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C1988, a selective antagonist of cholecystokininB receptors,
prevents morphine tolerance in the rat
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1 The effect of chronic treatment with C1988, a recently developed selective antagonist of cholecysto-
kinin type-B receptors (CCKB receptors) on the tolerance to morphine analgesia was studied in rats with
the hot plate test.
2 Morphine tolerance was induced with the use of two paradigms. Morphine was injected i.p. either in a

schedule of increasing doses (1-32mg kg 1) twice daily for 6 days or at a fixed dose (3mg kg 1) daily for
29 days.
3 In both series of experiments, tolerance to the analgesic effect of morphine was prevented by simulta-
neous treatment with i.p. C1988. Chronic treatment with only C1988 daily for up to 29 days did not
reduce the analgesic effect of a weekly injection of morphine.
4 C1988 did not diminish the physical dependence to morphine, as examined with naloxone precipitated
withdrawal.
5 The present results provide evidence that chronic treatment with a selective CCKB receptor antagonist
could prevent tolerance to the analgesic effect of morphine without affecting morphine-induced physical
dependence. Application of CCK antagonists may be clinically important in treating chronic pain patients
by preventing morphine tolerance and by eliminating the need to increase morphine doses to unaccept-
able levels.
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Introduction

The peptide cholecystokinin (CCK) occurs in many areas of
the CNS, primarily as the sulphated octapeptide CCK-8
(Vanderhaeghen et al., 1975; Dockray, 1976; Rehfeld, 1978;
Williams et al., 1987). It fulfils many of the criteria for a
neurotransmitter and may have a role in various CNS func-
tions, including pain modulation (see Vanderhaeghen &
Crawley, 1985; Baber et al., 1989 for review). It has been sug-
gested that CCK is an endogenous opioid antagonist. Thus,
exogenously applied CCK antagonizes the analgesic effect of
morphine and endogenous opioids (Itoh et al., 1982; Faris et
al., 1983; Han et al., 1985; Watkins et al., 1985; Wiesenfeld-
Hallin & Duranti, 1987), CCK antagonists potentiate mor-
phine analgesia (Watkins et al., 1984; 1985; Katsuura & Itoh,
1985; Dourish et al., 1988; 1990) and reverse or prevent mor-
phine tolerance (Watkins et al., 1984; Tang et al., 1984; Panerai
et al., 1987; Dourish et al., 1988; 1990).
Two subtypes of CCK receptors exist, which have been

denoted as CCKA and CCKB (Innis & Snyder, 1980; Saito et
al., 1980; Moran et al., 1986). CCKA receptors are located
principally in the peripheral nervous system of rodents,
whereas the majority of CCK receptors in brain and spinal
cord of rodents belong to the B type (Moran et al., 1986; Hill
& Woodruff, 1990). Recently, selective antagonists for CCKA
(MK-329, L-365,031) and CCKB (L-365,260, CI988) receptors
have been developed (Evans et al., 1986; Hughes et al., 1990),
making it possible to examine the subtypes of CCK receptor
involved in CCK-opioid interaction. Thus, Dourish et al.
(1988, 1990) have shown that MK-329, L-365,031 and L-365,
260 potentiate morphine analgesia and prevent morphine tol-
erance in rats with the rank order of potency L-365,
260 > MK-329 > L-365,031, which corresponds to their
potency in blocking the central CCKB receptors, indicating a
critical role for these receptors in modulation of the opioid
system. We have also recently demonstrated that C1988
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(formerly PD 134308), another highly selective and potent
CCKB receptor antagonist (Hughes et al., 1990), strongly
enhances the analgesic effect of morphine, as examined in both
electrophysiological and behavioural studies (Wiesenfeld-
Hallin et al., 1990).
The object of the present study was to examine the effect of

chronic treatment with CI988 on the development of tolerance
to the analgesic effect of morphine. We used two experimental
paradigms to induce morphine tolerance, during 6 and 29
days respectively, in order to evaluate the short and long term
effect ofCCKB receptor blockade on morphine analgesia. The
latter is particularly interesting since Kellstein & Mayer (1990)
have recently reported that chronic administration of the
weak and non-selective CCK receptor antagonists, proglu-
mide and lorglumide, reverses the enhancement of morphine
analgesia induced by acute pretreatment with the antagonists.
Furthermore, the possible effect of chronic treatment with
CI988 on the physical dependence induced by chronic mor-
phine was also examined by means of naloxone-precipitated
withdrawal. Since it has been shown previously that repeated
nociceptive testing could induce behavioural tolerance to
morphine analgesia (Advokat, 1981; Sherman et al., 1982;
Advokat & Isaac, 1983; Milne et al., 1989), we also tested
whether behavioural tolerance developed in our experimental
paradigm over long term, repeated nociceptive testing.

Methods

Animals

Eighty male Sprague-Dawley rats weighing 200 g at the begin-
ning of the experiments were used (Alab AB, Stockholm,
Sweden) and housed and maintained in groups of five in stan-
dard translucent plastic laboratory cages under a 12 h light/
dark cycle (on at 06 h 00min). Water and laboratory chow
were available ad libitum.
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Analgesia testing

The analgesic effect of morphine was tested with a hot plate
(IITC, Woodland Hills, CA, U.S.A.) at 54.0 + 0.20C. The
latency to licking a hindpaw was determined to an accuracy of
0.1 s. Before any drugs were administered, the rats were habit-
uated by being tested on the hot plate for 5 days to obtain a
stable control response value (Figure 1). Our previous experi-
ence indicated this procedure is very important to obtain a
stable baseline response since the lick latency of rats decreased
as a factor of repeated testing in the hot plate test. On the day
of testing for analgesia, the rats were pre-tested three times on
the hot plate. The values from the last two pre-tests were aver-
aged and taken as baseline latency (BL). The animals were
tested on single trials at 10 min intervals for 60 min after
1 mg kg-' morphine i.p., or at 20 or 30 min intervals for
150min after 3mgkg-' morphine i.p., and the postdrug
latency (DL) was recorded. The drug effect was calculated as
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the percentage change in reaction time from baseline latency
values by use of the formula [(DL-BL)/BL] x 100%.

Experimental design

Two series of experiments were conducted. In series I, thirty
rats were randomly divided into 4 treatment groups as indi-
cated in Table 1. Morphine tolerance was induced by a 6 day
schedule of twice daily injection of incremental doses of mor-
phine, beginning at 1 mg kg- 1 and culminating with
32mgkg-' on the morning prior to the analgesia test (see
Table 1 for details). Animals were injected daily with i.p.
saline, C1988 (0.5mg kg-1), saline plus morphine or C1988
plus morphine. On the afternoon of day 6 the rats were chal-
lenged with 1 mgkg' morphine and the analgesic effect was
evaluated.

In series II, opioid tolerance was induced with a daily i.p.
injection of 3 mg kg- 1 morphine. Fifty rats were divided into
five groups, as indicated in Table 2. The analgesic effect of
3 mg kg'- i.p. morphine was assessed on day 1 in four groups.
The rats were then injected daily with saline plus saline, CI988
(1mg kg-1) plus saline, C1988 plus morphine, or saline plus
morphine (see Table 2 for details). The analgesic effect of
morphine was tested in these four groups of rats on days 8, 15,
22 and 29 to follow the development of tolerance. In group 5,
ten rats received daily i.p. injection of saline and weekly anal-
gesic testing without morphine. On day 29, these rats were
injected i.p. with 3mgkg' morphine and its analgesic effect
was examined.

All testing was carried out in a 'blind' fashion.

Naloxone-precipitated withdrawal

The method of naloxone-precipitated withdrawal was used to
assess the effect of C1988 on opioid dependence. On day 7 of
series I and day 30 of series II, all rats were injected with

No. test session 1 mg kg- i.p. naloxone and the appearance of various charac-
teristic withdrawal symptoms were noted and recorded during

effect of habituation on the lick latency of rats in the the following 20 min.
hot plate test in 5 test sessions periormed daily at the same time each
day. Each test session consists of two or three trials and the lick laten-
cies in each session were averaged. ANOVA indicated a significant
difference in the response latency across test sessions (F4,39S=
134.437, P < 0.0001). The Newman-Keuls test indicated that up to the
4th test session, the lick latency is significantly shorter than in the
previous session. * P < 0.01 compared to latency on the previous day.

Drugs

C1988 (Parke-Davis, Cambridge, U.K., see Hughes et al., 1990
for structure), morphine hydrochloride (Kabi, Stockholm,
Sweden) and naloxone (Dupont, Wilmington, Del., U.S.A.)

Table 1 Chronic treatment regime used in series I to study the effects of C1988 on morphine tolerance and dependence

Day Group I

1 Morphine
mgkg-
+ saline

2 Morphine
2mgkg-
+ saline

3 Morphine
4 mgkg-'
+ saline

4 Morphine
8mgkg-
+ saline

5 Morphine
16mgkg-1
+ saline

6 Morphine
(08 h 00 min) 32 mg kg

+ saline
6
(14h 00min)

7

Treatment (twice daily)
Group 2 Group 3

Saline CI988
+ saline + morphine

Saline C1988
+ saline + morphine

Saline CI988
+ saline + morphine

Saline CI988
+ saline + morphine

Saline
+ saline

Saline
+ saline

CI988
+ morphine

CI988
+ morphine

Group 4

C1988
+ saline

CI988
+ saline

C1988
+ saline

CI988
+ saline

C1988
+ saline

C1988
+ saline

All groups challenged with 1 mg kg morphine i.p.

All groups challenged with 1 mgkg- naloxone i.p.

n = 5-10 animals in each group. The dose of C1988 used was 0.5mg kg -.
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Table 2 Chronic treatment regime used in series II

Day Group I
Treatment (daily)

Group 2 Group 3

1 Morphine Morphine Morphine Morph
+ test + test + test + te
+ saline + C1988 + C1988 + sa

2-7 Saline CI988 CI988 Saline
+ morphine + morphine + saline + sa

8 Morphine Morphine Morphine Morph
+ test + test + test + te
+ saline + C1988 + CI988 + sa

9-14 Saline CI988 C1988 Saline
+ morphine + morphine + saline + sa

15 Morphine Morphine Morphine Morph
+ test + test + test + te
+ saline + C1988 + C1988 + sa

16-21 Saline CI988 CI988 Saline
+ morphine + morphine + saline + sa

22 Morphine Morphine Morphine Morph
+ test + test + test + te
+ saline + C1988 + C1988 + sa

23-28 Saline CI988 CI988 Saline
+ morphine + morphine + saline + sa

29 Morphine Morphine Morphine Morph
+ test + test + test + te
+ saline + CI988 + C1988 + sa

30 All groups of rats were challenged with 1 mg kg -1 naloxone

Group 4 Group S
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aline
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,st
line

line
tine
st
line

Saline
+ test

Saline

Saline
+ test

Saline

Saline
+ test

Saline

Saline
+ test

Saline

Morphine
+ test

n =10 animals in each group. The dose of morphine was 3 mgkg-I and C1988 was 1 mg kg-'. The temporal order of treatments is
shown in the table.

were dissolved in 0.9% saline and injected i.p. in a volume of
1 ml kg '.

Statistics

All data are expressed as mean + s.e.mean. Statistics were cal-
culated with analysis of variance (ANOVA) followed by
Dunnett's test or Newman-Keuls test.

Results

Effect of CI988 on morphine tolerance in series I

Morphine 1 mg kg 1, i.p., elicited moderate analgesia for
50min in group 2, which received twice daily injections of
saline (Figure 2). The effect was similar to that seen in normal
rats (Wiesenfeld-Hallin et al., 1990). In contrast, in group 1,
which received incremental doses of morphine for 6 days, the
challenge dose of 1 mgkg1 morphine did not evoke an anal-
gesic effect (Figure 2). Morphine caused analgesia in rats in
group 3, which received chronic treatment with C1988 prior to
injection with morphine (Figure 2). Chronic administration of
CI988 by itself (group 4) did not reduce morphine-induced
analgesia (Figure 2). ANOVA with repeated measures indi-
cated that the analgesic effect of morphine was significantly
different when all 4 groups were compared (F3,130 = 9.669,
P < 0.0001), but there was no difference among groups 1, 3
and 4 (F2,110 = 2.856, P > 0.05), indicating a lack of morphine
tolerance in rats of group 3, which received CI988 along with
morphine.

Effect of CI988 on morphine tolerance in series II

Morphine at a dose of 3 mgkg- , i.p., had a strong analgesic
effect for about 2 h on the first testing occasion. Daily injec-
tion of i.p. saline and weekly analgesic testing for 4 weeks
(group 5) did not reduce the analgesic effect of morphine on
day 29. After daily i.p. injection of 3 mg kg'- morphine (group
1), the analgesic effect of morphine was significantly dimin-
ished on day 8 and totally disappeared by day 15 and there-
after (Figure 3). In the other three groups of rats in which

morphine plus C1988, C1988 or saline were injected daily
(groups 2, 3 and 4 respectively), the analgesic effect of mor-
phine was unchanged on day 8. A significant reduction of
morphine's analgesic effect was observed in all three groups of
rats on day 15 (Figure 3). The effect of morphine in rats in
these three groups were still, however, significantly stronger
than that in group 1, which received daily injections of mor-
phine, and no difference between these three groups of rats
was found (F2,27 = 0.399, P > 0.05). There was no further
reduction of the analgesic effect of morphine in these three
groups of rats up to 29 days, when the experiments were ter-
minated. Two factor ANOVA (treatment groups vs time) indi-
cated that the difference in the analgesic effect of morphine
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Figure 2 Effect of i.p. morphine (1 mgkg- ) on the lick latency of
rats on the hot plate on day 6 of series I in groups of rats which
received twice daily i.p. injection of increasing doses of morphine (0),
saline (0), morphine plus C1988 (0.5 mgkg-') (-) or C1988 (A). The
challenge dose of morphine was injected at time 0 and vertical bars
represent s.e.mean n = 5-10 in each group. ANOVA with repeated
measures indicated that the analgesic effect of morphine was signifi-
cantly different when all 4 groups were compared (F3,130 = 9.669,
P < 0.0001), but there was no difference in groups which received
chronic saline, C1988 plus morphine or C1988 (F2 110 = 2.865,
P > 0.05).
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Figure 3 Effect of i.p. morphine (3 mgkg 1) on the lick latency on
the hot plate in groups of rats in series II which received daily injec-
tion of morphine (solid columns), morphine plus CI988 (1 mgkg- 1)
(hatched columns), CI988 (stippled columns) or saline (open columns).
The time elapsed from the beginning of the chronic treatment is indi-
cated under the columns. The maximal increase of lick latency for
each rat, which is usually achieved 40 or 60min after injection of
morphine, is presented. The vertical lines indicate s.e.mean. n = 10 in
each group. t P < 0.005 compared to the group which received daily
injection of morphine; * P < 0.05 and ** P < 0.01 compared to the
respective group on day 1.

among the four groups over the entire experimental period
was significant (F3,180= 38.176, P < 0.001). The reduction of
the analgesic effect of morphine over time was also significant
(F4,180 = 30.688, P < 0.001). ANOVA applied to data from
rats in groups 2, 3 and 4 revealed that there was no significant
difference in the analgesic effect of morphine (F2,135 0.645,
P > 0.5), but the decrease of the analgesic effect of morphine

over time was significant (F4,135 = 10.731, P < 0.001), among
these three groups (Figure 3).
There was no significant change in baseline reaction latency

in all groups of rats over the entire period of observation (not
shown).

Effect ofchronic treatment with CI988 on morphine
dependence

Severe characteristic withdrawal symptoms were induced in
group 1 of series I after i.p. injection of 1 mg kg-1 naloxone
(Table 3). Chronic treatment with C1988 had no effect on the
appearance or intensity of these symptoms (Table 3). Very
slight withdrawal symptoms were observed in some animals
that only received daily injection of C1988, which on average
were not significantly different from saline controls (Table 3).
The expression of withdrawal symptoms was much weaker

in group 1 of series II, which may be related to the adminis-
tration of a lower dose of morphine (3 mgkg- 1) during
chronic treatment (Table 4). CI988 again failed to prevent the
occurrence of these symptoms and in rats which received a
daily injection of CI988 and weekly injection of morphine,
slight withdrawal symptoms were also present, which again
were not significantly different from the saline group (Table 4).
There were no detectable withdrawal symptoms in rats which
received a daily injection of saline and a weekly injection of
morphine.

Discussion

The present study presents clear evidence which indicates that
chronic treatment with C1988, a highly selective antagonist of

Table 3 Effects of CI988 on naloxone-precipitated morphine withdrawal in rats in series I

Groups
Withdrawal
symptoms

Ptosis
Irritability
Diarrhoea
Teeth chattering
Writhing
Wet dog shakes

Morphine Saline Morphine Saline
+ saline + saline + CI988 + CI988

100
100
80
100
60

8.0 + 1.4*

0 90
0 100
0 60
0 100
0 40
0 6.7+1.1*

Rats were injected twice daily with increasing doses of morphine (group 1), saline (group 2), morphine plus C1988 (group 3) and C1988
(group 4) for 6 days (see Table 1 for details). Naloxone-precipitated withdrawal was assessed on day 7. All rats were injected i.p. with
naloxone 1 mg kg-1 prior to a 20 min observation period. The frequency of wet dog shakes (mean + s.e.mean) during 20 min is indicated,
other values are the percentages of animals in each group showing the symptom during the test (n = 5-10 in each group). ANOVA
indicated that the frequency of wet dog shakes is significantly different among 4 groups (F3,26 = 12.785, P < 0.001). * P < 0.01 compared
to group 2 and group 4 with Newman-Keuls test.

Table 4 Effects of CI988 on naloxone-precipitated morphine withdrawal in series II

Groups
Withdrawal
symptoms

Ptosis
Irritability
Diarrhoea
Teeth chattering
Writhing
Wet dog shakes

Morphine Morphine Saline Saline
+ saline + CI988 + CI988 + saline

70
60
0

80
0

3.3 + 0.9*

20
20
0

0

0

1.7 ± 0.6

70
60
0

80
10

3.9 1.4*

0

0

0

0

0

0.2 + 0.2

Rats were injected daily with morphine (group 1), C1988 plus morphine (group 2), CI988 (group 3) and saline (group 4) for 29 days (see
Table 2 for details). Naloxone precipitated withdrawal was assessed on day 30. All animals were injected i.p. 1 mg kg-1 naloxone prior to
a 20min observation. Wet dog shakes are frequency (mean + s.e.mean) during the test, other values are the percentages of animals in
each group showing the symptom during the test (n = 10 in each group). ANOVA indicated that the frequency of wet dog shakes is
significantly different among the 4 groups (F3,36 = 3.457, P < 0.05). * P < 0.05 compared with group 4.

20
20
10
20
0

2.4 + 0.6
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the CCKB receptor, prevents the development of tolerance to
the analgesic effect of morphine in rats. These data support
the results from previous studies in which a number of selec-
tive and non-selective CCK antagonists were shown to
prevent or reverse tolerance to morphine (Tang et al., 1984;
Watkins et al., 1984; Panerai et al., 1987; Dourish et al., 1988;
1990). Since C1988 is a highly selective and potent CCKB
antagonist, our results also support the notion that the CCK-
opioid interaction occurs through CCKB receptors in rodents
(Dourish et al., 1990).

In series II of the present study, we observed that the anal-
gesic effect of morphine is reduced over time in rats that
received daily injection of C1988 plus morphine. Since similar
phenomena also occur in rats which receive daily injection of
saline, it is clear that this effect does not reflect the inefficacy
of C1988 in preventing morphine tolerance over a long period
of time, but some other factors. A number of previous studies
have shown that repeated nociceptive testing could induce
behavioural tolerance to morphine analgesia (Advokat, 1981;
Sherman et al., 1982; Advokat & Isaac, 1983; Milne et al.,
1989). We tested for the occurrence of behavioural tolerance
by including another group of rats which received daily injec-
tion of saline and a weekly nociceptive test and were chal-
lenged with morphine only once, after 4 weeks. The
observation that the analgesic effect of morphine is similar in
this group to that in rats examined at the beginning of the
experiments fails to support the hypothesis of behavioural tol-
erance to nociceptive testing in rats which were injected with
morphine weekly, but not daily. Thus, it is possible that a
weekly injection of morphine causes the development of some
tolerance, albeit significantly less than that caused by daily
injection. Tolerance development was not prevented by C1988,
as on the day of nociceptive testing, C1988 was injected 2-3 h
later than morphine to avoid the acute potentiation of mor-
phine's analgesic effect by the CCKB antagonist (Wiesenfeld-
Hallin et al., 1990). However, we cannot exclude the possi-
bility that the single morphine injection (group 5) had a dis-
criminative stimulus property, which led to the full analgesic
effect of the opioid. Nonetheless, the analgesic effect of morp-
hine was not totally diminished in rats which received a
weekly injection of morphine and was significantly stronger
than in rats which received a daily injection during the entire
29 day experimental period (Figure 3). It should be noted that
our procedure of habituating the animals on the hot plate test
for five days before data collection may have contributed to
the increased sensitivity of this assay of morphine's analgesic
effect, since unhabituated animals would respond with a
longer latency at the first testing session than in later sessions,
which may be incorrectly interpreted as tolerance.
The observation that there is no difference between groups

of rats which receive daily C1988, saline and C1988 plus mor-
phine therefore indicates that (1) tolerance induced by daily
morphine injection is prevented by C1988 and (2) chronic
treatment with CI988 per se does not reduce morphine analge-
sia. The latter conclusion is at variance with the recent report
by Kellstein & Mayer (1990), who showed that chronic treat-
ment with the CCK antagonists proglumide and lorglumide
reduces the analgesic effect of morphine. Although difference
in route of drug administration (intrathecal vs systemic) or in
nociceptive tests used (tail flick vs hot plate) may contribute to
this difference, it should be noted that the use of proglumide
and its analogues as tools to study the function of CCK has
been questioned because of the poor potency and low selec-
tivity of such drugs for the CCKB receptor (Makovec et al.,
1986; Rezvani et al., 1987; Gaudreau et al., 1990).
The mechanism for the prevention of morphine tolerance

by CCK antagonists has not been studied in detail. Since
exogenously applied CCK antagonizes morphine-induced
analgesia and injection of morphine increases the release of
CCK in the spinal cord in vivo (Tang et al., 1984), it is possible
that chronic treatment with morphine may induce up-
regulation of the endogenous CCK system, which antagonizes
the action of morphine, and tolerance occurs. Chronic treat-

ment with CCK antagonists may suppress such an up-
regulation, thus preventing the development of morphine
tolerance. Neurochemical studies examining changes in CCK
levels in CNS after injection of morphine have given inconsis-
tent results. While Faris et al. (1986) reported that acute or
chronic morphine increases the level of CCK in the hypo-
thalamus in rats, Rosen & Brodin (1989) failed to observe sig-
nificant changes in CCK content in brain and spinal cord
after acute morphine injection. However, it should be pointed
out that examination of changes in CCK synthesis after acute
and chronic morphine treatment may be more relevant in this
context, since changes in tissue CCK content may have been
masked by increased release of this neuropeptide.

There are, however, other possibilities by which a CCKB
antagonist may prevent morphine tolerance. For example, it
has been suggested that tolerance to the analgesic effects of
morphine may be related to classical conditioning (Siegel,
1976; Siegel & MacRae, 1984; Dafters & Odber, 1989).
According to this theory, the administration of morphine can
be viewed as a conditioning trial, with environmental cues
present at the time of drug administration constituting the
conditioned stimulus, and the acute pharmacological stimu-
lation constituting the unconditioned stimulus. Tolerance is
interpreted in this theory as a manifestation of the acquisition
of a compensatory conditioned response between the pharma-
cological effects of the drug and those environmental cues
which always precede these pharmacological effects. Since
CI988 is a very strong anxiolytic agent (Hughes et al., 1990), it
is therefore possible that it may depress the reaction and
memory of animals to negative environmental cues, resulting
in the prevention of tolerance.

Chronic treatment with the CCKB antagonist did not
diminish naloxone-precipitated withdrawal symptoms induced
by chronic morphine, indicating that CCK receptor blockade
is ineffective in preventing morphine dependence. A similar
conclusion has been reached by Panerai et al. (1987) and
Dourish et al. (1988, 1990). It seems likely that the develop-
ment of morphine dependence is different from that of toler-
ance and does not involve changes in the endogenous CCK
system (see Ling et al., 1984). The weak withdrawal symptoms
observed in rats that were daily injected only with C1988 sup-
ports our previous results that C1988 causes a weak depres-
sion of the spinal flexor reflex in a naloxone-reversible
manner. Since CI988 has negligible affinity for all three sub-
types of opioid receptors (Hughes et al., 1990), it is unlikely
that this effect of CI988 results from a direct action on opioid
receptors, but suggests a tonic CCK-ergic inhibition of the
endogenous opioid system by the CCKB antagonist. Nonethe-
less, the withdrawal symptoms seen in C1988-treated rats were
weak, not significantly different from animals which received
chronic treatment with saline and were even less apparent
after long term than after short term treatment (Tables 3 and
4).

In conclusion, the present results demonstrate that C1988
effectively prevents morphine tolerance in rats over an
extended testing period. Provided that similar mechanisms
operate in man, this and other CCK receptor antagonists may
be clinically useful in managing chronic pain by preventing
morphine tolerance. It should be noted, however, that
although the dominant receptor subtype for CCK is the
B-type in rat CNS, recent studies have reported the existence
of a substantial level of CCKA binding sites in primate brain
and spinal cord (Hill et al., 1990; Hill & Woodruff, 1990).
Therefore, one cannot rule out the possibility that a CCKA
antagonist may be more relevant in man.
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Wenner-Gren Center Foundation.



596 X.-J. XU et al.

References

ADVOKAT, C. (1981). Analgesic tolerance produced by morphine
pellets is facilitated by analgesic testing. Pharmacol. Biochem.
Behav., 14, 133-137.

ADVOKAT, C. & ISAAC, L. (1983). Nociceptive assessment modifies
behavioral tolerance without altering brain morphine concentra-
tion. Eur. J. Pharmacol., 92, 135-138.

BABER, N.S., DOURISH, C.T. & HILL, D.R. (1989). The role of CCK,
caerulein, and CCK antagonists in nociception. Pain, 39, 307-328.

DAFTERS, R. & ODBER, J. (1989). Effects of dose, interdose interval,
and drug-signal parameters on morphine analgesic tolerance:
Implications for current theories of tolerance. Behav. Neurosci.,
103, 1082-1090.

DOCKRAY, G.J. (1976). Immunohistochemical evidence of
cholecystokinin-like peptides in brain. Nature, 264, 568-570.

DOURISH, C.T., HAWLEY, D. & IVERSEN, S.D. (1988). Enhancement of
morphine analgesia and prevention of morphine tolerance in the
rat by the cholecystokinin antagonist L-364,718. Eur. J. Phar-
macol., 147, 469-472.

DOURISH, C.T., O'NEILL, M.F., COUGHLAN, J., KITCHENER, S.J.,
HAWLEY, D. & IVERSEN, S.D. (1990). The selective CCK-B recep-
tor antagonist L-365,260 enhances morphine analgesia and pre-
vents morphine tolerance in the rat. Eur. J. Pharmacol., 176,
35-44.

EVANS, B.E., BOCK, M.G., RITTLE, K.E., DIPARDO, R.M., WHITTER,
W.L., VEBER, D.F., ANDERSON, P.S. & FREIDINGER, R.M. (1986).
Design of orally effective, non-peptidal antagonists of the peptide
hormone cholecystokinin. Proc. Natl. Acad. Sci. U.S.A., 83, 4918-
4922.

FARIS, P.L., BEINFELD, M.C., SCALLET, A.C., JOHANNESSEN, J.N. &
OLNEY, J.W. (1986). Increase in hypothalamic cholecystokinin fol-
lowing acute and chronic morphine. Brain Res., 367, 405-407.

FARIS, P.L., KOMISARUK, B.R., WATKINS, L.R. & MEYER, D.J. (1983).
Evidence for the neuropeptide cholecystokinin as an antagonist of
opiate analgesia. Science, 219, 310-312.

GAUDREAU, P., LAVIGNE, G.J. & QUIRION, R. (1990). Cholecystokinin
antagonists proglumide, lorglumide and benzotript, but not
L364,718, interact with brain opioid binding sites. Neuropeptides,
16, 51-55.

HAN, J.-S., DING, X.-Z. & FAN, S.G. (1985). Is cholecystokinin octa-
peptide (CCK-8) a candidate for endogenous anti-opioid sub-
strates? Neuropeptides, 5, 399-402.

HILL, D.R., SHAW, T.M., GRAHAM, W. & WOODRUFF, G.N. (1990).
Autoradiographic detection of cholecystokinin (CCK-A) receptors
in primate brain using '25I-Bolton Hunter CCK-8 and 3H-MK-
329. J. Neurosci., 10, 1070-1081.

HILL, D.R. & WOODRUFF, G.N. (1990). Differentiation of central
cholecystokinin receptor binding sites using the non-peptide
antagonists MK-329 and L-365,260. Brain Res., 526, 276-283.

HUGHES, J., BODEN, P., COSTALL, B., DOMENEY, A., KELLY, E.,
HORWELL, D.C., HUNTER, J.C., PINNOCK, R.D. & WOODRUFF,
G.N. (1990). Development of a class of selective cholecystokinin
type B receptor antagonists having potent anxiolytic activity. Proc.
Natl. Acad. Sci. U.S.A., 87, 6728-6732.

INNIS, R.B. & SNYDER, S.H. (1980). Distinct cholecystokinin receptors
in brain and pancreas. Proc. Natl. Acad. Sci. U.S.A., 77, 6917-
6921.

ITOH, S., KATSUURA, G. & MAEDA, Y. (1982). Caerulein and cholecy-
stokinin suppress B-endorphin-induced analgesia in the rat. Eur. J.
Pharmacol., 80, 421-425.

KATSUURA, G. & ITOH, S. (1985). Potentiation of B-endorphin effects
by proglumide in rats. Eur. J. Pharmacol., 107, 363-366.

KELLSTEIN, D.E. & MAYER, D.J. (1990). Chronic administration of
cholecystokinin antagonists reverses the enhancement of spinal
morphine analgesia induced by acute pretreatment. Brain Res.,
516, 263-270.

LING, G.S.F., MACLEOD, J.M., LEE, S., LOCKHART, S.H. & PAS-

TERNAK, G.W. (1984). Separation of morphine analgesia from
physical dependence. Science, 226, 462-464.

MAKOVEC, F., BANI, M., CHISTE, R., REVEL, L., ROVATI, L.C. &
ROVATI, L.A. (1986). Differentiation of central and peripheral
cholecystokinin receptors by new glutaramic acid derivatives with
cholecystokinin-antagonistic activity. Drug. Res., 36, 98-102.

MILNE, R.J., GAMBLE, G.D. & HOLFORD, N.H.G. (1989). Behavioural
tolerance to morphine analgesia is supraspinally mediated: a
quantitative analysis of dose-response relationships. Brain Res.,
491, 316-327.

MORAN, T., ROBINSON, P., GOLDRICH, M.S. & McHUGH, P. (1986).
Two brain cholecystokinin receptors: implications for behavioural
actions. Brain Res., 362, 175-179.

PANERAI, A.E., ROVATI, L.C., COCCO, E., SACERDOTE, P. & MANTE-
GAZZA, P. (1987). Dissociation of tolerance and dependence to
morphine: a possible role for cholecystokinin. Brain Res., 410,
52-60.

REHFELD, J.F. (1978). Immunohistochemical studies on cholecysto-
kinin. II. Distribution and molecular heterogeneity in the central
nervous system of man and dog. J. Biol. Chem., 253, 4022-4030.

REZVANI, A., STROKES, K.B., RHOADS, D.L. & WAY, E.L. (1987). Pro-
glumide exhibits delta opioid agonist properties. Alcohol Drug
Res., 7, 135-146.

ROSEN, A. & BRODIN, E. (1989). Effect of acute morphine treatment
on peptide levels in the peri-aqueductal grey. Acta Physiol. Scand.,
136,493-494.

SAITO, A., SANKARAN, H., GOLDFINE, I.D. & WILLIAMS, J.A. (1980).
Cholecystokinin receptors in brain: characterization and distribu-
tion. Science, 208, 1155-1156.

SHERMAN, J.E., PROCTOR, C. & STRUB, H. (1982). Prior hot plate
exposure enhances morphine analgesia in tolerant and drug-naive
rats. Pharmacol. Biochem. Behav., 17, 229-232.

SIEGEL, S. (1976). Morphine analgesic tolerance: its situation speci-
ficity supports a Pavlovian conditioning model. Science, 193, 323-
325.

SEIGEL, S. & MAcRAE, J. (1984). Environmental specificity of tolerance.
Trends Neurosci., 7, 140-143.

TANG, J., CHOU, J., IADAROLA, M., YANG, H.Y.T. & COSTA, E. (1984).
Proglumide prevents and curtails acute tolerance to morphine in
rats. Neuropharmacology, 23, 715-718.

VANDERHAEGHEN, J.J. & CRAWLEY, J.N. ed. (1985). Neuronal chol-
ecystokinin. Ann. New York Acad. Sci., 448.

VANDERHAEGEN, J.J., SIGNEAU, J.C. & GEPTS, N. (1975). New
peptide in vertebrate CNS reacting with antigastrin antibodies.
Nature, 257, 604-605.

WATKINS, L.R., KINSCHECK, I.B. & MAYER, D.J. (1984). Potentiation
of opiate analgesia and apparent reversal of morphine tolerance
by proglumide. Science, 224, 395-396

WATKINS, L.R., KINSCHECK, I.B. & MAYER, D.J. (1985). Potentiation
of morphine analgesia by the cholecystokinin antagonist proglu-
mide. Brain Res., 327, 169-180.

WIESENFELD-HALLIN, Z. & DURANTI, R. (1987). Intrathecal cholecy-
stokinin interacts with morphine but not substance P in modulat-
ing the nociceptive flexion reflex in the rat. Peptides, 8, 153-158.

WIESENFELD-HALLIN, Z., XU, X.-J., HUGHES, J., HORWELL, D.C. &
HOKFELT, T. (1990). PD134308, a selective antagonist of cholecy-
stokinin type-B receptor, enhances the analgesic effect of morphine
and synergistically interacts with intrathecal galanin to depress
spinal nociceptive reflexes. Proc. Natl. Acad. Sci. U.S.A., 87, 7105-
7109.

WILLIAMS, R.G., DIMALINE, R., VARRO, A., ISETTA, A.N., TRIZIO, D.
& DOCKRAY, G.J. (1987). Cholecystokinin octapeptide in rat
central nervous system: immunocytochemical studies using a
monoclonal antibody that does not react with CGRP. Neurochem.
Int., 11, 433-442.

(Received March 21, 1991
Revised July 23, 1991

Accepted November 15, 1991)


