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Potentiation of Opiate Analgesia and Apparent Reversal of

Morphine Tolerance by Proglumide

Abstract. Exogenous cholecystokinin selectively antagonizes opiate analgesia,
which suggests that endogenous cholecystokinin may act physiologically as an
opiate antagonist and may play a role in opiate tolerance. The use of the selective
cholecystokinin antagonist proglumide provided a test of these hypotheses in rats
that were either inexperienced with or tolerant to opiates. Proglumide potentiated
analgesia produced by morphine and endogenous opiates and seemed to reverse
tolerance. These results suggest that endogenous cholecystokinin systems oppose

the action of opiates.

Cholecystokinin (CCK) selectively
acts as an opiate antagonist in rats when
administered either systemically or cen-
trally (/). These findings, plus the finding
of CCK in neural areas previously impli-
cated in pain modulation (2), led us to
hypothesize that endogenous CCK may
function physiologically to oppose the

100
80 A

60 -
Fig. 1. Potentiation (mean
+ standard error) of opiate
analgesia by proglumide
(two injections of 0.01 ng, ,’T

40 -

analgesic effects of opiates. These data
also suggest that tolerance resulting from
repetitive opiate administration may be
due to a compensatory increase in the
activity of CCK systems. We tested
these hypotheses by examining the effect
of proglumide, a competitive CCK re-
ceptor antagonist (3), on opiate analgesia

M

produced in rats either naive to or toler-
ant of opiates.

We found that endogenous CCK func-
tions physiologically as an opiate antago-
nist and plays a role in opiate tolerance.
The observation that proglumide can po-
tentiate opiate analgesia has implications
for the administration of narcotics for
both acute and chronic pain.

We initially examined the effect of five
doses of proglumide (0.001, 0.01, 0.1, 1,
and 5 pg) delivered intrathecally onto the
lumbosacral cord (4) on analgesia (5)
produced by intrathecally administered
morphine (1 g in 0.5 pl saline). Proglu-
mide or equivolume vehicle [0.5 ul of 0.4
percent dimethyl sulfoxide (DMSO) and
buffer] (6) was injected 10 minutes before
and again immediately before morphine
administration. A Dbiphasic dose-re-
sponse function was observed. Dose-
related potentiation was produced by
0.001- and 0.01-pug doses (Fig. 1A), no
effect by 0.1 pg, and dose-related attenu-
ation by 1.0 and 5.0 ng (7-9).

Since these results suggest that endog-
enous CCK was able to oppose the anti-
nociceptive actions of intrathecal mor-
phine, we tested whether endogenous
CCK might also attenuate analgesia in-
duced by endogenous opiates. We exam-
ined the effect of 0.01 pg of proglumide
(two intrathecal injections, 10 minutes
apart) on analgesia produced by spinal
release of endogenous opiates (front-paw
footshock-induced analgesia) (10) and on

the optimum potentiating § 207 ¢ Vehicle 7
dose). (A) Enhancement of "»;', N=8 ¢ Proglumide
intrathecal morphine anal- o 0 1 ° ¢ b
gesia by intrathecal proglu- 2
mide. (B) Enhancement of 5 -19 . N — N —
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) ) morphine DALA

thecal proglumide. (C) En- 4 100 1
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DALA analgesia by in- E 80 - |
trathecal proglumide. (D) o
Enhancement of PAG mor- @
phine analgesia by PAG 60 1 i
proglumide. (E) Enhance-
ment of systemic morphine 40 1 1
analgesia by systemic
proglumide. Data were 20 - b
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ison, P < 0.0001.
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Fig. 2. Apparent antagonism
of morphine tolerance by
proglumide. Values  are
means * standard erTors.
Both proglumide doses signifi-
cantly enhanced analgesia in
comparison with vehicle con-
trols (P < 0.0001).
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the analgesia produced by the stable
enkephalin analog [D-Ala’]lmethionine
enkephalinamide (DALA; 3 pgin 0.5 pl
saline, intrathecal). In both cases, pro-
glumide markedly potentiated analgesia
(Fig. 1, B and C).

We then examined whether the ability
of CCK to antagonize opiate analgesia
was unique to spinal circuitry. Since the
periaqueductal gray (PAG) contains both
opiate and CCK receptors (2, 11), we
examined the effect of 0.01 pg of proglu-
mide on 3 pg of morphine in 0.4 percent
DMSO-saline (0.5 pl) after simultaneous
microinjection (4) into PAG sites sensi-
tive to morphine. Proglumide again po-
tentiated morphine analgesia (Fig. 1D),
(i) indicating that opiate-CCK interac-
tions occur supraspinally as well as spi-
nally and (ii) indicating that, in general,
opiate actions are modulated by CCK
systems.

If CCK antagonists are to be of clinical
value they should be effective after sys-
temic administration. We therefore ex-
amined the effect of systemic proglumide
(0.002, 0.02, and 0.2 mg/kg in 1.2 percent
DMSO-buffer, injected intraperitoneally)
delivered 10 minutes and again just be-
fore a 3 mg/kg intraperitoneal injection of
morphine. At a dose of 0.02 mg/kg, pro-
glumide significantly potentiated mor-
phine analgesia (Fig. 1E); 0.002 mg/kg
produced a brief period of potentiation,
and 0.2 mg/kg had no effect (9, 12).

These data show that proglumide can
hasten the onset (Fig. 1, A, C, D, and E),
increase the peak level (Fig. 1, C, D, and
E), or prolong the duration (Fig. 1, B and
C) of analgesia. These observations raise
the possibility that administration of
CCK antagonists could decrease the
dose of narcotics necessary to relieve
pain (8) and could enhance the effects of
procedures such as acupuncture, which
are mediated by endogenous opiates
(13). Because our control studies showed
that proglumide does not produce anal-
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gesia in the absence of opiates (9), these
data imply that CCK systems are not
tonically active but are activated in re-
sponse to administration or release of
opiates. This possibility suggests that the
balance of activity between CCK and
opiate systems may determine the level
of pain sensitivity experienced by the
organism.

Since (i) the phenomenon of opiate
tolerance is observed at the behavioral
level as a decrease in the efficacy of
opiates to produce analgesia and (ii) en-
dogenous CCK is able to effect such a
decrease, CCK may play an important
role in tolerance. Long-term opiate ad-
ministration may induce a compensatory
increase in CCK synthesis or release,
which could result in a progressive an-
tagonism of opiate analgesia.

We therefore examined whether sys-
temic proglumide could attenuate mor-
phine tolerance in rats. Tolerance was
produced by a 6-day schedule of twice-
daily intraperitoneal injections of in-
creasing doses of morphine, culminating
in 300 mg/kg on the final day (/4). Upon
completion of this regimen, rats were
intraperitoneally injected with 0.6 or 1.8
mg of proglumide per kilogram or equi-
volume vehicle (I ml of 1.2 percent
DMSO-buffer per kilogram) 10 minutes
and again just before an intraperitoneal
injection of morphine (4 mg/kg which
produces potent analgesia in naive ani-
mals). A fourth group (N = 10) received
two injections of vehicle followed by
saline (morphine vehicle). The rats treat-
ed with vehicle plus morphine were not
significantly more analgesic than those
treated with vehicle plus saline; that is,
they exhibited tolerance to the analgesic
effects of morphine. In contrast, system-
ic coadministration of proglumide and
morphine potentiated morphine analge-
sia (Fig. 2) (9).

These data show that proglumide can
potentiate morphine analgesia in tolerant

rats—that is, it can antagonize opiate
tolerance (15). The data support the hy-
pothesis that tolerance may develop, at
least in part, from a progressive compen-
satory increase in the activity of CCK
systems in response to prolonged opiate
administration. If so, these results sug-
gest that blockade of the CCK systems
involved in pain modulation by drugs
such as proglumide could potentially re-
verse or prevent the development of
narcotic tolerance in patients with chron-
ic pain.
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