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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 (I). 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 

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 

Fig. 1. Potentiation (mean 
+ standard error) of opiate 
analgesia by proglumide 
(two injections of 0.01 kg, 
the optimum potentiating 
dose). (A) Enhancement of 
intrathecal morphine anal- 
gesia by intrathecal proglu- 
mide. (B) Enhancement of 
front-paw footshock-in- 
duced analgesia by intra- 
thecal proglumide. (C) En- 
hancement of intrathecal 
DALA analgesia by in- 
trathecal proglumide. (D) 
Enhancement of PAG mor- 
phine analgesia by PAG 
proglumide. (E) Enhance- 
ment of systemic morphine 
analgesia by systemic 
proglumide. Data were 
evaluated by analyses of 
variance; for each compar- 
ison, P < 0.0001. 

produced by intrathecally administered 
morphine (1 kg in 0.5 k1 saline). Proglu- 
mide or equivolume vehicle [0.5 k1 of 0.4 
percent dimethyl sulfoxide (DMSO) and 
buffer] (6) was injected 10 minutes before 
and again immediately before morphine 
administration. A biphasic dose-re- 
sponse function was observed. Dose- 
related potentiation was produced by 
0.001- and 0.01-kg doses (Fig. lA), no 
effect by 0.1 kg, and dose-related attenu- 
ation by 1.0 and 5.0 kg (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 kg 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 
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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. 

L. R. WATKINS* 
I. B. KINSCHECK 

D. J. MAYER 
Department of Physiology and 
Biophysics, Medical College of 
Virginia, Virginia Commonwealth 
University, Richmond 23298 

Fig. 2. Apparent antagonism 
of morphine tolerance by 
proglumide. Values are 
means t standard errors. 
Both proglumide doses signifi- 
cantly enhanced analgesia in 
comparison with vehicle con- 
trols (P < 0.0001). 

Systemlc 
morphine Time (minutes) 

the analgesia produced by the stable 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 

enkephalin analog [D-Ala2]methionine 
enkephalinamide (DALA; 3 p.g in 0.5 p.1 
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