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ZETLER. G. Cucridein and its analogues: Neuropharmacological properties. PEPTIDES 6: Suppl. 3, 33-46, 1985.—The
decapeptide from the frog Hvle cacrulea, caerulein (caerulein diethylammonium hydrate, ceruletide. CER) is chemically
closely related to the C-terminal octapeptide of cholecystokinin (CCK-8). Like CCK-8, CER and some of its analogues
produce many behavioural effects in mammals: inhibition of intake of food and water: antinociception: sedation: catalepsy:
ptosis, antistereotypic. anticonvulsive and tremorolytic effects; inhibition of self-stimulation. Effects of CER in man
comprise sedation, satiety. changes in mood. analgesia and antipsychotic effects. A modulation of central dopaminergic
functions appears to be one possible mechanism of CER and its analogues. A common denominator for all effects of CER
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is. at present. not evident.
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THE decapeptide from the skin of the Australian frog Hyla
caerulea, caerulein (ceruletide. caerulein diethylammonium
hydrate. CER) {36] has been widely used in clinical practice
to stimulate the galibladder during cholecystography and to
restore intestinal motility in cases of postoperative ileus. The
motive for studying possible neuropharmacological effects of
CER initially arose from resuits of experiments on the iso-
lated guinea-pig ileum. It was known that CER and the chem-
ically related C-terminal octapeptide of cholecystokinin
(CCK-8. see legend to Table 2) stimulated this preparation
indirectly by releasing acetylcholine via a primary excitation
of the intramural neuronal plexus: this effect was antago-
nized by morphine [170.171]. No wonder that opioid pep-
tides likewise inhibited the gut-stimulating effect of CER and
CCK-8 which, together with other observations. induced the
speculation that opioid and CCK-like peptides interacted by
exerting allosteric influences via different but functionally
linked receptors located at the intramural neurons of the
ileurn [175]. Theoretically, allosteric interactions may func-
tion in “‘both directions,”” so that likewise, CCK-like pep-
tides may influence the opioid receptors. So it was thought to
be appropriate to study the question of whether CER (and
CCK-8) would exert behavioural effects especially on
nociception. This proved right [176] and has induced further
studies on CER resulting in an impressive neurophar-
macological profile shared in nearly all respects by CCK-8
[189.194). This is fascinating, because CCK-8, the mamma-
lian analogue of CER, is widely distributed in the peripheral
and central nervous system of mammals and man and is
thought to play a role as neurotransmitter and neuromodulator
[10.31.35. 112, 163]. In contrast, CER has not been detected in
the brain of the rat [161]. Rana temporaria and Xenopus
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laevis [30], although it seems to be present in the brain of
Rana esculenta and the teleost. Gadus morrhua [95].

EFFECTS ON ANIMALS
Behavioural Effects

Research in behavioural neuropharmacology concerns
the effects of drugs either in animals that did not receive any
other treatment. or in animals showing abnormal behaviour
as induced by pretreatment with another drug. Accordingly,
the behavioural effects of CER can be subdivided as in Table
1. In all paradigms, irrespective of whether drug-dependent
or not, CER produced concurrent effects that can be charac-
terized as sedative, damping, reducing and inhibiting spon-
taneous activities and reactions to stimuli, or influences from
inside or outside the animal. As far as studied, CER
produced the same effects after central administration as
after peripheral injection, which suggests a central site of
mechanism of action. Behavioural or neurological abnor-
malities were not observed in a study which showed that
CER has extremely low acute and chronic toxicity in mice,
rats, rabbits, and dogs {18].

When compared with appropriate reference drugs in a
quantitative way, CER revealed a surprisingly high potency
in the mouse (Table 2). This also applies to the rat, where
CER was by far more active than haloperidol and morphine
in reducing spontaneous locomotor activity [128] and
nociception [145], respectively. CCK-8 was generally less
potent than CER, however, in many paradigms still superior
to the drug in question. The reference drugs. of Table 2 be-
long to different pharmacological groups such as neurolep-
tics (chlorpromazine, haloperidol), anxiolytics and anti-
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TABLE 1

BEHAVIOURAL EFFECTS OF CAERULEIN IN SEVERAL ANIMAL SPECIES AFTER PERIPHERAL AND
CENTRAL ADMINISTRATION

Route of administration

Paradigm peripheral* central*
A. Not drug dependent
1) Inhibition of eating M: [125, 158. 196]: R: [55. 125. 150, 155):
C: [107}. F: {140]; P: [4): RB: [66] R: [155])
2) Inhibition of drinking M: [197]; R: [150]
3) Inhibition of motility M: [106, 176. 191]: R: {99, 106. 128, R: [77]
145, 165]
4) Inhibition of exploratory rearing M: (178, 181. 182. 187, 190, 191]: R: [165]
5) Catalepsy M: [176. 179. 180. 183, 191]
6) Ptosis M: [176. 182. 184, 185, 190, 191]
7) Antinociception M: {176, 185. 186]: R: [15,145] R: [77.78]
8) Inhibition of self-stimulation R: [29])
9) Modification of seizures M: [194]
by electroshock
10) Modification of passive avoidance R: [165] R: [165,166}
B. Drug dependent
1) Potentiation of barbiturates and ethanol M: [178,183] R: [86]
2) Inhibition of excitation by amphetamine M: {106]: R: [103] R: [86.106])
3) Inhibition of hypolocomotion by R: [165,166]
apomorphine
4) Inhibition of chemoconvulsions M: [81, 82. 177. 179, 181, 194]: R: [82] R: [82]
5) Antagonism of tremors by harmine M: [187]
and ibogaine
6) Antagonism of stereotypies by M: [179, 180. 182. 193] R: [34]
apomorphine, amphetamine, and
methylphenidate
7) Inhibition of amphetamine-induced R: [106]

circling

*The figures indicate reference number (M, mouse; R, rat; C. cat: F, fowl; P, pig: RB, rabbit).

epileptics (diazepam), and analgesics (morphine). Even more
drugs not mentioned in Table 2 (e.g., tremorolytics) were
used in order to appraise the significance of the effects
produced by CER. Obviously, the paradigms listed in Tables
I and 2 comprise several neuropharmacological features that
have to be commented on separately.

Inhibition of Food and Water Intake

CER reduced the food intake in many animal species
(Table 1). Peripherally administered CER seems to produce
satiety (in rats) by acting at a vagally innervated abdominal
site [150) and not via a central site of action as assumed
previously [155). Naloxone, a specific opioid antagonist
whose inhibitory influence on eating and drinking is well
documented [52,115] increased the effects of CER in mice,
whereas the eating-stimulant enkephalin analogue, (D-
Ala)>(MePhe)*-(Met(O)-ol)>-enkephalin (FK 33-824), antago-
nized it [196]. A primary effect on intestinal functions was
perhaps not the cause of the reduction in eating, because
CER doses necessary to inhibit gastric emptying in mice
were 10 times larger and naloxone did not modify the stimu-
lation by CER of the intestinal propulsion [143]. As in-
hibitors of drinking in the mouse. morphine and FK 33-824

were much less potent than CER and their effect was antag-
onized by naloxone, whereas that of CER was enhanced; FK
33-824 and CER antagonized each other in this paradigm
[197]. The differential potency of CER for inhibition of food
and water intake (in mice. Table 2) has also been observed in
rats [150]. Since as reviewed [22], benzodiazepines such as
diazepam stimulate eating and drinking, the effects of CER
on ingestive behaviour are neither diazepam-like nor
opioid-like.

Sedation

The sedative effect of CER in mice and rats manifested
itself as a reduction both in motility (ambulatory activity,
running on a rotating drum) and in exploratory rearing activ-
ity, and also as a potentiation of central depressant drugs
(barbiturates, ethanol) or as an antagonism of amphetamine-
induced excitation (Table 1). Sedation also occurred in the
rat not only after intracerebroventricular (ICV) administra-
tion [86.106]. but also after microinjection of a few ng into
the periaqueductal grey (PAG) and ventromedial thalamus:
injection into the caudate or cuneiform nucleus was ineffec-
tive in this respect [77]). Furthermore, injection into the nu-
cleus accumbens of the rat neither altered the spontaneous
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TABLE 2

POTENCY IN MALE MICE (NMRI STRAIN) OF CERULETIDE (CER)
AS COMPARED WITH CHOLECYSTOKININ OCTAPEPTIDE (CCK-8.
C-TERMINAL) AND RELEVANT REFERENCE DRUGS

Reference

Effect CER* CCK-8% drug¥

1 Inhibition of food intake [196} 1.3 24

2 Inhibition of water intake [197}  S.5

3 Hypothermia [186] 5 79 2817 (C)

4 Catalepsy [179,183] 13 184 114 (H)

5 Ptosis [176. 179, 182} 24 50 1064 (H)

6 Inhibition of rearing [178.179, /4 112 1098 (H)§
182, 187]

7 Antinociception thot plate) 24 70 1640 (M)
[176.182]

8 Antinociception (writhing, 83 790 1200 (M)
acetic acid) [176)

9 Potentiation of hexobarbital 30 190 737 (D)
[178.183]

10 Anticonvulsant vs. picrotoxin /94 880 1600 (D)
[179.182)

11 Anticonvulsant vs. harman 148 700 165 (D)
[181.183]

12 Anticovulsant vs. thiosemi- 900 4000 900 (D)
carbazide [181]

13 Antistereotypic vs. methyl- 170 219 35 (H)
phenidate {179,182]

14 Antistereotypic vs. apomor- 16 80 730 (H)
phine [193}

15 Tremorolytic vs. 360 450 3500 (H)
harmine [187]

16 Tremorolytic vs. ibogaine 480 2000 4200 (H)
[187)

The potency is expressed as ED;, (nmol/kg SC). Italicized figures
indicate means from 2-3 estimations. References are mentioned with
effects.

*Pyr-Gln-Asp-Tyr (SO H)-Thr-Gly-Trp-Met-Asp-Phe-NH.,

TAsp-Tyr (SO;H)-Met-Gly-Trp-Met-Asp-Phe-NH,

iC. chlorpromazine: D. diazepam: H. haloperidol; M, morphine.

§The respective dose of diazepam is /490 nmol/kg [178.182].

locomotor activity [38.165] nor modified the dopamine-
induced hypermotility [58]. However. it abolished (a) the
hypolocomotion caused by very small doses of apomorphine
[165]) and (b) the excitation by amphetamine [106], when both
drugs were likewise injected into this area. The following
observations suggested a stimulatory rather than sedative
action: when administered ICV to rats. CER elicited wet-dog
shakes (a familiar symptom of withdrawal from opioids) and
increased the shaking as elicited by thyrotropin releasing hor-
mone (TRH. ICV)orice-water immersion, and antagonized the
suppressive effect of 3-endorphin (ICV) on shaking caused
by TRH or ice water [72]: CER (given ICV) induced in rats
increased grooming activity [150], an effect likewise exerted
by peptides such as bombesin and eledoisin [87] and ACTH
[56] but of unknown mechanism and significance.

The rearing-inhibitory potency of CER in mice was (on a
molar basis) many times greater than that of sedative refer-
ence drugs such as clonazepam, diazepam, haloperidol, and
clonidine [178, 190. 191]. This effect of CER was different
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from that of familiar drugs, since it was not attenuated by
methylphenidate (antagonist to haloperidol and clonazepam)
and yohimbine or rauwolscine (antagonists to clonidine)
[190,191]. Furthermore, the antirearing action of CER (like
that of CCK-8 but unlike that of diazepam) was resistant to
the selective benzodiazepine antagonist, Ro 15-1788 [184].
Very important with respect to reported effects of CER in
schizophrenic patients (see below) is the following finding in
rats [103]: CER and haloperidol. when administered sub-
cutaneously (SC) simultaneously as one single treatment, re-
duced the susceptibility to the stimulatory action of am-
phetamine for 2 weeks, whereas each compound alone
exerted this effect only for 30-60 min [106].

Anticonvulsant Effects

CER and its analogues delayed or prevented convulsions
induced by the drugs mentioned in Table 2, whereas they
were only weak antagonists or inactive against other convul-
sants such as bicuculline, pentetrazol and strychnine [80-82,
177, 179, 181, 183, 184]. The antagonism of picrotoxin. har-
man, thiosemicarbazide, and isoniazid [181] suggested a
mechanism of action at the level of the “"GABA receptor
regulator unit™ (23, 57, 136]. However, the inactivity of CER
against the convulsants, bicuculline and pentetrazol (to
which diazepam is a powerful antagonist) and the resistance
of the antiharman effect against the diazepam antagonist, Ro
15-1788, separates the anticonvulsant action of CER (and
CCK-8) from that of diazepam [184]. CER also delayed the
clonic convulsions by 3-mercaptopropionic acid and the
psychomotor seizures by kainic acid [194]. The tonic-clonic
convuisions caused by maximal electroshock were not pre-
vented by CER, but the latency till clonic seizures and the
duration of postictal motor inactivity were prolonged (effects
that were not produced by the anticonvulsant ben-
zodiazepine, clonazepam) [194]. CCK-8 likewise reduced
convulsions elicited by drugs {80-82. 177, 179, 181. 184] and
by electroshock [80].

The finding in virro that CER (107° M) and CCK-8 (1077
M) facilitate the release of GABA from rat cerebral cortex
slices [144], may have some bearing on the anticonvulsant
effects described above.

Tremorolvtic Effects

The antagonism of tremor as elicited in animals by the
cholinergic drug, tremorine, is an important indicator of
antiparkinson efficacy in man. In this paradigm, CER (and
CCK-8) was inactive, however, it reduced or abolished the
existing tremors produced in mice by the hallucinogenic in-
dole alkaloids, harmine and ibogaine [187]. In this respect,
CER was much more potent than the reference drugs such as
haloperidol, clonazepam and 4 drugs well-known for their
usefulness in the treatment of human parkinsonism (biperi-
den, ethopropazine, methixene, trihexyphenidyl). The
pharmacological analysis taught that the tremorolytic effect
of CER and related peptides was not the resuit of a general
nonspecific depression of central nervous function. Accord-
ing to Table 2, the tremorolytic potency of CER is weak
when compared with that in other paradigms. However, it
gains weight in view of the fact that (a) the substantia nigra of
Parkinsonian patients contains reduced levels of CCK-8
[156] and (b) receptors for CCK-8 (and CER) are decreased
in basal ganglia and cortex of patients suffering from another
disturbance of motor functions, Huntington's chorea [60].
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Antinociception

CER and CCK-8, when injected SC into mice, exerted
antinociceptive effects in conventional pharmacological
trials such as the acetic-acid writhing test [176] and the
hot-plate test [176, 182, 185, 188]. The peptides were many
times more potent than morphine (see Table 2). Although
antagonized by the specific opioid antagonist, naloxone
[176]. the peptidic antinociception in mice differed from that
by morphine, since it was much more resistant to naloxone
[185], completely resistant to apomorphine which abolished
the effect of morphine [188]. nearly unaltered by tolerance to
morphine [176], and showed only a very limited additivity
with the effect of morphine [I85]. In rats too, SC
administration of CER produced antinociception in the
hot-plate test and especially in the paw-pressure test [145].
In this study, CER was 477 times more potent than morphine
(molar basis), however, its effect was potentiated by a dose
of naloxone that antagonized the effect of morphine. The
antinociceptive effect of CER (in mice) was greater on
jumping up than on paw licking in the hot-plate test [188] and
(in rats) greater in the paw-pressure test (endpoint
vocalization or escape) than in the hot-plate test (paw
licking) [145]; this may reflect a preferential affinity of CER
to neuronal mechanisms important for the reaction to pain
(suffering) as opposed to the perception (recognition) of the
stimulus [51]. The inefficiency of systemically administered
CER in the tail-flick test in mice [176] and rats [99,145]
likewise points to a predominance of supraspinal mech-
anisms. When the drop in blood pressure following renal
pelvis distension in anesthetized rats was used as a model of
renal colic, CER (SC) prevented this reaction in doses 400
500 times smaller than those of morphine (molar basis);
naloxone abolished the effect of morphine but not that of
CER [15].

As to the site of antinociceptive action, it is important that
the tail-flick response (to radiant heat) of the rat was
inhibited (for more than 2 hr) by a few pmoles of CER
injected into either the PAG or the caudate nucleus, the
ventromedial thalamus and the spinal subarachnoid space,
but not into the cuneiform nucleus {77]. Morphine showed
the same behaviour, however., its potency (on a molar basis)
was less than that of CER by a factor of 4500 (PAG) or 6900
(intrathecal). In this study, CCK-8 was 9-10 times less
potent than CER, and naloxone (0.5 mgkg. intra-
peritoneally, IP) abolished the effect of both peptides.
When the inhibition of the C-fibre-evoked ascending
nociceptive activity in the spinal cord (instead of the tail-flick
response) of the rat was studied, CER and CCK-8
(administered intrathecally) were ineffective but morphine
was inhibitory [33]. When the site of injection was the PAG,
the ascending nociceptive activity was depressed by
morphine. facilitated by naloxone as well as CCK-8, and
either depressed or facilitated by CER [78].

Obviously, the antinociceptive effect of CER is not well
understood at present. Actually, CER and CCK-8, when
injected ICV into rats in doses 45-78 times larger than those
found effective after intracerebral and intrathecal
administration [77], did not produce an effect in the hot-plate
test but antagonized the antinociception by g-endorphin [74].
A similar observation in rats is the antagonism of
morphine-induced antinociception (tail-flick test) by CCK-8
[39] and CER [99]. These findings together raise the pivotal
question of whether CER modifies the pain threshold in man
(see below).
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Hypothermia

When administered SC to mice, CER rapidly and dose-
dependently lowered the body temperature for 30 to 60 min
[181, 184, 186, 187]. On a molar basis, CER was more potent
than CCK-8, chlorpromazine and haloperidol by factors of
17, 612 and 1260, respectively. According to the results of
pharmacological experimentation, the CER-induced hy-
pothermia is different from that by haloperidol and cannot
be the cause of other peptide effects such as antinociception
or inhibition of convulsions and tremors {181, 186, 187). The
hypothermic mechanism of CER is unknown, however, it
may be central since (a) centrally acting drugs such as pheny-
toin (anticonvulsant) and desipramine (antidepressant) are
antagonists [186]. and (b) CER lowers the body temperature
of the rat after SC [145] as well as ICV administration [85}:
the latter applies also to CCK-8 [84, 113, 114], which has
recently been shown to inhibit heat production and facilitate
heat loss by mechanisms located in the anterior hypothala-
mus [146].

Catalepsy

During the state of catalepsy. animals are motionless and
maintain awkward positions without, however. muscular
weakness. Catalepsy is a typical neuroleptic effect and dif-
ferent from sedation such as produced by diazepam-like
tranquilizing drugs. CER induces catalepsy in mice and is in
this respect 9 times more potent than haloperidol (Table 2)
[176, 179, 180, 183, 191]. The cataleptogenic action of CER.
like that of haloperidol, was attenuated by atropine and
phenytoin and enhanced by the GABA transaminase in-
hibitor, aminooxyacetic acid [179]. Nevertheless. catalepsy
by CER was different from that by haloperidol. because it
was naloxone-resistant, antagonized by muscimol. and in-
creased by bicuculline and picrotoxin, whereas that by halo-
peridol was muscimol-resistant but antagonized by naloxone.
bicuculline and picrotoxin: furthermore, the cataleptogenic
effects of CER and haloperidol were not additive but rather
antagonized each other [180]. Another type of antagonistic
interaction is the shortening by CER (ICV) of the
B-endorphin-induced catalepsy in the rat [71]. In this re-
spect. CER was more potent than CCK-8 and the opioid
antagonist, naltrexone. by a factor of 19 and 11, respectively.

Ptosis

A typical effect of neuroleptics in mice and rats besides
catalepsy is ptosis, that is, a centrally mediated narrowing of
the eye fissure [62]. This ptosis is not merely a feature of an
overall sedation, since it is not caused by depressant doses of
diazepam, clonazepam. and clonidine [179, 184. 187. 191].
Hence. the high ptosis-producing potency of CER (and
CCK-8) in mice (see Tables ! and 2) is an important
neuropharmacological property which also deserves to be
studied in rats. Up to now. there exist only secondary obser-
vations indicating that neither CER [106] nor CCK-8 [165]
elicit ptosis in the rat.

The CER-induced ptosis (in mice) was not modified by
naloxone [176,185}. Ro 15-1788 [184], and yohimbine {191].
which suggested that neither receptors for opioids and for
benzodiazepines nor a,-adrenergic autoreceptors are in-
volved in the primary mechanism resulting in ptosis. Central
stimulants such as methylphenidate and picrotoxin exerted
only a very weak antiptotic effect that did not differentiate
between CCK-peptidergic and haloperidol-induced ptosis
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{190]. However. apomorphine in very small doses antago-
nized the ptosis by CER and CCK-8 but was less active
against the haloperidol-induced ptosis by a factor of 27.
Low-dose haloperidol abolished the antiptotic action of
apomorphine versus the peptides. which suggested the
presynaptic dopamine autoreceptors were involved in the
antiptotic effect of apomorphine [190].

Antistercotypic Effects

Another typical neuroleptic effect in laboratory animals is
the antagonism of stereotypies (sniffing, licking. gnawing)
produced by either direct dopaminergic stimulants (such as
apomorphine) or indirect stimulants (such as methylpheni-
date and the amphetamines). In mice, the fully developed
stereotypic gnawing (of the wires of the cage) due to methyl-
phenidate was rapidly reduced or abolished by CER and
related peptides [179. 180, 182]. The antistereotypic effect of
CER was about three times weaker than that of haloperidol
(Table 2). however. it had the same quality of that of the
neuroleptic, that is. it was antagonized by muscimol and
diazepam [180]. Nevertheless. CER and haloperidol must
owe their antistereotypic efficacy to different mechanisms,
because their antignawing effects were not additive but
rather antagonized each other [180]. The direct dopaminergic
stimulant. apomorphine. only induces stereotypic gnawing in
mice that have received a sensitizing pretreatment by either
scopolamine [61,141] or teflutixol [111,142]) and clonidine
[195]. In these paradigms, CER had an antistereotypic po-
tency which was markedly higher than that against methyl-
phenidate and well above that of haloperidol {193.195}: the
values presented in Table 2 refer to scopolamine-pretreated
mice. There was again a contrast between the peptides and
the neuroleptics: the antistereotypic potency of tri-
fluoperazine and teflutixol was greater after clonidine than
after scopolamine and teflutixol. whereas this was not so
with CER and CCK-8. Furthermore, the antistereotypic ef-
fect of trifluoperazine and teflutixol was not additive to that
of CER [195).

In rats. the stereotypic activity elicited by a peripheral
dose of apomorphine was enhanced by the ICV infusion of a
small dose of CER (0.22 nmol) and antagonized by a larger
dose (0.6 nmol); in the same study. CER (1.2 nmol ICV)
inhibited the potentiation of the apomorphine-induced be-
haviour by dibuturyl-cAMP {34]. However. when injected
into the rat nucleus caudatus. CER did not alter the
stereotypies caused by apomorphine or amphetamine. both
administered via the same route [106,165].

Influence on Circling and Climbing

Rats injected unilaterally with 6-hydroxydopamine into
the medial forebrain bundle and one week later challenged
by apomorphine (SC) show circling movements contralateral
to the lesion, but an ipsilateral circling after challenge by
amphetamine (SC); only the amphetamine-induced circling
was inhibited by systemically administered CER [106).
Cage-climbing of mice is another effect caused by stimula-
tion of postsynaptic dopamine receptors, e.g., by apomor-
phine, and all clinically effective neuroleptics have
anticlimbing potency [174]. However, CER was very weak,
although not completely inactive in this paradigm [106,190).

Effects on Passive Avoidance Behaviour

_ When given SC 1 hr before the retention test, CER (and

37

CCK-8) facilitated in rats passive avoidance. that is. the
shock-induced hesitancy to enter a dark compartment
[165.166]; this effect of CER was still present 24 hr later.
However, after direct injection into the nucleus accumbens,
CER (and CCK-8) attenuated passive avoidance (also after
24 hr). These effects were reminiscent of those by y-type
endorphins which, in contrast, only decreased this behaviour
irrespective of the route of administration {54.92]. It was
concluded that the CCK-like peptides (a) attenuate the pas-
sive avoidance behaviour by a mechanism similar to that of
the y-type endorphins, and (b) facilitate it by interaction with
other brain structures in or outside the nucleus accumbens
[165]. Experiments using CCK-8 had concordant results in
this paradigm [44-46, 79]. In another type of conditioned
behaviour (active avoidance), CCK-8 produced or facilitated
extinction [21, 41, 43, 45, 48].

Inhibition of Self-Stimulation Behaviour

For more than 25 years it has been known that an experi-
mental animal with electrodes implanted in certain subcorti-
cal places will stimulate itself regularly for long times; in
animals trained to self-stimulate at stable rates, neuroleptics
(e.g., chlorpromazine) suppress self-stimulation. whereas
tranquilizing drugs (e.g.. meprobamate) fail to do so [126]. In
such experiments in rats. CER and CCK-8 produced inhibi-
tion (lasting 20 min) and antagonized the stimulatory action
of d-amphetamine [29]. The neuroleptics, chlorpromazine
and haloperidol. were likewise inhibitory, however. only the
effect of haloperidol was potentiated by the peptides. The
lowest effective dose (nmol/kg IP) tested was 2 for CER and
18 for CCK-8. On a molar basis, chlorpromazine and halo-
peridol were less active than CER by factors of 376 and 18,
respectively. An inhibitory effect of CCK-8 on self-
stimulation has also been observed in rabbits and rats [11,
37, 47, 91, 162].

CER in the Drug-Discrimination Paradigm

Intracerebral self-stimulation of rats was also used as re-
inforcing reward for correct discrimination between treat-
ment (IP) by a drug (CCK-8) or by vehicle [29]. After the
conditioned behaviour (lever pressing) had been established,
the rats were able to discriminate between CCK-8 and a
novel drug. Trained animals did not differentiate CCK-8
from CER and haloperidol. but clearly separated CCK-8
from apomorphine, amphetamine and unsulphated CCK-8;
intermediate results were obtained with chlorpromazine and
diazepam.

Electrophysiological Effects

CER, like CCK-8, applied (by pressure ejection from mi-
cropipettes) into the immediate vicinity of rat pyramidal cells
(CAIl region of the hippocampus), was excitatory and
produced depolarization. an increase in excitability and a
decrease in membrane input resistance [32,89]. A stimula-
tory action of CER was also seen when the peptide (4 ug/kg)
was injected intravenously (IV) into rats and the firing of
dopaminergic neurons lying in the CCK-rich zona compacta
of the substantia nigra was recorded by intracellular micro-
pipettes [65]. Furthermore, the treatment by CER produced
a shift to the left of apomorphine’s dose-response curve for
the inhibition of firing of these mesencephalic neurones; this
suggested that CER induced a supersensitivity of dopamine
autoreceptors. Electrophysiological experiments using mi-
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croiontophoresis have been performed with CCK-8 more
often than with CER [14, 19, 32, 75, 129, 135, 138). It is
desirable to study the question of whether CER exerts the
same stimulatory effects as produced by CCK-8 on many,
but by no means all, central neurons tested.

Biochemical Effects

Preincubation of rat striatal homogenates with CER re-
duced both the affinity and density of binding sites for [*H]-
dopamine; CER was at least 4-fold less active than CCK-8
(119]. In contrast to CCK-8, CER did not displace [*H}-
dopamine from its specific binding sites in rat striatal
homogenates.

The neuroleptic dopamine antagonist, [*H]-spiperone,
binds to brain dopamine receptors of the D2 type. When
tested in virro, CER failed to modify the specific binding of
[*H]-spiperone to rat striatal homogenates [104]. In contrast,
when CER was SC injected into mice, [*H]-spiperone bind-
ing in subcortex and in frontal cortex was reduced [168].
However. after a pretreatment with haloperidol for 14 days,
CER enhanced [*H]-spiperone binding. The latter finding is
in accord with that of a CCK-8-induced increase in affinity of
striatal dopamine receptors [53]. Hence. these peptides seem
to modulate the interaction of neuroleptics with their specific
binding sites at dopaminergic systems. Furthermore. it ap-
pears that results obtained in vitro are not fully concordant
with those seen in vivo, and that there may also be species
differences between mouse and rat. Systemically adminis-
tered CER (100-800 ug/kg IP) dose-dependently reduced. in
the rat striatum (but not in the nucleus accumbens and 6
other areas), both homovanillic acid (HVA) and 3.4-
dihydroxyphenylacetic acid (DOPAC). that is. it attenuated
the dopamine turnover [104]; CCK-8 (ICV) exerted the same
effect on the rat striatum [102]. After repeated treatment
with CER (200 ug/kg IP, daily for 5 days) the acute decreases
in striatal HVA and DOPAC disappeared, whereas HVA
was enhanced in the nucleus accumbens. It was concluded
that CER produces different effects on nigrostriatal and
mesolimbic dopaminergic systems [104]. However. these
doses of CER are by far larger than those necessary to
produce a behavioural effect. Therefore, it is important that
CER in a very low, although sedative dose (0.25 ug/kg IP),
did not modify the dopamine metabolism in rat striatum and
nucleus accumbens; 50 ug/kg reduced DOPAC in both areas
[128]. CER and CCK-8 likewise modify rat cortical systems.
Low IP doses (up to 5 ug/kg) of CER or CCK-8 stimulated
acetylcholine release from the cortex (not antagonized by
naloxone). whilst larger doses (10 and 20 ug/kg) reduced it
(antagonized by naloxone) [99]. In vitro. CER (107® M) and
CCK-8 (1077 facilitated the potassium-evoked release of
[HC]-GABA from tissue slices of rat parietal cortex [144].
However. CER (107 - 10~* M) did not modulate the ["C]-
dopamine release from rat nucleus accumbens slices [58].

CCK-like peptides have also been observed to influence
the pituitary-adrenal axis. In rats, CER (3 ng and more per
animal. IP) produced a marked increase in the plasma corti-
costerone level; since ICV doses of CER up to 50 ng/rat were
ineffective in this respect and since either subdiaphragmatic
vagotomy or hypophysectomy reduced or abolished the ef-
fect. it was concluded that this action of CER might be
mediated via the vagus nerve to the hypothalamo-hypo-
physeal axis [73]. The same results have been obtained with
CCK-8 [70.132]. However, at a large ICV dose (1 ug/rat),
CER markedly elevated the plasma corticosterone level,
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while CCK-8 did not [69]: the latter finding contrasts with a
positive report [42]. On the other hand. ICV administered
CCK-8 (but not CER) dose-dependently suppressed the ele-
vation of plasma corticosterone level induced by an ICV
dose of vasoactive intestinal polypeptide (VIP, 1 ug/rat) [69].
The plasma concentration of ACTH in the rat was decreased
by ICV administration of CER (2.5-10 ng/animal) but in-
creased by an 1V dose of 0.4 ug/kg [137]); pretreatment by
atropine methylbromide (that does not pass the blood-brain
barrier) prevented the latter effect, suggesting a peripheral
site of primary action. However, CCK-8 was capable of re-
leasing ACTH from rat pituitary halves in vitro [132].

Structure-Activity Relationships

Ten analogues of CER have been studied in mice concern-
ing the effects mentioned in Table 2 (except for effects No. 1.
2. 8. and 12). As has been reviewed [189.194] the following
features are obvious: desulphation. deamidation. and
shortening the peptide chain to a C-terminal pentapeptide
reduces or abolishes the potency in all respects. Small chem-
ical alterations (such as intercalation of CH, into the
backbone or exchange of Met by Nle) leave some effects
unchanged while reducing and enhancing others. Suffice it to
mention that the heptapeptide, Boc-Nle*-CER-(4-10). was
equal to CER concerning effects No. 10. 11, and 15 (Table 2)
but as an antistereotypic vs. methylphenidate 3 times more
potent and much less potent than CER in all other effects
(including inhibition of apomorphine-induced stereotypies.
No. 14). The divergent influences of chemical structure on
neuropharmacoiogical effects suggest that some of the mul-
tiple actions of CER (Table 2) may be independent rather
than epiphenomena secondary to a main effect such as
hypothermia or general sedation [186.187]. It may be added
that the behavioural effects of CER analogues in the mouse
did not run parallel to smooth-muscle stimulatory potencies
in vitro (mouse gallbladder, ileum, colon) [192].

EFFECTS IN MAN

Pharmacological findings in man are extremely important
because they are touchstones for concepts emerging from
studies in laboratory animals or systems in vitro. According
to a study in 4 individuals treated with intramuscular (IM)
dose of 0.3 or 0.6 ug/kg CER. plasma levels of CCK-like
immunoreactivity peaked between 20 and 30 min following
administration and returned to basal levels by 60 min (Tam-
minga, Littman. Alphs. Chase, Thaker and Wagman, per-
sonal communication).

Analgesia

An analgesic effect of CER was first observed in patients
suffering from biliary colic [5, 6. 127. 129]. Effective doses
were 0.5-1 ng/kg (IV) or 15-75 ng kg (IM); analgesia oc-
curred within a few min and was long-lasting. It was first
assumed that the relaxing effect of CER on the sphincter
Qddi [1.12] and the resulting decrease in intrabiliary pressure
was the main reason for this analgetic effect. However, ap-
proximately the same low doses of CER alleviated or
abolished cancer pain [ 130]; rest pain in patients with arterial
insufficiency of the lower extremity [9] and pain from renal
colics [5.96]—the latter in spite of the fact that CER does not
produce relaxation of the ureter or urinary bladder in vitro
{3.38]. In healthy subjects, CER (either 4.2 and 8.4 n.g/hr/70
kg IV. or 5 and 10 g/ 70 kg IM) dose-dependently increased
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TABLE 3
RESULTS OF CLINICAL TRIALS ON CERULETIDE IN CHRONIC SCHIZOPHRENIC PATIENTS
Duration of

Study No. of Patients on CER dose No. of Treatment effect (weeks)

No. Type patients neuroleptics? (ug/kg)* dosest effective?t after end of treatment References
1 Open 2 yes 0.13: 0.26 1 yes (16) >3 [117.118)
2 Open 58 yes 0.30r0.6 1 or 2§ yes (20) 1-2 [68]

3 Open 293 yes 0.6 2 yes (106) unknown 93]

4 Open 15 yes 0.8-2.0 several yes (1) unknown [157]

§ Open 20 yes 0.6 1 yes (13) >4 [116]

6 Single-blind 6 yes 0.6 27 yes (3) >5 [166.167}
7 Double-blind 86 yes 0.6 2 doubtful unknown [93]

8 Double-blind 10 yes 0.3 3D no [2]

9 Doubie-blind 8 yes 0.3-0.6 8 (0.5) no [63.64)

10 Double-blind 9 no 0.04: 0.4 2.(16) no [98]

H Double-blind N yes 0.6 7 yes (8) >2 €
12 Double-blind unknown no 0.6 S # [124]

13 Double-blind S no 0.3-1.5 10 (1) no **

14 Double-blind 6 yes 0.3 1 no *x

*The route of administration was IM except for study No. 8 (IV).
+In parentheses. time between doses (days).

iln parentheses, number of patients showing a marked improvement. .
§Each patient received 1 or 2 doses one week or more apart: 5 patients received 3 or more doses. Of the 20 improved cases. 6 received a
single dose and 14 repeated doses. However, the improvement was evident already with the initial dose in all these 14 cases receiving

repeated doses.

“Verhoeven and Van Ree (personal communication): treatment schedule: 7 injections on day 1, 10, 12, 15, 17, 19 and 22.

#Effect "*seemingly in favour of ceruletide.™”

**Tamminga, C. A., R. L. Littman, L. D. Alphs, T. N. Chase. G. K. Thaker and A. M. Wagman (personal communication).

threshold and tolerance to electrically and threshold to ther-
mally induced pain; however. the effect of CER was inferior
to that of the opioid drug. pentazocine, and resistant to
naloxone [153.,154].

Antipsychotic Effects

Nearly all studies performed up to now concern chronic
schizoprenics under persistent treatment with neuroleptics
to which they were resistant (Table 3); however, only 8 out
of 14 studies were double-blind. As to the efficacy of the
treatment. an equivocal picture emerges from Table 3. So
much more important is the double-blind study (No. 11)
which led to virtually the same conclusions as the other pos-
itive studies. Remarkable features are the very small doses
and the long-lasting amelioration following only one injection
of CER. Some of the positive studies pointed out that not all
psychotic symptoms were improved equally well. According
to study No. 6, CER affected positive symptoms (hostility.
suspiciousness, uncooperativeness: hallucinations. concep-
tual disorganization. unusual thought content, grandiosity)
more than negative symptoms (anxiety. depression. anergia).
Studies No. 1 and 2 found the same influence on positive
symptoms, however, in addition, also an improvement of
mood and of negative symptoms such as anxiety, motor re-
tardation, emotional withdrawl, tension and mannerism.
Weak side effects were reported in 7 studies (No. 1. 2. 4, 6,
7.9. 11) and occurred in approximately 25% of the patients:
they lasted only a few minutes (never longer than 45 min) and
consisted of one or more of the following symptoms: epigas-
tric discomfort, nausea, borborygmus, abdominal cramping,
vomiting, diarrhea. Neither extrapyramidal symptoms nor

exacerbation of existing extrapyramidal symptoms were ob-
served [68.116]. Regarding the equivocal nature of the re-
sults of clinical trials with CER (Table 3), it is worth mention-
ing that therapeutic efficacy (with quite CER-like features) in
neuroleptic-resistant schizophrenics has also been assigned
to CCK-33 and CCK-8 [13. 120-122]. A beneficial effect of
CER (0.6 ug/kg IM, 4 times. once weekly) has been observed
in a long-term marihuana smoker suffering from a
neuroleptic-resistant amotivational syndrome (172]. CER
was inefficient in parkinsonian patients receiving L-dopa [17].

Sedarion

In the studies of Table 3 sedation was not observed as a
side effect. In normal subjects, however, CER produced se-
dation and fatigue [63, 152-154] without significantly altering
critical flicker-fusion threshold and EEG [152,154] or impair-
ing memory [63]; out of 24 subjects, 8 complained of dizzi-
ness. 8 of euphoria. 9 of drunkenness, and 3 reported hal-
lucination [154]. When compared with placebo in 14 patients
suffering from psychogenic headache, CER did not alter the
subjective pain evaluation, but it modified mood by reducing
anxiety and scepticism and augmenting elation, cheerfulness
and egotism [7]. Cortical evoked potential testing (using vis-
ual stimuli) was carried out in 4 schizophrenic patients and
did not reveal an effect of an IM dose of 0.3 ug/kg CER
(Tamminga, Littman, Alphs. Chase, Thaker and Wagman,
personal communication).

Sleep
Six healthy male subjects (20-24 years of age) received
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either placebo or CER (0.6 ug/kg IM) at 23:00 and were
observed by means of polysomnograms till 06:30 {173]. CER
increased the percentage of REM sleep but did not alter
many other features, including the score of subjective esti-
mation of sleep. It may be of interest that CCK-8, in the rat,
did not modify the normal sleep but normalized the paradox-
ical sleep when reduced by chloramphenicol [76,133].

Endocrine Effects

It is well known that drugs having antipsychotic potency
in man stimulate the secretion of prolactin by blocking
postsynaptic dopamine receptors within the hypothalamo-
pituitary axis. CER did not modify the basal prolactin secre-
tion [7. 9, 94, 131]; CCK-8 likewise was inactive in this re-
spect [94] whereas CCK-33 stimulated the prolactin release
[123]. CER did not affect the secretion of growth hormone
{7, 9, 131], luteinizing hormone and parathyroid hormone
[131]. The concentration of ACTH was enhanced by CER
only in the cerebrospinal fluid (CSF) [7] but not in blood [9].
Slightly increased B-endorphin levels in plasma and CSF
were observed following an IV infusion of CER. 2 ng/kg/min
for 15 min {6, 7, 9].

Appetite

In a double-blind study performed in non-obese individu-
als, CER (1 or 2 ng/kg/min, infused IV for 60 min) reduced
both self-ratings of hunger and total food consumption [152];
side effects were sedation and abdominal discomfort as de-
scribed above. A preceding study using CCK-8 (4.6 or 9.2
ng/kg/min, infused IV for 15 min) described very similar re-
sults, however, without CER-like side effects [151].

DISCUSSION

The far-reaching pharmacological similarity of CER with
CCK-8 can be explained by the close chemical relationship
(see legend to Table 3) and the high affinity of both peptides
to the same specific receptor [59, 64, 90, 164]. As to be-
havioural effects in mice (Table 2), CER, generally, was
more potent than CCK-8, in spite of (a) being of equal
stimulatory activity on mouse smooth muscles (gallbladder
and intestines) in vitro [192] and (b) having equal [60,164] or
even somewhat less affinity to the receptor than CCK-8
[67.90]. One reason for the superiority of CER in vivo may be
its greater resistance to enzymatic destruction [28]. How-
ever, this cannot explain why the potency ratio of CER and
CCK-8 differed with the paradigm: CCK-8 was virtually
equi-active with CER in producing ptosis and antagonizing
the harmine-induced tremor, whilst it was less anti-
stereotypic. cataleptogenic and rearing-inhibitory by fac-
tors of 4-5, 13 and 17, respectively [194]. There are more
inconsistencies: in vivo, CER and CCK-8 modified the re-
lease of acetylcholine from cat cerebral cortex with equal
strength [99], whereas CER was 100 times more potent than
CCK-8 in enhancing GABA release from rat cortex in vitro
[144]: CER was not only less active than CCK-8 in modifying
[3H]-dopamine binding by rat striatal homogenates, but was
even (in contrast to CCK-8) devoid of [3H}-dopamine dis-
placing efficacy in the same system [119]; when injected into
the nucleus accumbens of the rat, CCK-8 decreased locomo-
tor activity and antagonized the apomorphine-induced
hyperactivity, whereas CER was ineffective in both respects
[165]: in mice, yohimbine and rauwolscine weakly antago-
nized the rearing-inhibitory effect of CCK-8 but not that of
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CER [191]. Marked differences between CER and CCK-&
have also been observed concerning (a) the ascending
nociceptive activity in the spinal cord of the rat [78] and (b
the VIP-induced elevation of plasma corticosterone level in
the rat [69]. Taken together, these differences in phar-
macological effects between both peptides suggest that CER
does not merely mimic CCK-8 but rather is a CCK-like pep-
tide with its own functional features.

The multifarious effects of CER may not have a common
denominator. This can be concluded from the unequal influ-
ence of changes in chemical structure on pharmacological
efficacy. It is noteworthy that smooth-muscle stimulatory
potency in vitro and behavioural potency in vivo do not run
parallel [192]. It also appears that CER exerts several inde-
pendent neuropharmacological effects. This view is sup-
ported by the results of some drug-peptide interactions tin
the mouse) such as: (a) naloxone antagonizes some though
not all [15] antinociceptive effects {77, 176. 185} without in-
fluencing sedation and ptosis [176.185] and (b) apomorphine
antagonizes ptosis but not sedation and antinociception
[ 188,190].

The antagonism of some antinociceptive effects of CER
by naloxone does not permit the straightforward conclusion
that the peptide interacts with opioid receptors [15. 77, 185,
It may be stressed here that naloxone failed to antagonize
CER in a study of analgesia in man [154] and in a rat model of
renal colic [15]. Naloxone even enhanced in rats the
antinociceptive (and hypothermic) effects of CER, which
suggests that (in the rat) an endogenous opioid peptide in-
hibits the action of CCK peptides [145]. Furthermore, CER
neither lost its antinociceptive efficacy in morphine-tolerant
mice [176] nor substituted morphine in dependent mice or
induced physical dependence {49]; in the field-stimulated
mouse vas deferens. CER did not exert a morphine-like in-
hibition either [175]. The finding in man that CER increased
the plasma level of 8-endorphin-like immunoreactivity (ELI1}
has led to the speculation that a release of endorphin was the
cause of CER-induced analgesia [6. 7. 9]. In fact, CCK-8 hus
been shown to release in rats ELI from the anterior pituitar:
gland [105}. However. animal studies did not support the
notion that released B-endorphin produces analgesia [97.109]
and the inhibition by CCK-like peptides including CER of the
degradation of Leu-enkephalin by rat synaptic membranes
did not reveal the same order of strength as the antinocicep-
tive effect in vivo [27].

A question of general importance concerns the ability of
peptides such as CER and CCK-8 to penetrate the blood-
brain barrier and to affect the central nervous system di-
rectly. rather than via a primary peripheral mechanism. Thix
problem has been discussed repeatedly [83. 108. 147, 194]. It
is true that numerous behavioural effects mentioned in Table
1 have been observed after peripheral as well as after central
administration. However. pharmacokinetic results were
equivocal since after 1V administration of [*§]-CER.
radioactivity occurred in the rat brain [160] but not in the
mouse spinal cord and brain [110]. an immunohistochemical
study failed to detect CER in the rat brain after IM injection
[161]. whilst serum levels reached peak values within § min
and were elevated for 30 to 60 min (following doses of 1 or 3
ng/kg. respectively) [159]. Following ICV administration to
rats, CER occurred within 5 min in many cortical and sub-
cortical neurons, reached a maximum after 15 min and dis-
appeared within 30 min [161]. 1t has been discussed with
regard to CCK-8 that circulating peptides could reach acce~s
to neural sites without penetrating the blood-brain barrier
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{108]. Furthermore. it is possible that very minute amounts
of CER. that still escape detection. pass into the brain and
suffice to bring about an effect. After all. concentrations of
CCK-8aslowas 107" and 107" M reduced dopamine release
from slices of cat caudate nucleus [100].

Nevertheless, it is also appropriate to consider a periph-
eral mechanism. because some behavioural effects of CCK-8
such as satiety and sedation were abolished by either vagot-
omy {24.149] or lesion of the nucleus tractus solitarii (NTS)
(25]. Indeed, vagotomy has been shown to abolish three ef-
fects in rats of peripherally administered CER, namely: the
inhibition of food intake [150]. the increase in plasma corti-
costerone level [73]. and the depression of the crossed ex-
tensor reflex [88]. However, the stimulatory action of CCK-8
(given 1V) on single units of the substantia nigra (zona com-
pacta) was resistant to acute and chronic vagotomy and re-
duced by only 507 after lesions of the NTS [148]. Further-
more. the stimulatory effect of CCK-8 (IP) on acetylcholine
release from cerebral cortex [99] is not abolished by bilateral
vagotomy (Magnani. Mantovani and Pepeu, personal com-
munication). At present time it must remain an open ques-
tion as to whether «/l neuropharmacological actions of pe-
ripherally administered CCK-like peptides are altered by le-
sions of the vagus or the NTS. and whether or not this also
applies to effects produced by peptides after ICV or
intracerebral injection.

The reviewed behavioural and biochemical actions of
CER (and CCK-8) would permit a prediction about an
antipsychotic efficacy in man. The latter would also be plaus-
ible because schizophrenic patients show (1) a reduced
CCK-like immunoreactivity in the temporal cortex and in the
hippocampus and amygdala [16.50] as well as in the cere-
brospinal fluid [169] which was not confirmed by Tamminga,
Littman. Alphs. Chase. Thaker and Wagman (personal
communication). and (2) a decreased high affinity CCK bind-
ing in hippocampus and frontal cortex {40]. The inconsis-
tency in the results of clinical studies with CER and CCK-8
(cf. Table 3 and comment) may partially be caused by differ-
ent approaches (open vs. double-blind studies). However,
one has to consider that *‘schizophrenia is a multifactorial
cluster of illnesses™™ [134] and cannot be explained by a
single neurochemical lesion [26,134]. Hence, it is possible
that only certain subgroups of schizophrenics respond to
CER or CCK-8 [64]. Since CCK-like peptides comprise
neuroleptic and anticonvulsive potency (classic neuroleptic
drugs are proconvulsive!). one can speculate that a respond-
ing subgroup may consist of patients that have a
schizophrenia-like psychosis as a result of a temporal lobe
epilepsy [26].

In many of the studies in Table 3 the patients were under
continuous treatment with neuroleptic drugs. The type of
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this neuroleptic treatment may also modify the peptide ef-
fect. This possibility emerges from the observation (in mice)
that the antistereotypic effects of CER and haloperidol were
not additive when the stereotypy was methylphenidate-
induced [179]. but added when the stereotypy was caused by
apomorphine {195]. However, CER was not additive with
other neuroleptics (trifluoperazine and teflutixol) in the latter
paradigm. The long duration of the antipsychotic effect of
CER and CCK-8 is a very surprising feature, which is not
reconcilable with the peptidic nature of these compounds.
However, a similar observation has been made in rats (103]:
amphetamine-induced hyperactivity was attenuated for 15
days by one single combined treatment with CER (0.04
mg/kg SC) and haloperidol (0.1 mg/kg SC); when given
alone, each of these treatments exerted an effect for 30-60
min [106].

The powerful tremorolytic and anticonvulsive effects of
CER and related peptides suggest clinical trials too on pa-
tients not responding well to conventional treatment of
motor dysregulations. Analogues of CER likewise deserve
attention. Examples are Nle®~-CER and Nle®-CER-(4-10)
with increased antistereotypic potency (vs. methylpheni-
date) and in the latter peptide, enhanced selectivity. Other
candidates are Met (O)8-CER and (8-ASP)*-CER, both hav-
ing selective anti-methylphenidate and strongly reduced
smooth-muscle stimulatory potency [194].

After submission of this paper, the author became aware
of the publication of A. Dumbrille-Ross and Ph. Seeman
(Dopamine receptor elevation by cholecystokinin. Peptides
5: 1207-1212, 1984) whose results are important in two re-
spects discussed above: (1) after IP administration to rats of
either CCK-8 or CER (50 ug/kg each). nanomolar levels of
CCK-like substances were measurable in the striatum and
the accumbens up to 30 min after injection; (2) following one
single dose of either peptide, *H-spiperone binding in both
the striatum and accumbens was increased for a period up to
two weeks. These findings support those of a penetration of
CER through the blood-brain barrier [160] and a 14-days
antagonism of amphetamine (combined treatment by CER
plus haloperidol) [103].
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