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SOAR, J., G. HEWSON, G. E. LEIGHTON, R. G. HILL AND J. HUGHES. L364,718 antagonizes the cholecystokinin-induced
suppression of locomotor activity. PHARMACOL BIOCHEM BEHAV 33(3) 637-640, 1989. —To determine the role of CCK-A
receptors in the cholecystokinin (CCK)-induced suppression of locometor activity in the rat, the ability of the selective CCK-A receptor
antagonist L.364,718 to block these responses was investigated. Cholecystokinin octapeptide (CCK8) (10, 100 pg/kg IP) and caerulein
(1, 5, 10 pg/kg IP) produced marked reductions in locomotor activity whereas cholecystokinin tetrapeptide (CCK4) (100 pg/kg IP)
was without effect. The reductions in activity produced by CCK8 (10 wg/kg) and caerulein (10 pg/kg) were antagonized by L364,718
(100 pg/kg IP). In an open field test CCK8 (10 pg/kg IP) reduced locomotor activity and total number of rears and increased pause
duration. These effects of CCK8 on open-field behaviour were also antagonized by L364,718 (100 pg/kg IP). It is concluded that
L364,718 is a potent antagonist of the actions of CCK8 and caerulein on locomotor activity, suggesting that the effects of these peptides

are mediated by a CCK-A receptor.

L364,718 Cholecystokinin Locomotor activity

CHOLECYSTOKININ (CCK) has been reported to reduce food
intake and produce the behavioural state of postprandial satiety in
a variety of species including sheep, rhesus monkeys, rats and man
(17). One component of the postprandial satiety sequence is a
reduction in locomotor activity. CCK in the form of the sulphated
octapeptide (CCK8) has been reported to reduce exploratory
activity in rodents (4). In the rat, both the reductions in food intake
and locomotor activity produced by intraperitoneal administration
of CCK8 are abolished by destruction of vagal afferent fibres
(15,18) suggesting that these effects are initially due to an action
in the periphery.

On the basis of receptor binding studies using various frag-
ments of CCK and the use of selective receptor antagonists, it is
now accepted that there are 2 types of CCK receptor, namely,
CCK-A and CCK-B receptors (1, 2, 11, 16, 18). CCK-A receptors
are found mainly in the periphery and mediate effects such as gall
bladder contraction and pancreatic amylase secretion (12). CCK-B
receptors are found in the CNS where their precise function is
unclear. The present study investigated the effects of L364,718
[3S(~)-N-(2,3 dihydro-1-methyl-2-oxo-S-phenyl-1-H-1,4-benzo-
diazepine-3-yl)-1H indole-2-carboxamide], which is a highly se-
lective and potent antagonist at the CCK-A receptor both in vitro
and in vivo (1,14), on the reductions in locomotor activity
produced by CCK8 and caerulein. In addition, the ability of

L364,718 to antagonize the reduction in exploratory activity
produced by CCKS in an open field was determined. The results
show that L364,718 is an effective antagonist of these behavioural
effects of CCK8 and caerulein suggesting that they are mediated
by an action at CCK-A receptors.

METHOD
Animals

Male Hooded Lister rats (Olac), weighing 200-300 g, were
used in all experiments. They were housed in groups of six and
maintained on a 12-hour light-dark cycle (lights on 0700 hr) at a
constant room temperature of 21+ 1°C. Lighting levels were
subdued during the light phase. CRM pellet food (Labsure) and
water was available to rats at all times except during tests,

Drugs

L364,718 (Merck, Sharpe & Dohme) was prepared in 0.3 ml
glycerol and 0.7 ml polyethylene glycol 400 per mg of L364,718
and diluted to the required concentration with distilled water.
CCK8 (CRB), CCK4 (Sigma) and caerulein (Bachem) were stored
as frozen aliquots (corrected for peptide content) and diluted to the
required concentration with sterile 0.9% w/v NaCl. All drugs were
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injected via the intraperitoneal route using a dose volume of 1
ml/kg.

Experimental Procedures

All testing was carried out in the room in which the animals
were housed, between 1100-1800 hr during the light phase of the
rats diurnal cycle. Each rat was used only once and was not
allowed an habituation period in the test environment prior to
testing, in order to maximize the initial period of exploratory
behaviour and thus allow any suppression in activity produced by
the peptides under investigation to be clearly seen.

Spontaneous locomotor activity studies. Locomotor activity
studies were carried out using a computer assisted monitoring
system (10). which consisted of a rack of 12 perspex test cages
(internal dimensions 20 X 42 X 20 cm). The long axis of each cage
was bisected by a single infrared beam and an activity count was
registered each time a rat passed through this beam. After the
beam was broken. another activity count could only be registered
once the beam was reestablished.

In order to investigate the effects of peptides on spontaneous
locomotor activity, groups of ten rats were injected with CCKS (1,
10, 100 pg/kg). caerulein (1, 5, 10 wg/kg), CCK4 (100 pg/kg) or
vehicle, placed individually into test cages and the collection of
activity data started.

In the 1.364.718 interaction studies, rats were pretreated with
1.364.718 (100 pg/kg) or vehicle and returned to their home cages.
Thirty minutes after pretreatment, rats were injected with CCK8
(10 pg/kg), caerulein (10 wg/kg) or vehicle, placed individually
into test cages and the monitoring of locomotor activity begun.
The dose and pretreatment time used for L364,718 were the same
as that found to be effective at antagonising the reduction in food
intake produced by CCKS8 (6).

In the above experiments, locomotor activity counts were
collected in 5-minute bins over a period of 20 minutes. A test
period of 20 minutes was chosen as animals in the control groups
reached basal activity levels after this time.

Open-field behaviour studies. These studies were carried out
using an open-field apparatus which consisted of a square floor
area (60 X 60 cm) enclosed by 22.5 cm high walls made from
opaque white perspex. The square floor area of the open field was
divided by red lines into a grid of nine squares (20 X 20 cm each).
The following behavioural activities were scored: 1) Locomotor
activity. defined as the total number of line crossing by both front
and rear paws; 2) Total number of rears, defined as the number of
vertical extensions of head, body and forelimbs, either free
standing, or against a wall; 3) Total pause duration, defined as the
total time spent stationary.

In this study rats were randomly assigned to treatment groups
and pretreated with either L364,718 (100 p.g/kg IP) or vehicle 30
minutes before receiving either CCK8 (10 pg/kg IP) or vehicle.
Rats were returned to their home cages until they were tested in the
open field 5 minutes after the second injection. At the start of each
test, a rat was placed in the centre square of the grid and
behavioural events were scored over the 5-minute test sessions by
an observer uninformed of the drug treatments.

Statistical Analysis

Statistical comparisons between treatment groups and the
appropriate controls were made by using the Kruskal-Wallis
one-way ANOVA followed by the Mann-Whitney U-test (two-
tailed). Significance was accepted for p<<0.05.

RESULTS
Spontaneous Activity Studies
CCK8 markedly reduced locomotor activity at doses of 10

SOAR ET AL.

a) b)
2001
501 .
[ 5
< \ [
E ar O a % 150
o . £
5 K\ 2
301 5
2 i Y g 100f
3 0t @ z
4 e 3
Z 10t \I\‘./. 8§ 501
: ~= 3
L = oL
0 5 10 15 20 v 1 10 100
Time (min) ug/kg CCK8

FIG. 1. CCK8 produces a reduction in locomotor activity. (a) Time course
over the 20-min test period. Each point represents the mean activity counts
per 5 min. [J Vehicle; A 1 pg/kg; @ 10 pg/kg; B 100 pg/kg CCKS. (b)
Total activity over the 20-min test period. Each bar represents the mean
total activity counts (+SEM) (V = vehicle). **p<0.01 significantly dif-
ferent from the vehicle-treated group Mann-Whitney U-test (two-tailed)
following a significant Kruskal-Wallis one-way ANOVA (p<<0.01). n=10
rats per treatment group.

pg/kg and 100 pg/kg when compared to the vehicle-treated
control group (Fig. 1). A lower dose of 1 pg/kg CCKS failed to
produce any significant change in locomotor activity. Caerulein
also markedly reduced activity at all doses tested, whereas CCK4
was without effect (Fig. 2).

In the drug-interaction studies, CCK8 (10 pg/kg IP) produced
a significant reduction in locomotor activity when compared to the
control (vehicle + vehicle) group. L364,718 significantly antag-
onized the reduction in locomotor activity produced by CCK8
(Fig. 3). The reduction in locomotor activity produced by caer-
ulein (10 pg/kg IP) was also attenuated by L364.718 (Fig. 4),
although the L364,718 + caerulein group showed a slight, but
significant, reduction compared to the control group. In neither
experiment did the locomotor activity of the groups treated with
L.364,718 + vehicle ditfer from the control groups.

Open-Field Behaviour Studies

In the open field, CCKS8 (10 pg/kg IP) produced significant
reductions in the total number of line crossings and in the total
number of rears, with a concomitant increase in total pause
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FIG. 2. The effect of caerulein and CCK4 on locomotor activity. (a) Time
course over the 20 min test period. Each point represents the mean activity
counts per 5 min. (] Vehicle; O 100 pg/kg CCK4; B 1 pg/kg; A 5 pg/kg;
@ 10 pg/kg cacrulein. (b) Total activity over the 20-min test period. Each
bar represents the mean total activity counts (+SEM) (V = vehicle).
**p<<0.01 significantly different from the vehicle-treated group Mann-
Whitney U-test (two-tailed) following a significant Kruskal-Wallis one-
way ANOVA (p<<0.01). n= 10 rats per treatment group.
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FIG. 3. L364,718 (100 pg/kg IP) antagonizes the reduction in locomotor
activity produced by CCK8 (10 ug/kg IP). (a) Time course over the 20-min
test period. Each point represents the mean activity counts per 5 min. {J
Vehicle + vehicle; A L364,718 + vehicle; B vehicle + CCK8; O
L364,718 + CCKS. (b) Total activity over the 20-min test period. Each
bar represents the mean total activity counts (+SEM) (V= vehicle).
**p<<0.01 significantly different from the vehicle + vehicle-treated group
Mann-Whitney U-test (two-tailed) following a significant Kruskal-Wallis
one-way ANOVA (p<<0.01). n= 10 rats per treatment group.

duration. The effects of CCK8 on these three behavioural param-
eters were completely antagonized by L364,718 pretreatment
(Fig. 5). L364,718 alone did not affect the total number of rears
observed or the pause duration, but did produce a small increase in
the total number of line crossings when compared to the control

group.

DISCUSSION

CCK8 and caerulein produced a marked reduction in locomotor
activity in the present study, in agreement with a number of
previous reports (4, 5, 7, 13, 15). Although full dose-response
relationships were not established, it is clear that caerulein reduced
locomotor activity at a lower dose than CCKS8. The greater
potency of caerulein compared to CCK8 with regard to a number
of their biological effects is well documented (6, 20, 21).

The results of the present study demonstrate a clear antagonism
by L364,718 of the reduction in locomotor activity produced by
CCKS8 and caerulein in the rat. L364,718 shows good selectivity
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FIG. 4. L364,718 (100 pg/kg IP) antagonizes the reduction in locomotor
activity produced by caerulein (10 wg/kg IP). (a) Time course over the
20-min test period. Each point represents the mean activity counts per 5
min. [J Vehicle + vehicle; A L.364,718 + vehicle; B vehicle + caerulein;
O L364,718 + caerulein. (b) Total activity over the 20-min test period.
Each bar represents the mean total activity counts (+SEM) (V = vehicle).
**£p<.0.01 significantly different from vehicle + vehicle-treated group;
+1p<0.01 significantly different from vehicle + caerulein-treated group
Mann-Whitney U-test (two-tailed) after significant Kruskal-Wallis one-
way ANOVA (p<<0.01). n=10 rats per treatment group.
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FIG. 5. L364,718 antagonizes the effects of CCK8 on open-field behav-
iour. Rats were pretreated with 1.364,718 (100 pg/kg IP) or vehicle 30
min before receiving either CCK8 (10 pg/kg IP) or vehicle. Individual rats
were placed in the open field 5 min after the second injection and the
following behaviours quantified: (a) total number of line crossings; (b)
total number of rears; (c) total pause duration (sec). Bars represent the
mean total activity (+SEM) during the 5-min test sessions (V = vehicle).
*p<<0.05; **p<0.01 significantly different from the vehicle + vehicle-
treated group Mann-Whitney U-test (two-tailed) following a significant
Kruskal-Wallis one-way ANOVA (p<0.01). n=8 rats per treatment
group.

for CCK-A receptors in vitro (1). It also antagonized the locomo-
tor effects at a similar dose level as that reported to antagonize
other in vivo effects of CCK8 thought to be mediated by CCK-A
receptors (1,14). Thus, the present results suggest that the reduc-
tion in locomotor activity produced by CCK8 and caerulein was
mediated by an action at CCK-A receptors.

The observation that CCK receptor blockade antagonises the
reduction in locomotor activity produced by CCK is in agreement
with earlier studies which showed that the CCK antagonists
benzotript and proglumide blocked the reduction in exploratory
activity produced by CCK8 (5). These antagonists show weak
activity at CCK-A receptors, however, and differentiate poorly
between CCK-A and CCK-B receptors (3,19). Recently, L364,718
has been reported to antagonize the increase in pause duration
produced by CCK8 in an open-field test in mice (8). The results
obtained in the present study in the rat agree with this finding and
show that L364,718 also antagonizes the effects of CCK8 on line
crossing and rearing in the open field.

CCK4 failed to have any effect on spontaneous locomotor
activity on peripheral administration when given at a large dose
relative to the doses of CCK8 and caerulein which produced
reductions in locomotor activity. CCK4 has a relatively high
affinity for CCK-B receptors, but negligible affinity for CCK-A
receptors (2,16). Thus, if CCK-B receptors were involved in the
reduction in locomotor activity produced by CCK8 and caerulein,
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the dose of CCK4 used might have been expected to produce a
similar effect. The lack of effect of CCK4, therefore, provides
some additional evidence that CCK-A receptors are involved in the
locomotor effects of peripherally-administered CCK. The lack of
effect of CCK4 in this study is in agreement with results showing
that high doses of CCK4 have no effect on locomotor activity after
SC administration in mice (13).

1.364,718 had no effect on locomotor activity measured in the
automated monitor system, but increased locomotor activity slightly
in the open field. It is possible that this is a reflection of the greater
sensitivity of the latter to detect such changes when compared to
testing in a cage bisected by a single light beam. It is unclear
whether the slight increase in locomotor activity represents a true
effect of the drug, however. The results obtained in a study carried
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out in mice reported that 1.364,718 had no effect on pause
duration (8).

The present study did not address the location of the CCK-A
receptors involved in the reduction in locomotor activity produced
by CCK. Studies which have reported on the site of action of
peripherally-administered CCK provide evidence that the initial
effect on locomotor activity is in the periphery and mediated by the
vagal afferent pathway (7,15). It is therefore likely that the
CCK-A receptors at which caerulein and CCKS8 act to reduce
locomotor activity are in the periphery and associated in some way
with the vagal afferent pathway.

It is concluded that the reduction in locomotor activity pro-
duced by CCK8 and caerulein was mediated by activation of
CCK-A receptors.
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