalamlumﬂ Y TecT MaHHa-YWUTHU nokasaTeneid Mo ' CpaBHEHUIo ¢

BBE/JeHa M



Ta6nunua 2

BmAHME uepynewna W HaNOKCOHA Ha ammecTuueckoe pAeiicTeue
KeTaMuHa y KpbiC

KetamuH
Kerammi
KeTamut
KeTamuH -|- uepyneut

KeTamun + yepynenn

jepynel
TN+ HanoKCOH
Hanokcox
UK -V, ~

38E3404KN—/0CTOBEPHOCTb pasnuumsl (t=Tect
CTblogeTa) MoKasaTeneli Mo CPaBHeHMIo C BBEACHUEM KeTAMUMHA; OA-
Ha—pcO. 05. gee —p<0.01

cnuponepugona (0,25 HM) B xBocTaTom sgpe (4o-
(ha MUH2peLenTopbl) W BO (POHTanbLHOW Kope (ce-
POTOHWMH2-peLenTopbl). KeTaMWH Bbi3biBan MOAYWH-
rnéuposaHne cBs3biBaHMA 3H-3atopduHa (0,25 HM)
npyu KoHueHTpauun 30 MKM. Mpu AanbHedwem no-
BbILEHUM KOHLEHTpaLuu KeTaMuHa ero BAWSHWE Ha
cBA3bIBaHWE 3H-3TOphUHA He W3MEHANOCh.

Takum 06pasom, Mony4eHHble AaHHble CBUAETENb-
CTBYKOT 0 TOM, u4TO aroHucT XLIK-8 peuentopos
LlepyneHH CMnocoGeH aHTaroOHH3MpOBaTb OMpejeneH-
HbIM MOBEAEHYECKUM 3(hheKTaM KeTaMUHA — CTUMY-
naTopa (eHUMKNMANNOBBLIX PeLenTopoB. BbickasaHo
npeAnonoXeHue, 4To /ABUraTeNbHoe BO3GYX/AeHue,
BbI3BaHHOE (EHLMKNNAMHOM, Y KpbiC M Mblweld pe-
anu3yeTcs uepes CepoTOHWUH2-peuenTopbl [9]. Oa-
HaKo N0 [aHHbIM HaCTOAWero WCCNefoBaHNA, Ke-
TaMWH Takoe feiicTBMEe He oKasblBan. KeTamuH He
B3aMMO/eiCTBOBaN C CEPOTOHWUN2-pELLenTopaMu U1 He
BbI3biBa/ MOBEJEHUYECKMX IP(EKTOB, XapaKTepHbiX
ANs CePOTOHMHOMUMETNKOB  (BCTpAXMUBaHMe rono-
BOW, BCTPAXMBAHUA «MOKpoi cobaku» u T. g.). Mo
BCeli BEPOSATHOCTM, CTEPEOTUMHOE MOBEAeHWe U ABU-
ratenbHoe Bo36yXjeHWe, Habnojaemble nocne BBe-
[eHUs KeTaMuHa, 06YCNOBMEHbI, Kak W B cnyyae de-
HaMWHa, YCWIEHWEM BbICBOGOXAEHUN fo(aMuHa W3
npecuHanTU4ecknx TepMuHaneii B XBOCTaTOM sjpe
ii mMesonumbuueckux cTpykTypax. Kak W3BeCTHO,
uepyneuH  oKasblBaeT  aHTUAO(aMHHepruyecnoe
peictene [13, 15]. C  aHTULO(aMUHEPTUYECKUM
AeiicTBMEM LepynenHa cBA3aH, BEPOATHO, W aHTaro-
HU3M LiepynenHa co CTEePeOTUMHLIM MOBEAEHUEM W
ABUTaTENbHLIM BO36YX/EHMEM, BbI3BaHHbIX KeTaMu-
HOM. B nonb3y 3Toro npejnonoXeHws CBUAETENbCT-
ByeT U (haKT, 4TO ranonepupon, NpemmyLllecTBeHHbIi
aHTaroHMCT f0(haMWH2-peLienTopoB, OKasbiBaeT aHa-
NOTNYHOE C WEPYNeMHOM YrHeTaloliee BAUSHWE Ha
nosegeHyeckne aPpMekTbl KetamuHa Yy Mbiweii. o
faHHbIM Contreras n coaBT [3], aTakcus, Habnwo-
faemas nocne BBeeHUA KeTaMMHA W (EHLUKIMAN-
Ha, peanusyeTcs MO CPaBHEHUID CO CTEPEOTUMHbLIM
noBejeHMEM Yepe3 Apyrue MexaHW3mbl. ITUM 06-

CTOATENbCTBOM, MO-BUAMMOMY, 0GYCNOBNEHO W Cha-
60e BNMAHME LiepynenmHa Ha KeTaMUHOBYIO aTakcuio.
B aMHecTHYeCKOM [eiiCTBAM KeTaMUHa B3aumopei-
CTBWe MpenapaTa C OMWOWAHLIMU peuenTopamu UMme-
eT Bejyllee 3HaueHue, Kak UM 3 ciydyae C (eHUMK-
nuanHom  [11]. ONMOWAHbLIA aHTarOHUCT HanoKCOH
ABNAeTCA 3(PNEKTUBHLIM aHTarOHMCTOM amHecTuye-
CKOrO [edCTBUS KeTaMWHa. YCTaHOBNEHO, 4TO Le-
pynemH B po3e 10 MKr/Kr W MeHble 6nokupyet
aHanresnto, BbI3BaHHYl MopthuHOM Yy Kpbic [8].
MOXHO nonaratb, 4TO (YHKLMOHaNbHbIi aHTaro-
HU3M C OMUOWAHBIMW peLenTopamMu HaxoAuTcs B
OCHOBE aHTaroOHW3Ma LiepyfnenMHa C aMHecTUYECKHM
felicTBneEM KeTamMUHa.
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CAERULEIN, AN AGONIST OF CCK-8 RECEPTORS, AN-
TAGONIZES THE BEHAVIOURAL EFFECTS OF KETA-
MINE IN MICE AND RATS

E E. Vasar, L Kh. Allikmets. A. Kh. Soosaar
Tartu State University

It has been established in experiments on m*k mice
and rats that caerulein antagonized the behaviour*! effects
of ketamine. an agonist of phenAyclidine receptor». Caeru
lein (75-375 (ig/kg) and haloperidol (0.1-1.5 mg/kg) »up-
pressed the stereotyped behaviour and motor excitation in-
duced by ketamine (30 mg/kg) in mice. Caeruloia and ha-
loperidol failed to affect ketamme induced ataxia. Caerulein
(10 HgAg) and the opioid antagonist naloxone (& ef/kg;
completely blocked the amnestic action of kttimine
(30 mg/kg) in passive avoidance experiment» on rat* It
seems Ilkely that the suppression of the behavioural effects
of ketamine by caerulein is related to its functional anta-
gonism with dopamine and opioid receptors.
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NBT-test I<r (irnil.itint; neutrophils and monocytes
in 1lit* blood of wuHl inimcutated with Plasmodium berghei.
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YAK ©12.821.014.48:615.357.34:577.175.734
Knouesbe cnosa:  LEPYNenH, (heHamuH,
XMHOMMHOBAsA KICNOTa, [BUraTenbHoe BO3BY>K/eHNe,
cyaopory

3.9. Bacap, J1.X. AnmukmeTc, W. B. PbKos,

. B. MMpaxee, A. X. Coocaap, C. Mup3aes

BVWOOBBIE PA3NNYMA B MOBEAEHYECKMX
OPDEKTAX LEPYNENHA AFOHWCTA PE-
LIEMTOPOB OKTAMEMNTUAA  XONEUMCTOKU-
HWHA — ¥ BE/bIX MBbIWENA W KPbIC

Na6GopaTtopus ncuxotapmakonorun 111111 obweid u mone-
KynsipHOW natonoruum TapTyckoro yHwsepcuTeTa, naGopa-
Topua HCMXOWEDMHKOHOFMM ﬂeHerpaAcKuro nayumno-uc-

CnefoBaTeNbCcKoro NCUXOHEBPONOTNYECKOTO MHCTHTY-
Ta um. B. M. BexTepesa

MpegcTasnena akaa. AMH CCCP. A B. banbablaT-w

OkTanenTng XoneynctokmHuHa (XLIK-8) u ero 61um3-
KWii aHanor uepyneHH 061ajaloT WNPOKUM CMEKTPOM
thapmakonorunyeckoro fAeiicteus 115]. OHM YyrHeTawT
CMOHTaHHYK [BUTaTeNbHYI0 aKTUBHOCTb, NPOTUBO-
[eiicTBYIOT (heHaMUHOBOMY ABUTaTeNbHOMY BO36YXAe-
HUIO, GNOKMPYIOT CTEPEOTUMHOE MOBEJEHNE, BbI3BaH-
HOe fo(haMUHOMUMETMKAMM, OKasbiBalOT NPOTUBOCYA0-
poxuoe feiictene n T.4. [3, 8, 14, 151 OpfHako He
BCErja WccnefoBaTensmM Y/aBanocb B CBOMX OMbITax
BOCMPOM3BECTU Pe3ynbTaThl, MNONYYEHHbIE APYTUMK
aBTopamn. Tak, B OAHUX WCCNe0BaHWAX LepynenH
n XL K-8 yrHeTanu nosefeHueckune adexTbl anomop-
thuHa [12, 151, B Apyrux Habnjanocb NPOTUBOMNONOXK-
Hoe fAeiicTBMe  ycuneHue 3dekTOB 3TOro AohamH-
HOMWMeTHKa 12, 131

B HacToslleM WcCnefoBaHUM Gbina MocTaBfeHa
LeNb BbIACHWUTb MPUYMHY TaKoi PasHOPEYMBOCTH
[AaHHbIX. B CBA3W C 3TUM Mbl W3y4Unu BWAOBblE pas-
ANuNA B [EiiCTBMM LiepynenmHa — aroHucTa peLento-
pos XLK-8 B onbiTax Ha Mblliax-camuyax W Kpbi-
cax-camuax B CPaBHWTENbHOM acnekTe Gbiin M3yue-

168
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elrile-, the .(billlv ol fit-iliii.i parasile In Mippiesv the oxy
Ifell dependent cri/viiie system in nieiilalini! phagocytes,
neutrophils and monocytes of the host blood Ilie results

ol NUT tesl could he utilized lor the Investition ol im-

munohuikal disorders and also for the differential diatfuo

Hbl ANNTeNbHee aHTH(eHaMWHOBOe feiicTBMe Lepyneun
Ha 171 M aHTaroHW3M LepynenHa C 3HAOTEHHbIM KOH
BYNbCAHTOM XWHONWHOBON Kkucnotoit (XWK) 11, 111.

MeTtopguka mccnepfoBaHma. B onbi-
Tax WCMonb3oBan 6enbix 6GeCnOpOAHbIX  MbiLLel-
camuyoB Maccoii 18—24 r u 6ecnopofHblX KpbiC-
camuoB Maccoii 180—220 r u3 nuTOMHMKa «Panmno-
noso» AMH CCCP (/leHuHrpaackas o6nacTb) B Be-
CeHHe-NeTHWiA nepuog.

AHTaroHU3M C (heHaMWHOBbIM [BUTaTeNbHbIM BE3
6yxaeHnem usyuyanu M0 CreylOLe cxeme: B Mep-
Bbli AeHb OMbITa OAHOW rPynne KpbiC WM MbiLLeid
BHYTPUBPIOWHHHO BBOAWIM ~ (M3nONOrnYeckuid - pac-
TBOP, Apyroil — MOAKOXKHO LiepynenH (Kpbicam —
40 MKr/Kr, Mblwam — 50 U 100 MKI/KT), TpeTbeit—
BHYTPUBPIOWHHHO ranonepugon (0,25 Mr/Kr), uYeT-
BEPTO/i — Tanonepupon COBMECTHO C LIEPY/IEHHOM.
OnbIThl ¢ (eHaMWHOM 6blM  NpOBeAeHbl  TPUXKAbI:
yepe3 1cyT, Ha 7-e u 14-e cyTkn nocne OAHOKPATHO-

ro BeefeHus ranonepugona («Gedeon  Richter»,
BHP) u uepyneuna («Farmitalia — Carlo Erba»,
NTtanus). Bosbyxpaatoliee felictBue  deHammHa

(3 Mr/Kr) Ha MOTOPUKY MbilLeli onpegensnn ¢ MOMOLLBHO
(hOTOINEKTPMUECKOTO aKTOMeTpa. JKWUBOTHbIX MOMe-
wanu B akToMeTp uepe3 15 MUH mocne BHYTpPUGPLO-
WWHHOTO BBeAeHNA deHamuHa U B TeuyeHne 30 MuH
onpeAensnn [BUraTeNbHYl aKTUBHOCTb JXKMBOTHbIX.
BnusHue deHamuHa (2 Mr/Kr) Ha ABuraTeNbHyl0 aK-
TUBHOCTb  KpbIC OMpejensnu uepes 45 MuH nocne
BHYTPUGPIOWHHHOTO BBEAEHWUS B TeyeHMe 5 MUH B
TecTe OTKPLITOro mons (peructpauns  HoTO3NeKTpU-
YeCKMM CMoco6oM C MOMOWbID 5 He3aBUCUMBIX Ka-
Hanos). B oTAenbHOI cepun ONbITOB onpeaensanu Aei-
CTBME COBMECTHOTO BBefjeHus npornymupa (50 mr/kr,
«Rotta Research Labs», Wtanua) — aHTaroHucra
peuentopos XL|K-8 — ¢ ranonepugonom W uepyneu-
HOM Ha AnUTeNbHOe aHTH(heHaMUHOBOe AelicTBue Le-
pyneHHa y KpbiC.

BnusHue LepynenHa Ha (eKTbl PasnUUHbIX KOH-
BYNbCAHTOB Yy Mbllleil OMpeAensnu cnegyowum o6-



BnusHWE OJHOKPATHOTO MPeBapuTENbHOrO MOAKOXHOMO BBE-
AeHUs  uepynenHa (40 MKr/Kr) U BMYTPUGPIOWNHHOMO BBe-
AeHns ranonepugona (0,25 mMr/kr) Ha ABWraTenbHoe BO3BYX-
[ieHVe, Bbl3BaHHOE (heHaMWHOM (2 Mr/Kr) Yy KpbIC.

Mo oci aGeumce — CPOK MOCNE OAHOKPATHOTO BBEAEHWS LepynenHa
WM ranonepuaona (8 cyT), MO OCU OPAMHAT — YMCAO UMMYNILCOB B Te-
YeHME 5 MUH. /| — KOHTPOb (AECTBME (heHaMUHa Y KPbIC, NONYYNBILINX

o

NPEABAPUTENbHO (MINONIOTMYECKNT PaCcTBOP); 2 — LepyewH: 3 — ra
Oppa  38e3704Ka — p<

nONEpMAON; 4 — ranonepuaon + Uepynent.
<0.05. gBe — p<0.01 0 CPABHEHWIO C KOHTPONbHBIMA KMBOTHbIMM,
MONY4aBUWMMK (BUIMONOrMECKUA PBCTBOP (U-TeCT MaHHa — YUTHH)

pasom: XUK (5 mkr), L-kauHoByto kucnoty (0,2 MKr),
L-kuHypeHuHa  cynbtat (50 mkr) u H-meTtun-D-
acnaptaT (0,1 Mkr; Bce — dupmbl «Sigma», CLUA)
BBOAWNM B NaTepanbHblii Xenyouek Mo3ra ¢ NOMOLLbIO
nonyaBTOMaTU4eCKOro annapata Mo paHee OMUCAH-
Hoii MeToauke [5] B cypopoxHbiX Aosax (341M B
NOCTOAHHOM OGbeme 2 MKA. MpOrnymng BBOAWUAMN Mbl-
Wam BHYTPUGPIOWHHHO 32 5 MUH [0 BHYTPWXeNyAo0u-
KOBOTO BBeJeHUA LepynenHa wav 3a 10 MUH [0 Kou-
BynbcaHTa. LlepynenH (1—50 Hr B Xenypoyek mosra
1 100—500 MKF/KI NOAKOXHO) BBOAUAN 3a 5 MuH
[0 BBEEHUA KOHBYNbCAHTOB. [ UTENbHOCTb Ha-
6nlofileHns nocne BBeJEHWs KOHBYNbCaHTa COCTaBNA-
na 10 MuH.

B onbiTax Ha Kpbicax M3yyanu CyAoporu, Bbi3-
BaHHble XWK, 1 LepyneuH BBOAMAN NOAKOXHO B A0-
3e 200 MKr/KF uan B Xenyjo4yek mosra B fo3ax 2—
20 Hr 3a 5 muH o XWK (30 n 60 mMKkr B xenypouek
Mo3ra). BuBneHue Kakwnu B neBblii 60KOBON Xe-
NyAOYEK KPbIC MPOBOAWAM MOA HeMEYTanoBbiM Hap-
K030M (40—50 Mmr/kr). [leTanbHO MeTOA BXUBNEHUA
onucaH paHee (6). B 3KCMepUMEHT XXWBOTHbIX Gpa-
nm uepes 4—5 cyT mocne onepayuun. PacTsopbl npe-
napaToB BBOAMAM C MOMOLbIO wWnpuya FamMunbToHa
M NONN3TMNEHOBOW TPyGOYKM. 3a NOBeJeHWeM KpbiC
Habnoganm B TeyeHue 90 MWH NOCNe BBEeAEHWUS KOH-
BynbcaHTa. Bo Bcex rpynnax onpegensnu 4 noka-
3aTenf: NaTeHTHbI nepuos HacTYNNeHWs  KIOHK-
YECKMX CY[OpOr, YacTOTy KIOHWUYECKUX U TOHUue-
CKWX 3KCTEH3Wi i W neTanbHOCTb B rpynne.

PesynbTaTbl MCCNEefOBAHUA. Y KpbIC
O/]HOKpPaTHOe COBMECTHOe BBeJeHMe LepyneuHa W
ranonepugona W B MeHblueil CTeneHn BBeJeHWe 0f-

BAusiHMe OAHOKPATHOTO MPEABAPUTENLHOTO MOAKOXKHOTO  BBEfe-
HUs LepynenHa (50--KKO MKI/KF) 1 BHYNpUGPIOLLIMHHOMO  »Befe-
HuA ranonepugona (0,25 Mr/Kr) Ha pABuraTenbHoe BO3GYXze-
HWe, Bbl3BaHHOE (heHamuHam (3 Mr/Kr) y Mblweii (M \ T)

WKITLmwmmyv-nm 8 T-
%m% MM

BewecTso
bOA.Hb TAAR™S
®U3MONOrNUECKUA pacTBop 4* dnsmono-
rYecKnii pacTso 314+£30 35C134
DUMONOTNYECKIIA  PACTBOP -j- (heHamMuH
(3 mr/kr) 589+69  4%-*-I'b
LlepynenH (50 mr/kr) 4- ceHamuH N N
MF/KT 51061  UI5.LU2
LiepynenH (100 mr/kr -f- heHamun
(3 wmr/kr 854+98* 6a3+70
Fanonepugon (0,25 mr/kr 4 hoHamH
(3 mr/kr) 71758  578+(W
Tanonepugon (0,25 mr/kr) 4 uepynenH
(50 mr/kr) 4- deHamuH (3 mr/Kr) 815+80* 799+80*
Fanonepugon (0,25 mMr/kr) 4 uepyneuH
(100 mr/kr) 4 deHamuH (3 mr/kr) 814£76* 747x7C*

(tecT U Mah-
NoNyuMBLLNX

MpumeyaHue. 3se3gouka—p<0,05
Ha—YWTHW) MO0 CPaBHEHWIO C TPYNMoii  MblLLed,
thmanonoruieckuii pacteop 4 teHamuH (3 Mr/Kr).

HOTO LepynenHa OKasblBano [nuTeNbHoe WHIN6u-
pytollee BANSHNE Ha BO3bYXxAatowee felicTBue 2 Mr/kr
(heHamuHa (CM. puUCyHOK). Y>e 4epe3 1 cyT nocne
COBMECTHOTO BBE/EHUA LiepyneuMHa U ranonepujona
YeTKO MpPOABMNOCL WX aHTH(EHaMWHOBOE [eiicTBMe.
CyL|ecTBYeT MHEHWe, YTO ANUTENbHOE UHIUGUpYlOLLee
B/NSHNE COBMECTHOTrO BBEJEHWA ranonepugona u ue-
pyneMHa Ha (eHamMUHOBOe BO3GYXKAEHWE MOTOPUKMN
peanusyetcs uyepe3 B-3HAOPGHWUH B Npuneraloliem -
pe 17). Hawwu AaHHble yKasbiBalOT Ha TO, Y4TO BANA-
Hue UepynenHa Ha B-3HAOP(UHEpPrHYeckne npouec-
cbl onocpegyetcs 4epes peuentopbl XLIK-8. B nonb-
3y 3TOr0 NpeAnonoXeHUs CBUAETENbCTBYET TOT (aKT,
4TO aHTH(eHaMWHOBOE jJeiiCTBMe pa3BMUBaeTCA M nocne
BBe/leHUA OAHOro LepynenHa. OfHAKO Mpornymug
(50 mr/kr), n3secTHbIit aHTaronuct XLIK-8, He ycTpa-
HAN addekTa, BbI3BAHHOTO COBMECTHbIM BBeJeHNeM
ranonepujona 1 LepynenHa. 3ro nossonseT nona-
raTb, YTO NMPOTNYMWA He B3aMMOAeiCTBYeT C peuen-
Topamu XL|K-8. Ponb ranonepupona 3aknioyaetcs
B MOBbILWEHWN YyBCTBUTENLHOCTU OMUOMAHBIX peLen-
TOpoB K B-3HAOPGHMUHY B Me301MMOUYECKUX CTPYKTY-
pax [10]. B onbiTax Ha Mbilax LepynenH u ranone-
pUAON TaKoro aHTU(eHaMUHOBOTO AeiCTBUA He OKa-
3biBanu. lpessapuTenbHoe BBeAeHMe LepyneHHa (50
n 100 MKr/KF) H COBMeCTHOe BBefeHWe LepynenHa
W ranonepugona faxe ycunusano apdekt GeHamuHa,
T. e. HabnwpAanacb runepuysCcTB!SPeNbHCTTH K BO3-
6yxaalolemy faedctunio deHammHa y MbIWEN Tem
Tabnuuy).

BBefeHve UepynenmHa (1 Hr) B >Xenyfo4yek mosra
npesynpexpano Yy Mblleid CyAOpOr#, Bbi3BaHHbIE
XWK. Mporaymug (50 Mr/Kr) MOAHOCTbIO ycTpaHsn
3aWMTHBIA  3heKT LepyneHHa. B uenbineit po«-
(25 Mr/kr) npornymug noTeHUWpoBan CyAOPOXKHbIN
3(hheKT NOAMOPOroBoi Aossl XUK (2.5 mkr) YHF-



NINYHBAN YMCNO HKWUBOTHBIX C cygoporamu oT 0 Ao
5 B rpynne u4 6 mbiweit. CnegyeT OTMETUTb, YTO NpO-
TUBOCY/JOPOXHOE [ieiicTBUE  LiepynenHa B faHHOI
MOJenu MMeeT, No-BUAUMOMY, [OBONbHO W36UpaTens-
Hblii  xapakTep LlepynenH npepgynpexpjan Bbi3BaH-
Hble Tonbko XWK un H-meTtun-D-acnapTaTOM cyfo-
porn. 3To nNOATBepXAaeT NpeAnonoXeHne 0 TOM,
4TO fJaHHble BelecTBa [eWCTBYIOT Ha OAUH 06LKiA
H-metun-O-acnapTaTtHblii  peuentop [111. LiepyneuH
6biN HeakTWBEH MNpPOTUB KaMHOBOW KUCNOTbI W KUHY-
peHuHa. [pn NOAKOXHOM BBEJEHUM MbllaM Lepy-
NnenH B 6onblioM AnanasoHe Ao3 (100—500 MKr/kr)
cnabo Bnuan Ha XWK-cygoporu, YAIUMHUB Nulb
NaTeHTHbIA  mepuoj  wx  HacTynneHus. TlpejBapu-
TenbHO!; NoAKoxHoe (200 MKr/Kr) unu BHYTpuXeny-
fouykoBoe BBefeHMe (2—20 Hr) uepynemHa He npe-
naTcTBoBano passutuio XWK-cygopor y Kpeic, He
M3MEHANNCb HU  KONMYECTBO CYAOPOXHBIX MpPUCTY-
NoB, HU NaTeHTHble MepuoAbl KNOHWYECKNX W TOHM-
YeCKUX CyAopor. TpOJOMKUTENbHOCTb JKU3HU  XKU-
BOTHbIX OblNa Jaxe Kopoye B OMBLITHOW rpynne no
CPaBHEHWMIO C KOHTponem (COOTBETCTBEHHO 52 U
92 MuH).

TakuMm 06pasoM, MONYyuYeHHble [AaHHble CBUJETENb-
CTBYIOT 0 3HauMTeNbHbIX PasnNuusx B AeACTBUM Le-
pynevHa Ha KpbiC U Mbllleil. HeognHakosoe BAnsHue
LuepyneuHa Ha Bo3byxpjatoliee feiicTBUE (eHaMUHa,
No-BHAUMOMY, 06YCNOBNEHO Pa3sNMyYNAMKU BO B3aUMO-
peiicteun  mexgy XUK-8 n  pfodamuHepruyeckumu
CUCTEMaMW Y KpbIC U Mbllweil. Ecnu B onbiTax Ha Mbl-
Wax LepyneuH npu NOAKOXHOM BBEJEHUN B [03e
75 MKI/Kr W 6onee ycTpaHsn MOBLIWEHHYK [ABUra-
TeNbHYK0 aKTUBHOCTb, BbI3BaHHYI (heHamuHoMm [131,
TO Y KpbiC f03a 40 MKI/Kr uepyneumHa (Mpu nogKoX-
HOM BBEAEHMM) He U3MeHsna ahhekT deHamuHa [71
Ha oCHOBaHMM 3TUX [aHHbIX MOXHO Monarate, YTO
Y Mblllell LepyneuMH Mpu CUCTEMHOM BBEAEHWM OKa-
3blBAET HENOCPe[CTBEHHOE YrHeTalllee BAUAHME Ha
fodamuHepruyeckue npouecchl B NUMBNYECKNX
CTPYKTypax, 4YTo 06YCNOBNMBAET MOBbILIEHHYIO 4yB-
CTBUTENBHOCTL Mbileil K BO3Gyxpalouiemy feiicTeuio
(heHamMMHa mocne OJHOKPATHOrO BBEAEHUA LiepynenHa.
Y KpbIC B3aumogeiicTBue MexAy fodamuHom n XLIK-8
ABNAETCA 6O0/MEe CNOXHBIM W, BO3MOXHO, OMOCPeAy-
eTCA Yepe3 ycuneHue BbICBOGOXAEHWA RB-3HAOpDMHA
B npuneraiowem fgpe [71, 4To B KOHeyHOM cueTe
NPUBOAUT K ANNTENbHOMY MOHWKEHWNIO YyBCTBUTENb-
HOCTU KpbiC K BO36YXAatoliemy [eiCTBUIO (eHaMnHa.

B onbiTax Ha Mbllax LepynenH npu BHYTPUXe-
NyAOYKOBOM (HO He MpU CUCTEMHOM) BBeAeHWW 6bin
CUNbHBIM U W3GMpPaTENbHLIM aHTAarOHUCTOM 3HAOTEH-
HbIX KOHBYNbcaHTOoB — XWK u H-meTun-D-acnap-
TaTa. CnejyeT OTMeTUTb, YTO Yy TPaBAHON NATYLIKW
(Rana temporaria), B KOXe KOTOPO OGHapyXeHO
6onblIOe KONMYECTBO LiepynenHa, ero npejBapuTeNb-
Hoe BBefeHue (1—5 Hr) Takxe npeaynpexpanco
XWK-cypoporu, a npornymug (50—100 Mr/Kr) cHu-
man 3ToT 3ahdekT. B onbiTax Ha Kpbicax LepynenH
Takoro feiicTBMA He OKasbiBan. Kpome Toro, y Kpbic
npu  BHYTPUXENY/JO4KOBOM ero BeeseHun XWK-cy-
[OPOrW  pasBUBANUCL 3HAYMTENLHO  MeA/IeHHee, ueM
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y Mbilweii. BeposTHbIM 0GbACHEHWEM 3TUX Pasnnunii
Y KpbIC © MblLeli sBNseTcs HeoAnHaKoBOe MpoCTpaH-
CTBEHHOE PacnoNOXKeHNe faTepanbHbIX Kenyjouka
M runnokamna B Mmo3re 14, 6, 91, uyTo ob6ycnosnu-
BaeT HeoAWHaKoBOe NPOHUKHOBEHNE UCCnefyembiX
BEWeCTB B runnokamn npu ux BHYTPUXeNnya04KOBOM
BBEAEHUN.
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INTERSPECIES DIFFERENCES IN THE BEHAVIOU-
RAL EFFECTS OF CAERULEIN, AN AGONIST OF
CCK-8 RECEPTORS, IN MICE AND RATS

E E. Vasar, L. Kh. Allikmets, 1. V. Ryzhov, 1. B. Prakhye,
A. Kh. Soosar, S. Minaev

Tarty State University; V. M. Bekhterev Institute of Psy-
choneurology, - Leningrad

It has been shown in the behavioural experiments that
combined pretreatment with haloperidol (0,25 mg/kg)
and caerulein (40 [|ig/kg). and to a lesser extent pretreat-
ment with caerulein alone caused long-term reversal of
amphetamine (2 mg/kg) induced hyperexcitability in rats.
Administration of proglumide (50 mg/kg), an antagonist
of CCK-8 receptors, did not reverse long-term antiamphe-
tamine effect ol caerulein. In mice pretreatment with caeru-
lein (50 and 100 \iajkg) alone or in combination with ha-
loperidol (0.25 mg/kg) caused hypersensitivity to the be-
havioural effect of amphetamine (3 mg/kg). Intraventri-
cular (I ng), but not systemic (100—500 (xg/kg) administra-
tion of caerulein selectively antagonized seizures in mice
induced by intraventricular administration of quinolinic
acid (5 jig) and N-methyl-D-aspartate (0,2 pg). Pretreat-
ment with Pruglumlde (50 mg/kg) reversed the anticonvuisi-
ve effect of caerulein in mice. In rats, caerulein failed to
affect the seizures caused by intraventricular administration
of ~utnolmic aclol.



EESTI NSV TEADUSTE AKADEEMIA TOIMETISED. BIOLOOGIA
WN3BECTUA AKALZEMWN HAYK 3CTOHCKOW CCP. BUONOrUA
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MH 37, 2

YAK 615.767.22
J3po BACAP, Angpec COOCAAP, Aaso NAHT

YYACTUE XONEUMNCTOKMHWNHOBBLIX PELIEMNTOPOB B
PEATM3ALNWN MOBEAEHYECKNX N BUOXNMUNYECKNX
QPPEKTOB AJINTE/IbHOIO BBEAEHWA TAJTOMEPUAOJTIA

AnuTenbHoe BBeAeHWe HeliponenTUKOB, 3h(PEeKTUBHbLIX W PacnpoCTpPaHeH-
HbIX aHTUMNCMXONATUYeCKUX BELecTB, Bbi3biBaeT BeCbMa pasHOHanpaBfeHHble
U3MEeHEeHUS B aKTMBHOCTM HelipomMeAnaTopnbiXx cucTem wmosra (AnaMkmeTc
n ap., 1984). Cpeau 3TUX W3MeHeHWA Hambonee 3HAYMMbIMU SABAAOTCA
CABUTU B NNOTHOCTU HENPOHANbHLIX PELENnTOPOB LEHTPanbHOW HepBHOW
cuctembl (Annaukmetc u ap., 1984, 1986). YcTaHOBMEHO, 4TO AAUTeNbHOE
BBefleHNe HeNpOoNenTUKOB BbI3blBAET YyBeAMYeHMEe uyucna AoQaMuH2- U ray-
TamaTubIX pelenTopoB B nepegHem mosre (XKapkosckuii, AnnukmeTtc, 1986),
B TO BpemMs Kak nnoTHocTb FAMKa- v 6eH304Ma3enMHOBbLIX PeLenTopos
noHwxkaetcs (Annukmetc n gp., 1986). OTpaxeHWeM I3TUX WU3IMEHEHWI Ha
MONEKYAPHOM  YpOBHe SBNAETCA [UMEepPUyBCTBUTENbHOCTb MOAOMbITHbLIX
XWBOTHbIX K MOBefleHYeckuM adthekTam godamMuHOMUMeTnKoB (XKapkKoBs-
ckuii, Annukmetc, 1986), nosefeHueckne e 3pdekTbl aroHucta FTAMKga-
peuenTopoB Mycuumona u 6eH30f4Ma3ennHOBOro aHTaroHncrta Ro 15-1788
n3spauiatotca (Bacap u gp., 1986). B mocnegHue roabl MOABUAUCHL faHHble,
4YTo ANUTENbHOE MNPUMEHEHWE PasNNYHbIX MO XUMUYECKOW CTPYKTYpe Heiipo-
nenTuKoB (ranonepupona, XA0pnpomasvMHa W Kno3anuHa) Bbi3biBaeT 3aMeT-
Hoe yBenM4yeHWe COfepXaHWa OKTanmenTuga XxoneumctokmHuHa (XL K-8) B
NOAKOPKOBbIX CTPyKTypax mosra (Frey, 1983). YcTaHOBNeHO, 4TO ANUTeNb-
HOe BBefleHWe TUMWYHOTO HelponenTWkKa ranonepujona MOHWXaeT NAOT-
HocTb XLLK-8 peuenTtopoB B nepegHem Mmo3re (Bacap u gp., 1986) u ocnab6-
naeT noseAeHyeckme adekTbl aroHucta XL K-8 peuentopos LepyneuHa,
BbI3blBaA K HUM TUMNOYYBCTBUTENbHOCTb. MMokasaHo, uTo XLK-8 sasnsetcs
comegmatopoM fodamuHa B mMe3onumbuyeckux cTtpykTtypax (Hokfelt v ap.,
1980), a TAMK — B runnokamne W KOPKOBbIX CTPYKTypax 60nbwux nony-
wapwuii (Kosaka wn pap., 1985). Llenblo HacTosWero wuccnefoBaHus 6bi10
nsyyeHune ponn XLIK-8 peuentopoB B Tex MNOBeJEHYECKUX W Helpoxumuye-
CKMX M3MEeHeHWAX, KoTopble HabniogawTcAs Mocne [AAUTENbHOTO BBefeHUS
ranonepupgona.

MeTognka

OnbITbl NPOBOAMAN Ha Kpblicax (camubl Maccoih 220—270 r) M Mbllax
(camuybl maccoit 20—25 r). Ha kpbicax npoBenu fABa wuccnefoBaHusa: Mep-
Bblll B OKTAGpe, BTOpoii — n fgekabpe 1986 r. CnepayeT OTMeTUTb, YTO BTO-
poii onbIT 6bIN 3aBeplIeH HENOCPefCTBEHHO MNepej Pe3KUM MOXO0N0faHNEM.
B TeyeHune 15 AHeli KpbicamM BBOAMAM  BMYTPHOPKOWWHHO ranonepuaon
(0,5 mr/kr B feHb, «Getleon Richter», BeHrpua) unm husmonornyecknin
pacteop. Yepe3 72 4y nocne OTMeHbl ranonepuponia >KWUBOTHbLIX pasfenunu
Ha ABe rpynnbl: OAHW 6bIAM MCMONb30BaHbl ANA MNOBEJEHYECKUX UCCnefoBa-

HWIA, Apyrne — ANA ONbITOB pajuMonnrangHoro ceAsbiBaHWA. [leped Haua-
NIOM NOBeJeHYeCKNX OMbITOB MOM0BUHE KPbIC MOAKOXHO BBENN LepynenH
(40 wmkr/kr, «Farmilalia-Carlo lurha», WTanuga), octanbHbiM — (QU3N0NOTKN-
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yeckuit pactsop. Mocne BBefeHNA ABaXAbl — 4yepe3 24 4 1 yepe3 7 fHelh —
onpeAensnn OCHOBHble MNoBeAeHYeCKne 3h(HeKTbl nmaHPEHTHOrO JOodaMuUHO-
MnMeTuKa (eHamMuHa (2 Mr/Kr): CTepeOTWMHOe MNOBefeHMe MO YCNOBHOW
wkane {Costall Naylor, 1074) w» ycuneHune OpHeNTUPOBOYNO-HCCNefOMNa-
TeNbCKOW akTWBHOCTW. lMepBoe wuccnegosanu yeped 30 MUH mocne BBeAeHWA
(heHaMunHa, BTOpoe — uepe3 15 MHU. OpPMEHTMPOBOYHO-UCCNEA0BATENbCKYIO
aKTMBHOCTb OLEHMBanuM Ha OTKpbIToM none (100X100X40 cm), rge B Teue-
HWe 5 MWUH C NOMOLbI He3aBUCUMbIX (DOTOINEKTPUYECKUX KaHanoB onpege-
NANN ABUTaTeNbHY aKTUBHOCTb KpbIC.

PagnonuraHiHoe cBf3biBaHWe OMNpeAensnnM Ha OCHOBE MNapamMeTpoB cus
3blBaHWA 3H-neHTaracTpHHa (y4. akTuBHocTb 81 Kwu/mmonb, NHN, (JINN) n
3H-pnynuTtpasenama (ya. aktuBHocTb 81 Ku/mmonb, «Amershain Interna-
tional», AHrnua) B Kope 6onblWinX nonywapuin, u 3H-cnupoHepugona (ya.
akTuBHocTb 17 Ku/mmonb, «Amersham International», AHrausa) B xBocTa
ToM agpe. CsasbiBaHue 3M1-neHTaractpumna, nuraHga ueHTpanbHbix XLK-8
peuentopos, nposoaunu no metoauke JI\. Mpensmanuna (Praissman u ap.,
1983), csasbiBaHuWe 3H-NyHHTpasenama W 3H-cumponcpugona — no MeTo-
AvKe, onucaHHoi Hamw paHee (Hypk u ap., 1984). [JaHHble onbiToB o6pa-
6aTbiBanM C nomowblo aHanusa CkeTyappga.

B oTaenbHON cepuu OMbITOB Ha Mbllax-camuax B TeyeHue 15 fgHeii onpe-
[enanu BNWAHWE ANWTENbHOro BBeAeHus ranonepugona (0,5 Mr/Kr B feHb)
n uepynenHa (0,1 Mr/kr B fleHb) Ha noBefeHYeckne 3phekTbl (eHaMuHa,
mycuymmona («Serva», ®PI) n Ro 15-1788 («Moffmann-La Roche», LUBeii-
uapua). ®enamnH (3 mr/kr), mycymumon (1 mr/kr) un Ro 15-1788 (10 mr/kr)
BBOAUNM 3a 15 MWH [0 MOMeWeHNs Mbllleil B POTOINEKTPUYECKNI aKTOMeTp
(anametp 40 cm). MapannenbHO C NOBeAEHYECKMMMW OMbITAMMU KCCnefoBanu
cBa3biBaHMe 3H-cnnponepHpona, 3H-neutaractpuHa, 'H-pnyHHTpasenama u
3H-atoptuHa (ya. akTuBHOCTb 36 Ku/mmonb, «Amersham International»,
AHrnnsa) no metoguke Owen u ap., 1985.

PesynbTaTbl UCCNefoBaHUA U 06CYyXAeHUe

Pe3ynbTaTbl fABYX HE3aBMCUMbIX WCCNeJOBaHUA CyL|eCTBEHHbIM 06pa3om
pasnunuanuch (tabn. 1). Ecnn B okTA6Gpe (eHaMWH Yy KOHTPO/bHbIX KpbIC
BbI3blBa/l XapaKTepHoe YCUNeHWe [BWUTaTeNnbHOW akTWBHOCTWU, TO B Aekabpe,
KaK He mapajoKcanbHO, OH TakMM feiicTBMeM He o6nagan. B okTsbpe agnu-
TeNbHOe BBeeHWe ranonepupona ycunmeano nosefeHueckne adekTbl deHa-
MWHa: [BUraTeNbHYl0 aKTUBHOCTb 60fblie, CTEPEOTUMHYI0 — MeHble. B
nekabpe peiictBue theHamuHa ocnabunocb (Tabn. 1). HeoguHakoBbIM 6biN0
B 3TWX ABYX OMbiTax N AelicTBME OJHOKPAaTHO BBEAEHHOr0 Lepy/nenHa: B
OKTA6pe OH YyCTpaHA MOBbILWEHHYI0 YYBCTBUTENbHOCTb K PeHaMWUHY, Bbl3BaH-
HYl ANWUTeNbHbIM BBefeHWeM ranonepujona, B fekabpe, Hao60poT, BOCCTa-
HaBnuean (tabn. 1).

3amMeTHO OTAMYanocb W feiicTBMe ANUTENbHOTO BBeAEHMA ranonepupona
Ha CBA3blBaHWe pas3NN4YHbIX paguonuraHgos (taén. 2). B okTabpe oTme-
Yann [OCTOBEPHOE YBenW4eHWe MNAOTHOCTM MecT CBA3biBaHMA 'H-cunponcpu-
pona B XxBocTaToM sAfgpe (f40MaMUH2-peuCcUMTOpPbl) W NOHWXeHWe ‘H-dny-
HuTpasenama u 3H-neutaractpumna (XTK-8 peuentopbl) B Kope 60abWUX
nonywapuit. 3T W3MeHeHUS  XapaKTepHbl ANUTENbHOMY BBEAEHUIO rano-
nepugona (Bacap v gp., 1986). B gekabpe ycTaHOBUAW NUWb YMepeHHOe
yBennmyeHne yncna AopaMnHbI-peLenTopos, B TO BPeMS KakK MAOTHOCTb Genso-
AvasennHoBbiXx M XTMK-8 pelenTtopoB nmena faxe TeHAEHLUIO K MOBbILEHNIO
(tabn. 2).

B onbiTax Ha Mblllax ANWTeNbHOe BBefeHWe ranonepujona u LepynenHa
0Ka3blBaNo BeCbMa CXOAHOE BAMAHME Ha noBefjeHuYeckne 3PdekTbl eHa-
MUHa, mycuumona u Ro 15-1788 (tabn. 3). lNocne ux ANWTENbHOTO Huepe-
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1-i fAeHb
CTepeoTunHas
aKTUBHOCTb, 6annsbl
ABuratenbHas

aK TMBHOCTb,

umn /5 MuH

7-i peHb
CrepeoTunHas
aKTUBHOCTbL, 6annbl
ABuratenbHas
aKTUBHOCTb.

umn /5 MuH

®dusnono-
ruYecKuit

pactsop ~

(H3Monoru-
yeckun
pacTsop

32x3,8

BnusHue annTtenbHoro BBeAeHWs ranonepugona (0,5 Mr Kr B feHb, B TeueHue 1n AHeit)
Ha nosegeH4yeckue apdekTbl (eHamuHa (2 Mr/Kr) u uepyneHHa (40 MKr Kr)

I onbIT (OKTAGPbL) 11 onblT (fekabpb)
du wono-
®unsnono- o o>1ill0,it -
®usnono- o - - -
A ru4eckunii ranorkpu- ragg;lefm p;ﬁ:g%’g" 'J TMM:E”C?(’;?Z r1yeckuit Fanonepu-
pacTeop - fon — pactBop — fon -r
pacTBop + uepyneuH -  usnonoru- pactesop —
heHammnH uepyneun — - geHamuH heHamuH yecknit BheHamuH yepyneww - (eHamHH
heHaMuH pacTeop (heHamnH
1.28+0,12 113+ 014 157%0.15 1.20x0,13" 0 1,16+0.15 0.84+£0.14 1.38+ 0.12
106+7,2 105+6,4 138+8.2 75x6.3* 44+5.2 57+4.8 55+53 39+4.0
152+0,15 1,09+0,17* 1.53+0.18 1,11 £0,12* 0 1,28+0,13 1,21 +£0,15 143+ 0,12
104x8,2 71+6.9* 108-7,9 54£5,6* 38+4,6 46+4.,5 40+3,8 34£3,0

* p<0.05 (no y-TecTy MaHHa— YWUTHM).

Ta6nuuya /

FanonepH-
Aon —
LepynenH -T
theHamun

1,44+0.20

81+5.6"

1,63x0.15

91 £8.0*



2H-cnuponepugon
K , H

CBmakc, pmoneit/mr 6enka
3H-bnyHuTpasenam

K HM

CBMakc. gmonei/mr 6enka
3H-HeHTaracTpuH

K , HM
CBMakc, gpmoneit/mr 6enka

* p<0,05 (/ — TecT CTbloAeHTa).

BnusHue gnuTensbHoro BeefeHus ranonepugona (0,5 mr/kr, B TeyeHne 15 gHeil) Ha
fohamuH2-, 6eH3oanasennHoBble M XL|K-8 peuLentopbl B MO3re KpbiC

®usmonornyeckuit
pactsop

0,47+0,06
35225

2,56+ 0,20
2930+280

1,07+ 0,10
40,2+2,0

CBMakC — 4MCN0 MecT CBA3bIBaHMUA;

0,46+0,07

I onblT (OKTAGPbL)

KA — KOHCTaHTa guccouuaynu.

11 onbIT (pekabpb)

D u3nonornyecknit
Fanonepugon % pacTsop lanonepuaon
98 0,60+0,07 0,58+0,05
131 382+24 425+20
3,09+ 0,25 121 1,84+0,25 1,52+0,15
2380+270* 81 1535+ 180 1690+ 150
94 0,80+0,06 0,69+ 0,07
83 39,225 42,0+2,7

Tabnuua 2

97
111

83
110

86
107



Tabnuua 3
BnusHne anutenbHoro BBeAeHus (15 gHeit) ranonepupona (0,5 Mr/kr B feHb)
n uepynenmHa (0,1 mr/kr B AgeHb) Ha feicTBue (eHaMUHa, Mycuumona wu
Ro 15—1788 npu u3y4eHWU fBUTaTENbHON aKTUBHOCTU Mbilleid, UMN/30 MUH

®n3nonoruyeckunii

Beuiectso, Ao3a pacTeop Fanonepuaon Lepynenx
®N3M0N0rnYeckmnii
pacTsop 171 +15 188+ 14 184+ 18
®eHaMuH (3 Mr/kr) 409+30 598 +45* 704 £62*
Mycuumon (I mr/kr) 89+10 203+36* 170+ 28*
Ro (15-1788 (10 mr/kr) 201+ 17 162+ 15* 193+ 16*

* p<0,05 (y-TecT MaHHa— YWTHU, MO CPaBHEHUW C ANUTENbHbIM BBeAeHWEM (uanonoruye-
CKOro pacTBopa).

HUSA (eHaMWH (3 Mr/Kr) euie cunbHee CTUMYNUpOBan [ABUraTeNbHYl aKTUB-
HOCTb Mbllleil, B TO BpeMa Kak K athdektam mycuumona (1 mr/kr) n Ro
15-1788 (10 mr/kr) pasBuBanacb TOMepPaHTHOCTb. Mycuumon He 6biN CNOCO-
6eH yrHeTaTb fABUraTeNbHYl aKTUBHOCTb, a Ro 15-1788 Gonbluie He OKa3sbl-
BaN CTUMYNUPYIOLWEro BANAHMA Ha MoBefeHuWe Mbliweil (Tabn. 3). CXofHbIM
6bI10 W BNMAHWE ANNTENbHOrO BBEAEHWA ranonepupona U LepynenHa Ha
NNOTHOCTb PasHbIX PeLenTOpOB B rO/0BHOM MO3re Mbilei (Tabn. 4). Mog
UX BNUSHMEM MOBbLICUIOCL YNCAO AO(PaMUHI-peLenTopoB B XBOCTaTOM fjpe
N ONMWOWAHBLIX PpeLenTopoB B nNuUM6GMYecKUXx CTpykTypax. Ywucno XLIK-8
peLenTopoB YMeHbLIWNOCh B KOpe 6oNbWWX nonywapuii kak nocne fnu-
TeNbHOrO NMPMMEHEHUA ranonepupona, Tak W uepyneuHa (ta6n. 4). Mnot-
HOCTb 6eH30[Ma3ennHOBLIX peLenTopoB W3MeHAnacb B 3aBUCMMOCTU OT
nccnefoBaHHbIX CTPYKTyp. Ecnn B nepegHem Mmo3re ranonepupon u uepy-
NeVH yMeHbllannm ux 4Yucno, To B CTBONE MO3ra Hab6nwfanocb AOCTOBEPHOE
MX MOBbILEHME.

CpaBHeHMWe [aHHbIX [BYX He3aBWCUMbIX WCCNeAOBaHWii, MPOBEJEHHbIX B
oKTs6pe U Aekabpe, faeT HaM OCHOBaHMe nonaraTb, Y4TO YYBCTBUTENbHOCTb
[O(aMUHOBBLIX peLenTopoB BO MHOFOM 3aBUCUT OT (YHKLWOHANbHOTO
coctoaHna XLIK-8 n 6eH301a3ennHOBbIX peLenTopoB B MepejHEM MoO3re.
FMnepyyBCTBUTENBHOCTb Ha AO(aMWHOBLIX peLenTopax B XBOCTaTOM sffpe U
Me30MM6UYECKMX CTPYKTypax pa3BWBaeTcs TOAbKO MNPU CYLeCTBEHHOM
NOHMWXeHUn 4ucna 6GeHsofgmasennHoBbiXx M XLIK-8 peuenTopoB B kope 60/b-
WUX nonywapuii nNpu ANWTeNbHOM BBefjeHUM ranonepupona. Ha toHe Heko-
TOPOro yBeMYEHUN MX yucna B gekabpe HaGniofaeTcs MOHMXKEHME YYBCTBU-
TeNbHOCTU f[O(aMWHOBbLIX PeLenTopoB Ha ABUTaTeNbHYl aKTUBHOCTb KpbIC,
0 4YeM CBMAeTeNbCTBYeT ocnabneHue CTUMYAUPYHOLWEr0 BAWAHWUA WHAUPEKT-
lioro gopammHomumeTuka deHamuHa. CnegyeT OTMeTUTb, UTO MOBeAeHYe-
CKMe N 6MOXMMUYECKME M3MEHEHWA, Bbi3BaHHble ranonepuaonom B OKTA6pe,
TUNWUYHBI, B TO BpeMA Kak B Aekabpe ranonepujon okasbiBan napajokcaib-
Hoe feiicTBue. Mo Bcell BEPOATHOCTM CABUTW MOCNEAHET0 MOXHO CBS3blBaTb
C MeTeoponornyeckumMu ycnoBmsMun, a UMeHHO, ¢ 6bICTPbIM W PE3KUM MOX0/0-
faHnem. OT msmeHeHus umcna XLK-8 u 6eH304Ma3ennHOBbIX peLenTopos
3aBUCUT W fJeiicTBMe LepynenHa nocne ANWTENbHOro BBefEHWUA ranonepu-
pona. OaHako B N060M ciyvae LepynemH U3MeHANn 4YyBCTBUTENbHOCTb Aodha-
MWHOBBIX peLenTopoB, Bbl3BaHHYl ranonepugonom. [lpu pasBUTUKM runep-
4YyBCTBUTENbIOCTW  AO(MAMUHOBLIX  peLenTopoB OAHOKPaTHOe BBefeHue
LepyfnenHa MNOMAHOCTbIO YCTPaHANO YCUNEHWEe MOBeAeHYeCKUX 3PheKToB
(heHaMWHa, BbI3BAHHOE ranonepujonom, a MpuU MOHWUXKEHHOW YyBCTBUTENb-
HOCTM — BOCCTaHaB/AMBANO. YMeHblueHNe YYBCTBUTENbHOCTU [O(aMUHOBbIX
peuenTopoB NOA BAMAHUEM LiepyfeMHa XOpolWoO cornacyercs C KAUHWUYe-
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BnusHue gnutensHoro eefeHus (15 gHeii) ranonepugona (0,5 Mr/Kr B AeHb) U LepyneuHa
(0,1 Mr kr B ieHb) Ha CBA3blBaHUE A0(aMUH.,-, GEH30A4HA3EMWNHOBbLIX, OMUOUAHBLIX U XLLK-8 pelLenTopoB B MO3re Mbillei
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3H-(nyHuTpasenam B Kope
60nbWKUX MNONyLWwapuii
3H-(nyHHTpasenam B CTBOME MO3ra
3H-3TopthnH B NUMGUYECKMX
CTPYKTypax

3H-neHTaracTpuH B Kope 6ONbLINX
nonywapui

* p<0,05; ** p<0,01 (f-rect CTbloAeHTa
CBMaiv — 4MCNo MecT cBA3bIBaHMA, (monei/mr Oenka.
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CKMUMMN HabnofeHnamMun, B KOTOPbIX LepynenH oKasbiBaeT 6naronpusatHoe
BAMSHME Na CUMNTOMaTUKYy MNOBOYHOro aekTa HeliponenTU4eckoro neuve-
Hns — nosgHioto gucknHesnk' (Nishikasva u gp., 1986). BansHue uepynenHa
Ha 4YyBCTBUTENbHOCTb [O(MaMUHOBbLIX PeLenTopoB XOpOWO KOppenupyetr c
faHHBIMM HaWwWX MNpeAblfYLWNX UCCNeA0BaHWIA, Fe Ha Mbllax, 0TCenekTnpo-
BaHHbIX C MOMOLWbIO H-NPOHHAHOPanoMopuHa, YCTAHOBMEHO MPOTWMBOMO-
NOXHOe BNWAHWE LepyfeHHa na cBA3biBaHWe 3H-CHHpomepujona B OMbliTax
in vivo (Vasar u gp., 1980). Y Mblwei, pearupyowmx Ha BBejeHUe
100 mkr/kr H-Hponunuopanomopdnna CWAbHbIM YCUNEHWEM [BUTaTeNbHON
aKTUBHOCTU, LEepPy/NenH 3HaYUTeNbHO MOHMXan CcBA3biBaHWe 3H-cnuponepu-
fona, B TO Bpems KakK y Mbllleid, pearupyowmnx ymeHblleHUnemM pABUTaTenb-
HO/ aKTMBHOCTW, [JOCTOBEPHO MOBbIWan. MOXHO nonaratb, 4YTO MMEHHO 3Th
M3MEHEHUS B MJOTHOCTU AOPAMWUHOBLIX PeLenTopoB HaxoAATCA B OCHOBE
MOAY/NUPYIOLLEro BAUAHUA LepyneHHa Ha MnoBefeHYyeckne appeKkTbl PeHa-
MWHa nocne ANUTENbHOT0 NpuMeHeHua ranonepugona. O CyWecTBOBaHUM
asyx noaTtunos XLIK-8 pelLenTtopoB, OKasblBalOLWMUX MPOTUBOMONOXHOE BNNA-
Hue Ha AodamMnHeprnyeckHe npoLecChl, CBUAETENbCTBYIOT U JaHHble APYrux
asTopoB (Voigt u gp., 1980; HoTtwer wu gp., 1986). B npuneratowem sgpe
BbiABNEHbl fiBa noATuna XLK-8 peuentopos, oKa3biBaloLW WX MPOTUBOMOMIOX-
HOe BNVAHWE Ma BbICBOGOXAeHMe fodaMWHa W3 MPecUnanTUYecKUX TepMH-
naneii (Voigt n ap., 1980). B uepHOM Bel,ecTBe CYLLeCTBYeT TaKxe ABa
nogtuna XL K-8 peuenTopoB, MNPOTUBOMONOXHO BAUAOLWMWUX Ha 3/1eKTPO-
unsnonornycckme napameTpbl A0(MaMWUHOBLIX HelipoHoB (Hommer wn fgp.,
1986).

o CYLLEeCTBOBAHWM 3aMETHOrO MOAYNUPYIOLLEF0 BAUSHUS CO CTOPOHbI

XLUK-8 Ha adeKkTbl ANUTENbHOTO BBEEHWUS ranonepupona CBUAETeNb-
CTBYeT W CpaBHUTeNbHOe u3yyeHne 3P(PeKTOB ANNTENbHOTO BBEAEHWUA rano-
nepufgona H uepyneuHa. VX BBefeHue BbI3BaNO T[UMEPYYBCTBUTENbUOCTb
[O(aMWHOBbLIX peLenToposB, O Y4eM CBUAeTEeNbCTBYET YCU/eHWe (eHaMUHO-
BOr0 ABMUraTenbHOro BO36YXAEHWA W NOBblWeHWe unucna AodaMuHrpcuen-
TOpOB B XBOCTarom fAfApe. Mo BAUAHWEM LepynenHa W ranonepujona nosbl-
wanocb Y1H.KO oNMOMAHBIX peLenTopoB B MMMOGUUYECKNX CTPYKTypax, MOHWXa-
nocb uucno 6en.loanaseHHHOBLIX peLenTOpPOB B NepegHemM MO3re M YBeanUu-
BanoCb B CTBO/ME Mo3ra. OTpaXeHWeM 3TUX MONEeKYNApHbIX npeobpasoBaHwnii
ABNAETCA MNONHOE WCYE3HOBEHMEe MNOBeAeHYECKUX 3PPeKToB Mycuumona wn
Ro 15-1788. AnuTenbHoe BBefeHWe KaK LepyneHHa, Tak H ranonepupon‘a
Bbl3blBAET 3HauMTeNbHOe MNOHWXeHue 4yucna XL K-8 peuentopos B Kope
Gonbwux nonywapuii. HepaBHo 6Gbina BbIABUHYTA rMnoTesa, 4T0 ANUTENb-
Hoe BBefleHMe HeNpoNenTUKOB BbI3biBaeT [AeHONAPU3aHWOHHYK 6Gaokagy
fo<bauunoBbix HelipoHoB (Chiodo, Bimney, 1983). ®apmakonoruyeckuin m
3N'KTPOPH3NONOTHYECKMI aHanu3bl nokasanu, u4to XLK-8 okasbiBaeT
nofo6Hoe HelponenTukam pfeicTeue, B TO BpeMa KakK aHTaroHuct XLIK-8
peuenTopoB MNPOrAyMWJ MOMHOCTbIO YCTpaHAeT [AeHONAPU3aHUOHHYK 6/10-
Kagy, Bbl3BaHHYI [AAUTeNbHbIM BBeAeHWeM Heliponentukos (Bunney wu ap.,
1985). MoxHO monaraTb, YTO OAMHAKOBOE BJUSHWE ANUTENbHOTO BBEAEHMUA
ranonepuaona v uepyfnenHa na MnoMeyeHWe >KMBOTHBIX U Ha pasHble Helpo-
Ha/bHble peLenTopbl OTpaxaeT [eHONAPW3aHWOHHYI0 610Kady foMaMUHO-
BbIX HelipoHOB. M0 Bceli BepOATHOCTU, YacTb 3 (eKTOB ANUTENbHOTO BBefe-
HUA HelponenTUKOB peann3yetcs UMeHHO uepe3 XL|K-8 epruyeckHe mexa-
HU3MbI.
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TapTyckuil rocyAapcTBeHHbIN yHUBEpPCUTET Moctynuna B pefakuuio

Eero V/4S/1/?, Andres SOOSAAR, Aavo LANG

KOLETSOSTOKINIINI RETSEPTORITE OSAILEMINE HALOPERIDOOLI
PIKAAJALISE MANUSTAMISE KAITLMUSLIKE JA BIOKEEMILISTE
EFEKTIDE REALISEERUMISEL

Katsetes valgete isaste rottidega oti leitud tihe seos dopamiini retseptorite afiinsuse
ning kolctsiistokiniini (CCK-8) ja bensodiasepiini retseptorite arvu vahel eesajus halo-
peridooli (0,5 rng/ky piievas) 15-pdevase manustamise jarel. CCK-8 ja bensodiasepiini
retseptorite vahenemisel tdusis dopamiini retseptorite tundlikkus, kuid nende arvu suure-
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nemine viis dopamiini retseptorite afiinsuse véahenemisele. CCK-8 retseptorite agonist
tseruleiin kdrvaldas mdlemad haloperidooli kroonilise manustamise efektid: dopamiini
retseptorite tundlikkuse tOUSU iihtedel rottidel ja languse teistel. Haloperidooli (0,5 tng/kg
padevas) ja tseruleiini (0,1 mg/kg péevas) 15-pdevane manustamine pdhjustasid analoog-
seid kaitumuslikke ja biokeemilisi efekte valgetel isastel hiirtel. Haloperidooli ja tseru-
leiini kroonilise manustamise jarel suurenes fenamiini (3 mg/kg) motoorikat stimuleeriv
toime, kuid arenes tolerantsus mustsimooli (GAVHA-retseptorite agonisti) ja bensodiase-
piini antagonisti Ro 15-1788 efektide suhtes. Paralleelselt suurenes dopamiini- ja opioid-
retseptorite arv hiire aju subkortikaalsetes slrukluurides, samal ajal kui CCK-8 retsep-
torite tihedus vahenes eesaju kortikaalsetes osades. Muutused bensodiasepiini retseptorite
arvus olid sdltuvuses uuritud ajustruktuurist. Kui eesaju korlikaalsetes osades retsepto-
rite arv véahenes, siis ajutiives suurenes see haloperidooli ja tseruleiini md&jul. Saadud
tulemustest jareldub, et neuroleptikumi kroonilise manustamise biokeemiliste ja kaitumus-
like muutuste formeerumisel etendavad véga olulist osa CCK-8-ergilised mehhanismid
ajus.

Eero VASAR, Andres SOOSAAR, Aavo LANG

THE JNVOLVEMENT OF CHOLECYSTOKININ RECEPTORS IN THE
REALIZATION OF BEHAVIOURAL AND BIOCHEMICAL EFFECTS
OF LONG-TERM HALOPERIDOL ADMINISTRATION

Experiments with male albino rats have shown the dependence of dopamine receptors
affinity on the density of cholecystokinin (CCK-8) and benzodiazepine receptors after a
15-day-long haloperidol (0.5 mg/kg daily) treatment. In case the number of CCK-8 and
benzodiazepine receptors decreased, the affinity of dopamine receptors increased, but an
increase in CCK-8 and in the density of benzodiazepine receptors led to the reduction
of dopamine receptors affinity. An acute administration of caerulein, an agonist of CCK-8
receptors, antagonized both effects of the long-term haloperidol medication: the increase
of the dopamine receptors affinity in one group and the decrease in the other. The
haloperidol (0.5 mg/kg daily) and caerulein (0.1 mg/kg daily) treatment during 15
days caused similar behavioural and biochemical effects on male albino mice. The motor
stimulant effect of amphetamine (3 mg/kg) increased, but the tolerance developed to the
effects of muscimol (1 mg/kg), the agonist of GABAA-receptors, and Ro 15-1788

(10 mg/kg), the antagonist of benzodiazepine receptors, after a long-term administration
of caerulein and haloperidol. Simultaneously the number of dopamine2-receptors in stria-
tum and opioid rcceptors in limbic structures increased, whereas the density of CCK-8
receptors significantly reduced in forebrain cortical structures. The changes in the number
of benzodiazepine receptors depended on the brain structures studied. In forebrain
cortical structures the number of benzodiazepine receptors decreased, but in brainstem
their density was increased by caerulein and haloperidol. In conclusion, it seems very
probable that CCK-8-ergic mechanisms in the brain play a significant role in the
formation of behavioural and biochemical effects of a long-term neuroleptic medication.
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ADAPTATIONAL CHANGES IN GABA,
BENZODIAZEPINE AND
CHOLECYSTOKININ RECEPTORS
ELICITED BY LONG-TERM HALOPERIDOL
ADMINISTRATION

L.H. ALLIKMETS1and E.E. VASAR?2

IDepartment of Pharmacology, Tartu University “Laboratory ofPsychopharmacology,
Institute of General and Molecular Pathology, Tartu University

Abstract

The authors’ investigations into the effects of prolonged haloperidol treatment on the GABA-
and CCK8-ergic systems of the brain and into the roles of these neurochemical systems in
adaptational changes in response to long-term administration of antipsychotic drugs are
reviewed. Chronic haloperidol treatment, while reducing the density of dopaminei receptors, is
shown to reduce the density of GABAa receptors and of the associated benzodiazepine (BZ)
receptors, without affecting GABADb receptor numbers. As a result, the ‘stimulatory’ GABAa
and benzodiazepine receptors become predominant, and the behavioral effects of muscimol and
Ro 15-1788 are reversed. Administration of Ro 15-1788, together with haloperidol, blocks the
development of dopamine2 receptor hypersensitivity and the modification of GABA,» and BZ
receptors. Cerulein, a CCK8 receptor agonist, destabilizes the interaction of dopaminergic
ligands with dopamine2 receptors. Long-term haloperidol treatment made the animals (mice)
tolerant to the behavioral effects of cerulein. Adaptational changes in the CCK8-ergic systems
under chronic haloperidol treatment have been found to be associated with alterations in
dopamine2-ergic and opioid receptors.
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l. Introduction

Neuroleptics (drugs with antipsychotic activity), are known to be potent
antagonists of dopamine receptors. A direct correlation has been demon-
strated between a neuroleptic’s affinity for dopamine2-receptors in the stri-
atum of experimental animals and the clinically effective daily dose of the
neuroleptic (Seeman, 1980). Adaptational changes that occur in the dopa-
minergic system after prolonged treatment with various neuroleptics have
been fairly well investigated. Dopamine2 receptor density has been shown
to increase during prolonged dopamine receptor blockade with the result that
a hypersensitivity to behavioral effects of dopamine agonists develops (See-
man, 1980). However, long-term administration of a neuroleptic also causes
substantial alterations in other neurotransmitter systems, including among
others the serotonergic y-aminobenzoic acid (GAB A)-ergic and cholinergic
systems (Allikmets et al., 1984). Of particular interest are alterations in the
GABA-ergic and cholecystokinin (CCKS8)-ergic systems which are closely
linked up morphologically and functionally with the dopamine systems of
the brain. CCK8 has been shown to act as a dopamine cotransmitter in
mesolimbic and mesocortical structures (Hokfelt et al., 1980), and to be
co-present with GABA in neurons of the hippocampus and cerebral cortex
(Wise, 1985). GABA- and CCK8- ergic mechanisms play important roles in
regulating dopaminergic processes (Haefely et al., 1983; Wang et al., 1984)

The present studies were designed to examine adaptational changes in the
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GABA- and CCKS8-ergic systems during prolonged neuroleptic treatment
and to see how such changes relate to the overall adaptation of the organism
to the neuroleptic. Haloperidol was chosen because it is a typical neuroleptic
with potent antipsychotic activity and has gained wide use in clinical practice.

2. Involvement of GABA and Benzodiazepine Receptors in
Haloperidol Actions

In the forebrain and diencephalon, the dopaminergic and GABA-ergic
systems are closely interrelated morphologically and functionally, so that
both GABA and benzodiazepine receptors are observed to be considerably
altered after long-term administration of various neuroleptics that block
dopamine receptors (Allikmetset al., 1984). Altered activity of GABA-ergic
mechanisms contributes significantly to tardive dyskinesia, a severe side-ef-
fect of neuroleptic treatment. Under such treatment, GABAa- and benzodia-
zepine-receptor densities fall in many forebrain structures (Allikmets el al.,
1984), although the substantia nigra shows increased GAB An-receptor num-
bers together with supersensitivity of its neurons to GABA. The adaptation
of GABA-ergic mechanisms and benzodiazepine receptors on long-term
neuroleptic treatment is not, therefore, a straightforward process. We have
examined adaptational changes in GABA and benzodiazepine receptors in
response to long-term haloperidol administration and the possibility of
preventing these changes with diazepam and the benzodiazepine antagonist
Ro 15-1788 (flumazepil; Hofmann-La Roche, Basel, Switzerland).

2.1 Comparative Effects of Haloperidol and 6-Hyaroxydopamine
(6-OHDA) on GABA and Benzodiazepine Receptors

Theeffect of long-term intraperitoneal haloperidol administration on these
receptors in mice and rats was compared with that of single-dose intraven-
tricularinjection of 6-OHDA (60 fig per mouse and 200 |ig per rat). 6-OHDA
was chosen because its actions after intraventricular administration are very
similar to those of neuroleptics after a single intraperitoneal dose: both
strongly inhibit various forms of behavior and considerably increase the
sensitivity of postsynaptic dopamine receptors (Seeman, 1980). As can be
seen in Figure 1, muscimol (GABAn-receptor agonist) and baclofen
(GABAB-receptor agonist) caused significant decreases in the motor activity
of mice. Muscimol enhanced rather than depressed the activity of mice
treated with haloperidol for 15 days and restored it to the control level in
6-OHDA-treated animals. The sedative action of baclofen was not altered by
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240

Saline Haloperidol 6-hydroxydopamine

FIGURE 1 Effects of muscimol (0.75 mg kg'l) and baclofen (3 mg kg'1) on motor activity of
mice after long-term haloperidol treatment (0.25 mg kg'1, i.p., twice daily for 15 days) or a single
intraventricular 6-hydroxydopamine (6-OHDA) injection (60 (ig). Assays were carried out 48
h after the last haloperidol injection and 7 days after the 6-OHDA injection. Each mouse was
placed in a photoelectric actometer 15 min after an intraperitoneal injection of the GABA
mimetic, and the motor activity was measured over a 15-min period. White bars, physiologic
saline; hatched bars, baclofen. * P <0.05; ** P <0.01 vs the control (saline + saline-treated)
group by Mann-Whitney U test.

haloperidol but was significantly enhanced by 6-OHDA.

In rats, we examined the behavioral effects of Ro 15-1788 (5 mg kg'l),a
benzodiazepine antagonist (Table 1). Incontrol animals, the drug had stimu-
latory effects, while in those treated with haloperidol it antagonized the
increase in orienting exploratory activity following the discontinuation of
prolonged haloperidol treatment. Preinjecting rats with 6-OHDA (200 jig)
intraventricularly resulted in a significant diminution of this activity. Ro
15-1788, like muscimol in mice, reversed the effect of 6-OHDA, most likely
by accelerating dopamine metabolism, as is indicated by the observations
that Ro 15-1788 (5 mg k g 1) raises the level of 3,4-dihydroxyacetic acid, a
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Table 1 Effect of a single dose (5 mg kg')) of the benzodiazepine antagonist Ro
15-1788 on behavioral responses of rats after 15 days’ treatment with haloperidol
(0.25 mg kg’1twice daily) or a single dose (200p.g; intraventricular) of 6-OHDA.*

Motor activity Rearings Head dips
Group

Counts % No. % No. %
Saline + saline 30+4.2 100 52%1.6 100 6.7%0.7 100
Saline + Ro 15-1788 39+4.4 131 85#1.7* 163 115+1.6** 172
Haloperidol + saline 42 +48* 142 51+1.3 98 11.8+1.5** 176
Haloocridol + 26 + 3.8 88 48+14 92 6.0x07 90

Ro 15-1788

6-OHDA + saline 142+ 26™ 46 16+0.6*> 31 26+05** 39

6-OHDA+ Ro 15-1788 32+48 110 32+ 12* 62 4808 72

*Bchavior was assessed by ihe open field method. The test animal was placed in the center of
an open field (measuring 100 x 100 x 40 cm) at 30 min after i.p. injection of Ro 15-1788.
Motor activity was measured using five independent photoelectric channels. All behavioral
assays were for 5 min periods.

In comparison with the saline + saline groupp <: 0.05; 0.01 (Mann-Whitney U test).
dopamine metabolite, in the rat caudate nucleus (Allikmets and Rago, 1983)
and, when preinjectcd into rats, attenuates the sedation caused by a low dose
of apomorphine (Vasar et al., 19840).

In parallel with the behavioral experiments outlined above we carried out
radioligand-binding tests—3H-muscimol, 3H-GABA, and 3H-flunitrazepam
binding to GABAa, GABADb and benzodiazepine receptors, respectively. It
has been found (Table 2) that long-term haloperidol treatment decreases
GABAa- and benzodiazepine receptor numbers in the forebrain without
affecting GABAbD receptors but that, in contrast, intraventricularly adminis-
tered 6-OHDA has no significant effect on GABAa and benzodiazepine
receptor numbers while reducing those of GABAb receptors.

Such contrasting adaptational changes produced by haloperidol and 6-
OHDA notwithstanding their rather similar behavioral and biochemical
effects, may be attributed to differences in their mechanisms ofaction on the
GABA and benzodiazepine receptors. Intraventricularly injected 6-OHDA
appears to reduce GABAD receptor density by destroying presynaptic termi-
nals, as is attested by our and other studies where these receptors have been
shown to occur, in particular, on monoaminergic nerve endings in the
forebrain and to participate, via calcium-dependent mechanisms, in the
regulation of monoamine release (Bowery et al., 1980; Allikmets and R&go,
1983). The enhanced sedative effect of baclofen after 6-OHDA, observed
despite a fall in GABADb receptor density, may be accounted for by a
considerable decrease in the brain content of dopamine for which baclofen
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3 e
Table 2 Binding parameters of H-ligands with GABA and benxodiazepine recep-
tors in mouse and rat forebrains after 15 days’ haloperidol treatment (0.25 mg kg'L
twice daily) or a single intraventricular 6-OHDA injection (60 \Ig per mouse, 200jig
per rat).*

GABAa Receptors GAHADb Rcceptors Benzodiazepine
Group (mice) (mice) Rcceplors (rats)
a'd Bm tx Ko flmax Kd Buwax
Saline 9.8 +£0.8 805+22 52 +4.8 203 +£17 25+0.3 71045
Halo- 10.5+0.9 508 £32** 49+4.4 242 +22 2.6 £0.34 482 £38**

peridol

6-OHDA 9.3+0.6 708 36 56 +5.2 122 +12* 3.0+0.28 644 £42
“Values arc the results of three separate experiments. Binding tests with 3H-muscimol (GABAa
rcceplors) 311-GABA (GABADb receptors) and 3H-flunitrazcpam (benzodiazepine receptors)
were performed as described in Nurk elal (1984), Bowery el al. (1980) and M6hler and Okada
(1978), respectively. Kn - dissociation constant, nmol 1' ; Bnan = binding site density, fmol
(mg protein)” .

In comparison wilh the saline-treated group,/» < : 0.05; 0.01 (Student’st test).

is a functional antagonist. As for haloperidol, it predominantly blocks do-
paminc2 receptors and, as indicated by in vitro evidence, prolonged haloperi-
dol administration significantly increases their density (Seeman, 1980),
which is paralleled by decreases in GABAa and benzodiazepin receptor
densities. A balance therefore appears to exist in the forebrain between
GABAa and benzodiazepine receptors, on the one hand, and dopamine2
rcceptors oti the other, so that the densities of these receptors are negatively
correlated. One result of these molecular transformations is that the behavio-
ral effects of the GABAa receptor agonist muscimol and the benzodiazepine
antagonist Ro 15-1788 are reversed. However, the reductions in GABAa and
benzodiazepine receptor numbers cannot fully explain the altered behavioral
effects of muscimol and Ro 15-1788.

Muscimol injected into the raphe nuclei or substantia nigra, but not into
forebrain structures, is known to have a stimulatory effect on animal beha-
vior, the effect being potentiated by benzodiazepine agonists. We have
therefore compared 3H-muscimol and 3H-flunitrazepam binding in the fore-
brain and afterbrain of rats following their long-term haloperidol treatment.
The density of both GABAa and benzodiazepine receptors was found to be
increased in the forebrain and decreased in the afterbrain (Table 3). These
changes in receptor density appear relevant to the reversal of behavioral
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Table 3 Effect of long-term(15 days) haioperdiol treatment (0.25 mg kg'l, twice
daily) on 3H-muscimol and 3H - flunitrazepam binding inrat forebrain and brain stem*

3H-muscimol 3H-flunitrazepajn
G ro u p
Forebrain Brain stem Forebrain Brain stem
Saline: Kd 96+ 16 126+ 1.3 2.1+0.3 3.210.3
' Bmax 908 * 83 380 +36 1060 £92 420 + 43
Haloperidol: Ab 102+ 18 132+ 13 18+0.4 34+0.4
Bmix 640 £ 50 508 + 36 780 £ 76 606 + 42

*See footnote to Table 2. For forebrain binding tests, a frontal incision was made along the
optic chiasm line, and the brain structures anterior to the incision lines were used; for brain
stem tests,a frontal incision was made along the posterior line of the diencephalon, and the
stem structures were then teased off from the ccrebcllum and cortical formations.

In comparison with saline group p < 0.05 (Student’s t test).

effects of muscimol and Ro 15-1788. It would seem that GABAa and
benzodiazepine receptors in the afterbrain differ functionally from those of
the forebrain in that the ‘stimulatory’ receptors preponderate in the former
and ‘inhibitory’ ones in the latter and that long-term haloperidol administra-
tion increases ‘stimulatory’ receptor numbers, with the result that the mus-
cimol and Ro 15-1788 actions are reversed. Different rats, however, may

Table 4 Effects of diazepam. Ro 15-1788 and naloxone administered twice daily
for 10 days together with apomorphine on apomorphine-induced aggresiveness in
male rats.8

Drug Day 3 Day 7 Day 10

Apomorphine + saline 0 1.9+0.31 3.0+0.22

Apomorphine + diazepam 0.5+0.28 0.8 +0.42 13 +0.41*
(2.5 mg kg“J)

Apomorphine + Ro 15-1788 0 1.3+0.39 23+£0.34
(5 mg kg'1)

Apomorphine + naloxone 0.8 +0.42 2.9 £0.18* 3.2+ 0.25
(0.5 mg kg“1)

Apomorphine + diazepam + 0 2.3£0.17 3.5+0.18
Ro 15-1788

Apomorphine + diazepam + 1.9+0.38* 3.2 £0.24* 4.0+ 0.0*
naloxone

“Values are points scored for intensity of aggressiveness using the scoring system described in
Allikmets et al. (1979). All drugs were given 15 min before apomoiphine (1 mg kg-1).
In comparison with the apomorphine + saline group p <0.05 (Mann-Whitney U test).



108 L.H. ALLIKMETS and E.E. VASAR

already differ in pretreatment sensitivity of GABAa and benzodiazepine
receptors, as is indicated by the differential effects of diazepam on apomor-
phine-induced aggressive behavior. Thus, diazepam at 2.5 mg kg' had a
striking accelerating effect on this behavior in some male rats while blocking
it in others (Table 4). As shown in this table, Ro 15-1788 at5 mg kg 1had a
very weak antagonistic effect on apomorphine-induced aggression, while the
opiate antagonist naloxone blocked only the antiaggressive action of diaze-
pam. These findings indicate that Ro 15-1788, like haloperidol on chronic
administration, is capable of blocking the functionally predominant subtype
of benzodiazepine receptors. This may explain the reversal of the behavioral
effect of Ro 15-1788, as seen after long-term haloperidol treatment, and the
elimination by this drug of both the anti- and proaggression effects of
diazepam in male rats.

2.2 Effects of Diazepam and Ro 15-1788 on Adaptational Changes in the
GABA-ergic System and Benzodiazepine Receptors During Long-term
Haloperidol Treatment

The benzodiazepine antagonist diazepam has been shown to alleviate
symptoms of tardive dyskinesia. In animal experiments, administration of
diazepam in combination with haloperidol was effective in countering the
development of behavioral supersensitivity in dopamine receptors and the
haloperidol-induced increase in dopamine2 receptor density in the caudate
nucleus (Zharkovsky and Allikmets, 1986). In the studies reported here, we
examined how diazepam or Ro 15-1788, given to mice in combination with
haloperidol, influence the latter’s ability to cause adaptational changes in the
GABA-ergic system and benzodiazepine receptors. Ro 15-1788 plus halo-
peridol administration was found to block the developmentof hypersensitiv-
ity to amorphine-induced stereotypy and Quipazine-induced head twitchs,
i.e. of dopamine2 and serotonim receptor hypersensitivity. Diazepam (2.5
mg kg’D plus haloperidol (0.25 mg k g 1) administration failed to prevent
adaptational changes in GABAa receptors, but was effective in countering
the decrease in benzodiazepine receptors in the forebrain (Table 5). Diaze-
pam like haloperidol, reversed the sedative effect of muscimol in mice.
Long-term administration of the benzodiazepine antagonist Ro 15-1788
enhanced the sedative effect of muscimol and eliminated the haloperidol’s
reversal of this effect (see Table 5). In our radioligand binding experiments,
Ro 15-1788 diminished 3H-muscimol and 3H-flunitrazepam binding in
mouse forebrain while significantly diminishing the effect of haloperidol on
GABAa and benzodiazepine receptors on long-term administration.

These findings indicate that the benzodiazepine antagonist Ro 15-1788,

16
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unlike the benzodiazepine agonist diazepam, strongly counteracts adapta-
tional changes in GABAa and benzodiazepine receptors during prolonged
haloperidol treatment.

3. CCK8-ergic Mechanisms in Haloperidol Actions

As already noted, dopaminergic and cholecystokinin (CCK8)-ergic mech-
anisms in the forebrain are closely interrelated morphologically and func-
tionally. Convincing evidence exists that CCKS8 is a dopamine cotransmitter
in neurons supplying its mesolimbic and mesocortical structures (Hokfelt et
al., 1980). On the other hand, blockade of these dopaminergic mechanisms
explains the antipsychotic action of neuroleptics (Carlsson, 1983), which are
the most potent antipsychotic drugs known today. CCK8 has been reported
to exert a marked influence on dopaminergic processes by altering dopamine
metabolism and release and to affect the affinity of dopamine receptors
(Zetler, 1985).

Dopamine, in turn, has been shown to regulate CCK8 release in the caudate
nucleus. Prolonged blockade of dopamine receptors by a neuroleptic (halo-
peridol, chlorpromazine or clozapine) results in elevated CCK8 levels in
forebrain subcortical structures and appreciably increases CCK8 receptor
density in the forebrain.

We have investigated the effects of cerulein (a CCK8 receptor agonist) on
dopaminergic mechanisms and of long-term haloperidol administration on
CCKS8-ergic mechanisms.

3.1 Effect of Cerulein on Dopaminergic Mechanisms

The decapeptide amide cerulein, which is related to CCK8 in chemical
structure, is a potent agonist of central CCK8 receptors (Zetler, 1985). We
have found 3H-CCKS8 (1 nmol ') binding to be 50% inhibited by cerulein
in a concentration of 4 nmol 'l by sulfated CCK8 at 15 nmol 'l and by
proglumide, a CCKS8 receptor antagonist, at 650 [Anol 'l These findings,
and also behavioral experiments (Zetler, 1985), indicate that cerulein has a
markedly higher affinity for CCK8 receptors than other ligands.

It has been documented by many authors that systemically administered
CCK8 and cerulein eliminate the stereotypic behavior elicited by dopamino-
mimetics and inhibit the motor excitation caused by phenamine, an indirectly
acting dopaminomimetic (Zetler, 1985).

We thought it worthwhile to examine the mechanism by which the
antidopaminergic action of cerulein is mediated. To this end, cerulein was

16*
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Tabic 6 Effects of cerulein (50-125 |ig kg’1) and proglumide (25-100 mg kg'l) on
phenamine-induced (3 mg kg'l) excitation in mice.*

Motor activity

Drugs
Counts/15 min Counts/30 min
Saline 184 £22 315 £36
Phenamine 280 + 42 565 £ 76
Phenamine + cerulein: 50 fig kg 1 244 + 46 528 + 62
75 Mgkg-1 112 + 20* 237 +34*
I00figkg“1 74 £16** 152 +26**
125 ng kg"1 70+ 14** 144 £22**
Phenamine + proglumide: 25 mg kg-1 328 + 46 604 + 66
50 mg kg-1 313 +£50 575+ 78
100 mg kg-1 288 + 44 555 + 69
Phenamine + proglumide 181 +28*** 332 £40***
(50 mg kg-1) + cerulein (75 ~g kg-1)
Phenamine + proglumide 162 + 36 268 * 65

(100 mg kg™1) + cerulein (100 |ig kg1

'Phenamine was administered 15 min before the test, while cerulein and proglumide were given
immediately before it.

In comparison with the phenamine only groupp < : 0.01; 0.001; 0.0001 (Mann-Whitney
U test).

examined for its impact on phenamine (amphetamine)-induced excitation in
male mice and rats and on the behavioral effects of apomorphine in male rats.
In mice, cerulein injected at 15 min after phenamine (3 mg kg'l) caused a
dose-dependent inhibition of the latter’s excitatory effects on motor behavior
(Table 6), while the CCKS8 receptor antagonist proglumide, did not modify
these effects in doses of 25-100 mg kg . Proglumide only weakened the
inhibitory action of cerulein in doses of 50 mg k g 1and 100 mg kg’1. In rats,
cerulein did not alter the major behavioral effects of phenamine (2.5 mg kg" )
such as stereotypy and motor activity enhancement. Prolonged treatment
wilh cerulein (I00iigkgl) plus apomorphine (1 mg kg'l) suppressed ag-
gressive behavior in rats given apomorphine and had an attenuating effect on
apomorphine-induced stereotypy. The animals thus treated were sluggish
and drowsy. However, cerulein (100 or 200 jig kg1l failed to suppress
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Table 7 Effect of single-dose treatment with ccrulein or haloperidol on phenamine
(3 mg kg") sensitivity in mice.’

Motor activity
Drugs
Counts/15 min  Counts/30 min
Saline + saline 199+ 24 314 £ 36
Saline + phenamine 280 + 38 549 * 62
Haloperidol (0.25 mg kg-1) +phenamine 390 + 42* 702 + 64*
Cerulein (50 pg kg“1) + phenamine 325 £ 39 540 +61
Cerulein (100 pg kg“1) + phenamine 488 * 68* 914 +82**
Cerulein (50 pg kg-1) + haloperidol 439 + 54* 844 +76**
(0.25 mg kg“1) + phenamine
Cerulein (100 pg kg*“1) + haloperidol 438 + 48* 845 + 82**

(0.25 mg kg-1) + phenamine

*Cerulein and haloperidol were given 48 h before phenamine; motor activity was measured 15
min after phenamine injection.
In comparison with saline + phenamine group p <: 0.05; 0.01 (Mann-Whitney U test).

aggressive behavior in rats that had been sensitized to apomorphine aggress-
iveness by 10-day administration of apomorphine (1 mg kg’ twice daily).
Cerulein, therefore, influenced only the development of apomorphine-medi-
ated aggressiveness.

In further experiments, cerulein was found to reinforce phenamine’s
behavioral effects in mice (although only in the dose of 100 p.g kg’1) (Table
7) rather than weakening them as in the previous experiments where it was
given after phenamine (see Table 6); this sensitizing action of cerulein was
stronger than that of haloperidol (0.25 mg kg'1). When cerulein (50 [ig k g 1)
was combined with haloperidol (0.25 mg kg’1), the sensitizing action of the
latter with respect to phenamine-mediated excitation was markedly en-
hanced, as is evident from Table 7. In rats, on the contrary, the excitatory
effect of phenamine (2.5 mg kg'l) was attenuated both by cerulein alone (40
ftg kg' ) and, even more, by cerulein plus haloperidol (0.25 mg kg'l) (Figure
2). Proglumide (50 mg kg" ) did not alter the effect of cerulein plus haloperi-
dol administration on the excitatory activity of phenamine.

These studies indicate that the effects of cerulein on phenamine-induced
excitation in mice are very different from those in rats: in mice cerulein, like
haloperidol, exerts a strong antiphenamine action if administered after phe-
namine and causes hypersensitivity to the latter if given before it; in rats
cerulein either has no effect on phenamine activity or, when given before
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FIGURE 2 Effects of single-dose treatment with cerulein (40 jxg kg'l), haloperidol (0.25 mg
kg’ ), and cerulein plus haloperidol on phenamine-induced (2.5 mg kg’1l) motor excitation in
rats. Phenamine was given at 1, 7 or 14 days after haloperidol or cerulein. Motor activity was
measured in an open field (see footnote a to Table 1). [ .Saline + phenamine; O, haloperidol
+ phenamine;A, cerulein + phenamine; m , cerulein + haloperidol + phenamine. * P < 0.05 vs
the saline + phenamine group by Mann-Whitney U test.

phenamine, weakens the phenamine-mediated excitation. The mechanisms
of antiphenamine action by cerulein may therefore be different in these two
species.

In an attempt to identify the mechanisms of cerulein action in mice and
rats, we studied cerulein for its effects on the binding of 3H-spiroperidol and
3H-lysergic acid diethylamide (3H-LSD). In vivo, cerulein inhibited in a
dose- dependent manner the binding of these monoaminergic ligands in the
forebrain of mice (the data for 3H-spiroperidol are shown in Figure 3), but it
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Dose (u-gkg)

FIGURE 3 Effects of cerulein and N-propylnorapomorphine (NPA) in various doses on
H-spiroperidol (5 0g kg') binding in mouse forebrain subcortex in vivo. Mean values from
three separate experiments performed as described previously (Vasar et al., 1984b). Cerulein
and NPA were given 15 min before 3H-spiroperidol, and the animals were decapitated 20 min
after being injected with the radioligand.

should be noted that it only interacted with a portion of dopamine receptors.
Thus, cerulein mainly acted on those 3H-spiroperidol binding sites with
which N-propylnorapomorphine (NPA) interacted when given in the low
dose of 5 pig kg'l These results suggest that, in mice, cerulein passes across
the blood-brain barrier with relative ease and, moreover, acts primarily on
high-affinity dopamine2 receptors.
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log Molar Cerulein Concentration

FIGURE 4 Effects of cerulein in various concentrations on 3H-spiroperidol and 3H-lysergic acid
diethylamide (3H-LSD) in vitro binding in the association state in rat forebrain. Mean values
from four separate experiments performed as described by Creese el al., (1977). Brain
membranes were preincubated with the indicated cerulein concentrations for 20 min at 25*C,
after which a radioligand was added, followed by further incubation for 8 min at the same
temperaure. [, 3H-LSD, 0.25 nmol 'l 3H-LSD, 5nmol I'*A, 3H-spiroperidol, 0.125 nmol
I'1; m, 3H-spiroperidol, 1nmol I'L

In vitro, cerulein had virtually no effect on the binding of either H-
spiroperidol of 3H-LSD to dopamine receptors in forebrain samples from rats
if it was in a state of equilibrium, but did inhibit the binding when in a state
of association (Figure 4). These findings suggest that cerulein in the associ-
ation state is capable of destabilizing the interaction of dopaminergic ligands
with dopamine2 receptors. This mechanism appears to underlie the inhibitory
effectof cerulein on H-spiroperidol binding in vivo. Similarly, cerulein may
be thought to exert potent antidopamine activity by destabilizing the interac-
tion of endogenous dopamine with dopamine2 receptors. It is the antidopa-
minergic action of cerulein that is responsible for the behavioral
hypersensitivity developing to phenamine after a single cerulein injection
(see Table 7). The molecular basis behind this phenamine hypersensitivity
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FIGURE 5 Effects of single-dose and multiple dose (10 injections once daily) treatments with
cerulein (100 jig kg ') on in vitro 3H-LSD binding in mouse forebrain and brainstem. Mean
values from three separate experiments. Assays were done as described in Creese et al. (1977)
24 h after the single or last cerulein injection. Bm« = 3H-LSD binding site density in fmol (mg
protein)'l O,10-day treatment with saline; 0 , single dose of cerulein; m, cerulein for 10 days.
*P < 0.05; ** P <0.02 vs the saline-treated group by Student’s t test.

was an increase in dopamine2 receptor numbers in the forebrain and a
reduction in dopamine autoreceptor density in the brainstem (Figure 5). It
should be noted that the increase in dopamine2 receptor numbers in the
forebrain and the decrease in dopamine autoreceptor density in the brainstem
were more marked after multiple cerulein injections.

The inhibition of apomorphine aggressiveness in rats by cerulein may
likewise be accounted for by its destabilizing effect on apomorphine inter-
action with dopamine2 receptors. That cerulein is able to exert antidopa-
minergic effects in rats (and not only in mice) has been indicated by
Dumbrille-Ross and Seeman (1984) who found that single-dose cerulein
treatment elicited a sustained elevation of dopamine2 receptor density in the
nucleus accumbens and striatum. However, when injected into rats that had
been presensitized to apomorphine-mediated aggressiveness, cerulein was
without effect even in a dose as high as 200 (ig kg'l Cerulein, therefore, is
capable of blocking the development of hypersensitivity in dopamine2 recep-
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Table 8 Effects of cerulein and haloperidol, 48 h after a single injection, on
3H-etoTphine binding in the accumbcns and caudate nuclei of rats.*

Nucleus accumbens Nucleus caudatus
Treatment
Kd Bmix Kd Bmi*
Saline 0.53 +0.04 606+ 32 0.61 £0.04 493 + 30
Haloperidol (0.25 mg kg-1) 0.54+003 632+36 0.7+0.03 581 +31*
Cerulein (40 |ig kg-1) 0.54 + 0.04 502 +28* 0.60+0.03 489+ 32
Haloperidol + cerulein 0.51 £0.03 450 + 32** 0.60 £ 0.04 562 £36

'Results of three separate experiments; the binding tests were performed as described in Owen
et al. (1985). See footnote to Table 2 for definition of Kd and BTnx-
In comparison with saline-treated groupp <: 0.05; 0.001 (Student’s | test).

tors in response to repeated apomorphine injections but fails to counteract
the effect of apomorphine if these receptors are already hypersensitive.

As shown by Matsubara and Matsushita (1986), cerulein interacts with
phenamine (amphetamine) inrats in adifferentway than in mice. When given
to rats in a single dose together with haloperidol, cerulein was found to exert
a long-lasting antagonistic effect on the excitatory action of phenamine.
These authors have clearly demonstrated that this antagonistic effect is
mediated through release of B-endorphin and its interaction with opioid
receptors in the nucleus accumbens. B-Endorphin stimulation of opioid
receptors in this nucleus strongly inhibited presynaptic dopaminergic activity
in the mesolimbic system (Matsubara and Matsushita, 1986). These results
have been confirmed by our radioligand binding experiments in which
preinjecting rats with a single cerulein dose (40 fig kg'5) led to a significant
decrease in the. amount of bound 3H-etorphin, an opioid receptor ligand, in
the nucleus accumbens; still less JH-etorphin, was bound when cerulein was
given together with haloperidol (Table 8). Cerulein failed to exert a similar
effect on opioid receptors in the nucleus caudatus.

The findings presented above indicate that cerulein can mediate its anti-
dopaminergic effects not only by enhancing the sensitivity of dopamine
autoreceptors (Zetler, 1985) but also by causing CCK8 receptors to interact
with post-synaptic dopamine2 receptors in forebrain structures such as the
striatum and mesolimbic system, as well as by inducing more R-endorphin
to be released in the nucleus accumbens. The augmented R-endorphin release
strongly inhibits the activity of presynaptic dopaminergic mechanisms in the
mesolimbic system. In mice, cerulein does not elicit enhanced R-endorphin
release and thus fails to exert a sustained antiphenamine effect.
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3.2 Adaptational Changes in the CCK8-ergic System on Long-Term
Haloperidol Treatment

The results discussed above indicate that the CCK8 receptor agonist
cerulein acts much in the same way as do neuroleptics. Although these do
not interact with CCKS8 receptors, chronic neuroleptic treatment is known to
alter substantially the activity of CCK8-ergic mechanisms in the brain.
Prolonged (two weeks) administration of haloperidol or reserpine increases
the density of binding sites for 1251-CCK-33 in mouse forebrain while 2-week
treatment with haloperidol, clozapine or chlorpromazine raises CCK8 levels
in the forebrain subcortex.

Our previous studies have shown that mice treated long-term with halo-
peridol become tolerant to the sedative action of cerulein, and that this effect
correlated well with the reversal of the effect of cerulein on 3H-spiroperidol
binding (Vasar et al., 1986).

We have now examined in detail the changes that occur in the CCK8-ergic

Table 9 Modification of behavioral effects of cerulein in mice by long-term halo-
peridol treatment (0.25 mg kg'1twice daily for 15 days).*

Long-term treatment

Treatment
Saline Haloperidol
Orienting/exploratory activity (counts/30 min)
Saline 359 + 39 276 + 17
Cerulein (20 (ig kg-1) 198123* 252 +27

Electric pain sensitivity (no. ofaggressive contacts/2 min)
Saline 135+ 0.95 8.6 £ 0.93
Cerulein (50 |j.g kg-1) 6.8 £ 0.82**  21.8 £2.99**

Picrotoxin-induced convulsions (survival time; min)
Saline 174+ 17 181+ 15
Cerulein (125 Qgkg }) 26.1 + 1.6* 215+1.5

*All tests were started 48 h after the last haloperidol injection. Orienting/exploratory activity
was measured with a photoelectric actometer, cerulein was given immediately before the
measurements. Aggressiveness was assayed in foot-shock boxes each containing a pair of mice
which received 48 electric shocks (40 V) over a 2 min period, with cerulein being given 20
min before the assay. In the group with picrotoxin-induced (8 mg kg"1) convulsions, it was
given 10 min before picrotoxin.

In comparison with saline-treated group p < : *0.05; **0.01 (Mann-Whitney U test).

17*
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FIGURE 6 Enhanced antiphenamine action of cerulein after 15-day haloperidol treatment (0.25
mg kg'ltwice daily). Cerulein was given in a dose of 40 (ig kg' 48 h after withdrawal from
haloperidol treatment, followed by phenamine (2.5 mg kg’1) 1,7 or 14 days later. [, saline +
saline + phenamine;Q, haloperidol + saline + phenamine; A, saline + cerulein + phenamine;B.,
haloperidol + cerulein + phenamine. *P < 0.05; ** P <0.01; *** P <0.001 vs the saline + saline
+ phenamine-treated group by Mann-Whitney U test.
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FIGURE 7 Effect of cerulein and N-propylnorapomorphine (NPA) in various doses on in vivo
3H-spiroperidol (5 fig kg"1) bindmg in mouse forebrain subcortex after 15-day haloperidol
treatment (0.25 mg kg'l twice daily). Assays were carried out 48 h after withdrawal from
haloperidol treatment using the previously described procedure (Vasari/ al., 1984b). Ordinate:
inhibition (-) or stimulation (+) of 3H-spiroperidol binding.O, NPA after 15 days of saline; U ,
cerulein after 15days of saline;B, NPA or cerulein after 15days of haloperidol. (See also legend
to Figure 3m)* p< 0.01 vj the saline-treated group by Student’s | test.

system during prolonged blockade of dopamine and serotonin receptors by
haloperidol, a typical ncurolcptic. Fifteen-day haloperidol treatment (0.25
mg kg'l twice daily) altered all the major behavioral effects of cerulein in
mice (Tabic 9). Thus, the sedative and anticonvulsantactions of cerulein were
considerably attenuated, and cerulein (50 ng k g 1) enhanced aggressive be-
havior rather than exerting the moderate antiaggrcssion effect observed for
animals not treated with haloperidol. As for rats (Table 10), an intraventricu-
lar cerulein injection in a dose of 5 or 50 mg weakened orienting/exploratory
activity in untreated animals and (after the 50 mg dose) did not affect or
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markedly stimulated this activity in those treated with haloperidol for 15
days.

In contrast, the long-lasting antagonistic effect of cerulein on phenamine-
mcdiated excitation was significantly increased by the prolonged haloperidol
treatment, the rats thus treated being stimulated by phenamine much less than
control animals (Figure 6).

To identify the mechanisms by which the observed changes in cerulcin’s
action arc brought about by long-term haloperidol treatment, we studied
3H-CCKS8 binding in rat forebrain in vitro. At 48 h alter discontinuation of
haloperidol treatment, the affinity of 3H-CCK8 binding sites had changed

Nucleus accumbens Striatum

FIGURE 8 Effcct of single vs multiple dose (0.25 mg kg'1) haloperidol treatment on 3H-etorphin
bending in rat nucleus accumbens and striatum. Assays were carried out 48 h after haloperidol
ireatment. Ordinate 3H-etorphin binding site density in fmol (mg protein)’L O, saline; L.
single-dose haloperidol treatment; m, 15-day haloperidol treatment. P <0.05 vs 15-day
treatment with saline by Student's I test.
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but slightly (the dissociation constant being 0.62 + 0.05 vs 0.78 £0.05 nmol
I"1lin the control), whereas their density had decreased significantly (21.7 +
1.8 vs 29.1 = 1.3 fmol (mg protein)'l in the control). In mice, long-term
haloperidol treatment reversed the inhibitory effect of cerulein on 3H-spiro-
~eridol binding in vivo: the forebrains of mice thus treated bound more

H-spiropcridol after cerulein injection (Figure 7). The reversal of the ccru-
lein effect was associated with a decrease in the density of high-affinity
dopamine2 receptors since the long-term haloperidol treatment also attenu-
ated the effect of NPA (5 p.g kg''D).

Prolonged treatment with neuroleptics is known to cause behavioral
supersensitivity to opioid peptides in limbic structures (Stinus el al., 1986).
As shown above, the sustained antagonism of phenamine-induced cxcitaion
by cerulein is associated wilh a decrease in opioid receptor numbers in the
nucleus accumbcns. Our study of how long-term haloperidol treatment
affects 3H-etorphin binding indicates that such treatment results in a signifi-
cant elevation of opioid receptors in this nucleus (Figure 8), suggesting their
heightened sensitivity in mesolimbic structures, which in turn may account
for the enhanced antiphenamine action of cerulein observed under such
haloperidol treatment.

To sum up, long-term haloperidol treatment attenuates or reverses the
inhibitory behavioral effects of cerulein with one exception: the sustained
antagonist effect of cerulein on phenamine- induced excitation is enhanced
rather than weakened. Critical to the attenuation of many cerulein effects is
a reduction in the densities of CCK8 receptors and high-affinity dopaminc2
receptors. Long-term haloperidol administration probably changes the latter
receptors to a low- affinity state in the test forebrain structures. The high-af-
finity dopamine2 receptors occur, in the main, on intemeurons of the caudate
nucleus and limbic structures. This indicates that long-term haloperidol
administration most likely reduces the functional activity of interneurons in
subcortical structures of the forebrain.

An antagonistic effect of cerulein on phenamine excitation occurs only
when the endopioid system is intact, but not when it has been destroyed or
blocked, which implies that R-endorphins act as intermediaries between
CCKS8 and dopaminergic mechanisms in the mesolimbic system. Single- or
multiple-dose cerulein administration elicits cerulein hypersensitivity in
opioid rcceplors of the nucleus accumbens, and this in turn leads to enhanced
antiphenamine action of cerulein.
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4. Conclusions

The foregoing discussion clearly demonstrates that the effects resulting

from long-term administration of the typical neuroleptic haloperidol are due

to

changes it causes not only in dopaminergic system but also in the GAB A-

and CCK8-ergic systems which are closely related morphologically and
functionally with the latter. The studies described above warrant the follow-
ing conclusions:

1

2.

4.

Alterations in the GABA-ergic system under the action of haloperidol are
specific in that they occur on GABAa receptors and the closely related
benzodiazepine receptors.

Haloperidol-induced changes in GABAa and benzodiazepine rcceptors
may be of two kinds because of the existence of two functional types of
these receptors. One type, the so-called inhibitory receptors, occur in
forebrain structures, are closely linked with post synaptic dopamine
receptors and inhibit their activity and thus the activity of the dopam inergic
system. The other type, ‘stimulatory’ receptors, are found in the brainstem,
are linked with monosynaptic autoreceptors, and inhibit the latter’s
activity to augment the function of monoaminergic systems. Long term
haloperidol administration causes stimulatory GABAA and
benzodiazepine receptors to preponderate with the result that the
behavioral effects of muscimol (a GABAa receptor agonist) or of Ro
15-1788 (a benzodiazepine receptor antagonist) may be reversed.

. The benzodiazepine antagonist Ro 15-1788, unlike the agonist diazepam,

is capable of rectifying the changes induced by long-term haloperidol
treatment in GABAa and benzodiazepine receptors.

Cerulein, a CCKS8 receptor agonist, resembie. haloperidol in its behavioral
(antidopaminergic action) and biochemical (changes in the affinity of
dopamine2) effects, but unlike haloperidol, itacts on dopamiricz receptors
indirectly, via CCKS8 receptors, thereby apparently destabilizing the
interaction of dopamine and dopamine agonists with dopamine: receptors.
Some of the effects seen on long-term haloperidol treatment may therefore
be mediated via CCK8-ergic mechanisms which are closely linked
morphofunctionally with dopaminergic systems

5. Adaptational changes in the CCK8 systems under the action of piolonged

haloperidol treatment arc directly dependent on alterations wu other
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neurotransmitter (dopaminergic and endopioid) systems with which they
have close morphofunctional links. Such haloperidol treatment decreases
CCKa8 receptor density in rat forebrain (in the cerebral cortex, mesolimbic
structures, and nucleus accumbens). Behavioral analysis, however,
indicates that haloperidol lowers sensitivity in only a fraction of CCK8
receptors. The hypersensitivity of these CCK8 receptors is probably
associated with the haloperidol-induced transition of a proportion of
high-affinity dopamine2 receptors to a low-affinity state. The other CCK8
receptors, which are closely associated with endopioids, develop
hypersensitivity, as is indicated by the augmented antiphenamine activity
of cerulein after repeated haloperidol injections. It should be noted that
such interactions between CCKS8, endopioids, and dopaminergic
mechanisms occur in rats, but not in mice.

6. The adaptational alterations in dopamincrgic, GABA-ergic, and
CCKB8-ergic systems described above underlie those side-effects and
antipsychotic actions of haloperidol seen on its long-term administration.
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VASAR, E., L. ALLIKMETS, A SOOSAAR AND A. LANG. Similar behavioral and biochemical effects oflong-term haloperidol
and caerulein treatment in albino mice. PHARMACOL BIOCHEM BEHAV 35(4) 855-859, 1990.—Behavioral and biochemical
experiments on male albino mice have revealed similar effects after the cessation of repeated (15 days) haloperidol (0.5 mg/kg daily
1P) and cacrulcin (0.1 mg/kg daily SC) treatment. Tolerance developed to the action of muscimol (a GABA-A agonist, 1 mg/kg IP),
caerulein (a CCK-8 agonist, 15 pg-kg SC) and flumazenil (a benzodiazepine antagonist, 10 mg/kg IP). Muscimol and caemlein were
not able to suppress (he motor activity of mice after !5 days treatment with haloperidol and caerulein. Flumazenil, which increased
motor activity in saline-treated animals, also failed to affect activity after extended haloperidol or caerulein treatment. In contrast, the
motor excitation induced by amphetamine (an indirect dopamine agonist. 3 mg/kg IP) was increased after haloperidol or caerulein
administration. In radioligand binding studies the density of dopamine-2-receptors in .striatum, opioid receptors in mesojimbic
structures, and benzodiazepine and GABA-A receptors in brainstem was significantly elevated after long-term haloperidol or caemlein
treatment. Simultaneously, the number of CCK-8, benzodiazepine and GABA-A receptors in cerebral cortex was deceased. It is
probable that CCK-8-crgic mechanisms are involved closely in the action of repeated haloperidol treatment. CCK-8 seems to modulate

the action of haloperidol through altering the sensitivity of dopamine, opioid. GABA-A and benzodiazepine receptors.

Long-term treatment Haloperidol Caerulein

IT is generally accepted that the antipsychotic potency of neuro-
leptic drugs is correlated with their affinity to dopamine-2-
reccptors in striatum (21,22). However, long-term treatment with
neuroleptic drugs causes significant changes not only in dopamine
receptors, but also in receptors for the other ncurotransmitters. For
example, the administration of haloperidol for 15 days increases
the number of glutamate receptors in striatum (26), but decreases
the density of GABA-A and benzodiazepine receptors in forebrain
structures of rat (1,2) Recently, the involvement of cholecysto-
kinir. octHpeptide (CCK-8) in the action of neuroleptic drugs has
been i Repeated ini: ion, but not acute treat-
ment. of different neuroleptic drugs (clozapine, chlorpromazine
and haloperidol) evidently increases the amount of CCK-8 in
‘sria.um and mcsolimbic structures (I1) Chauj- et al. (6) have
shown that long-term treatment with halopcr-dol increases the
density Of CCK-8 receptors in cortical and iimbic structures of
mice. In addition. Bunney </al. (3, 4.7) have demonstrated that
repeated, hut not iicute. administtaiiou of different neuroleptic
drugs (haloperidol. chlorproma/ine. clozapine, etc ) induces de*
polarization and subsequent inactivation of dopamine neurons in
midbrain. Acute treatment with CCK 8 causes the same cffect and
proglumide. an antagonist of CCK-8. reverses completely the
effect of neuroleptic drugs (4) The above studies support the idea
that CCK-8 is playing an obvious role in the mediation of
biochemical and behavioral effects of neuroleptic treatment. The
it of the present study was a farther clarification of the
iiuolvemuit oi ( t’K-S i the action. i neuroleptic drugs To stud»

Exploratory activity

Radioligand binding

this problem the behavioral and biochemical effects of long-term
haloperidol and caerulein, an agonist of CCK-8 receptors, treat-
ment were compared. The changes in dopamine-2-, opioid,
GABA-A, benzodiazepine and CCK-8 receptors were studied in
both behavioral and radioligand experiments. Carlsson (5) has
suggested that neuroleptic drugs cause their antipsychotic effect by
blocking mesolimbic dopamine receptors. Other investigators
have reported that G ABA- and CCK-8-ergic systems have dense
morphofunctional connections with dopaminergic system in me-
solimbic structures (12,14). Because the normal functioning of the
mesolimbic dopamine system appears to be critical for the regu-
lation of locomotor activity in rodents (8) we used the exploratory
locomotor activity of mice to determine the long-term behavioural
effects of haloperidol and caerulein. Haloperidol was chosen as the
neuroleptic for investigation in ‘his study, because it is a potent
and widely used antipsychotic drug. It is also noteworthy that in
drug discrimination experiments there is substantial generalization
between haloperidol and CCK-8 (9). Caerulein was selected for
investigation because it is most effective among the available
CCK-8 analogs.

MoTHOD

Animals

Male albino mice unknown >train. weighing 25.t} g. were
useii. Mice wen maintained at 201 2°C am! on 2 hr light.
betA.cn Kam and Sp.m wiiSi U-od and water ad lib.



Determination of Exploratory Activity

Exploia’ory activity was measured in individual cages. The
cage for registration of exploratory activity was a cylinder with an
inner diameter 40 cm and 2 photocells (located in walls) for
detection of motor activity. Exploratory activity was' counted
between 15 and 45 min after intraperitoneal administration of
amphetamine <an indirect dopamine agonist. 3 mg/kgj, muscimol
(a GABA-A agonist, | mg/kg) and flumazenil (a benzodiazepine
antagonist Ro 15-1788. 10 mg~kg). or between 0 and 30 min in the
case of subcutaneous treatment of caerulein (a CCK 8 agonist. 15

Th* doses of amphetamine, caerulein. muscimol and
flumazenil were chosen according to results it our j“evious
studies. These doses cause only moderate, but statistically evident,
changes in exploratory activity. Thus, an increase or decrease in
activity due to the action of these drugs can be detected alter
repeated treatment with haloperidol or caerulein

Preparation of Brain Membranes for Radioligand Studies

Following decapitation (between 10 and 12 a.m.) the whole
brain was rapidly removed from skull. The different brain regions
(cerebral cortex, striata, mesolimbic structures/nucleus accumbens
and tuberculum olfactorium/and brainstem) were dissected on ice.
Freehand method was used for dissection of brainstem, whereas
the other structures were dissected according to the method of
Glowinski and Iversen (13). Brain regions from ten mice were
pooled and homogenized in 10 volumes of ice-cold 50 mM Tris
HC1, pH 7.4 at 4°C, using motor-driven Teflon-glass homogenizer
for 12 strokes. The homogenate was centrifuged at 40000 xg for
15 min, resuspended in the same volume of buffet and again
centrifuged for 15 min. The membrane preparation for all radio-
ligand studies was the same, except for [H]-etorphine binding. In
this case the homogenate of the mesolimbic structures was
incubated for 45 min at 37°C between two centrifugations (for
elimination of endogenous opioid peptides). In the case of {Hj-
muscimol binding the membranes were washed (centrifuged) 7
times at 40000 x g for 15 min.

Radioligand Binding Studies

Different incubation mixtures were used for the radioligand
binding experiments. The binding of [3H]-etorphine (36 Ci/
mmole, Amersham International. U.K.). [3H|-flunitrazepam (81
Ci/mmole, Amersham International, U.K.) and iJH)-nuiscimol
(19Ci/mmole. Amersham International, U.K.) were performed in
50 mM Tris HC1 (pH 7.4 at 4°C). (JH)-Spiroperidol (77 Ci/
mmole. Amersham International, U.K.) binding was determined
in an incubation buffer consisting of the following: 50 mM Tris
HC1 (pH 7.4 at 4°C), 120 mM NaCl. 5 mM KCI* 2 mM CaCU, 1
mM MgCI?, 1 mM EDTANa2. 50 p.M pargyline and 01*31'
ascorbic acid. 13H]-Pentagastrin (81 Ci/mmole. NEN-Dupont.
USA) binding was studied in the following incubation medium: 10
mM HEPES-KOH (pH 6.8 at 4°C). 5 mM MgCU. 1 mM
FL)TANa;, 0.2% bovine serum albumin.

For the binding experiments each polypropylene tube (1.5 ml)
received 50 jju of j‘Hl|-ligand. 50 pl of incubation medium or
displacing compound and 400 ! of brain membrane homogenate
11-4 mg ol*original tissue wet weight). {'Hj-Flunitrazepam was
.idded in concentrations *om 0.6 to 16 nM The nonspecific
binding was determined by using 1 u-M llunitiazepam. The
membranes of cerebral cottex and brainstem were incubated at0cC
tor 60 min. 1*H|-Muscimul was used in concentrations from 1to
so nM. The nonspecific binding was measured by 100 yM
muscimol. Thc membranes ofcerebr.il cortex and brainstem were
mcubated for 10 min at 1) (. J’Ll-Tnorpblne was added m
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concentration?, from 0.05 to 3 nM, the uonsprcifi« bimiui*» was
detected by adding naloxone (10 jtM). 11k- incubation uf n.r.olm?
bic membranes was performed at 25°C for 45 nun. (‘HI-Spiro
peridot was used in concentrations from 0.1to 2 nM and the
nonspecific binding was measured by adding | jiM spiroperidol.
The membranes oi murine sttnt!a weie incubated for 30 min at
17X i'Hj-Pentagastim vas addrd to the incubation medium in
concentrations Iron! 0 ! to 20 iiM, nonspecific binding was
detected with | jxM camiltin. Inenbation of | 'H(-pentagastrin was
performed for 75 nun at 25°C.

In all cares the binding experiment was stopped by rapid
centrifugation {Beckman microfuge mode! !2) for 3 min at
11000 v g. The supernatant was carefully discardeu and remaining
pellft was washed with ice-cold incubation buffer and the lips of
polypropylene tubes were *ut into counting vials Radioactivity wf
samples ~as counted after stabilization in scintillatioii locktati
within 24 hours using a Becl'nutn LS 6300 'counting efficacy
50-54** |. The binding experiments were repeated at least three
mves and the data analysed usine the Scatch>»d method (19).

JM'gs and Their Administration

The al/ugs usea in the present investigation are caerulein
(Cerule;idc  Farmitalic Omo Erba, Italy), haloperidol fGedeon
Richter. Hungary), spiroperidol (Janssen Pharmaceutica, Bel-
gium), naloxone (Dupont. USA), flunitrazepam and flumazenil
(Ro 15-1788\ (Hoffmann-LaRoche. Switzerland), muscimol (Serva,
FRG», pargyPne (Sigma, USA), amphetamine (USSR). Caer-
ulein, muscimol, amphetamine and commercial solution of halo-
peridol were prepared in saline. The injection solution of flumazenil
was made soluble in saline by adding some drops of Tween-80.
Each injection was done in a volume of 0.1 ml/10 g body weight.
Haloperidol (0.5 mg/kg IP) and caerulein (0.1 mg/kg SC) were
injected once daily for 15 days. The doses of haloperidol and
caerulein were chosen according to our previous studies. Acute
administration of haloperidol (0.5 mg/lcg) and caerulein (0.1
mg/kg) caused significant neuroleptic effects in mice (catalepsy
and the reversal of the behavioral effects of dopamine agonists).
The behavioral and radioligand experiments were performed 72
hours after the cessation of haloperidol and caemlein treatment.

Statistics

The results of the binding studies were evaluated by the
Student's Mest. The results of the behavioral experiments were
analyzed by the Mann-Whitney U-test

RESULTS

According to our preliminary experiments the cessation oi
long-term administration of haloperidol and caerulein did not
cause significant signs of withdrawal. The basal motor activity of
mice was unaltered 72 hours after the last injection of repeated
treatment with saline and haloperidol as well as caerulein (Table
1). In addition, we found that quinolinic acid- and picrotoxin-
induced seizures were identical after the withdrawal of long tetin
saline, haloperidol or caerulein administiation. The behavioral
effects of ketamine (motor excitation, stereotyped behavior) re-
mained unchanged after the withdrawal of haloperidol and caer-
ulein (data no; presented). In addition, there were no significant
differences in the binding values of (‘HJ-spiroperidol, 13H)-
tlunitrazepam and ["HJ-pemagastrin if the tissues were obtained 2
or 72 hours after the last injection of haloperidol and caerulein.
Consequently, the changes in mice behavior and radioligand
binding described below were not caused by the withdrawal of
haloperidol and caerulein. but rather were induced by the repeated
administration of both drugs.
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THE EFFECT OF CAERULEIN. AMPHETAMINE. MUSCIMOL AND FLUMAZENIL ON
EXPLORATORY ACTIVITY AFTER 15-DAY HALOPERIDOL OR
CAERULEIN TREATMENT IN MICE

Long-Term Treatment

Saline Haloperidol Caerulein
Motor Activity Counts During 30 Min
Drug/dose % % %
Saline 7+ 15 100 188+ 1 no 184 + 18 108
Caerulein 15 tiglkg 104+ 10 100 12 + 15¢ 165 190 * 15* 13
Amphetamine 3 mghkg 409 + 30 100 598 + 45* 146 704 £ 62* 172
Muscimol | mg/kg 89 + 10 100 203 + 36* 28 170 + 28* 191
Flumazenil 10 mg/kg 61 r 17 100 162 + 15 62 193 + 16~ 74

The study was performed 72 hours after ihe cessation of haloperidol, caerulein or saline
treatment. The mean values * S.E M. are shown. *p<0.05 (U-test Mann-Whitney, compared

to mice, receiving saline injections for 15 days).

Seventy-two hours after the cessation of 15 days of haloperidol
(0.5 mg/kg daily) and caerulein (0.1 mg/kg daily) treatment the
effects of different drugs on mice motor activity were changed.
The motor exci induced by (3 mg/kg) was
evidently increased after haloperidol or caerulein treatment (Table
1). However, tolerance developed to the action of muscimol (I
mg/kg), caerulein (15 p-g/kg) and flumazenil (10 mg/kg). Musci-
mol and caerulein were not able to suppress the motor activity of
mice after haloperidol or caerulein administration (Table 1).
Flumazenil, which increased the motor activity in saline-treated
animals, failed to affect activity after 15 days of haloperidol or
caerulein treatment.

The prolonged haloperidol and caerulein treatment also af-
fected the binding of different radioligands to washed brain
membranes in a similar way. They changed mainly the number of
binding sites of different radioligands, but failed to affect the
affinity of the radioligands for their sites. The density of (3H]-
spiroperidol binding sites in striatum (mainly dopamine-2-re-
ceptors) was significantly increased after the administration of

Ku (M)
Radioligand. Brain Structure Haloperidol
13HJ-spiroperidol, striatum 0.47 +0.05 0.62 i 0.05
[3H3-flunitrazepam. cerebral 170 + 0.25 160 + 0.25
cortex
(IHJ-flunitrazepatn. brainstem 242 + 020 192 r 0.18
pHI-muscmiol. cerebral Y6+ 16 102 r 18
cortex
[3HJ-rnusvurniil, brainstem 120§ 13 132t 13
(38)-etyphm~ mesoiinibic 062 i 0.05 061 * 0.05
|3Hj-pentagastr:n. cciebral 150 * 040  *20 r 0.30

The vtudy was performed
evidem

both drugs (Table 2). Similar increase of [3H]-etorphine (labelling
mu-f delta- and kappa-opioid receptors) binding sites was detected
in mesolimbic structures. Differently from [3H]-spiroperidol and
[3H]-etorphine binding the number of [3H]-pentagastrin (a ligand
interacting with central CCK-8 receptors) binding sites was
evidently decreased in cerebral cortex. The changes in [3H]-
flunitrazepam and [3H]-muscimol binding were dependent on the
brain region studied, in cerebral cortex their number was reduced,
whereas in brainstem the density of [3H]-flunitrazepam and
[3HJ-muscimol binding sites was increased after 15-day treatment
of haloperidol and caerulein (Table 2).

DISCUSSION

Zetler (27) has shown in his experiments on mice that caerulein
causes haloperidol-like behavioral effects, but the further pharma-
cological analysis revealed marked differences in the action of
haloperidol and caerulein. Haloperidol, the potent antipsychotic
drug, preferentially blocks dopamine-2-receptors (18), whereas

, (pmoles’'g tissue)

Haloperidol Caerulein
063 - 005 348 ¢ 30 450 + 25% 492 & 3.2%
150 + 018 198 + 12 144 + 15% 138 £ 14%
262 = 017 103 £ 8 125 1 12 142 £ 16%
110 r 12 9 +8 64 ¢ 5 63 2: 6*
143 2 1\ 38 £ 4 51r 4 501 5
0.77 1 0,05 33 = 24 275 25" 46 n 3.2
120 i 032 5% 04 35§ 03 320 0.3*

hours after the eovation of haloperidol. caerulein or saline treatment. The mcau values of three

om salme-trcakrd mice: */)™0.05 (Student's mtest). K,,. constant

independent experiment are shwu
O dissocial ML «aM-. U

Itpp.ircnt number »4 binding sites (pmoles/g *et weight tissue)



caerulein stimulates CCK-8 receptors (27). Despite the significant
differences in the molecular action of the two drugs, long-term
treatment with haloperidol and caerulein has a similar effect on
behavior and causes similar changes in radioligand binding to
washed brain membranes. Our data suggest that both compounds
increase the number of dopamine-2-receptors in striatum and
opioid receptors in mesolimbic structures. The increased sensitiv-
ity of mice to moior stimulating effecl of amphetamine, a
compound that increases the release of dopamine, probably
reflects the enhancement of dopamine-2-receptors density after
haloperidol or caerulein treatment. Some authors have demon-
strated C17.23) that opioid receptors in limbic structures play an
important role in the regulation of dopamine receptors’ sensitivity.
The prolonged administration of different neuroleptic drugs (halo-
peridol. sulpiride. flupenthixol. etc.) leads to the hypersensitivity
not onl> of dopamine receptors, but also of opioid receptors in
mesolimbic structures 120.23). It seems probable that the in-
creased sensitivity of opioid receptors is obligatory for the devel-
opment of -hypersensitivity in dopamine receptors in mesolimbic
area.

After 15 days of haloperidol and caerulein administration a
marked decrease in CCK-8 receptors density in cerebral cortex is
found. The significant reduction of motor depressant effect of
caerulein after haloperidol or caerulein treatment is probably
related to the decrease of CCK-8 receptor number in brain.
Consequently, haloperidol and caerulein treatment cause a sub-
sensitivity of CCK-8 receptors. A similar subsensitjvity (decrease
of [3H}-CCK-8 binding sites in mouse and rat brain, tolerance or
inversion of caerulein’s behavioral effects) of CCK-8 receptors
was found after long-term haloperidol treatment in our previous
experiments (25). Many behavioral studies now support the idea
that CCK-8 acts as a functional antagonist of dopamine and
endogenous opioid peptides in brain (10, 16, 27). Accordingly,
the subsensitivity of CCK-8 receptors seems to be necessary for
the development of hypersensitivity of dopamine and opioid
receptors. However. Chang et al. (6) have shown the opposite
effect, the increase of the number of CCK-8 receptors, after
repeated haloperidol treatment in mice. They have used [,a5l]-
CCK-33 for labelling of CCK-8 receptors and they have admin-
istered significantly higher dose of haloperidol (2-3 mg/kg) to
mice. These factors may explain the differences between our study
and that of Chang* al. (6). Despite the discrepancy the above-
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mentioned results would support the idea that CCK-8-ergic mech-
anisms play a crucial role in the mediation of the effects of
prolonged neuroleptic treatment.

The changes in benzodiazepine and GABA-A receptors differ
from those of the other neurotransmitter receptors after long-term
haloperidol or caerulein administration. In frontal cortex the
density of benzodiazepine and GABA-A receptors is reduced and
it is parallel to the reduction of CCK-8 receptors. The number of
benzodiazepine and GABA-A receptors in brainstem, on the
contrary, is increased after haloperidol or caerulein treatment. The
similar alteration of CCK-8 and benzodiazepine-GABA-A recep-
tors in cerebral cortex may be linked to the finding that CCK-8 and
GABA are co-mediators in the same neurons of cerebral cortex
and hippocampus (15). The molecular changes in benzodiazepine
and GABA-A receptors are probably associated with tolerance of
behavioral effects of GABA-A agonist muscimol and benzodiaz-
epine antagonist flumazenil. Muscimol did not suppress and
flumazenil did not increase the motor activity of mice after
long-term treatment of haloperidol and caerulein. The possible
explanation for these changes may consist of the existence of
functionally different benzodiazepine and GABA-A receptors in
forebrain and brainstem structures (24). The results of present
study show that CCK-8 may have, through CCK-8 receptors
indeed, a modulating action on the sensitivity of GABA-A-
benzodiazepine, opioid and dopamine receptors. This opinion is
supported not only by present study, but also by other investiga-
tors. CCK-8 and caerulein inhibit not only the action of amphet-
amineand methylphenidate, interacting with presynaptic dopaminergic
mechanisms, but also the effects of apomorphine, a direct agonist
of dopamine receptors (27).

In conclusion, the similar actions of haloperidol and caerulein
after long-term treatment seem to be related to the fact that the
effects of haloperidol are effected not only through dopaminergic,
but also via CCK-8-ergic mechanisms. The effecl of CCK-8 seems
to be related to the modulation (through CCK-8 receptors) of the
sensitivity of different neurotransmitter receptors (dopamine, en-
dogenous opioid peptides and GABA).
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THE CHANGES AT CHOLECYSTOKININ RECEPTORS AFTER LONG-TERM
TREATMENT WITH DIAZEPAM
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SUMMARY

The effect of benzodiazepine withdrawal was studied on CCK-8 receptors in experiments on male
rodents. Benzodiazepine anxiolytic diazepam (5 mg/kg i.p.) was injected for two-weeks. The
behavioural and radioligand binding studies were performed 24-72 hours after the last injection of
diazepam. The significantly suppressed exploratory activity of mice in elevated plus-maze was
reflecting the obvious anxiety after benzodiazepine withdrawal. CCK-8 agonist caerulein (500 ng/kg),
which induced anxiogenic-like effect in control animals, was not able to change the exploratory
activity of mice pretreated with diazepam for two-weeks. The sedative effect of caerulein (15 ng/kg)
was reduced after withdrawal of benzodiazepine treatment. The mild antiaggressive effect of
caerulein (40 (ig/kg) was replaced by proaggressive action in male mice pretreated with diazepam.
The anticonvulsant effect of caerulein (125 ng/kg) against picrotoxin-induced seizures was
completely reversed after withdrawal of diazepam treatment. These results suggest that the
subsensitivity is developing at CCK-8 receptors after long-term diazepam treatment. However,
according to radioligand studies the number of "HpCCK-8 binding sites was increased in frontal
cortex, piriform cortex and hippocampus of rat after benzodiazepine withdrawal. It seems possible
that repeated treatment with diazepam is causing the opposite changes at different subtypes of CCK-8
receptors. The sensitivity of one subtype is reduced, whereas the affinity of others is increased to
CCK-8. Probably the described changes at CCK-8 receptors are related to increased anxiety after

withdrawal of long-term diazepam treatment.

KEY WORDS: DIAZEPAM; BENZODIAZEPINE WITHDRAWAL,; CCK-8
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INTRODUCTION

Cholecystokinin octapeptide (CCK-8), neuropeptide widely distributed in CNS, is shown to
colocalize with major inhibitory transmitter GABA in cerebral cortex and hippocampus (Kosaka et
al., 1985). Interaction between CCK-8 and GABA seems to be antagonistic, because several
behavioural effects of CCK-8 and caerulein, its structural analogue, can be antagonized by the
administration of benzodiazepine anxiolytics (Kubota et al., 1985; 1986). It is widely accepted that
benzodiazepine anxiolytics exert their action through the facilitation of GABAergic neurotransmission
in the brain (Haefely et al., 1985). Two benzodiazepines, diazepam and lorazepam, depress at very
low doses selectively the CCK-8-induced excitation of rat hippocampal pyramidal cells (Bradwejn,
De Montigny, 1984). It lias been suggested that this effect of benzodiazepine tranquillizers might be
related to their anxiolytic properties (Bradwejn, De Montigny, 1985). The blockade of CCK-8
receptors by CCK antagonist lorglumide is shown to potentiate several behavioural effects of
iliazepam (Panerai et al., 1987). In our previous studies the potent amuogenic-like effect of CCK-8
agonists (caerulein, pentagastrin) is established (Harro et al., 1989b). Subchronic, but not acute,
treatment with diazepam is able to antagonize the anxiogenic-like action of caerulein (Harro et al.,
.989a). Recent evidence suggests that repeated treatment with benzodiazepine anxiolytics reduces
rfectrophysiologically measured neuronal responsiveness to CCK-8 in hippocampus (Bouthillier, De
Montigny, 1988). The above described studies probably reflect very significant role of CCK-8 in the
action of benzodiazepine tranquillizers. The aim of present study was to reveal the role of CCK-8
receptors in benzodiazepine withdrawal. The different behavioural effects of caerulein (anxiogenic,
sedative, antiaggressive and anticonvulsant) and -%pCCK-8 binding were studied after withdrawal of

two-weeks diazepam administration in rodents.

MATERIALS AND METHODS

Male unstrained albino laboratory mice (20-25 g) and male Wistar rats (220-250 g) were used in
this study. Every experimental group consisted of 8-10 animals. Diazepam (5.0 mg/kg i.p. daily,
Seduxen, commercial solution, Gedeon Richter, Hungary) or diazepam vehicle (40% propylene
glycol, 10% ethyl alcohol, 5% sodium benzoate, 1,5% benzyl alcohol) were injected for 14 days. The
behavioural and radioligand binding experiments were performed 24-72 hours after the last injection
of drag or vehicle. The anxiogenic-like effect of CCK-8 agonist caerulein (Farmitalia-Carlo Erba,
Italy) was studied according to the original method of Fellow et al. (1985) (so-called ‘elevated plus-
maze ) in our slight modification (Harro et al., 1989a). Exploratory activity of mice in elevated plus-
maze was detected 15 min after the injection of caerulein (500 ng/kg i.p.). The locomotor activity of
animals was measured in individual cages. The cage for registration of motor activity was a cylinder

with an inner diameter 40 cm and 2 photocells (located in walls) for detection of motor activity.



Locomotor activity was counted between 0 and 30 min after subcutaneous treatment with caemlein
(IS |ig/kg). The action of caerulein on aggressive behaviour was determine according to the method
of foot-shock-elicited aggressiveness. Each pair of mice received during 2 min 48 foot-shocks (2 mA)
and number of aggressive contacts (bitings, boxings etc.) was counted. Caerulein 40 ng/kg was
injected 15 min before the experiment. In the case of study of anticonvulsive effect of caerulein the
mice were placed in individual observation boxes 15 min before the start of the experiment After this
habituation period each animal was injected with caerulein (125 ng/kg) or saline 10 min prior to
picrotoxin (10 mg/kg. Sigma, USA). Mice were observed for 30 min and the latencies to onset of
clonic seizures, tonic extension and death were registered. "HpCCK-8 (60 Ci/mmole, Amersham
International pic, UK) binding was measured by the method of Praissman et al. (1983) with slight
modifications. The rats were killed by cervical dislocation respectively 30 min and 24 h after the last
injection of diazepam and die brains immediately removed from the skull. The different brain regions
- frontal cortex, piriform cortex and hippocampus - were dissected on ice. Brain regions from 5 rats
were pooled. Saturation curves of "HpCCK-8 binding (0.05-2 nM) were analyzed using the
ENZFOTER program on IBM microcomputers (Leatherbarrow, 1987).

RESULTS

The exploratory activity of mice in elevated plus-maze was significantly suppressed after
withdrawal of repeated diazepam administration in comparison with animals receiving vehicle (table
1). The administration of caerulein (500 ng/kg) caused the anxiogenic-like effect (reduction of
exploratory activity) in vehicle pretreated mice, whereas after repeated treatments with diazepam it
did not change the behaviour of mice. After withdrawal of diazepam injections the motor activity of
mice was somewhat reduced in comparison with vehicle treated group (table 2). 15 Mg/kg caerulein
suppressed significantly the motor activity in control group, whereas in benzodiazepine pretreated
mice the sedative effect of caerulein was reduced. In control mice 40 ng/kg caerulein slightly reduced
the number of aggressive contacts between animals. However, after diazepam withdrawal caerulein
increased markedly the aggressiveness (table 3). 125 jig/kg caemlein evidendy antagonized seizures
induced by picrotoxin in control mice, but not in animals after diazepam withdrawal (table 4). Long-
term treatment with diazepam or withdrawal of diazepam administration did not alter the affinity (Kj)
of 3HpCCK-8 binding sites in different forebrain structures (table 5). Two-weeks treatment with
diazepam elevated the number of CCK-8 binding sites in piriform cortex. After the withdrawal of

diazepam treatment die density of CCK-8 binding sites was increased in all three brain structures



Table 1

Effect of caerulein (500 ng/kg) on exploratory activity of mice after repeated (14 days)
treatment with diazepam in elevated plus-maze.

Latency of first No of sectors Total time

Fretreatment/ open part entry crossed in spent in
drug (s) in plus-maze open part of open part of

plus-maze plus-maze(s)
Vehicle+saline 102 31+2.8 967
Vehicle+caeru'.ein 53+29 16+4.1** 61+12*
Diazepam+saline 1643 1643.7** 64+12*
Diazepam-+caerulein 41+15 17443 49+11

The last treatment was given 72h prior to the experiment  Saline and caerulein were
administered 15 min prior to experiment. * - p < 0.05 significantly different from
vehicle+saline; **- p < 0.01 significantly different from vehicle+saline, Duncan's test
following significant ANOVA.



Table 2

Effect of long-term treatment with diazepam on motor depressant effect of caerulein (15
Hg/kg) in mice

Number of motor activity counts

Long-term treatment+ during

drug 15 min % 30min %
Vehicle + saline 184+17 100 325+39 100
Vehicle + caerulein 115+19* 63 198+35* 61
Diazepam + saline 177+19 100 263+22 100
Diazepam + caerulein 116+16** 66 214dt32 81

The experiment was performed 48 hours after the last injection of diazepam. Caerulein (15
pg/kg) was injected immediately before the experiment The number of mice in each group
was 10-12. * - p < 0.05 (Student's t-test, in comparison with vehicle+saline treated group); ** -
p < 0.05 (Student's t-test, as compared with diazepam+saline).



Table 3

Effect of caerulein (40 ng/kg) on foot-shock induced aggressiveness after long-term treatment
with diazepam.

Number of aggressive contacts

Long-term treatment + during 2 min
drug

Vehicle + saline 14+1.0
Vehicle + caerulein 9+1.6
Diazepam + saline 13+2.5
Diazepam + caerulein 28+3.2% **

The experiment was performed 48 hours after the last injection of diazepam.
Caerulein (40 ng/kg) was injected 20 min before the experiment. The number of mice in
each group was 10-12. * - p < 0.002 (Newman-Keuls test following significant ANOVA
as compared with diazepam + saline).** - p < 0.0001 (Newman-Keuls test following
significant ANOVA, in comparison with vehicle + caerulein).



Table 4

Anticonvulsant effect of caerulein (125 |ig/kg) against picrotoxin (10 mg/kg) induced seizures
after repeated treatment with diazepam in mice.

Latency

Long-term treatment+ Clonic Tonic Death Number of
drug seizures seizures mice sur-

(sec.) (min.) (min.) vived seizures
Vehicle + picrotoxin 442+25 16.1+1.5 17.4+1.7 0/9
Vehicle + caerulein + 775+141* 23.0+2.0* 24.3+2.5* 5/9
picrotoxin
Diazepam + picrotoxin 615+151 21.0+2.1 2L.2+2.0 1/10
Diazepam + caerulein + 564161 19.5+2.6 19.8+2.5 1/10
picrotoxin

The experiment was performed 48 hours after the last injection of diazepam. Caerulein (125
pa/kg) was injected 10 min prior to picrotoxin (10 mg/kg). * - p< 0.05 (Newman-Keuls test
following significant ANOVA, as compared with vehicle + picrotoxin).



Table 5

3H-CCK-8 binding with rat brain homogenates after repeated treatment and after withdrawal

of diazepam (5 mg/kg per day i.p. for two weeks) or vehicle.

Repeated treatment

Brain region/group K/d

Frontal cortex

VEHICLE 0.27+0.01
DIAZEPAM 0.22+0.03
Piriform cortex

VEHICLE 0.29+0.04
DIAZEPAM 0.33+0.04
Hippocampus

VEHICLE 0.46+0.09

DIAZEPAM 0.31+0.14

B/max

23.4+0.7

24.2+1.3

30.4+2.4

47.0+4.2*

9.5£1.5

9.8+2.6

Withdrawal

K/d B/max
0.19+0.02 20.6+1.3
0.22+0.04 27.2+2.1*
0.27+0.03 31.5+1.7
0.39+0.07 38.7+£3.4
0.66+0.16 10.5+1.7
0.70+0.12 15.6+1.9*

Rats were decapitated 30 min or 24 h after last pretreatment injection respectively. Results

are from pooled tissue of 5 animals. B/max expressed as fmol/mg protein; K/d expressed as

nM. * - p < 0.05, Student's t-test, as compared to corresponding vehicle group.



DISCUSSION

The present results show the significance of CCK-8 receptors in the development of withdrawal
signs after long-term diazepam treatment. All the studied behavioural effects of CCK-8 agonist
caerulein are changed after withdrawal of long-term diazepam treatment. The significantly suppressed
exploratory activity of mice in elevated plus-maze is reflecting obvious 3nxiety in these animals after
benzodiazepine withdrawal. It seems to be the main reason why diazepam pretreated mice did not
react to anxiogenic-like effect of caerulein in elevated pius-maze. The reduction of sedative effect of
caerulein is probably related to decreased basal motor activity of mice after diazepam withdrawal
The mild antiaggressive effect of caerulein was replaced by proaggressive action after 14 days
diazepam medication The anticonvulsant action of caerulein against picrotoxin-induced seizures was
reversed by repeated diazepam pretreatments to two weeks These results suggest that subsensitivity
is developing at CCK-8 receptors after withdrawal of long-ierm diazepam treatment. This opinion is
supported by the study of Bouthillier and De Montigny (1988). They have shown that 14-day
treatment with either diazepam or flurazepam reduced the responsiveness of rat dorsal hippocampus
pyramidal neurons to CCK-8. However, according to “HpCCK-8 binding studies the number of
CCK-8 receptors is elevated in different structures of rat forebrain after 14-day treatment with
benzodiazepine anxiolytic. Probably two opposite processes are taking place at CCK-8 receptors
during repeated benzodiazepine treatment. The sensitivity of one subtype of CCK-8 receptors is
reduced, whereas the other subtype is becoming more sensitive to CCK-8 after diazepam withdrawal.
The existence of different subtypes of CCK-8 receptors is described in radioligand (Moran et al.,
1986, Wennogle et aL, 1988) and electrophysiological experiments (Mac Vicar et al., 1987). Mac
Vicar et al. (1987) have shown that low concentrations of CCK-8 are inhibiting the activity of
hippocampal pyramidal neurons, whereas only very high concentrations of CCK-8 are causing the
excitation of these cells (Dodd, Kelly, 1981) From radioligand binding studies the existence of
CCK-A (“visceral) and CCK-B ("'brain') receptors is described in different brain regions (Moran et
al., 1986; Hill et al., 1987; Barrett et al., 1989). But the relation of CCK-A and CCK-B receptors to
subtypes of CCK-8 receptors, in which long-term diazepam treatment is evoking respectively sub- and

hypersensitivity, is still unclear.

In conclusion, the present study is supporting the idea of Bouthillier and De Montigny (1988) that
long-term diazepam treatment is affecting the sensitivity of CCK-8 receptors. But differently from
this study it is possible that repeated treatment with diazepam is causing the opposite changes at
different subtypes of CCK-8 receptors. Two-weeks administration of diazepam is reducing the
sensitivity of one subtype, but increasing the affinity of others to CCK-8. It is probable that described

changes at CCK-8 receptors are related to increased anxiety after benzodiazepine withdrawal.
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ABSTRACT

The influence of the CCK-A antagonist devazepide and the CCK-B/gastrin antagonist L-
365,260 on the locomotor activity of mice was studied. Devazepide and L-365,260 had opposite
effects on spontaneous locomotor activity, and on caerulein- and apomorphine-induced
hypomotility in the mouse. Devazepide in high doses (0.1-1 mg/kg IP) reduced spontaneous
motor activity, whereas L-365,260 at a high dose (1 mg/kg IP) increased the activity of mice.
Devazepide (0.1-10 ng/kg) moderately antagonized the sedative effect of apomorphine (0.1
mg/kg SC) and caerulein (25 |ig/kg SC), whereas L-365,260 (1-10 pg/kg) significantly
potentiated the actions of dopamine and CCK agonists. Concomitant administration of
caerulein (15 ng/kg SC) and apomorphine (0.1 mg/kg SC) caused an almost complete loss of
locomotor activity in the mouse. Devazepide and L-365,260 (0.1-10 ng/kg) were completely
ineffective against caerulein-induced potentiation of apomorphine's hypomotility. Devazepide in
high doses (0.1-1 mg/kg), reducing the spontaneous motor activity of mice, counteracted the
motor excitation induced by d-amphetamine (5 mg/kg IP). The CCK agonist caerulein (100
pg/kg SC) had a similar antiamphetamine effect. Devazepide (1-100 ng/kg) and L-365,260 (1
pg/kg) reversed completely the antiamphetamine effect of caerulein

The results of present study reflect apparently distinct role of CCK-A and CCK-B receptors in
the regulation of motor activity. The opposite effect of devazepide and L-365,260 on caerulein-
and apomorphine-induced hypolocomotion is probably related to the antagonistic role of CCK-A
and CCK-B receptor subtypes in the regulation of mesencephalic dopaminergic neurons. lhe
antiamphetamine effect of caerulein is possibly linked to the stimulation of CCK-A receptors in
the mouse brain, whereas the blockade of both subtypes of the CCK-8 receptor is involved in the

antiamphetamine effect ol devazepide.

Key words: Caerulein - CCK-A receptors - CCK-B receptors - Devazepide - L-365,260 -



Locomotor activity - Apomorphine -Amphetamine

INTRODUCTION

Dopamine coexists with cholecystokinin octapeptide (CCK-8) in some mesencephalic
neurons, innervating mesolimbic and cortical regions (Hokfelt et al., 1980). Mesolimbic
dopamine is known to have a significant role in the regulation of motor activity in rodents
(Bradbury et al., 1983; Costall et al., 1985). Systemic treatment with CCK agonists (CCK-8 and
caerulein) in low doses significantly suppresses locomotor activity in rodents (Zetler, 1985) and
in higher doses the compounds are able to block stereotyped behaviour and hyperlocomotion
induced by dopamine agonists (Zetler, 1985; Matsubara and Matsushita, 1986; Vasar et al.,
1988). It has been suggested that several behavioural effects of CCK-8 and caerulein are
generated through peripheral mechanisms (Morley, 1987). It is thought that the motor
depressant effect of CCK-8 and the suppression of dopaminergic activity by large doses of CCK
agonists are peripheral origin since they could be abolished by abdominal vagotomy in rats
(Crawley and Kiss, 1985; Hamamura et al., 1989). The highly selective antagonist at peripheral
CCK (CCK A subtype) receptors devazepide completely reversed the motor depression induced
by CCK-8 in mice (Khosla and Crawley, 1988) and in rats (Soar et al., 1989). Nevertheless, not
all authors have been able to reproduce the finding that vagotomy can reverse the behavioural
effects of CCK agonists in rodents. Moroji and Hagino (1987) have demonstrated that bilateral
subdiaphragmatic vagotomy does not prevent the behavioural effects of systemically
administered caerulein in mice. The suppression of electrical self-stimulation by caerulein is
completely insensitive to vagotomy in rats (De Witte et al., 1986). Altar and Boyar (1989) have
shown that peripherally injected CCK-8 interacts through CCK-B receptors (brain or central
subtype) with central dopaminergic mechanisms. Recently two different subtypes of the CCK
receptor (CCK-A and CCK-B) have been shown to occur in the brain of rodents (Moran et al.,
1986; Dourish and Hill, 1987). The CCK-B subtype is ubiquitous in the brain, whereas CCK-A
receptors were shown to be localized in certain discrete regions of brain, including the area
postrema, nucleus of the soli<ary tract and the interpeduncular nucleus (Moran et al., 1986; Hill
et al., 1987). However, recent behavioural, electrophysiological and homogenate radioligand
binding studies (Crawley et al., 1985, Rovati, 1988; Barrett et al., 1989; Gerhardt et al., 1989;
Vickroy and Bianchi, 1989) show CCK-A receptors to have a more widespread distribution in
the mammalian brain than suggested by above CCK autoradiographic studies.

The aim of present study was to analyze further the role of CCK-A and CCK-B receptors in
the regulation of motor activity of mice. Therefore, two highly selective CCK antagonists
deva/epide (CCK-A antagonist) (Chang and Lotti, 1986) and L-365,260 (CCK-B/gastrin
antagonist) (Lotti and Chang, 1989) were used to examine the role of CCK receptor subtypes in
the regulation of motor activity and in the action of peripherally injected caerulein, an agonist at

(( K receptors. 1he action ot deval/epide and L-365,260 was studied on spontaneous motor



activity, apomorphine-induced hypolocomotion and amphetamine-induced hyperlocomotion, and
on the behavioural effects of caerulein (caerulein-induced hypolocomotion, potentiation of

apomorphine-induced hypomotility by caerulein, antiamphetamine effect of caerulein) in mice.

METHODS

Animals. Male albino mice, weighing 20-25 g, were used throughout the study. Mice were
maintained at 20+VC and on 12- hr light, between 9 a.m. and 9 p.m., with food and water ad lib.
All the experiments were performed between 3 and 9 p.m.

Procedure. Spontaneous locomotor activity and hypolocomotion induced by apomorphine and
caerulein were studied in an open-field Animals were placed singly into the centre of the open-
field area (30x30x18 cm, divided by lines into 16 equal squares) and observed during 3 min. The
number of line crossings, rearings and head-dippings into holes was counted. Apomorphine (a
dopamine agonist, 0.1 mg/kg ) and caerulein (a potent CCK-8 agonist, 15 and 25 Mg/kg) were
given subcutaneously 15 min before the experiment. CCK antagonists (devazepide and L-
365,260) were administered intraperitoneally 30 min prior to open-field test.
Amphetamine-induced hyperlocomotion and antiamphetamine effect of caerulein were measured
in individual photocell cages. The cage for registration of mote» activity was a cylinder with an
inner diameter 40 cm and 2 photocells (located in walls) for detection of motor activity. Motor
activity was counted between 15 and 45 min after intraperitoneal administration of d-
amphetamine (an indirect dopamine agonist, 5 mg/kg). CCK antagonists were given
intraperitoneally 15 min before the injection of d-ampbetamine. Caerulein (100 Mykg) was given
subcutaneously 5 min after the administration of amphetamine.

Drugs. The following drugs were used in the present study: caerulein (Bachem), d-
amphetamine (Sigma), apomorphine (Sigma), devazepide and L-365,260 (Merck Sharp &
Dohme). Caerulein, d-amphetamine and apomorphine were prepared in saline. Some drops of
0.001 N HO was added for stabilizing the injection solution of apomorphine. Devazepide (1-
methyl- 3-(2- indoloyl)amino-5-phenyl-3H-l,4-benzodiazepin-2-one) and L-365,260 (3R(+)-N-
(2,3-dihydro-I-methyl-2-oxo0-5-phenyl-IH-  1,4-beazodiazepin-3-yl)-N'-(3methyl-pheny()urea)
were made soluble in saline by adding 1-2 drops of Tween-85. The same vehicle, 1-2 drops of
Tween-85 in saline, was the control injection for CCK antagonists. Each treatment was given in
a volume of 0.1 m1/10 g body weight.

Statistical analysis. Results are expressed in the tables and figures as means + S.E.M. The
behavioural data were analyzed using one-way analysis of variance (ANOVA). Post hoc

comparisons between individual groups were made by using Newman-Keuls test.



RESULTS

lo the behavioural studies CCK antagonists (devazepide and L-365,260) in low doses failed to
affect the locomotor activity of mice in an open-field (figure 1), only in high doses were they
able to change the behaviour of animals. Devazepide (0.1-1 mg/kg) decreased the number of
line crossings in an open-field [F(5,54)=2.88, p<0.05] (figure 1), whereas L-365,260 (1 mg/kg)
had the opposite effect [F(5,54)=2.52, p<0.05) The systemic administration of caerulein in a
moderate dose (25 ng/kg) reduced the number of line crossings and head-dips in the open-field
test (table 1). The pretreatment of animals with devazepide (0.1-10 ng/kg) only partially
antagonized the effect of the CCK agonist, particularly on head dips. However, a high dose of
devazepide (100 ng/kg) reduced the spontaneous locomotor activity of animals and enhanced the
eflect of caerulein [F(554>= 2.62, p<0.05 for crossings; F(5,54)=4.08, p<0.005 lor head-dips].
L-365,260 (0.1-1000 ng/kg) enhanced the sedative effect of caerulein [F(6,63)= 3.86, p< 0.01 for
crossings; F(6,63)= 3.72, p<0.01 for rears; F(6,63)= 6.86. pcO.O0O0I for head-dips] (table 1). The
dopamine agonist apomorphine in low dose (0.1 mg/kg) reduced the motor activity of mice
(table 2). L-365,260 (1-10 ng/kg) significantly enhanced the sedative effect of apomorphine in
the mouse {F(6,63)=4.06, p<0.005 for crossed lines; F(6,63)=2.36, p<005 for rears;
F(6.63)=8.15, pcO.000O0I for head-dips]. Small doses of devazepide (1-10 ng/kg) only partially
attenuated the effect of apomorphine, whereas high doses (100 and 1000 pg/kg) enhanced the
effect of the dopamine agonist [F(5,54)=4.68, pcO.0OI for line crossings; F(5,54)=2.83. p<0.05
for rears] (table 2). Pretreatment with caemlein (15 ng/kg) significantly potentiated
apomorphine-induced hypolocomotion in the mouse [F(3,36)=38.4 pcO.00000I for line
crossings, F(3,36)=20.7, pcO.0O00OQI for rears, F(3,367)=5 01, p<0.01 for head-dips] (figure 2).
The coadministration of apomorphine and caemlein caused nearly complete loss of motor
activity in  mice. Several animals lay motionless in the centre of open-field area. Neither
devazepide, nor L-365,260 could antagonize the effect of concomitant treatment with
apomorphine and caemlein (data not shown)

An indirect dopamine agonist d-amphetamine (5 mg/kg) caused a three fold increase in the
number of motor activity counts (figure 3). L-365,260 had no effect on d-amphetamine induced
hyperactivity, whereas devazepide in high dose (1 mg/kg) suppressed spontaneous motor activity
and completely antagonized the motor stimulation induced by d-amphetamine [F(S,86)=3.1,
p<0.005 for 30 min period] Caerulein (100 ng/kg) also potently reversed the motor excitation
induced by d- amphetamine (figure 4). The pretreatment of mice with devazepide over a wide
dose range (1-100 ng/kg) completely blocked the antiamphetamine effect of caerulein
[F(7,104)=9.56, pcO.00O0QQI for 30 min period]. The administration of L-365,260 at low dose
(1 ng/kg) also counteracted the antiamphetamine effect of CCK agonist PR7,104)=4.48,

p<0 0001 for 30 min period].



LEGENDS TO THE FIGURES

Figure 1. THE EFFECT OF CCK-8 ANTAGONISTS ON THE SPONTANEOUS MOTOR
ACTIVITY OF MICE IN AN OPEN-FIELD. L-365,260 (0.0001-1 mg/kg, i.p.) and devazepide
(0.0001-1 mg/kg, i.p ) were administered 30 min before the experiment. The number of crossed
lines during 3 min is presented in the figure Each bar represents the mean + S.E.M. for 10
animals. Data subjected to one-way analysis of variance and Newman-Keuls test. * - p<0.05
(significantly different from vehicle treated animals). - Vehicle; - Devazepide; -L-
365,260

Figure 2. THE EFFECT OF CAERULEIN ON APOMORPHINE-INDUCED
HYPOLOCOMOTION. Apomorphine (0.1 mg/kg, s.c.) was given 15 min and caerulein (15
ng/kg, i.p.) 10 min prior to the open-field test. The number of crossings, rears and head-dips
during 3 min is presented here. Each bar represents the mean + S.E.M. for 10 animals. Data were
subjected to one-way analysis of variance and followed by Newman-Keuls test. * - p< 0.05; **
p<0.01 (statistically evident difference from vehicle treated mice).

- Vehicle; - Apomorphine (0.1 mg/kg); - Caerulein (15 ng/kg);
Apomorphine + caerulein

Figure 3. THE INTERACTION OF CCK ANTAGONISTS WITH AMPHETAMINE-
INDUCED HYPERLOCOMOTION. CCK antagonists (0.001-1 mg/kg, i.p.) were given 15 min
before d-amphetamine (5 mg/kg, i.p ), whereas d-amphetamine was injected 15 min prior to the
experiment. The locomotor activity of mice was measured in the individual cages. The number
of counts was registered during 30 min. Each bar represents the mean + S.E.M. for 10 animals.
Data were subjected to one-way analysis of variance and Newman-Keuls test. * - p<0.05
(significantly different from vehicle treated group); ** - p<0.01 (if compared to vehicle+d-
amphetamine). - Vehicle; - Vehicle + d-amphetamine; - Devazepide + d-
amphelamine; - L-365,260 + d-amphetamine

Figure 4 THE INTERACTION OF CCK ANTAGONISTS WITH ANTIAMPHETAMINE
EFFECT OF CAERULEIN. CCK antagonists (0.0001-1 mg/kg, i.p.) were injected 30 min, d-
amphetamine (5 mg/kg, s.c.) 15 min and caerulein (0.1 mg/kg, s.c.) 10 min before the
experiment. The number of motor activity counts was registered in the individual cages during
30 min. Each bar represents the mean + S.E.M. for 10 animals. Data were subjected to one-way
analysis of variance and followed by Newman-Keuls test. * - p<0.05 (significanUy different
from vehicle+saline); ** - p<0.05 (if compared to vehicle + d-amphetamine); *** - p<0.05;
**** - p<0.01 (if compared to d-amphetamine+caerulein). - Vehicle; - Vehicle + d-
amphetamine; - Devazepide + caerulein + d-amphetamine; - L-365,260 + caerulein + d-

amphetamine
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Table |
The interaction of L-365,260 and devazepide with caerulein-

induced hypolocomotion in the mouse.

Line crossings Rears  Head-dips
Drug / dose (during 3 min)

Mean values + S.F.M

Vehicle 77462  29+6.3 22-12.9
Vehicle + 56+5.6*  16+4.3 9+1.4*
caerulein 25 jjg/kg
Deva/epide 0.1 ng/kg + 54+5.4*  13+4.8  16+3.3#
caerulein 25 ng/kg
Deval/epide lue/kg + 58+12.4  16+57 18+3.4#
caerulein 25 ng/kg
Deval/epide 10 ng/kg + 66+£7.5 19+3.2 14+£].5#
caerulein 25 ng/kg
Devalepide 100 ng/kg + 38+8.0*  13+"7 10+1.8*
caerulein 25 ng/kg
L-365.260 0.1 ng/kg + 52+6.0* 15+3.6 11+2.2*
caerulein 25 ng/kg
L-365,260 1ng/kg + 3516 8*'# 5+1.8*% 10+1.8*
caemlein 25 ng/kg
L-365.260 10ng/kg + 41+8.5*  8+4.6*  13+2.5*
caerulein 25 ng/kg
L-365,260 100 ng/lkg + 40+10 5% Net5.2* 8+l 6*
caerulein 25 ng/kg
L-365,260 1000 ng/kg + 56+94  14+48 14+1.4#
caerulein 25 ng/kg

CCK antagonists were administered 30 min and caerulein 15 min
before the experiment * - jx0 05 (Newman-Keuls test alter
significant one-way ANOVA, if compared to vehicle treated mice).

A - p<005 (Newman-Keuls test, in comparison to vehicle +

caerolein treatment)



Table 2

The effect of devazepide and | -365,260 on apomorphine-

mduced hypolocomotion in micc.

| ine crossings Rears  Head-dips

Drug/dose (during 3 min)
values < SHM
Vehicle 60*X X 142430 7.4+0.9
Vehicle + 40%', V 10.3+t3.0 7512

apoTtothbuwe 0 |

1-3hS,2600 I m-/kg +  3X¥3 6* >2426 5.2+42.0

apomorphine 0.1;ng/kg
1.-3n5.200 1ng/kg f
.ipoinurphinc 0 1mg/kg
1 -K.S.260 I()ug/kg+
apuinorpiiine 0 I mg/kfi
I.-6S.1N) 1(FOuyi/k» +
apomorphine 0 | mg/kg

248 5% 5.4%|,6* 2.f>x0.7*-#

5.7y 230 77#

7' 7.5£2 4  2.8x0.X*#

1-'6S y.ij I(MOpg/kg -r 3656+ 9.6+2.5 4.0+0.6*

apo;n<«pinne 0 1 mg/kg

v.-hicle 7<)ii0.2  22#4 X  7.9%2.6
V'-hidc + 4S+S.6* 11429 551 .8

ap; |LLOd1rlne 0.1 inkg

Devazepide ‘ jp<ifkg+ 55+6.6 13+26 5.1x1.6

upninorphiiic U 1 mg/kg

Dcva,m idt 1Opg/ke + 54#5X 12426  6.1#2.0

a*4>ul*iT»hine 0.1 nig,-leg
iVv.i/epuic 100 go/kg
npotocntc 0.1 mp.kp

190*  6:2 f 28309

D<va/epidc 1000 ug/kg+ i4+7n* S+2.3"  3(>%1.0

apoiiioipliine s Smg/kg

<i‘Kaft*s lii;,i- were given !5 mil: pnor to apoTtodblne, whereas

eipoiii.o. 1. ik*v s injected !
jv 005 eNewman-F

ANOV/V n romparis

iur. bc”.ie (tie experiment.
e u*si. I(!ov~ng significant one-way

v;-ticL- -x.aitd micc): * - p<0.05 (if
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the mouse and the rat (Vasar et ol., 1988). Namely, systemic treatment with caerulein reversed
the behavioural effects (stereotyped behaviour and motor excitation) of amphetamine and
ketamine in the mouse, but not in the rat. On the other hand, devazepide at a moderate dose (10
jig/lkg) completely reversed amphetamine-induced stereotypy and motor excitation in the rat
(Vasar et al., unpublished data), whereas in the mouse it potently antagonized the
antiamphetamine effect ol caerulein (the present study).

In conclusion, the results of present study reflect apparently distinct role of CCK-A and CCK-
B receptors in the regulation of motor activity. The opposite effect of devazepide and L-365,260
on caerulein- and apomorphine-induced hypolocomotion is probably related to the antagonistic
role of CCK-A and CCK-B receptor subtypes in the regulation of mesencephalic dopaminergic
cells. The CCK-A receptors, at which caerulein acts to reduce locomotor activity, are possibly in
the periphery and asso<.ated in some way through the vagal afferent pathways with
dopaminergic neurons in the mesencephalon (Crawley and Schwaber, 1984; Crawley and Kiss,
1985). The antiamphetamine effect of caerulein seems to be linked to the stimulation of CCK-A
receptors in the mouse brain, whereas probably the blockade of both subtypes of the CCK-8

receptor is involved in the antiamphetamine effect of devazepide.
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DISCUSSION

In these behavioural studies the CCK-B/gastrin antagonist 1,-365,260 and lhe CCK-A
antagonist devazepide had opposite effects on spontaneous locomotor activity, and on
apomorphine- and caerulein-mduced hypolocomotion in mice The spontaneous motor activity
was affected only by high doses of CCK antagonists, but the hypolocomotion induced by
caerulein and apomoiphine was changed by low doses of devazepide and L-365,260. Devazepide
(0.1-1 mag/kg) reduced the spontaneous motor activity of mice, whereas L-365,260 (1 mg/kg)
increased this behaviour. It is very puzzling that CCK antagonists affect in a similar way
apomorphine- and caerulein-induced hypolocomotion. Devazepide partially antagonized the
sedative effect of low doses of apomorphine and caerulein. whereas L-365,260 significantly
potentiates the action of caerulein and apomorphine. According to the existing data the motor
suppressant effect of apomorphine and caerulein are thought to lie related to Ihe decreased
activity of dopaminergic cells in the mesencephalon (Strémbom. 1977; Zetler, 1985). The
behavioural effects of CCK antagonists probably leflect the distinct role of CCK-A and CCK-B
receptors in the regulation of presynaptic dopaminergic activity in the mouse brain. 1be
blockade of CCK-B receptors by L-365,260 decreases the dopaminergic activity, whereas the
interaction of devazepide with CCK-A receptors increases it in the mouse brain. It seems
probable that die CCK-A receptors at which caerulein and CCK-8 act to reduce locomotor
activity are in the periphery and associated in some way through the vagal afferent pathway with
dopaminergic neurons (Crawley and Schwaber, 1984, Crawley and Kiss, 1985; Homraer et al.,
11>85). However, it is important to siress that in the present study devazepide, in contrast to the
investigation of Khosia and Crawley (1988), only moderately antagonized the motor depressant
effect of caerulein Hamilton et al. (1990) have shown that devazepide only partially antagonizes
the suppression of self-stimulation induced by caerulein in the rat. All these experiments support
the idea that not only the CCK-A receptor subtype is involved in Mediating the effect of
caerulein. 'bc concomitant treatment with a low dose of apomorphine ar.d caeruiein causes
nearly complete loss of motor activity in the mice. Several animals lav motionless in the middle
of the open field Deva/epide and L-365.260 in low doses, which do not affect locomotor
activity of animals per se, were completely ineffective against the moior depression induced by
the simultaneous administration of caerulein and apomorphine. According to the studies of
Homrner
et al. (1986) and Crawley (1989) the CCK-8 receptors that mediate the potentiation of
dopamine-mduced hypolocomotion and suppression > die electrical activity of dopamine
micurons in the rat mesencephalon by CCK-8 belong to die CCK-B subtype. Altar and Bov.*;
<1984» have found that the antagonistic effect of centrally oi peripherally administered (X'A-8
gonisi'. [C< K-4. devulfated CCK-8 and CCK-4) on amphetamine evoked dopamine release in
the mouse striatum is also related to the CCK-B receptor subtype. Nevertheless, it is not clear

whether CCK 1L receptors are involved in the potentiation of apomorphine induced



hypolocomotion by caerulein in the mouse and it remains to be elucidated.

The interaction of CCK antagonists with amphetamine-induced hyperlocomotion and the
antiamphetamine effect of caerulein is somewhat different from their action on caerulein and
apomorphine elicited hypolocomotion. It is suggested that the different pharmacology of CCK-8
against dopamine-induced hypolocomotion and hyperlocomotion is related to the involvement of
distinct brain regions in the development of two opposite behavioural effects of dopamine in the
rat (Crawley. 1989). The potentiation of dopamine-induced hypolocomotion is linked to the
interaction of CCK-8 with dopamine “autoreceptors” in the ventral tegmental area, whereas the
potentiation of dopamine-induced hyperlocomotion is related to an interaction with post-synaptic
dopaminergic receptors in tbe posteromedial part of the nucleus accumbens (Crawley et al.,
1985; Crawley, 1989). The CCK-B/gastrin antagonist L-365,260 did not significanlly change
amphetamine-induced hyperlocomotion, but paradoxically it reversed (at a low dose) the
antiamphetamine effect of caerulein  Devazepide antagonized tbe antiamphetamine effect of
caerulein at low doses, where it probably interacts selectively with CCK-A receptors. However,
at a high dose (1 mg/kg), which also interacts widi CCK-B receptors (see Dourish et al., 1989;
1990), devazepide per se reverses the motor excitation induced by d-amphetamine. The
antiamphetamine effect of devazepide is in good agreement with our previous studies in which
the unselective CCK antagonist proglumide (5-15 mg/kg) also blocked the effect of d-
amphetamiiie (Vasar ei al., unpublished data). According to the studies of Moroji and Hagino
(1987) the antiamphetamine effect of caerulein in mice is completely resistant to the vagotomy.
It is worthy to note that nearly 10 times higher doses of caerulein are required for blocking
amphctamine-induced hyperlocomotion in comparison to the sedative effect of caerulein.
Accordingly, it seems very probable that the CCK-A receptors involved in the antiamphetamine
effect of caerulein are distinct from the CCK-A receptors related to caerulein and apomorphine-
induced hypolocomotion Hie above mentioned study (Moroji, Hagino, 1987) suggest the
possibility that these CCK-A receptors arc located in the mouse brain. This idea is supported also
by the study of Hagino et aJ. (1989) in which the intracerebroventricular administration of CCK-
8 and caerulein, but not desulfated CCK-8 and CCK-4, antagonizes amphetamine induced motor
excitation in the mouse. The recent behavioural, electrophysiological and radioligand binding
studies (Rovati, 1988, Crawley, 1989; Vickroy and Biancbi, 1989, Gerhardt et al., 1989) have
established that there is a wider distribution of CCK-A receptors in the rat brain than was
previously thought (Moran et al. 198f> Hill et al., 1987). The possible mediation of the
antiamphetamine effect ot caerulein through the CCK-A receptors in the mouse brain may
reflect the substantial difference between CCK-A receptors in the mouse and rat brain. Crawley
and colleagues (19XS; Crawley. 1989) have shown that CCK-8 by interacting with CCK-A
receptors laciiitates dopamine-induced hyperlocomotion in the posteromedial part of the nucleus
accumbens ot the rat. The different pharmacology of CCK-A receptors in the mouse and the rat

brain seems to account for the interspecies differences in the behavioural effects of caerulein in
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The cffects of acute or repeated treatment of male albino BKW mice with caerulein, a cholecystokinin octapeptide (CCK-8)
agonist, and wilh devazepide (MK-329) and L-365,260, antagonists at CCKA ( peripheral’) and CCKB (‘central’) receptors
respectively, on motor activity and [propionyl- 'H]propionylated-CCK 8 (['H]pCCK-8) binding were studied. Acute treatment
with a large dose of caerulein (100 iig/V.g s.c.) suppressed motor activity (line crossings and rearings) whereas devazepide (2
mg/kg i.p.) had the opposite action. L-365,260 (2 mg/kg i.p.) increased only the number of rearings. Tolerance developed to the
locomotor cffects of caerulein and devazepide when these same doses were administered once daily (caerulein) or twice daily
(devazepide) for 10 days. Twice daily administration of L-365,260 (2 mg/kg) for 10 days did not significantly alter the locomotor
activity of mice. The sedative effect of caerulein (20 ag/ kg s.c.) was markedly reduced in mice receiving repeated injections of
either a larger amount of caerulein (100 Mg/kg) or devazepide but not after L-365.260. The stimulant effect of (+ )-amphetamine
(2 mg/kg s.c.) on motor activity was increased by subchronic administration of either devazepide iir caerulein, but not by
L-365.260. All three compounds (caerulein. devazepide and L-365,260) increased the number of (['HIpCCK-S binding site;, in
mouse forebrain but the increase was only significant after L-365,260. The effects of long-term treatment with caerulein are
probably related to the stimulation of CCKA receptors, whereas the paradoxically similar action of devazepide may be linked to
the blockade of both subtypes of the CCK-8 receptor. The results of the present study can therefore be explained by postulating
different roles for CCK/1and CCKB receptors in the regulation of motor activity, the CCK A receptors being the more important.

Caerulein; Devazepide; L-365,260; CCK receptors; Amphetamine; Motor activity

1. Introduction significance for motor depressant and antidopaminer-
gic activity of CCK-8 (Crawley and Schwabcr. 1983;
Kawasaki et ul.. 1983: Hamamura et al.. 1989). How-
ever, Altar and Boyar (1989) showed that peripherally
injected CCK-8 affected central dopaminergic mecha-
nisms directly. Two different subtypes of the CCK-8
receptor have now been described in the brains of
rodents (Moran et al.. 1986; Dourish and Hill, 1987).
CCKA (‘peripheral' type) receptors were shown to be
localized in certain discrete regions of brain, including

Dopamine coexists with cholecystokinin octapeptide
(CCK-8) in the neurones of the ventral tegmental area,
innervating mesolimbic structures of rats (Hokfelt et
al., 198ll. Mesolimbic dopamine is known to have a
crucial role in the regulation of motor activity in ro-
dents (Bradbury et al., 1983; Costall et al.. 1485).
Systemic treatment with low doses of cither CCK-8 or
caerulein significantly suppressed locomotor activity of

rodents (Zetler, 1985) and at higher doses hyperloco-
motion induced by dopamine agonists was also blocked
(Zetler, 1985; Matsubara and Matsushita, 1986; Vasar
el al. 1>88a). According to some reports, peripheral
CCK-8 receptors linked with the vagus nerve have

(\>m-4poinlcinv in: H.S. McUhuni. IK'paitment of Netm»lop\. lush
tute ul Nuhulr>. I)e Crespigny Park. Denmark Mill. lomlon SI’5
SAl 11k Id. 14707113 >411 c\l »398.

the area postrema. the nuclcus of the solitary tract and
the interpeduncular nuclcus (Moran et al., 1986; Hill et
al.. 1987). However, clcctrophysiological and hn-
mogenalc radioligand binding studies (Barren et at..
1989; ticrliardt et al.. 1989; Vickroy and liianchi. 198°)
have shown the CCKA rcceplors to be more widely
distributed in the brain than suggested by the above
autoradiographic studies. The aim of the present study
was lo examine the role of CCK 4and CCk,, receptors
m (lie re.uulation of motor activity ol mice. Motor



4t

activity was suppressed by caerulein, a CCK-8 agonist,
and stimulated by amphetamine, an indirectly acting
dopamine agonist. Sensitivity of the CCK receptors was
changed by 10 days daily treatment with the highly
selective CCKA and CCKB antagonists, devazepide
and L-365,260 respectively, and with caerulein. The
binding of (propionyl-1H]propionylated-CCK-8 <['H]
pCCK-8) to forebrain nuclei was determined concur-
rently with the behavioural studies.

2. Materials and methods

Male BKW mice (25-30 g) obtained from Bantin and
Kingman (Hull) were used throughout the experiments.
Caerulein (100 fig/kg once daily), devazepide (2 mg/kg
twice daily) and L-365,260 (2 mg/kg twice daily) were
administered for 10 days. The effects of caerulcin and
amphetamine on motor activity were studied 24 h after
the last injection of CCK-8 antagonists and caerulein.
[’H]pCCK-8 binding experiments were carried out 2 h
after the last injection of CCK-8 antagonists and 24 h
after the last injection of caerulein. The shorter time
interval for the CCK-8 antagonists was selected be-
cause ['H]pCCK-8 binding had returned to normal by
24 h after the last of the twice daily injections of
devazepide.

2.1 Measurement of motor activity in mice

Motor activity of mice was quantified in an ‘open-
field” (35 X 25 X 20 cm) divided by lines into six equal
rectangles. The total number of line-crossings and rear-
ings were counted for either 3 or 5 min. In the case of
repeated treatments, the motor activity of micc was
registered 20 min after the first and last injection of
caerulein, devazepide, L-365,260 or vehicle. After Kl-
day treatment with CCK-8-ergic drugs the effect of
caerulcin (20 Mg/kg) and (+ (amphetamine (2 mg/kg)
on motor activity was studied 15 min after injection of
caerulcin and 30 min after administration of (+)-
amphetamine. Vehicle-injected control animals were
always paired with drug-treated animals to control for
diurnal fluctuations in motor activity. The results were
analyzed using a one-way ANOVA followed by New-
man-Kculs test for significance.

2.2. 1 '"HIpC( KK hint/inn experiments

I'HIpCCK-8 binding was measured by the method
of Praissman el al. (1483). lhe mice were killed by
cervical dislocation prior to decapitation and the brains
immediately removed and bisected across the optic
chiasma. lhe structures anterior to this cut (cortical
regions, striata, mesolimbic structures, septum, etc.)

were used for the binding studies. The brain material
from three micc was pooled and homogenates pre-
pared by homogcnization in 75 volumes of 50 mM
Tris-HCI (Sigma, pH 7.4 at 20“Cl using a polytron
homogcnizer (Silverson) for 15 s. The homogenates
were centrifuged at 37000 X g for 2(1 min, resuspended
in the same volume of buffer and recentrifuged as
described above. The final pellet was homogenized in a
standard incubation buffer: HEPES (Sigma, 10 mM),
NaCl (Sigma, 130 mM), KCI (Sigma, 5 mM), MgCl,
(Sigma 5 mM), sodium EDTA (Sigma, 1 mM), bovine
serum albumin (Sigma, 0.4 mg per ml, pH 6.7 at
20°C). Ten millilitres of incubation buffer was rou-
tinely used for each 100 mg of original tissue wet
weight. The binding experiments were performed in
polypropylene tubes (1.5 ml), each containing 50 Iof
[3H]pCCK-8 (73.2 Ci/mmol. Amersham International
pic, 0.03-2.0 nM), 50 a1 of incubation buffer or 200 nM
CCK-8 (Bachem) and 400 a1l freshly prepared brain
membranes. The brain membranes were preincubated
for 25 min at 23° C with or without 200 nM CCK-8,
after which the radiolabelled ligand was added and the
samples were carefully mixed. The membranes were
incubated in the presence of radioligand for 2 h at
23°C and incubation was terminated by rapid centrifu-
gation in a Beckman microfuge (11 000 Xx ) for 3 min
at room temperature. The supernatants were carefully
aspirated and the pellets washed three times with 250
/il of ice-cold incubation buffer before transfer to
scintillation vials. A tissue solubilizer (Soluene-350,
Canberra-Packard) was added (300 p.1) to the vials
which were then incubated at 60°C for 1h. Scintilla-
tion cocktail (Optiphase, Hisafe IlI, LKB-Wallac) was
then added and radioactivity was counled by liquid
scintillation spectrometry after a 12 h stabilization pe-
riod. The specific binding of [H]pCCK-8 was defined
as the difference between the degree of binding in the
absence and presence of 200 nM of CCK-8. The spe-
cific binding of ['H]pCCK-8 was 7()-8(Ir> of total bind-
ing in the case of lower ligand concentrations (0.03-0.25
nM) and approximately 5LU with higher concentra-
tions (above | nM). Saturation curves were analyzed
using a non-linear regression program (ENZFITTER,
Lcatherbarrow, 1487).

2.1 rug\

Caerulein (Bachcm) and (4 (-amphetamine (Sigma)
were dissolved in saline (OWr NaCl solution w/%V).
Devazepide (MK-3291, I-mcthyl-3-(2-indolovl)amino-
5-phcnyl-3H-1.4-benzodiazepin-2-one) and 1.-365.260
(3K( t )-N-(2.3-dihydro-1-mcthyl-2-oxo0-5-phciiyl-1H-
l,4-benzodiazepin-3-yl)-N'-(3-nicthyl-phenyllurca were
suspended in saline with 1-2 drops of Twcen-80. The
same vehicle was used as the injeetate for the control
experiments. Dcva/cpidc anil 1.-365.2M1 (Merck



Sharp & Dohme) were given ip whereas (+ )
amphetamine and caerulein were injected s.c.

Spontaneous motor activity and motor activity in-
duced hy caerulein. apomorphine and (+ (-ampheta-
mine in the albino mouse were affected differently by
doses of devazepide and L-365,260 in the range O.IKHII-I
mg/kg (Vasar et al., 1991). For the present, chronic
study, larger doses of the two antagonists were used (2
mg/kg) to ensure complete blockade of CCKA and
CCKB receptors throughout the interval between in-
jections.

3. Results

A single injection of a large dose of caerulein (100
fj-g/kg) significantly suppressed the motor activity of
micc (F0.24) = 5.10, P < 0.05, Newman-Keuls P < 0.05
for rearings; FC1,24) = 8.80, P<0.01, Newman-Keuls
P <0.01 for line-crossings, as compared to vehicle
treatment; table 1). The CCKJI antagonist, devazepide
(2 mg/kg) increased the frequencies of rearings and
line-crossings (F(1,24) = 7.43, P < 0.05, Newman-Keuls
P<0.05 for rearings; F(124)=6.18, P < 0.05 New-
man-Keuls P < 0.05 for line-crossings), whereas the
CCK B antagonist, L-365,260 (2 mg/kg) only increased
the number of rearings (F(l,24) = 5.36, P < 0.05, New-
man-Keuls P < 0.05). Tolerance developed to the loco-
motor effects of caerulein and the antagonists after
their repeated administration (table 1). However toler-
ance to devazepide was not seen in all mice, about
20% becoming aggressive with repeated treatment.
These mice attempted to bite the backs of other mice
in the cage.

Administration of a moderate dose of caerulein (20
lug/kg) 24 h after the last injection of CCK-8-ergic
drugs reduced motor activity only in control animals
pretreated with either vehicle (F(1,20) = 9.08, P < 0.01,
Newman-Keuls ns. for rearings, F(1,20) —13.02, P<
0,01, Newman-Keuls P < 0.01 for line-crossings, as

TARLE |

The effect  repented treatment (for 10 days) with caerulein ((H)
MK/kg. once daily), devazepide (2 mg/kg. twice daily) and 1.-3(i5.2M
12 mg/kg. twice daily) on motor activity of mice. The number of
rearings and line-crossings was counted over a 3-min period 2) mm
after the first and last injection of drug or vehicle.

lreatment n  Rearings line-crossings

Firsl Last First Last
Vehicle 14 41+.13 37+4.2 132+7X Nu+THA
Caerulein 12 30+ 3.4 '40+4.2 KO+ fe.K1 44+17

Devazepide 12 54 +3.3'1 46+5.7 [7»+74m 110+IH.h
L-3(,5.2NI 12 53+3.0-° 44+44 131474 117 1100

P <0.1)5, h1*~ Il compared with vehicle-treated animals. In
Newman-Keuls analysis following significant ANOVA). n  number
of animals in the gioup

w7

IABI 12

The effect of caerulein (20 /ig/kg) on mouse motor activity given 24
h after the last of a scries of injections of devazepide (2 mg/kg. twice
daily). t-3h5.2W) (2 mg/kg. Iwice daily) and caerulein (100 ~g/kg,
once daily). Rearings and line-crossings were recorded over a 3-min
period 15 min after caerulein injection.

Treatment n Rearings Line-crossings
Vehicle + saline 2 41+3.3 132+ 78
Vehicle + caerulein 10 24£5.0 85+ 112e
Devazepide + caerulein 10 35+5.5 104+ 111 a
L-365.260 + caerulein 10 28+6.4 84+ 117e
Caerulein + caerulein 10 53+3.8 h 125+ 6.0a

1P <0.05: b P < 0.01 (in comparison with vehicle + caerulein group);
LP <001 (in comparison with vehicle + saline group) (Newman-
Keuls analysis following significant ANOVA). n = number of mice in
the group.

compared to vehicle + saline treatment) or with L-
365,260 (F(1,20) = 4.59, P < 0.05, Newman-Keuls ns.
for rearings; F(1,20)= 12.86, P <0.01, Newman-Keuls
P < 0.01 for line-crossings; table 2). The sedative effect
of caerulein (20 /xg/kg) was significantly reduced in
mice pretreated with devazepide (F(1,20) = 4.50, P<
0.05; Newman-Keuls ns. for line-crossings compared
with vehicle + saline treatment; table 2) and was re-
versed in mice pretreated with a larger dose of
caerulein, 100 jig/kg. Thus, caerulein, 20 ~g/kg, in-
creased motor activity both when compared with a
group receiving caerulein after chronic administration
of vehicle (F(1,18)= 19.88, P< 0.001, Newman-Keuls
PcO.0OI for rearings: F(1,18) = 8.57, P<0.01. New-
man-Keuls P < 0.05 for line-crossings, as compared to
vehicle + caerulein treatment) and when compared
with a group receiving saline after chronic administra-
tion of vehicle (F(120)= 4.59, P < 0.05 Newman-
Keuls ns. for rearings, as compared to vehicle + saline
group; table 2).

Administration of (+ (-amphetamine produced a
54Yr increase in the number of line-crossings (F(l,20)
= 6.04, P <0.05, Newman-Keuls P < 0,05 tor line-
crossings, as compared to vehicle + saline treatment.

IMil 1.3

The effect of (+ lamphetamine (2 mg/kg) on mouse motor activity
given 24 h alter the last of a scries of injections of caerulein.
devazepide and |-3(5.2M). Rearings and line-crossings were mea-
sured over a 5111(11 period 30 min after amphetamine

Treatment Rearings  Line-crossings
Vehicle * &line i 58+ 5 184 f 12
Vehicle t amphi‘tanum 0 77+14 242+ 26 1
DevalipHlit ainphclamine 10 111+ 14h 372 t36 "
Caerulein *amphelam ine 10 110+ X1 365+ 311
L-365.2M lamphelam me 0 KIf17-  2N+24 1

1l 1105 h =+ OIH (compared wiith vehicle - ~aline group. New
mau-Keuls anal\dis lomowing sigmlicant ANOV 1) u inimtHi ol
animals in Hie group.



N

UMil1 1

Un- i-Hiti ol Ic|H-ilt-it ticalincut wilh e.itiiili'in. ileva/epiide aiit
! IbV'MI on 1'11K| K s binding in mouse loitltiain Mu- studies
mir diimics » It atlei Ihe lasi injcrliim 1111 days lie.itDI'nl) ol cek K
ailtagonisls and1Jilt alle« Ihr lasi a<Innnisiialion ol eaeinlein Ihe
values iiic llu- Leans 1S |- M ol six;nulepemlenl studies.

Treatment B.. K.i

(pinol/V Osslits) (012
Vehicle S.(i7 #0.0 OhK t0 \h
Caerulein 7.Al +0.42 053+0.0: *
Devale pule 7.41 +0.4.1 0.47 40.02 *
1-.4i5.2f)0 10.3N +0.4S 0.45i 0.04

1V 005 bT <001 (statistically significant ANOVA) ¢ P <0,001
tin comparison wilh vehicle-treated animals. Student's t-test).

table 3) and this effect was not altered by 10 days
pretreatment with L-365,260. Injection of (+ )-
amphetamine in animals pretreated with devazepide
increased motor activity more than in animals pre-
treated with vehicle (F(1,18) = 2.83, P = 0.10 for rear-
ings; F(1.18) = 3.60, P = 0.075 for line-crossings). This
increase was more marked when compared with the
saline + vehicle group (1X1.20) = 13.58, P < 0.01, New-
man-Keuls P <0.01 lor rearings; F(1,20)= 18.63. P<
0.001, Newman-Keuls P < 0.01 for line-crossings). The
effects of repeated treatment with caerulein were simi-
lar to those of repeated treatment with devazepide
inasmuch as (+ (-amphetamine produced a motor stim-
ulation which was more pronounced when compared
with the vehicle + saline-treated animals (F(1.20) =
17.06, P <0.001. Newman-Keuls P < 0.01 for rearings;
R1.20)» 1910. P< 0.001, Newman-Keuls P < 0.01 for
linc-crossings) than with the vehicle + amphetamine
treated animals (F(1,18) 3.60. P =0.075 for rearings;
F(1.18) = 2.95. P - 0.10 lor line-crossings. table 3).

Repeated treatment with each of the three CCK-8-
ergie compounds altered ['HIpCCK-8 binding in mice
lorchrain (tabic 4). Treatment with devazepide and
caerulein slightly increased the affinity of ['H]pCCK-8
binding sites (Fd.l0)-7.6ti. P <0.05. for caerulein;
F(1.10)= 12.05. P<0.0l. for devazepide) whereas af-
ter L-365.260 there was no significant change. All the
chronic drug treatments tended to increase the number
of ["HIpCCK-X binding sites, but only the 83, in-
crease after |-365.260 was significant (table 4).

4. Discussion

The present study demonsliatc' significant differ-
ences between the effects of sclcdive (VK nand C< k ,,
antagonists on the regulation ol CCK receptor density
suggesting that the two receptor types differently ailed
llie regulation of locomnini activity in mice. The CCK N
receptor antagonist, deva/epide administered daily lot
Il days, increased loconiotoi responses in (i >

amphetamine but icduccd sensitivity 1n eaciulcin with
out significantly affecting tile number of lorchrain ( ( k
receptors. In contrast, repealed injections of the CCk,,
antagonist. 1.-365.260 markedly increased receptor
density but did not affect motor responses to caerulein
and <t (amphetamine. The effects of devazepide were
similar, surprisingly, to those produced by chronic ad-
ministration of the non-selective CCK agonist,
caerulcin. However the present study used large doses
of devazepide (2 mg/kg twice daily) and it cannot be
assumed that its effects were solely due to prolonged
CCK n icceptor blockade. In rats for example, large
doses of devazepide (I mg/kg) enhanced morphine
analgesia in the paw pressure and tail flick tests
(Dourish et al., 1988; O'Neill et al., 1989) effects which
are mediated by CCKB receptors (Dourish et al., 1990).

Administration of a single high dose of caerulein
(100 Mg/kg) suppressed the motor activity of mice,
whereas devazepide (2 mg/kg) had the opposite effect.
Tolerance to the motor effects of both compounds
developed after their repeated administration, al-
though approximately 20% of animals receiving de-
vazepide did not develop tolerance, but became aggres-
sive with repeated injections. These mice frequently
attacked the other animals in the cage usually biting
the victim’s back.

The sedative effect of a moderate dose of the CCK-8
agonist, caerulein (20 wy, / kg) was prevented by chronic
caerulein pretreatment suggesting that the CCK-8 re-
ceptors became desensitized to caerulein although this
was not reflected in changes to the binding of
[’H]pCCK-8. The sedative effect of caerulein was also
reduced after repeated injections of the CCKA antago-
nist, devazepide. This was unexpected, because chronic
administration ot an antagonist usually leads to recep-
tor up-rcgulation and an enhanced sensitivity to ago-
nists. There arc no obvious reasons why chronic de-
vazepide treatment did not render the animals more
sensitive to caerulein but the sedative effect of caerulcin
was also reduced after administration of proglumide
(10 mg/kg twice daily), a non-selective antagonist of
CCK-8 (Vasar et al.. unpublished data). Devazepide
has previously been reported to antagonize the loco-
motor effects produced by CCK-8 (Khosla and Craw-
ley. 1988). One explanation for these findings is antag-
onism of Ixith receptor sub-types by the dose-schedulc
of deval/epide used in this study (see Dourish et al.,
1490). n has been shown that the motor depressant
actions of caerulcin and apomorphine arc reduced by
low doses of devalepide (0.1-10 p.g/kg) whereas low
doses of L-365.260 (1-10 mg/kg) have the opposite
effect (Vasar el al.. in press). Since CCKAand CCK,,
receptors appear to affect the regulation of motor
activity differently, an interaction of devazepide with
both CCK-8 “ecoptor subtypes might explain the other-
wise paradoxical reduction of the motor depressant



effect of caerulcin after chronic treatment with de-
vazepide. An alternative explanation for this finding is
that CCKIJ1 rcceptors located on either side of the
blood-brain barrier may have opposite effects on mouse
motor activity. The receptors responsible for the seda-
tive effects of CCK are located in the nucleus of the
solitary tract and vagus nerve (outside the blood-brain
barrier). Stimulation of these, reccptors suppresses
dopamine release in basal ganglia induced by peripher-
ally injected CCK-8 agonists (Crawley and Schwaber,
1983; Hamamura et al., 1989). In contrast, CCK/1 re-
ceptors in the striatum and mesolimbic structures pro-
mote dopamine release and potentiate dopamine-in-
duced hyperlocomotion (Crawley et al., 1985; Vickroy
and Bianchi, 1989). Chronic treatment with proglumide
increased the activity of dopaminergic cells in the
mesolimbic system (Chiodo et al., 1987). A similar
effect occurring after repeated treatment with de-
vazepide might explain the reduced sedative effect of
caerulein. The motor stimulant effect of (+)-am-
phetamine was increased after repeated administration
of caerulein and devazepide, but not after L-365,260.
This was most likely due to increased sensitivity of
striatal and mesolimbic dopamine D2 rcceptors be-
cause long-term administration of CCK antagonists
(proglumide, devazepide) and agonists (CCK-8 and
cacrulein), increased the number of dopamine Dj re-
ceptors in the basal ganglia of rodents (Dumbrille-Ross
and Seeman, 1984; Csernansky et al., 1987; Vasar et
al.. 1988b; Vasar et al.. unpublished data) but probably
by different mechanisms. Increased dopamine D, rc-
ceptor sensitivity would also account for the increased
aggressiveness seen in some mice during repeated
treatment with devazepide.

It has been shown that the two subtypes of the CCK
receptor have opposite effects on mesolimbic dopamin-
ergic activity. Stimulation of CCKJ1 receptors potenti-
ates dopamine-induced hyperlocomotion from the me-
dial nucleus accumbens (Crawley et al.. 1985) and
increases the release of dopamine from the same re-
gion (Vickroy and Bianchi, 1989). Injection of CCK-8
into the dorsomcdial accumbens also increased the
frequency of apomorphine-induced jaw movements, an
effect prevented by the selective L'( KA antagonist,
lorglumidc (Koshikawa el al., 1990), In contrast, CCKB
receptors potentiated apomorphine-induced inhibition
of dopaminergic ventral tegmental cells and the reduc-
tion in motor activity produced by dopamine applied to
the same area (Honimer et al.. 1986; Crawley, 1989).
Injections of CC'K-8 into the ventrolateral accumbens
did nol affect Ihe frequency of apomorphine-induced
jaw movements, in contrast to the facilitation seen
after its injection into the medial part of the nucleus
accumbens (Koshikawa el al. IWO). These opposite
effects of the two receptor sub-types on the activity of
dopaminergic systems could explain why repeated ad-
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ministration of the agonist, caerulein and the antago-
nist, devazepide affected behaviour similarly if it is
assumed that high doses of caerulein also affected
CCKB receptors. In recent acute studies, low doses of
devazepide (1-100 ~g/kg) have been shown not to
affect amphetamine-induced hyperlocomotion but to
completely prevent (Vasar et al., in press) the antago-
nistic effect of caerulein (Zetler, 1985; Allikmets and
Vasar, 1990). However, large doses of devazepide alone
antagonized the effects of amphetamine (Vasar et al.,
in press), effects similar to those of caerulein and
which have been shown to be due to selective CCK/
receptor stimulation. This suggests that caerulein and
large doses of devazepide would also be expected to
have similar effects on sensitivity to (+ Vamphetamine
after chronic administration. The mechanism of the
anti-amphetamine effect of large doses of devazepide
is not clear because in contrast to selective CCKB
receptor agonists, devazepide (10 mg/kg) did not de-
crease amphetamine-induced dopamine release, mea-
sured as 3-methoxytyramine (Altar and Boyar, 1989).

In conclusion, repeated treatment with caerulein
and devazepide significantly affected the locomotor
activity of mice and their behavioural responses to
caerulein and (+)-amphetamine. The results are inter-
preted in the light of recent suggestions that CCKA
and CCKB receptors have opposite effects on
dopamine-mediated behaviours (Crawley. 1989; Koshi-
kawa et al., 1990; Vasar et al.. in press). It is difficult to
explain the discrepancy between the increase in the
density of CCK-8 receptors and lhe lack of any changes
in behaviour after 10 day treatment with L-365,260. It
may be that the behaviours studied are more depen-
dent on CCKA receptors and that L-365,260 does not
affect these receptors even at high doses.
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PILOCARPINE-INDUCEI) LIMBIC SEIZURES - AN INVOLVEMENT OF CCK
RECEFIORS.

E. Vasar, J. llarro, A. Lang, A Soosaar

Psychopharmacology Lab, lartu University

SUMMARY

A muscarinic agonist pilocarpine (380 mg/kg) induced in all injected male mice the fatal seizures.
The pretreatment of mice with CCK-8 (25-200 pg/kg) antagonized significantly the effect of
pilocarpine, whereas the CCK-B/gastrin agonist pentagastrin (CCK-5, 2500 pg/kg) only moderately
inhibited the action of muscarinic agonist. Devazepide (10-1000 pg/kg), a selective antagonist at
CCK-A receptors, and L-365,260 (10- HXV) pg/kg), a selective antagonist at CCK-B receptors,
antagonized the anticonvulsant effect of CCK-8. However, only a high dose (1 mg/kg) of

devazepide and L-365,260 reversed significantly the action of CCK-8.

In rats the administration of pilocarpine (380 mg/kg) decreased significantly the number of [3H]-
pCCK-8 binding sites in the several forebrain structures (the frontoparietal cortex, striatum and
hippocampus). The comparison of [3H]-pCCK-8 binding in the brain strucfures of rats with and
without seizures revealed evidently higher decrease of CCK-8 receptors' density in animals
experiencing seizures. In the hippocampus the difference between the values of responders and non-
responders was statistically evident. Ihe significant reduction of [3H]-pCCK-8 binding density in
the rat brain during pilocarpine-induced seizures probably reflects the involvement of CCK-B
receptors. However, the weak reversal of pilocarpine-induced seizures by CCK-5, and nearly similar
action of L-365,260 and devazepide against the anticonvulsant effect of CCK-8 in the mouse seems
to support the involvement of both subtypes of the CCK-8 (CCK-A and CCK-B) receptor in the

modulation ol pilocarpine-induced limbic seizures in rodents.

KEY WORDS: LIMBIC SEIZURES; CCK-8 RECEPTORS; PIUX’ARPINE: DEVAZEPIDE;
L-365,260; CCK-8 ; MOUSE, RAT.
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Jn involvement of cholecystokinin octapeptide (CCK-8) in the regulation of seizure activity
has been suggested by numerous pharmacological studies. lhus, systemic or intracerebral
administration of CCK-8 and its analogue caerulein inhibits seizures with different genesis [6, 20,
21J On the other hand, the unspecific CCK-8 antagonist proglumide reverses the anticonvulsant
effect of caerulein against picrotoxin and quinolinate-induced seizures, and potentiates seizures
induced by quinolinate, an agonist at N-methyl-D-aspartate receptors [19, 20]. The highest levels of
CCK-8 immunoreactivity and receptors are found in the different limbic and cortical structures
(piriform cortex, amygdala, hippocampus etc.) [5, 12, 17], which are known to be involved in the
regulation of seizure activity [4, 14]. Limbic seizures with varied genesis have been demonstrated
to cause nearly complete loss of CCK-8 immunoreactivity from hippocampal mossy fiber system
|3], The potent convulsant picrotoxin is shown to reduce CCK-8 immunoreactivity in the several
limbic regions |7]. The systemic treatment with muscarinic agonist pilocarpine is shown to cause
very typical limbic seizures in rodents [18]. Magnani et al. [10, 11] have shown that the systemic
treatment with CCK-8 and caerulein significantly affects the release of acetylcholine from the
cerebral cortex of the rat "in vivo". Therefore, the aim of present work was to establish the role of
CCK-8 receptors in the regulation of limbic seizures induced by pilocarpine in mice and rats. CCK-
8, CCK-B/gastrin agonist pentagastrin (CCK- 5) and two selective antagonists at CCK-8 receptors
L-365,260 (antagonist of "brain" or CCK- B receptors) and devazepide (antagonist of "visceral" or
CCK-A receptors) [1, ¥| were used for clarifying of this problem. Simultaneously with the
behavioural experiments, the effect of pilocarpine-induced seizures was studied on the parameters of

CCK-8 receptors in the different brain structures of the rat.

MATERIALS AND METHODS

Male albino mice (25-30 g) and male Wistar rats (250-300 g) were used throughout the
experiment. The mice were placed into individual observation boxes 15 min before the start of
experiment. After this habituation period CCK antagonists - L-365,260 (3R(+)-N-(2,3-dihydro-I-
methyl-2-oxo0-5-phenyl-IH-1,4-benzodiazepin-3-yi)-N'-(3-methyl-phenyl)urea. CCK-B antagonist,
0.01-1 mg/kg) and deva/epide (formerly MK-329, CCK-A antagonist, 0.01-1 mg/kg) - were injected
15 min. and CCK-8 (25-200 ng/kg) and pentagastrin (CCK-5. 2.5 mg/kg) 10 min prior to muscarinic
agonist pilocarpine (380 mg/kg). Mice were observed for 60 min and the latencies of onset of
tremor, and tonic seizures and death were registered. In the radioligand binding experiments with
[propionyl-3ll]propionylated CCK-8 (3[H]-pCCK-8) scopolamine methylnitrate (an antagonist at
peripheral muscarinic receptors) was injectcd 30 min prior to saline or pilocarpine (380 mg/kg).

1wo subgroups of rats - responders and non-responders to pilocarpine-induced limbic seizures -



were selected for radioligand binding studies Animals, respectively with and without seizures, were
killed by decapitation 60 min after the administration of pilocarpine The brains were removed
rapidly from the skulls and the frontoparietal cortex, mesolimbic structures (nucleus accumbens,
tuberculum olfactorium), piriform cortex, striata and hippocampus were dissected [15|. The method
of Praissman et al. [16] in our slight modification was used for 3[1[-pCCK-8 binding studies.

Saturation curves were analyzed using ENZHT1ER program for IBM microcomputers (8].

RESULTS.

Systemic treatment with muscarinic agonist pilocarpine (380 mg/kg) evoked in all injected
male mice (n=39) the fatal seizures. The pretreatment of mice with CCK-8 (25-200 ng/kg)
significantly antagonized the effect of 380 mg/kg pilocarpine (figure 1). 50 pg/kg CCK-8 obviously
reversed the effect of muscarinic agonist, the further increase ol CCK-8 dose did not enhance the
effect of neuropeptide 13 mice from 39 tested survived pilocarpine- induced seizures after
administration of 200 pg/kg CCK-8. CCK- 8 antagonist devazepide in the high dose (1 mg/kg)
evidently antagonized the anticonvulsant effect of CCK-8 (figure 2) CCK-B antagonist L-365,260
also after the administration of high dose (1 mg/kg) reversed the anticonvulsant action of CCK- 8
(figure 3). However, L-365,260 (10-1000 pg/kg), differently from dcva/epide, completely blocked
the antagonism of CCK-8 against the pilocarpine-induced lethality

Pilocarpine up to 1 mM did not interact with 3[H]-pCCK-8 binding in the radioligand studies
"in vitro” The administration of high dose of pilocarpine (380 mg/kg) changed the parameters of
3H-pCCK-8 binding sites in the several forebrain structures (table). Ihlocarpine reduced
significantly the number of 3|H|-pCCK-8 binding sites in the striatum, frontoparietal cortex and
hippocampus (table). In ihe hippocampus affinity of 3H-pCCK-8 binding sites was also increased
alter administration of pilocarpine The comparison of [3H|-pCCK-8 binding parameters in Ihe
animals, responding and non-responding to pilocarpine induced seizures, revealed more significant
changes in the brain structures <4 rats, experiencing seizures (table). In lhe hippocampus the
difference between the values ol |3H|-pCCK-8 binding in responders and non-responders was
statistically evident (table)

I>1st 1 ISSH)M

Ihe results ol present study are rellecting a significant role ol (’('K X receptois in the
modulation ot epileptogenic ellect of a muscarinic agonist piiocaipine ('('K-X potently antagonizes
the seizures induced by the lethal dose ol pilocarpine. <)ni’ fluid ol mice survive pilocarpine

induced seizures aller prelrcalineiil with 200 pg/kg t'( K X CCK I./gastnn agonist |H-nIngaslrui only



LEGEND TO THE FIGURES

Figure 1. The effect of CCK-8 (25-200 pg/kg) and pentagastrin (CCK-5,
2500 |ig/kg) on pilocarpine-induced seizures in mice. CCK-8 and CCK-5 were
given 10 min prior to pilocarpine (380 mg/kg). The animals were observed for
60 min after the administration of pilocarpine. Significant differences between
vehicle/pilocarpine and CCK-8 or CCK- 5/pilocarpine treated groups were
determined by Newman-Keuls test after significant ANOVA. F5,1 16= 8.71,
pcO.000I (for tremor); F5,116= 10.46, pcO.O0OO0OQI (for tonic seizures and
death). * - p< 0.05; ** - p< 0.01; *** - p<0.005 (if compared to pilocarpine
treated mice).

Figure 2. The effect of devazepide (10-1000 ng/kg) on the anticonvulsant
action of CCK-8 (200 ng/kg) against pilocarpine-induced seizures in mice.
Devazepide was injected 15 min and CCK-8 10 min prior to pilocarpine.
Significant differences between pilocarpine, CCK-8/pilocarpine and
devazepide/CCK-8/pilocarpine treated groups were determined by Newman-
Keuls test after significant ANOVA. F4,77=2.4, p<0.05 (for tremor),
F4,77=2.5 (for tonic seizures and death). * - p<0.05 (if compared to
pilocarpine treated animals); ** - p<0.05 (if compared to CCK-8/pilocarpine

treated mice).

Figure 3. The effect of L-365,260 (10-1000 (ig/kg) on the anticonvulsant
effect of CCK-8 (200 ng/kg) against pilocarpine-induced seizures in mice. L-
365,260 was injected 15 min and CCK-8 10 min prior to pilocarpine.
Significant differences between pilocarpine, CCK-8/pilocarpine and L-
365,260/CCK-8/pilocarpine treated groups were determined by Newman-
Keuls test after significant ANOVA. F4,77= 2.86, p<0.05 (for tremor); F4,77=
3,69, p<0.01 (for tonic seizures and death). * - p<0.05 (if compared to
pilocarpine treated moce); ** - p<0.05 (if compared to CCK-8/pilocarpine

treated animals).
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Table

The binding parameters of [3H]-pCCK-8 in the brain structures  of
responding and non-responding rats to pilocarpine (380 mg/kg) seizures.

Brain structures Saline Non-responders Responders
Mesolimbic area Kd 0.42+0.02 0.40*0.03 0.50*0.15
Bmax 4.51+0.32 4.13+0.22 3.55*0.53
Piriform cortex Kd 0.43+0.02 0.63*0.06 0.68*0.08
Bmax 6.30+0.20 5.22*0.29 5.58+0.75
Frontoparietal Kd  0.33*0.02 0.41*0.03 0.26*0.02
cortex Bmax 5.15+0.30 3.76*0.76 2.71*0.23a
Striatum Kd 0.2740.01 0.45+0.07 0.36*0.04
Bmax 5.23*0.28 4.25*0.19%a 3.74+0.24b
Dorsal hippo- Kd 0.63*0.04 0.37+0.05a 0.15*0.02b,c
campus Bmax 1.87+0.17 1.18+0.28a 0.56+0.05b,c

The brain structures of 4-5 rats have been pooled. The mean values * S.E.M. of 4
independent experiments are presented in table. Kd - dissociation constant in nM;
Bmax - apparent number of binding sites in pmoles per gram original tissue wet
weight a-p<0.05; b-p<0.01 (compared to saline treated rats, Student's t-test); c-
p< 0.05 (compared to non-responders, Student's t-test).



moderately reduces (he convulsant action of pilocarpine Accordingly, it seems probable that the
peripherally injected CCK-8 alleds (lie cholinergic neurotiansmiNsioii in the brain. It is suggested
that several behavioural ellects of CCK-8 and caerulein are generated through primarily peripheral
uicchanisms [13] It is thought tliat the sedative effect of large doses of CCK-8 is of peripheral
origin and could be abolished by abdominal vagotomy |2|. Magnani et al 110. 111 have shown that
CCK-8, iu the doses 10 pg/kg and higher, potently inhibits Hie release of acetylcholine from the rat
cerebral cortex This effect of CCK-8 is not affected by bilateral vagotomy or by the lesion of
dopaminergic cclls in the substantia nigra lhe selective CCK antagonists devazepide and L-
365.260 reverse the anticonvulsant effect of CCK X However, it liappens only alter the
administration of very high dose {1 mg/kg) of CCK antagonists. It is noteworthy that the effect of I -

365.260 is somewhat stronger.

L-365,260, in wide dose range ( 10-/1XX) pg/kg), antagonize also the effect of CCK-8 on pilocarpine-
induced lethality. Nevertheless, the both subtypes of CCK-8 (CCK-A and CCK-B) seems to be
involved in the anticonvulsant effect of CCK-8. According to the radioligand binding studies "in
vitro", pilocarpine (up to 1 mM) does not interact directly with CCK-8 receptors in the brain
However, the systemic administration of very high dose of pilocarpine (380 mg/kg) is reducing ihe
density of CCK-B receptors in the frontoparietal cortex, striatum and hippocampus of the rat brain
The comparison of 3[H]-pCCK-8 binding parameters in rats, responding and non- responding to the
administration of pilocarpine with seizures, reveals markedly higher reduction of CCK-B receptors
in animals with seizures. It supports the idea that CCK-B receptors are involved in the modulation

of seizures induced by muscarinic agonist.

In conclusion, it is very likely that the both subtypes of CCK-B receptor are involved in the
modulation of limbic seizures induced by the muscarinic agonist pilocarpine. This idea is supported
by the findings that CCK-B/gastrin agonist pentagastrin only moderately antagonized the effect of
pilocarpine, the selective CCK-8 antagonists devazepide and L- 365,260 have nearly similar effect
on the anticonvulsant effect of CCK-8, and during pilocarpine-induced seizures the density of CCK-

8 receptors is significantly reduced in the several brain regions.

Acknowledgment. The authors are grateful to Merck, Sharp and Dohme Ltd. for the generous
gift of devazepide and L-365,260.
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CCK-8 RECEPTORS AND ANXIETY IN RATS
Eero Vasar, Jaanus Harro, Anu P6ld and Aavo I"ang
Psychopharmacology Lab, Tartu University,

34 Veski Str., 202400 TARTU, Estonia

The agonists at CCK-8 receptors are shown to induce or potentiate fear-related behaviours in rats.
Caerulein and peatagastrin (CCK-5) have at very low doses an anxiogenic-like effect on rats in an
elevated plus-maze (Harro, Poid, Vasar and Allikmets, 1989). CCK-8 antagonist proglumide
completely reversed the anxiogenic-like action of caerulein and CCK-5 in rodents (Harro et al.,
1989; Harro, Pdld and Vasar, 1990). Intraventricular administration of CCK-4 significantly
increases the intensity of foot-shock elicited aggressiveness in male rats (Vasar, Maimets and
Allikmets, 1984). Very recently, the intravenous administration of CCK-4 is shown to cause very
severe anxiety and panic-like attacks in healthy volunteers (De Montigny, 1989). However, it is not
clear where the primary target of anxiogenic-like action of CCK-8 related peptides lies: in the brain
or periphery. Therefore, the present study was dedicated to reveal the primary target of anxiogenic-

like effect of CCK-8 agonists on the rat.

The male and female rats (weighing 180-220 grams) were used throughout the study. The
animals were used only once. The anxiogenic-like effect of CCK-8 agonists (caerulein, CCK-5 and
CCK-4) was studied according to the method of Pellow, Chopin, File and Briley (1985) in an
elevated plus-maze. The lowest dose of caerulein to cause the anxiogenic-like effect on the rat was
100 ng/kg. CCK-5 had the similar effect after administration of 500 ng/kg. The subcutaneous
treatment with 10 ng/kg CCK-4 in some experiments also significantly decreased the exploratory
activity of rats. The maximal reduction of animals behaviour was seen after injection of 25 and 50
jiglkg of CCK-4 (table 1). In higher closes (100 ng/kg and 1 mg/kg) CCK-4 failed to affect the rats'



behaviour. The anxiogenic-like effect of CCK agonists was in good accordance with their potency to
inhibit |*Hj-propionylaled-CCK-8 (|%J-pCCK-8, 0.3 nM) binding in the cerebral cortex, bul not in
pancreas (table 2). According to these results it is very probable tliat CCK-B (central subtype)

receptors have a significance in the anxiogeuic-like action of CCK-8 agonists on the rat.

J urther, the interaction of different CCK antagonists (lorglumide. proglumide, devazepide and L-
365,260) with anxiogenic-like effect of CCK-4 (50 ng/kg) was studied. The pretreatment with 0.01
mg/kg L-365,260, the selective antagonist at CCK-B/gastrin receptors, caused statistically evident
antagonism with the effect of CCK-4 (figure 1). L-365,260 antagonized the action of CCK-4 in 10
limes smaller dose than lorglumide (the effective dose 0.1 mg/kg). CCK-B/gastrin antagonist was
KK) limes more effective than the selective CCK-A (peripheral subtype) antagonist devazepide (1
mg/kg) and proglumide (1 mg/kg). It is worthy noting that the antagonism of glutaramic acid
derivatives (proglumide, lorglumide) against CCK-4 was more pronounced if compared to the
effect of 1,4- benzodiazepines (devazepide, L-365,260).

CCK-8 is shown to localize in some brain regions (cerebral cortex, hippocampus) mostly in
GABA-ergic neurons (Kosaka, Kosaka, Tateishi. Hamaoka, Yanaihara, Wu and Hama, 1985). There
is existing the clear antagonistic interaction between benzodiazepine tranquillizers and CCK-8 m
the electrophysiological experiments (Bradwejn and De Montigny, 1984). Picrotoxin, the potent
anatgonist al chloride channel, at anxiogenic dose (0.5 mg/kg) increased the density of CCK-8
receptors m frontal cortex and hippocampus (figure 2). In higher doses (1 and 2.5 mg/kg) picrotoxin
induced seizures and apparently decreased the density of CCK-8 receptors (figure 2). Picrotoxin
failed in the acute experiments to affect the parameters of benzodiazepine receptors. On the other
hand, ihe anxiogenic doses of CCK-8 agonists caerulein (100 ng/kg) and CCK-5 (500 ng/kg) did not
change the affinity and density of CCK-8 receptors, but decreased (respectively 34 % and 38 %) the
apparent number of benzodiazepine receptors in frontal cortex. It is quite probable that at least in the
frontal cortex the negative interaction is existing between CCK-8- and GABA-ergic systems in the
regulation of anxiety. This opinion is supported also by the experiments, where the rats were
selected according to their behaviour in the elevated plus-maze. There was possible to find the
animals from the population of rats, which exploratory activity differed very significantly. The
radioligand binding experiments with [3H]-pCCK-8 and [“Hj-flunitrazepam revealed very evident
differences between the high ("non- anxious™) and low activity (“anxious") rats in the density of
CCK-8 and benzodiazepine receptors in the frontal cortex (figure 3). "Non-anxious" rats had
obviously lower density of CCK-8 and higher density of benzodiazepine receptors in the frontal
cortex if compared with "anxious" animals.

In conclusion, the anxiogenic-like effect of peripherally administered CCK-8 agonists is probably
related to the central subtype of CCK receptor in the rat. At least in the frontal cortex CCK-B

rei cptors seem to have a strong negative interaction with GABA-benzodiazepine receptor complex.



Thus, ihe balance between CCK-8- and (iIABA-ergic systems has the significance in the genesis of

anxiety.

Devazepide and 1.-365,260 are the generous gifts from Merck, Sharp and Dohme. Proglumide

and lorglumide were donated by Rotta Pharmaceutici.
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Figure | TIHE INTERACTION Ol CCK ANTAGONISTS Willi ANXHXIFNIC-I IKli
1111(4 (1 I'CK-4 ON RAIS IN AN ELEVATED H# I1S- MAZE.

Data presented in the figure are % of control values of each separate experiment. The scores are
mean (+Sli.M ) percentage of crossed lines in the open part. In the control group the mean value of
crossed Imes during 4 min was between 10 and 14 in the different experiments. I*togluinide (0.1-10
uig/kg, ip.) and lorgluniide (0.01-1 mg/kg, i.p ) were administered 10 min before the CCK-4 (50
Hglkg, s.c.) treatment, whereas devazepide (0.01-1 mg/kg, i.p.) and 1.-365,260 (0.001-0 | mg/kg,
i.p.) were given 15 prior to the CCK-4 dose. Lorglumide, devazepide and L-365,260 were
suspended with the help ot some drops of Tween-85 in distelled water The same vehicle (some
drops of Tween-85 in distilled water) was given to control rats. * - p < 0.05; ** - p<0.01, as

compared to respective CCK-4 group values.
Figure 2. THE EFFECT Ol PICROTOXIN ON f3H]-pCCK-8 BINDING IN THE RAT BRAIN

Data are expressed as the apparent number of binding sites (B/max) in pmol/g original tissue wel
weight of the frontal cortex and hippocampus of the rat. The mean values of three independent
studies (+S.E.M ) are presented in the table. Picrotoxin (0.1-2.5 mg/kg. s.c.) was injected 30 min

before the decapitation. * - p< 0.05; ** - p<0.01, as compared to control group (Student's t-test)

Figure 3 [3H]-pCCK-8 AND [3H]-FLIINITRAZEPAM BINDING IN THE FRONIAI.
CORTEX OF THE RATS, SELECTED ACCORDING TO THEIR RESPONSE IN THE
F.LLVATED PLUS-MAZE.

In the low activity group the number of crossed lines in the open part was 0 (>+)6 In the
intermediate group it was 8.5+0.5 and in the high activity group 18.2+1.5. The differences between
three selected groups are statistically evident (p< 0.01, Mann- Whitney 1J-test). The mean values of
three independent selection experiments are presented in the figure. Data are % of home-cage
control values in the frontal cortex The apparent number of [31L-pCCK-8 binding sites in the
frontal cortex of home-cage controls was 3.66+0.34 pmol/g original tissue, and for |3H|-
flunitrazcpam it was 137+12 pmol/g original tissue.

* - p< 0.05, significant difference from home-cage controls;

** . p< 0.05, significant difference from high activity group (Student s t-test)
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Table 1

Effect of CCK-4 on the exploratory activity of the rat in an elevated plus-maze

Latency of No of lines Tolal time spent
Test dose first open part crossed in in open part (s)
entry (s) open part
Vehicle 42+8 10.3+¥1.1 57+6
CCK-4 1Mg/kg 36+24 11.3+2.6 69+12
10 Mg/kg 57+10 7.4£2.6 45+6
25 Mg/kg 81+8* 6.2+12 * 39+5
50 Mg/kg 86+ 12* 5.5+1.0* 33+5
100 (igrkg 69+ 14 9.0£2.2 63+10
1000 |ig/kg 39+24 10.9+2.1 58+10

All values are means + S.E.M. The test time was 4 min. CCK-4 was administered
s.c. 15 min prior to the experiment. *- p<0.05 (significantly different from vehicle
treated group, Newman-Keuls test after ANOVA, one-way ANOVA for entries
F(1.153)=2.18, p<0.05; for crossings F(1,153)=2.36, p<0.05; for total time
F(1,153)=1.92, p=0.08).



Table 2

Correlation between anxiogenic-like effect of CCK-8 agonists and their affinity at

CCK-8 receptors in cerebral cortex and pancreas of the rat.

Suppression of 1C50 values against
exploratory activity f3H]-pCCK-8
CCK-8 agonists in elevated plus-maze cerebral cortex pancreas
(pmol/kg) (nM)
Caerulein 0.074 11 0.6
CCK-5 0.670 10 6200
CCK-4 43.3 411 >10000
Pearson'sy 0.99998 0.797

p= 0.004 p=0.41

The doses of CCK agonists presented in the table are inducing the statistically
evident anxiogenic-like effect in the elevated plus-maze. The radioligand binding
studies were performed according to the method of Praissman, Martinez, Saldino,
Berkowitz, Steggles and Finkelstein, 1983.
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