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VASAR, E ,M MAIMETS, A NURK, A SOOSAAR AND L ALLIKMETS Comparison of motor depressant effects
of caerulein and N-propylnorapomorphine in mice. PHARMACOL BIOCHEM BEHAYV 24(3) 469-478, 1986 —The motor
depressant effects of caerulein and N-propylnorapomorphine (NPA) were compared 1n male mice Caerulemn (1-50 ug/kg
SC) 1n a dose dependent manner depressed the exploratory activity, whereas NPA in lower doses (0 5-10 ug/kg SC)
decreased the motor activity, but 1n higher doses (over 50 ug/kg) had stimulating effect on the exploratory behavior In mice
selected according to their motor response after admimstration of 100 ug/kg NPA to weak and strong responders, the low
dose of NPA (1 ug/kg) similarly suppressed motor activity 1n both selected groups, while the effect of caerulemn (2 ug/kg)
was apparently higher in weak responders Destruction of catecholaminergic terminals by 6-hydroxydopamine (60 g ICV)
reversed completely the motor depressant effect of NPA, whereas degeneration of serotoninergic termenals (5,7-dihydroxy-
tryptamine 60 ug ICV or p-chloroamphetamine 2 15 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 halopendol (0 25
mg/kg IP, twice dailly dunng 14 days) treatment, reducing significantly the density of high-affimty dopamine,- and
serotomn,-receptors, decreased the motor depressant action of caerulein It 1s possible that motor depressant effect of
caerulemn, differently from the action of NPA, 1s mediated through the high-affinity dopamine,-receptors and 1n lesser
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extent through the high-affinity serotonin,-receptors

Exploratory activity Caerulein

N-propylnorapomorphine

Dopamine,-receptors Serotonin,-receptors

THE suppression of spontaneous locomotor activity by low
doses of apomorphine 1n rodents 1s a widely studied behav-
1oral phenomenon It 1s generally accepted that the sedative
action of apomorphine and its more powerful analog
N-propylnorapomorphine (NPA) 1s mediated through the
stimulation of dopamine ‘‘autoreceptors,”’ inhibiting the
dopaminergic neurons activity [9, 10, 38, 45] This opinion 1s
supported by various investigations The subcutaneous ad-
mimstration of apomorphine 1n low doses inhibited the finng
rate of dopaminergic neurons in mesencephalon [2], de-
creased dopamine release and suppressed dopamine turn-
over In forebrain structures [32,44] Leston 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 dopamnergic
neurons activity [3, 42, 46] However, some recent investi-
gations demonstrated a more complicated nature of apomor-
phine’s action 1n low and moderate doses It was found [16]
that halopenidol and sulpiride reversed the sedative effect of
moderate dose (150 ng/kg) of apomorphine, whereas the ac-
tion of low dose (25 ug/kg) of apomorphine was resistant to
the antagontzing action of neuroleptic drugs The compl-
cated nature of apomorphine’s action in low doses was de-
scribed also 1n chronic schizophrenic patients, evidently re-
sistant to neuroleptic medication. The reduction of schizo-
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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 coadmimistered
with neuroleptic drugs, but not alone [1, 21, 37)

Obviously similar suppression of animals’ spontaneous
behavior was found after systemic admimstration of
cholecystokinin octapeptide (CCK-8) and caerulein in mice
[56, 57, 58] CCK-8 and caerulemn significantly potentiated
apomorphine-induced inhibition of dopaminergic neurons in
mesencephalon [30] There 1s strict evidence that CCK and
dopamine coexist in some mesencephalic cells innervating
forebrain hmbic 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-lasting reduction of psychotic
symptoms, mainly negative, in schizophrenic patients after
admimstration 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
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serotoninergic mechamsms Caerulen and NPA were
selected for the present investigation as the most effective
compounds among, respectively, CCK-8 and apomorphine
analogs [8, 55, 56]

GENERAL METHOD
Antmals

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 Iib

Measurement of Spontaneous Locomotor Activity

Spontaneous locomotor activity was measured 1n grouped
albimo mice, 10 ammals 1n each group, between 10a m and 4
p m Immedately after systemic administration of drugs a
group of mice was placed in the middle of an open-field cage
The open-field consisted of a 1 X1 m area surrounded by a 40
cm high wall The locomotor activity of animals was counted
by 5 independent photocells located 1n walls Interruptions
of the light beams were recorded electromechanically and
the level of locomotor activity was expressed 1n counts per
15 or 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 Thetr Motor Response to
Administration of NPA

There exists the possibility of selecting rats according to
their motor response after 50 pg/kg NPA treatment [15] A
similar attempt was made for selection of mice In the pres-
ent study the selection was performed with subcutaneous
admimistration of 100 ng/kg NPA 1n 400 male mice The ex-
periment was carmed out 1in individual cages The cage for
measuring individual locomotor activity was a cylinder with
an mnner diameter 40 cm and 2 photocells for detection of
locomotor activity Locomotor activity was counted be-
tween 15 and 30 min after subcutaneous NPA (100 pg/kg)
treatment

Lesions of Brain Monoamunergic Termunals

Monoaminergic neurotoxins 6-hydroxydopamine (6-
OHDA) and 5,7-dihydroxytryptamine (5,7-DHT) were dis-
solved 1n 0 1% solution of ascorbic acid 6-OHDA (60 ug1n 5
ul) and 5,7-DHT (60 pg 1n S ul) were mjected into the nght
lateral ventricle of mice under the ether anesthesia The be-
havioral and binding expenments were carried out 8 days
after the injection of neurotoxins Finally, the injection sites
were confirmed histologically to be located within the night
lateral ventricle p-Chloroamphetamine in neurotoxic dose
(2x 15 mg/kg 8 and 7 days before the expenment) was also
used for lesioning of serotoninergic terminals [5] The effect of
neurotoxins on the content of monamunes and theirr major
metabolites 1n brain structures was assessed biochemically
using fluorimetric assay [20]

In Vivo *H-Spiperone Binding

'H-spiperone (5 ug/kg, 17 C/mmole, Amersham Interna-
tional, U K ) was injected subcutaneously into the dorsal
part of mouse neck NPA (5 and 50 ug/kg) and caerulein
(20-250 pg/kg) were used to mmhibit H-spiperone binding
Two doses of NPA with different action on rodent behavior
were selected because two sites with different affinity for
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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 1n
grouped mice (10 ammals in group) Abscissa—the dose of NPA or
caerulein 1in ug/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 *p<0 05,
**p<0 01 (Student’s ¢-test)

TABLE 1

THE ACTION OF CONCOMITANT ADMINISTRATION OF
CAERULEIN AND NPA ON MICE SPONTANEOUS
LOCOMOTOR ACTIVITY

Spontaneous locomotor activity of mice

Counts during

Drug/dose 15 min % 30 min %
Saline 608 + 58 100 1230 = 162 100
NPA 0 5 ug/kg 380 + 42* 63 780 + 68* 63

352 + 38* 58
170 + 16t 28
158 + 12t 26
560 + 57 92
33 = 4% 5

746 + 65* 61
276 + 24% 22
240 + 32t 20
1080 = 182 88

61 + 8% 5

Caerulen 2 pg/kg
NPA + Caerulein
NPA 10 pg/kg

Caerulein 1 pg/kg
NPA + Caerulein

The mean values of four independent expenments on grouped
mice (10 ammals 1n group) are presented *p<0 05, tp<001,
ip<0 001 (Student’s paired ¢-test, in relation to saline treated
ammals)

dopamine and its agonists existed on dopamine,-receptors
[18,27] Five ug/kg NPA 1s ED;, for suppression of explora-
tory activity in mice, whereas 50 ug/kg NPA 1s ED;, for
motor excitation in rodents [8] NPA and caerulein were
admimstered 15 min before *H-spiperone The ammals (6
mice per group) were sacrnficed 20 min after *H-spiperone
treatment by cervical dislocation The brains were rapidly
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TABLE 2
THE EFFECT OF CAERULEIN AND NPA ON EXPLORATORY ACTIVITY AND *H-SPIPERONE IN VIVO
BINDING IN MICE SELECTED WITH 100 ug/kg NPA
Inhubition of locomotor activity
to 100 ug/kg NPA
Weak Responders Strong Responders
Motor activity counts during 30 min
Drug/dose % %
Salne 1168 + 98 100 1224 + 115 100
NPA 1 ug/kg 550 + S8 47 630 + 52 52
Caerulein 2 ug/kg 292 + 34* 25 690 + 68 56
Inhibition of 'H-spiperone binding
to 100 ug/kg NPA
Weak Responders Strong Responders
cpm per gram tissue
Subcortex Dorsal cortex Subcortex Dorsal cortex
NPA 5 ug/kg +1600 + 2801 +750 = 200t 9900 + 1020 10950 + 1200
NPA (50-5) ug/kg 5180 + 380* 3750 + 280* 10200 = 980 6900 + 520
Caerulemn 100 ug/kg +1800 = 3607 +1200 = 300t 11840 + 930 11150 = 1060
The expenments were carned out 10-12 days after mice selection
The mean values of three independent expeniments are advanced in table +—Stimulation of *H-
spiperone binding *p <0 05, 1p<0 01 (Student’s paired ¢-test, compared to strong responding mice)
removed and dorsal cortex and subcortical forebran struc- e
tures (striata and limbic structures) were dissected on ice wo |
The dissected brain areas of each group were pooled and
homogenized using a glass-teflon homogenizer by hand dur- 120 .
ing 1 min The homogemzation procedure was performed 1n .
ice-cold Tris-HCl buffer (50 mM, pH 7 4, 20°C) n the volume ~ 100 |
of 40 mg tissue per ml After homogemzation 0 5§ ml (20 mg -
tissue) of suspension was pippeted into 6 polypropylene b o
tubes (1 5 ml) and centnfuged during 10 min at 9000xg The B
supernatant was carefully discarded and remaining pellet 2 e
was washed and cut into vials Radioactivity of samples was g
counted after stabihzation in Bray scintillation cocktail g w0
within 12 hours 1n Beckman LS 6800 with counting efficacy 8
43% The binding experiments were repeated at least three w0 |
times and the data analyzed using Student’s ¢-test
Drugs ° ol,s 2.'0 5T.o 10,0 20,0 Pe/Rg

Drugs used 1n the present mnvestigation were caerulein
(Ceruletide, Farmitaha Carlo Erba, Italy), halopendol (Ge-
deon Richter, Hungary), N-propylnorapomorphine (Sterling-
Winthrop, USA), p-chloroamphetamine, 6-hydroxydopamine,
5,7-dihydroxytryptamine (Sigma, USA) Caerulein, commer-
cial solution of halopendol and p-chloroamphetamine were
dissolved in saline The imection solution of NPA was prepared
1in 0 001 N HCl Each injection was done in a volume of 0 1
ml/10 g body weight

EXPERIMENT 1 THE INVOLVEMENT OF
DOPAMINERGIC MECHANISMS IN THE MOTOR
DEPRESSANT ACTION OF CAERULEIN AND
N-PROPYLNORAPOMORPHINE

The aim of expernnment 1 was to study the role of
dopaminergic mechanisms 1n the sedative effects of caeru-

FIG 2 The changes in motor depressant effect of caerulein and
N-propylnorapomorphine after intraventricular administration of
6-hydroxydopamine White signs—the action of NPA, black
signs—caerulein Tnangles—after admmstration of 6-OHDA,
squares—after intraventricular injectton of 0 1% ascorbic acid
Abscissa—the dose of NPA or caerulein in ug/kg The mean value
for saline medicated mouse was 1098+ 156 counts duning 30 mun n
the case of 0 1% ascorbic acid and 780+78 in case of 6-OHDA
Statistically evident differences from ascorbic acid pretreated group
*p<0 05, **p<0 01 (Student’s ¢-test)

lem 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 CHANGES IN *H-SPIPERONE BINDING AFTER INTRACEREBROVENTRICULAR ADMINISTRATION OF 6-HYDROXYDOPAMINE AND
LONG-TERM ADMINISTRATION OF HALOPERIDOL AND P-CHLOROAMPHETAMINE

Inhubition of 'H-spiperone binding

Cpm per gram tissue

NPA S ug/kg NPA (50-5) ug/kg Caerulemn 50 ug/kg
Drug/dose Subcortex Dorsal cortex Subcortex Dorsal cortex Subcortex Dorsal cortex
Saline 7800 + 580 6950 = 620 5200 + 640 4000 = 480 5250 + 420 4750 + 390
6-OHDA 60 ug 14400 = 9307 11800 x 1060* 1020 + 200t 2040 = 240* 3000 = 470* 2600 = 320
PCA 2x15 mg/kg 4240 + 560* 3320 + 3107 5800 + 670 3900 + 350 3500 * 430 3600 + 410
Halopenidol 0 25 mg/kg 1100 = 1207 2150 + 380* 10400 + 980F 6700 = 530* +3600 + 320% +400 + 1207

The binding of *H-spiperone after intraventricular adrinistration of 0 19 ascorbic acid did not differ from the binding after long-term
saline treatment +—Stimulation of *H-spiperone binding *p <0 05, tp<0 01, p <0 001, compared to saline treated mice (Student’s /-test)

spiperone binding parameters in pharmacologically selected
mice The amimals were selected according to their motor
response after admimstration of 100 ug/kg NPA 1nto 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,
291, (4) the effects of caerulein and NPA on locomotor activ-
ity in mice and *H-spiperone binding parameters after de-
struction of presynaptic dopaminergic termmnals by
6-hydroxydopamine

METHOD

The group of mice was placed into the center of an open-
field cage immediately after subcutaneous mnjection of caeru-
lemn (1-50 ug/kg) or NPA (0 2-50 ug/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 (1 ug/kg)
and caerulein (2 pg/kg) was also examined in mice selected ac-
cording to their motor response to the admimstration of NPA
mn a high dose (100 ug/kg) The groups of weak and strong
responders to 100 ug/kg NPA were selected among 400 mice
The motor activity was assessed 1n individual cages from 15
to 30 mun after 100 ug/kg NPA injection The mean value of
motor activity for the first group (weak responders) was
36+3 8 counts dunng 15 min and 216+15 2 for the second
(strong responders) The response of these two groups to
saline admmistration did not differ markedly It was 1168+98
counts during 30 min for weak responders and 1224+115
counts for strong responders. Simultaneously with behav-
ioral ivestigations *H-spiperone in vivo binding studies
were performed NPA (5 and 50 ug/kg) and caerulein (100
ng/kg) were used as displacing drugs. Two doses of NPA
were admimistered to demonstrate two distinct binding sites
for NPA on dopamine,- and serotonin,-receptors Inhibition
of *H-spiperone binding by 5 ug/kg NPA expressed the
amount of high-affinity sites for NPA, whereas the difference
between the mhibiting action of 50 and 5 pg/kg NPA demon-
strated the number of low-affimity sites Catecholaminergic
neurotoxin 6-OHDA (60 pg) was injected mto the right lat-
eral cerebral ventricle in a volume of 5 ul during 3 min under
ether anesthesia Seven days were allowed for recovery from
mtraventnicular intervention After completion of behavioral
expenments the site of microimjection was detected histolog-
ically

RESULTS
Effect of Caerulein and NPA on Exploratory Motor Activity

Caerulein 1n a dose dependent manner depressed the ex-
ploratory activity 1n male mice (Fig 1A) Two ug/kg caeru-
lein caused the minimal significant reduction of motor activ-
ity and 20-50 ug/kg the maximal effect Low doses of NPA
also reduced the amumals’ spontaneous locomotor activity
05 pg/kg NPA caused remarkable and 10 ug/kg NPA -
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 ug/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 1) One ug/kg caerulein,
which did not significantly affect the mice behavior, poten-
tiated the motor depressant effect of NPA (10 ug/kg) This
combination of drugs caused nearly complete suppression of
locomotor activity In mice, selected according to their
motor response after administration of 100 ug/kg NPA, |
ug/kg NPA 1n a similar manner suppressed exploratory ac-
tivity 1n strong as well as in weak responders (Table 2)
However, the sedative effect of caerulein (2 ug/kg) was de-
pendent on the mice sensitivity to 100 ug/kg NPA In strong
responders the sedative effect of caerulemn was lower Signif-
icant differences were found also 1n 3H-spiperone binding
performed 1n ‘‘in vivo’’ conditions (Table 2). In weak re-
sponders caerulein (100 ug/kg) stimulated *H-spiperone bind-
ing 1n both brain regions studied, whereas 1n strong respon-
ders 1t had the opposite effect, inhubiting *H-spiperone bind-
ing (Table 2) Five ug/kg NPA also increased *H-spiperone
binding 1n weak responders, while the displacing potency of
50 ug/kg NPA 1n weak responders was lower than the effect
of S ug/kg NPA 1n strong responders

Effect of 6-OHDA on Locomotor Effects of Caerulein and
NPA, and H-Spiperone Binding

Intraventncular administration of 6-OHDA (60 ug) mn-
duced more than 60% reduction of dopamine and its metabo-
Iite 3,4-dihydroxyphenylacetic acid (DOPAC) levels 1n
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 1n mice after 66OHDA treatment (Fig
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FIG 3 The influence of p-chloroamphetamine and 35,7-
dihydroxytryptamine pretreatment on motor depressant effect of
caerulein and N-propylnorapomorphine White bars—caerulein 2
ng’kg, stnped bars—NPA 05 pug/kg and black bars—
caerulein+NPA The mean value of motor activity for saline treated
group was 1180+122 in case of long-term saline admimistration,
1020+ 140 1n case of 5,7-DHT and 1270+ 178 counts during 30 min in
case of PCA *p<0 05, **p<0 02, ***p<0 01, ****p<0 001, com-
pared to saline pretreatment (Student’s f-test)

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

DISCUSSION

Caerulein and NPA 1n low doses caused similar suppres-
sion of exploratory activity of mice Coadmimstration of
NPA and caerulein evidently potentiated their depressive
action on behavior There 1s 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 1n 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 66OHDA The different action of
caerulein 1n selected mice according to their response to 100
ug/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 serotonin,-receptors in forebrain structures
It was established that dopamine,-receptors had one high-
affinity site for neuroleptic drugs, but two sites—low- and
high-affimity—for dopamine, apomorphine and NPA [18,27].
In weak responders caerulein and 5 ug/kg NPA stimulated
SH-spiperone binding, but inhibited 1t 1n strong responders.
NPA had simular sedative action 1n both groups of selected
mice, revealing that dopamine ‘‘autoreceptors’ were not re-
lated to high-affimty dopamune,-receptors [27] Costall [14]
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TABLE 4

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

HALOPERIDOL TREATMENT
Saline Halopendol
Motor activity counts during 30 min
Drug/dose % %
Saline 1180 = 188 100 1054 + 143 100
Caerulein 2 ug/kg 680 + 78* 58 920 x 89 90
Halopendol 50 ug/kg 880 + 96 75 1280 = 160 122
Caerulein + Halopendol 620 = 64* S3 520 = 561 49

The investigation was performed 72 hours after cessation of halo-
pendol or saline treatment The mean values of three independent
studies are advanced *p <0 05, tp <0 01, compared to saline treated
antmals (Student’s ¢-test)

has found that 1n strong responding rats to NPA (50 ug/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
1s dependent on dopamine content in brain structures and
caerulein only modulates the iteraction of endogenous
dopamine with dopamine,-receptors It 1s quite possible that
these differences in the action of caerulein on 3H-spiperone
binding 1 two selected groups of muce are linked to the
different sedative effects of caerulein in these amimals.

In conclusion, experiment 1 evidences that the sedative
effect of caerulein 1s related, differently from NPA action, to
postsynaptic dopamine receptors Caerulein seems to act as
a functional antagomist of behavior stimulating effect of
dopamine

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

Expennment 1 suggested differences in the mechanism of
sedative action of caerulein and NPA. The aim of experiment
2 was to study further the mechamsms of action of caerulein
and NPA using serotominergic lesions and long-term
admunistration of halopendol.

METHOD

Serotoninergic neurotoxin 5,7-DHT (60 ug) was injected
into the night lateral ventricle in a volume of 5 ul during 3 min
under ether anesthesia Seven days were allowed for recovery
from intraventnicular intervention After completion of be-
havioral expennments the site of micromnjection was detected
histologically. According to some authors [5, 28, 35], admin-
1stration of p-chloroamphetamine (PCA) 1n high doses causes
degeneration of serotominergic terminals 1n forebrain struc-
tures PCA was injected twice in a dose of 15 mg/kg, 8 and 7
days before the behavioral and binding expennments The
action of NPA and caerulein was also studied after 14 days
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FIG 4 The changes 1n motor inhibiting action of

N-propylnorapomorphine and caerulein after cessation of 14 days
halopenidol medication White bars—caerulein 2 ug/kg, stnped—
NPA 0 5 and 5 0 ug/kg, black—the combination of caerulein and 0 §
ug/kg NPA The mean value of motor activity for saline treated
group was 1180+147 counts dunng 30 min *p<0 05, *p<0 02,
**%¥p <0 01 (Student’s z-test)

administration of halopendol (0 25 mg/kg, twice daily), 1n-
creasing the sensitivity of pre- and postsynaptic dopamine
receptors [11,53]. Seventy-two hours after cessation of two
weeks halopendol treatment the behavioral expeniment with
approprnate doses of caerulein, NPA and haloperidol was
performed Simultaneously with the behavioral experiment
the 1n vivo 3H-spiperone binding studies were carried out
after long-term admnistration of PCA and halopendol After
lesioning of serotoninergic terminals of brain by PCA and
5,7-DHT the spectrofluonmetric method was used for de-
tection of dopamine, serotonin and their major metabolites
[20]

RESULTS

Effect of PCA and 5,7-DHT on Locomotor Effect of
Caerulein and NPA

The pretreatment with PCA and 5,7-DHT decreased ob-
viously (50-609%) the levels of serotonin and its major
metabolite 5-hydroxyindoleacetic acid i stratal shices,
without changing dopamine concentrations. The administra-
tion of both serotoninergic neurotoxins evidently potentiated
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 admiistration of
PCA (Fig. 3) The pretreatment with PCA (2x15 mg/kg)
inhibited the displacing potency of 5 ug/kg NPA and 50 ug/kg
caerulein (Table 3), while the part of 3H-spiperone binding
displacable only by 50 ug/kg NPA remained unchanged

Effect of NPA and Caerulein on Locomotor Activity
and *H-Spiperone Binding After Long-Term
Haloperidol Treatment

The mild sedative effect of 50 ug/kg halopendol was re-
versed to stiumulation of exploratory activity after cessation
of long-term halopendol (0 25 mg/kg twice daily dunng two
weeks) treatment (Table 4) Tolerance developed also to the
motor depressant action of 2 ug/kg caerulein In saline pre-
treated 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 halopendol treatment Black squares—the action of
caerulein after saline pretreatment, white squares—after two weeks
halopendol administration Abscissa the dose of caerulein in ug/kg,
ordinate radioactivity counts per gram tissue ——inhibition, and
+—stimulation of H-spiperone binding *p<0 05, **p<001 vs

saline pretreated animals (Student’s z-test)

halopendol and caerulein did not differ from the acuon of
caerulein alone However, after withdrawal of long-term
admumstration 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 ug/kg NPA had more pronounced inhibiting effect
after two weeks halopendol medication (Fig 4), while the
action of 5 ug/kg NPA was significantly reduced Two weeks
halopendol treatment also reduced the interaction between
NPA and caerulein (Fig 4) Some animals became hyperex-
citable after simultaneous administration of NPA and caeru-
lein to halopendol pretreated mice The diminution of §
ug’kg NPA mhibiting action on *H-spiperone binding was
seen after 14 days halopenidol medication (Table 3), whereas
the action of 50 ug/kg NPA was evidently increased The
inhibiting action of 50 ug/kg caerulein was turned to stimula-
tion of *H-spiperone binding after cessation of long-term
neuroleptic treatment (Table 3) More detailed analysis of
caerulem mhibiting action revealed (Fig. 5) the more
pronounced effect of caerulein on *H-spiperone binding 1n
subcortical structures, with maximal inhibition after admin-
istration of 100 ug/kg caerulein After cessation of two weeks
haloperidol treatment the intubition curve of caerulein was
shifted to stimulation of *H-spiperone binding (Fig 5)

DISCUSSION

Expenment 2 evidently supports our opmion that the
sedative effects of caerulein and NPA are mediated through
dissimilar mechanisms Lesions of serotonmergic terminals



CAERULEIN AND DOPAMINERGIC MECHANISMS

by PCA and 5,7-DHT demonstrate the involvement of sero-
tominergic mechanisms 1n the inhibitory action of NPA This
opmion was supported by our previous investigation [52],
where the potentiation of apomorphine sedative effect by
low dose of pirenperone, a selective antagonist of
serotonin,-receptors, was shown The sedative effect of
caerulen was influenced only by pretreatment with PCA,
but not by microinjection of 5,7-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 [6, 49, 50], while
PCA induced subsensitivity to serotonin agonists [S] These
findings may support the involvement of postsynaptic
serotonin,-receptors in the action of caerulein, but to a lesser
extent than dopamine,-receptors This opinion 1s 1n agree-
ment with binding studies where higher doses of caerulein
were needed for mhibition of 3H-spiperone binding to
serotonin,-receptors in dorsal cortex than to dopamine,-
receptors in subcortical structures

Investigations performed after cessation of two weeks
halopendol treatment support the hypothesis of Protais [42]
that the sedative effect of moderate doses of NPA 1s related
to other types of dopamine receptors than the action of low
doses Long-term haloperidol medication tnduced tolerance
to the sedative effect of 5 ug/kg NPA, but increased the
action of 0 5 ug/kg NPA In the binding expenments the
reduction of displacing potency of 5 ug/kg NPA after with-
drawal of 14 days halopendol was also seen It 1s probable
that NPA in moderate doses interacts with postsynaptic
dopamine,-receptors having high-affimty for dopamine
agonists and not only with so-called dopamine *‘autorecep-
tors ** Two weeks halopendol 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 coadmimistration of haloperidol and caerulein in
low doses reversed the tolerance to the sedative effects of
both drugs It 1s probable that the stimulation of 3H-
spiperone binding to dopamine,- and serotonin,-receptors
after long-term neuroleptic medication plays a role in the
antipsychotic actton of neuroleptic drugs There was de-
scribed the substantial dose dependent increase of CCK-8
content 1n subcortical forebrain structures after two weeks
administration of different neuroleptic drugs (halopendol,
chlorpromazine, clozapine) [23] 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 serotonin,-receptors in the action of caerulein
It 1s probable that the action of caerulein on ammmals behavior
and H-spiperone binding 1s related to the functional activity
of dopamine,- and serotonin,-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 nervus vagus Vagotomy [34] or lesions of
nucleus tractus solitarius [17], the central termmnation of
vagal sensory fibers, abolished the depression of somatic
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function induced by CCK-8 or caeurlein However, the
pharmacological expenments described by Zetler [56, 57, 58]
suggest that CCK-like peptides possess marked effects in
animal behavior models known to rehably 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 mechamisms are involved in the de-
pressive action of caerulemn on mice behavior This 1dea 1s
supported by the following findings (1) Caerulein inhibits in
vivo 3H-spiperone binding 1n the brain, in lower doses to
dopamine,-receptors in subcortex and in somewhat higher
doses to serotonin,-receptors in dorsal cortex Thus finding 1s
n agreement with the in vitro investigations [4] showing that
10 nM CCK-8 significantly modulates *H-spiperone binding
to dopamine,-receptors in stnatum and moderatley to
serotonin,-receptors 1n dorsal cortex, (2) The sedative effect
of caerulein was 1n negative correlation with reaction of mice
to motor stimulating action of NPA (100 ug/kg) and density
of H-spiperone binding sites in forebrain structures, (3) Two
weeks halopertdol administration induced the tolerance to
the motor depressant effect of caerulein and reversed the
inhibiting action of caerulemn into stimulation of 3H-
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 ihibiting action of mice behavior through the
presynaptic dopamine receptors, while caerulein mainly 1n-
teracts with postsynaptic dopamine,-receptors Intraven-
tricular administration of 6-OHDA, destructing presynaptic
dopaminergic terminals, shifted the sedative effect of NPA
ito stimulation of mice exploratory activity, whereas the
action of caerulein remamed unchanged In fact, the sedative
effect of caerulen 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 denstty of *H-spiperone binding sites
in forebrain These findings are 1n agreement with investiga-
tions [4,25] showing that CCK-8 more readily interacted with
YH-spiperone than *H-NPA binding 1n ‘‘in vitro’’ conditions
There was described [18,27] the existence of two binding
sites for dopamine agonists on dopamine,-receptors (high-
and low-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 corticostnatal fibers The high-affimity
sites were regulated by guanine nucleotides GTP or 1its
analogs significantly reduced the interaction of dopamine
agonists with dopamine,-receptors [27,43] It seems that
caerulein more probably interacts with high-affinity binding
sites for dopamine agomsts on dopamine,-receptors,
antagomzing the stimulating action of dopamine and its
analogs on animals’ behavior Caerulein (75 ug/kg and higher
doses) effectively reversed the motor stimulating action of
dl-amphetamine (5 mg/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 1n mice [57] The selection of
mice according to their response after administration of 100
ng/kg NPA also support the involvement of high-affinity
dopamine,-receptors 1n the action of caerulein The clearcut
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positive correlation between the content of dopamine n 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, caerulemn and 5 ug/kg NPA
stimulated *H-spiperone binding in weak responding mice,
while 1n strong responders both drugs had the opposite ef-
fect It appears that the action of caerulein on *H-spiperone
binding 1s dependent on the levels of dopamine and affinity
of dopamine,-receptors to dopamine The long-term infusion
of dopamine into nucleus accumbens caused the opposite
changes 1n dopamine,-receptors sensitivity 1n selected rats
[15] In weak responders dopamine demonstrated dopamine
receptor antagonist like properties, increasing the sensitivity
of dopamine,-receptors, while in strong responders it had the
opposite effect, decreasing the affinity of dopamine recep-
tors It 1s 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 1t acts as a receptor agonust (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 1n one subgroup of schizophrenic patients,
suffering mainly from the paranoid schizophrema, receiving
neuroleptic medication, but not without neuroleptic drugs [1,
19, 21, 37, 47] Probably, this action of apomorphine s dif-
ferent from the sedative action of apomorphine, which was
antagomzed by neuroleptic drugs [13] It 1s possible that in
these patients apomorphine caused the short-lasting stimu-
lation of neuroleptics binding to dopamine,- and serotonin,-
receptors

The differences 1n the action of NPA and caerulemn also
involve the serotominergic mechanisms It seems that the
inhibiting action of caerulein on mice behavior 1s mainly de-
pendent on dopaminergic mechamsms, while NPA also
interacts with serotonin receptors There was demonstrated
the displacement of H-ketanserin from serotonin,-receptors
by apomorphine {36] In the present study NPA inhibited
similarly 3H-spiperone binding in dorsal cortex (mainly
serotonin,-receptors) as well as in subcortical forebrain
structures (prevailing dopamine,-receptors) Caerulein in
lower doses interacted with dopamine,-receptors, 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
mhibit 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 serotonin,-receptors sensitivity [5], moderately poten-
tiated the action of caerulein The involvement of
serotoninergic mechanisms 1n the behavioral effects of
apomorphine was also stated by other authors The admnis-
tration of different serotonin agonists into medtan raphe nu-
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clei, innervating mesolimbic area, potentiated in rats the
motor stimulation induced by apomorphine [22] Apomor-
phine 1n high doses (over 4 mg/kg) induced 1n cats behavioral
effects similar to LSD, an agonist of serotonin,-receptors
[50] In the climcal studies [33], 1t was established that
apomorphine had pronounced sedative action only n pa-
tients with enlarged cerebral ventricles In this subgroup of
schizophrenic  patients the decreased content of
5-hydroxyindoleacetic acid, the major metabolite of seroto-
nin, 1n cerebrospinal fluid was described [41] These clinical
observations are in agreement with our study showing the
increased sedative effect of apomorphine and NPA 1n the
case of deficiency of central serotominergic mechanisms

Special attention was drawn to the interaction between
halopendol, the classical neuroleptic drug, and caerulein In
the pharmacological experiments similanities were found 1n
the behavioral effects of caerulein and haloperidol, but a
positive interaction between these drugs was not found [55,
57, 58] Similar absence of interaction in 1ntact ammals was
established 1n the present study The interaction between
caerulein and halopendol became evident after two weeks
halopenidol administration Caerulein reversed the tolerance
to the sedative effect of halopernidol and increased ‘H-
spiperone binding after long-term neuroleptic medication
The increased number of CCK binding sites was demon-
strated after long-term halopendol treatment [12] Different
neuroleptic drugs (halopendol, chlorpromazine, clozapine)
induced dose dependent elevation of CCK-8 content n fore-
brain subcortical structures after two weeks administration
[23] It 1s possible the mechanisms descnibed above are in-
volved 1n the beneficial action of CCK-like peptides in
neuroleptic-resistant schizophrenic patients [39,40]

In conclusion, 1t 1s probable that apomorphine and NPA
have at least three distinct levels of action (1) The stimula-
tion of dopamune ‘‘autoreceptors’’ causes the sedative effect
1n ammals and humans [37], (2) The interaction with high-
affinity dopamine,- and serotonin,-receptors induces the
stimulation of *H-spiperone binding mm animals responding
weakly to motor stimulant action of NPA The beneficial
chinical effect of apomorphine and NPA [47,48] might be
related to these monoaminergic mechanisms, (3) Through
the sttmulation of low affimty dopamine,- and serotonin,-
receptors are mediated the typical behavioral effects of
apomorphine and NPA 1n higher doses (stereotyped behav-
101, cage climbing behavior. aggressiveness, etc )

Caerulein, after systemic admimstration, more probably
interacts with high-affinity dopamine,-receptors and to a les-
ser extent with high-affinity serotonin,-receptors, mhibiting
the stimulating effect of dopamine and 1ts analogs on animals’
behavior
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