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Abstract

The analgesic effect of systemic morphine (4 mg/kg, s.c.) was antagonized in a dose-dependent manner by cholecystokinin
octapeptide (CCK-8) (0.1-0.5 ng) administered bilaterally to the nucleus accumbens of the rat. This effect of CCK-8 could be
reversed by devazepide, a CCK-A receptor antagonist, at 50 ng and 200 ng and by L-365,260, a CCK-B receptor antagonist, at 5
ng administered bilaterally to the nucleus aecumbens. A marked potentiation of morphine analgesia was achieved by
intra-nucleus accumbens injection of 200 ng devazepide or 5 ng L-365,260. Since the effect of L-365,260 in antagonizing the
anti-opioid effect of CCK-8 in the nucleus accumbens is 40 times more potent than devazepide, it is suggested that the
anti-opioid effect of CCK-8 is mediated by CCK-B receptors. In conclusion, nucleus accumbens is a strategic site where CCK-8
exerts an anti-opioid activity, most probably via the CCK-B receptors.
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I. Introduction

Previous reports from this [10,11,19,41,42] as well as
several other laboratories [1,2,6,7,9] have shown that
one important function of the cholecystokinin octapeptide (CCK-8) is to act selectively as an opiate antagonist in modulating pain and in regulating food intake.
CCK-8 has been shown to be the most potent endogenous anti-opiate substance. In the studies of nociception, Faris et al. [9] first reported that CCK, as a
specific opiate antagonist antagonizes morphine analgesia. Later, Han et al. [10,11] confirmed this finding
and additionally found that CCK-8 could antagonize
electroacupuncture (EA)-induced analgesia (mediated
by EA-induced endogenous opiate release).
Additional studies have demonstrated that systemic
administration of proglumid [26,32,34-36], a CCK antagonist, devazepide (formerly, L-364,718, MK-329) [5],
a selective CCK-A receptor antagonist, or L-365,260
[8], a selective CCK-B receptor antagonist, enhances
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morphine analgesia in rats, but does not affect the
analgesia induced by serotonin or norepinephrine. This
indicates that CCK-8 is not a universal antagonist for
analgesia.
The development of potent, specific, non-peptide
CCK receptor antagonists devazepide [4] and L-365,260
[21] greatly facilitated the research in this field. Dourish et al. have shown that morphine analgesia is significantly potentiated by L-365,260 [8], devazepide [5], or
L-365,031 [8] (another selective CCK-A receptor antagonist). Since L-365,260 is 5-40 times more potent than
devazepide or L-365,031 to produce the same effect,
they concluded that this anti-opioid effect of CCK-8 is
mediated by CCK-B receptors. Little information, however, is available concerning the site of action of CCK
for its anti-opioid activity.
Using microinjections of opioid antibody, opiate receptor agonists, or antagonists, our previous studies
[39,40] have shown that nucleus accumbens is an important site for induction of morphine analgesia. In the
present study, specific CCK-A and CCK-B receptor
antagonists, devazepide and L-365,260, are microinjected bilaterally to nucleus accumbens to test if nucleus accumbens is an important site where CCK-8
exerts an anti-opiate activity.
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2. Materials and methods

3. Results

2.1. Surgical procedures

3.1. Antagonistic effect o f CCK-8 on morphine analgesia
in the nucleus accumbens

Male Wistar rats weighing 300-350 g were anesthetized with
chlorohydrate (0.4 g/kg, i.p.) and mounted on a stereotaxic instrument (Narishige Inc. Japan). Stainless steel guide cannulae of 0.7
mm outer diameter (o.d.) were implanted on both sides of nucleus
accumbens at coordination of A 2.0 mm, L 1.5 mm, and H 5.0 mm
according to the atlas of Paxinos and Watson [27], and fixed in situ
with dental acrylic. Seven days were allowed for surgical recovery.

2.2. Measurements of nociceptive thresholds
Rats were restrained in a cylindrical plastic holder with tail
extending. Room temperature was maintained at 20+ I°C. Nociceptive threshold was measured by the latency of the tail flick (TFL)
response induced by radiant heat applied on the lower 1/3 of the tail
[28]. The average of the first 3 TFL trials recorded 5 min apart was
taken as the baseline latency, usually within the range of 4-6 s.
Subsequent TFL measurements were performed at 10 min intervals
following subcutaneous or intra-nucleus accumbens administration.
The values of TFL were expressed as percentage changes from basal
TFL with a cutoff limit of+ 150% to avoid tissue damage.

2.3. Microinjection procedures
A constant infusion pump (Palmer company, England) was used
to deliver 0.5 (for double microinjections) or 1.0 /~1 (for single
microinjection) of solution at the speed of 0.125 izl/min through a
stainless steel injection tube (0.3 mm o.d.), extending 2.0 mm beyond
the tip of the guide cannula to reach nucleus accumbens. All intranucleus accumbens injections were done bilaterally.

T h i r t y rats w e r e d i v i d e d i n t o 4 g r o u p s a n d g i v e n s.c.
injection of 4 mg/kg of morphine. Twenty minutes
later, t h e rats w e r e g i v e n b i l a t e r a l l y an i n t r a - n u c l e u s
a c c u m b e n s i n j e c t i o n o f 0,1 n g ( n = 8), 0.5 n g ( n = 8),
a n d 1.0 n g (n = 7) o f C C K - 8 o r 1 tzl o f n o r m a l s a l i n e
( n = 7), r e s p e c t i v e l y . T h e r e s u l t s s h o w t h a t C C K - 8
( 0 . 1 - 1 . 0 ng) d o s e - d e p e n d e n t l y a n t a g o n i z e d t h e a n a l g e s i c e f f e c t o f m o r p h i n e (Fig. 2).
T o assess w h e t h e r C C K - 8 itself a f f e c t s T F L , t w o
g r o u p s o f 17 rats w e r e g i v e n an i n t r a - n u c l e u s a c c u m b e n s i n j e c t i o n o f 0.5 ng o f C C K - 8 ( n = 9), a n d 1 ~ t o f
n o r m a l s a l i n e (n = 8), r e s p e c t i v e l y a f t e r 20 m i n s.c.
i n j e c t i o n o f n o r m a l saline. T F L w a s m e a s u r e d for a
p e r i o d o f 70 m i n . N o s i g n i f i c a n t d i f f e r e n c e in T F L was
f o u n d b e t w e e n t h e two g r o u p s (Fig. 3).

3.2. Reversal o f CCK-8 anti-analgesic effect by devazepide and L-365,260
F o u r g r o u p s o f r a t s w e r e g i v e n o n e s,c, i n j e c t i o n o f
m o r p h i n e (3 m g / k g ) f o l l o w e d by t w o i n t r a - n u c l e u s
a c c u m b e n s i n j e c t i o n s ( a c b l a n d acb2), a c b l was a n
i n t r a - n u c l e u s a c c u m b e n s i n j e c t i o n o f C C K - 8 (0.5 ng in
0.5 izl) 20 m i n a f t e r s.c. i n j e c t i o n , a c b 2 w a s an i n t r a -

2.4. Location of site of injection
At the end of the experiment, a stainless steel tubing of the same
size as the injection tube was inserted into the guide cannulae. The
rats were decapitated and the heads were removed to be fixed in
10% formalin for 15 days. The sites of injection were identified in
serial 50 /xm frozen sections. Fig. 1 shows the sites of the nucleus
accumbens injection in 3 coronal brain sections.

2.5, Data analysis
The data were expressed as mean + S.E.M. Statistic significance
was determined by analysis of variance (ANOVA) and NewmanKeul's post comparison test. A level of P < 0.05 was considered
statistically significant.

2.6. Drugs
CCK-8 was a gift from Squibb and Sons Inc. (UK). Devazepide
(3S( - )-N-(2,3-dihydro-1-methyl-2-oxo-5-phenyl-1-H-1,4-benzodiazepin-3-yl)-H-indole-2-carboxamide) and L-365,260 (3R(+)-N-(2,3-dihydro- l-methyl-2-oxo-5-phenyl-1H- 1,4-benzodiazepin-3-yl)N'-(3methyl-phenyl)urea) were donated by Dr. R.F. Freidinger of the
Merck, Sharp and Dohme Research Laboratories (USA). Devazepide and L-365,260 were first dissolved in dimethylsulfoxide
(DMSO) and then diluted with propylene glycol to a final ratio of
20% DMSO:80% propylene glycol (v/v) and then diluted with
normal saline to the final concentration. Morphine hydrochloride
was purchased from Qinghai Drug Company (China).

Fig. 1. Distribution of injections in nucleus accumbens. The sites of
microirtjection are indicated by the black dots on diagrams of coronary sections of nucleus accumbens (A: 1.2-2;2). Data from rats with
injection sites outside of nucleus accumbens were not included in the
present study.
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Fig. 2. Antagonism of morphine analgesia by CCK-8 administered to
nucleus accumbens of the rat. The data shown (percentage of the
means_+ S.E.M.) were recorded during 70 min. Morphine (4 mg/kg)
was injected s.c. at time 0 and CCK-8 was injected into nucleus
accumbens at time 20 (Acb lnj). The drugs and doses are indicated
on the right side of the figure. * * P < 0.01 as compared with the
corresponding control group.

nucleus accumbens injection of 10 ng (n = 9), 50 ng
(n = 8), 200 ng (n = 8) of devazepide or 0.5 /zl of
vehicle (n = 7) 20 min after the beginning of acbl
injection. As shown in Fig. 4, although 10 ng devazepide did not affect the anti-analgesic effect of
CCK (P > 0.05), 50 ng (45 + 8%) and 200 ng (112 + 6%)
of devazepide dose-dependently reversed the antianalgesic effect of CCK-8 (P < 0.01).
To compare the effect of L-365,260 in reversing the
effect of CCK-8 to devazepide, the same experimental
procedure was carried out where devazepide was replaced by L-365,260. As in Fig. 5, only 5 ng of L-365,260
could produce the same effect of blocking anti-analgesic
effect of CCK-8 as it does by 200 ng of devazepide.
That means the effect of L-365,260 in antagonizing the
anti-opioid effect of CCK-8 in the nucleus accumbens
is 40 times more potent than devazepide.
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Fig. 4. The reversal of the anti-analgesic effect of CCK-8 by devazepide. The data shown (percentage of the means_+ S.E.M.) were
recorded during 70 rain period. Morphine (3 mg/kg) was injected s.c.
at time 0, 0.5 ng of CCK-8 was injected intra-nucleus accumbens at
time 20 (Acbl), and 0.5 ~1 of vehicle (n = 7), 10 ng (n = 9), 50 ng
(n = 8), or 200 ng (n = 8) of devazepide (Acb2) was injected intranucleus accumbens at time 40. The drugs and doses are indicated on
the right side of the figure. * * P < 0 . 0 1 as compared with the
corresponding control group.

3.3. Potentiation of morphine analgesia by devazepide or
L-365,260 administered to the nucleus accumbens
Eight rats were given s.c. injection of 3 mg/kg of
morphine. Ten minutes later, the TFL increased 70%.
Four rats were then injected bilaterally to nucleus
accumbens with vehicle (1 /zl), another 4 rats were
injected with 200 ng of devazepide. The same tests
were repeated in a counter-balanced manner 5 days
later. As shown in Fig. 6, the TFLs in the devazepide
treatment group were significantly higher than that in
the vehicle treatment group, indicating an overall potentiation of morphine analgesia (P < 0.01).
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Fig. 3. Changes in pain threshold following s.c. injection of 0.5 ml of
normal saline and intra-nucleus accumbens injection of 1 #1 of
normal saline or 0.5 ng of CCK-8 (Acb Inj). The data shown
(percentage_+ S.E.M.) were recorded during 70 rain period.

Fig. 5. The reversal of the anti-analgesic effect of CCK-8 by L-365,260.
The data shown (percentage of the means+ S.E.M.) were recorded
during 70 min period. Morphine (3 mg/kg) was injected s.c. at time
0, 0.5 ng of CCK-8 was injected intra-nucleus accumbens at time 20
(Acbl), and 0,5 /~1 of vehicle or 5 ng of L-365,260 was injected
intra-nucleus accumbens at time 40 (Acb2). The symbols are the
same as in Fig. 4.
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Fig. 6. Potentiation of morphine analgesia by devazepide administered to nucleus accumbens and the effect of devazepide on the pain
threshold. The data shown (percentage of the mean + S.E.M.) were
recorded during 70 min period. Morphine (3 mg/kg) or normal
saline (0.5 ml) was injected s.c. at time 0, 200 ng of devazepide or 1
/zl of vehicle was injected intra-nucleus accumbens at time 20 (Acb
Inj). The symbols are the same as in Fig. 4.

In a control experiment, two groups of 8 rats were
given intra-nucleus accumbens injection of either 200
ng of devazepide or 1 /zl of vehicle after s.c. injection
of normal saline. As can be seen from Fig. 6, no
significant difference was found between the two groups
( P > 0.05).
The above experiments were repeated with L365,260 (5 ng) instead of devazepide (200 ng). 5 ng of
L-365,260 significantly potentiated the analgesic effect
of morphine, but L-365,260 alone could not change the
T F L threshold (Fig. 7).
These experiment indicated that 5 ng of L-365,260
and 200 ng of devazepide significantly potentiated the
analgesic effect of morphine and that L-365,260 or
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Fig. 7. Potentiation of morphine analgesia by L-365,260 administered
to nucleus accumbens and the effect of L-365,260 on the pain
threshold. The data shown (percentage of the means + S.E.M.) were
recorded during 70 min period. Morphine (3 mg/kg) or 0.5 ml of
normal saline was injected s.c. at time 0 and 5 ng of L-365,260 or 1
/~1 of vehicle was injected intra-nucleus accumbens at time 20 (Acb
Inj). The symbols are the same as in Fig. 4.

The present study demonstrated that (a) administration of CCK-8 into nucleus accumbens antagonized the
analgesic effect of systemic morphine; (b) administration of C C K - A receptor antagonist, devazepide, or
CCK-B receptor antagonist, L-365,260, reversed the
anti-analgesic effect of CCK-8, and potentiated morphine analgesia. Together, these results strongly suggested that the nucleus accumbens is a strategic site
where CCK-8 exerts an anti-opioid activity. Since the
effect of L-365,260 in antagonizing the anti-opioid effect of CCK-8 in nucleus accumbens is 40 times more
potent than devazepide, it is suggested that the antiopioid effect of CCK-8 in nucleus accumbens is probably mediated by CCK-B receptors.
Previous studies have shown that the release of
CCK from spinal cord was increased after intrathecal
injection of morphine [32]. Recently, Zhou et al. [42]
reported that systemic morphine produced a marked
(89%) increase of CCK immunoreactivity in the perfusate of the rat spinal cord. A marked increase in
p r e p r o C C K m R N A was found in the brain of rats
receiving chronic morphine treatment by using dot blot
hybridization [41]. Several other studies have demonstrated that systemic administration of CCK antagonist, proglumide [26,32,35,36], devazepide [5], or L365,260 [6,8], potentiate morphine analgesia and attenuate the development of tolerance to morphine analgesia. In the present study, we found that there was no
effect on the pain threshold by administration of CCK
alone. However, there was a marked anti-opioid effect
when CCK-8 was administered bilaterally into nucleus
accumbens after systemic administration of morphine.
The administration of devazepide or L-365,260 bilaterally into nucleus accumbens had a marked potentiation
effect on morphine analgesia. The results of these
pharmacological studies in pain modulation indicate
that CCK-8 functions physiologically as an opiate antagonist, but not an opiate agonist.
Considerable anatomical experiments have shown
that the distribution of CCK protein and CCK binding
sites parallels that of endogenous opiate and opiate
receptors in the nucleus accumbens [3,17,18,24,25,30,
31,33,38]. Chronic morphine administration leads to an
increase in CCK immunoreactivity in rat nucleus accumbens (Pu, Zhou and Han, to be published). A
75.7% increase in acute morphine tolerance, 86.3%
increase on the third day and 128.9% on the sixth day
of chronic morphine tolerance were observed. These
findings support our hypothesis that nucleus aceumbens is a strategic site for o p i a t e / C C K interaction.
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Several lines of evidence raised the possibility that
nucleus accumbens, amygdala, and periaqueductal gray
(PAG) may form a complex network with 'all or none'
like characteristics to modulate the analgesic action of
morphine. This may explain why (1) microinjection of
an opioid into one of these nuclei could produce an
increase in TFL almost equal to the effect of systemic
morphine [29,37,39,40], (2) microinjection of the opioid
antagonist naloxone into one of these nuclei could
block the analgesic effect of systemic morphine [39,40],
(3) no analgesic effect was observed if the microinjections of morphine were made outside of these nuclei
[23], and (4) intracerebral microinjection of morphine
to one of these nuclei could cause the release of opioid
peptides in one nucleus after another. For example,
microinjection of morphine into nucleus accumbens
increases the content of immunoreactive enkephalin
and /3-endorphin in the perfusate of PAG and amygdala [22,23]. Additionally, fluorescent retrograde labeling studies have shown that some ascending fibers from
PAG/dorsal raphe nucleus project to the forebrain
regions, including nucleus accumbens and amygdala. It
has also been suggested that morphine administration
to the PAG activates ascending serotoninergic pathway
from PAG and releases 5-HT in the nucleus accumbens, which in turn activates an enkephalinergic mechanism within the nucleus accumbens [20]. Although the
exact centrifugal pain modulating circuitry hasn't been
elucidated, it is obvious that nucleus accumbens, amygdala, and PAG are greatly involved in pain modulation
within the central nervous system. It is also possible
that the anti-analgesic effect of CCK-8 induced by its
microinjection into these nuclei may occur by activating
the same centrifugal pain modulating circuitry.
Two CCK receptors have been elucidated, CCK-A
and CCK-B. Although both CCK receptors were found
in the rodent central nerve system (CNS), the distribution of CCK-A receptors was limited to the regions of
the mid- and hindbrain and CCK-B receptors predominated in the CNS [12-16]. Recently, the development
of the potent, specific, and non-peptide CCK receptor
antagonists greatly facilitated the studies of
opiate/CCK interaction. Receptor binding studies [12]
have shown that devazepide has high affinity to CCK-A
receptor (IC50 = 0.92 nmol/l), but can bind to CCK-B
receptor at high dose (IC50 = 120 nmol/l); on the
other hand, L-365,260 has high affinity to CCK-B receptors (IC50 = 15 nmol/l), but it can bind to CCK-A
receptor at high concentration (IC50 = 2800 nmol/1).
Therefore L-365,260 has at least 8 times higher affinity
to CCK-B receptor than devazepide. Dourish et al. [8]
have shown that L-365,260 was 40 times more potent
than L-365,031 (a selective CCK-A receptor antagonist) and 5 times more potent than devazepide in
enhancing morphine analgesia in the rat tail flick test.
L-365,260 was 20 times more potent than devazepide
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in enhancing morphine analgesia in the rat paw pressure test (another method to test pain threshold). The
result from the present study that L-365,260 was 40
times more potent in reversal of anti-opioid effect of
CCK-8 and enhancing morphine analgesia in the nucleus accumbens, was in good agreement with the
above studies. Using 125I-Bolton-Hunter-CCK-8, devazepide, and L-365,260 and competitive receptor autoradiographic study, we found that CCK-B receptor is
enriched in nucleus accumbens.
In conclusion, although the precise mechanisms by
which CCK-8 and CCK antagonists influence opioid
analgesia or opiate/CCK interaction, are unknown,
the present study suggest that nucleus accumbens is a
strategic site where CCK-8 exerts an anti-opioid activity, and this activity is mediated, most probably, via the
CCK-B receptors.
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