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ARTS, K. S., J. M. FUJIMOTO AND S. M. CRAIN. Inhibition of the antianaigesic action of dynorphin A in mice 
by cholera toxin. PHARMACOL BIOCHEM BEHAV 46(3) 623-629, 1993.-Dynorphin A-(I-17) (Dyn A) administered 
intrathecally (IT) or released spinally in the mouse produces an antianalgesic action. The present experiments indicate that IT 
administration of cholera toxin inhibited the antianalgesic action of Dyn A. When clonidine was administered intracerebro- 
ventricularly (ICV) to release spinal Dyn A, IT cholera toxin inhibited the antianalgesic action of Dyn A so that the analgesic 
component of action of clonidine became evident. Dyn A given IT inhibited the analgesic action of morphine given ICV. 
Cholera toxin given IT eliminated the antagonistic action of Dyn A. These results, in addition to others, indicate that IT 
cholera toxin antagonized the action of Dyn A. When the antianalgesic action of Dyn A was attenuated by pretrcatment with 
dynorphin antiserum or by pretrcatment that produced desensitization to Dyn A, cholera toxin had no effect. These results 
suggested that the antianalgesic action of Dyn A is mediated by activation of opioid receptors that are positively coupled to 
adenylate cyclase through a (38 regulatory protein. 

Dynorphin Antianalgesia Cholera toxin G, Morphine Clonidine 

CERTAIN drugs, such as physostigmine, clonidine, midazo- 
lain, and naloxone, administered intracerebroventricularly 
(ICV) in mice release dynorphin A-(l-17) (Dyn A) in the spi- 
nal cord to produce an antianalgesic action (I 1-14,20,26). The 
antianalgesic action of the endogenously released Dyn A can 
be demonstrated in the tall-flick test by antagonism of the 
analgesic action of morphine given intrathecally (IT). Further- 
more, the antianalgesic action of Dyn A is abolished by IT 
administration of the opioid antagonists, naloxone and norbi- 
naltorphimine, at doses that, respectively, do not affect the 
analgesic action (tail-flick test in mice) of DAMGO (Tyr-D- 
AI2-GIy-NMePbe4-Gly-ol s, a mu agonist, or U50,488H {trans- 
3,4-dichloro-N- methyl -N-[2- ( 1-pyrrolidinyl ) -cyclohexyl ] -ben- 
zeneacetamide methanesulfonate hyrdrate}, a kappa agonist, 
given IT. Dyn A action is attenuated by IT pretreatment with 
dynorphin antiserum and by production of desensitization to 
Dyn A by pretreatment with agents that release Dyn A (1, 
13,14). 

Dynorphins, as well as mu and delta opioid agonists, have 
inhibitory and excitatory effects on the duration of  the action 
potential of  sensory neurons in cultured mouse dorsal root 

ganglion (DRG)-spinal cord explants and dissociated DRG 
neurons [see review (7)]. The inhibitory action that shortens 
the duration of  the action potential occurs through a decrease 
in calcium or increase in potassium conductance (16,17,35, 
36). Dynorphin-(1-13) has an excitatory action to prolong the 
action potential duration of  DRG neurons by decreasing po- 
tassium conductance (31). Furthermore, other mu, delta, and 
kappa opioid agonists given at low (ca. nM) concentrations 
prolong the action potential duration, whereas at higher (mM) 
concentrations, these opioids shorten the action potential du- 
ration (4,6,7,10,28,31). The opioid excitatory effect on DRG 
neurons is blocked by cholera toxin (CTX), indicating that 
this opioid effect is mediated by receptors coupled through a 
G, protein to adenylate cyclase and cAMP-dependent, volt- 
age-sensitive ionic conductances (29). CTX decreases the effi- 
cacy of  the ligand to activate (:;,-coupled opioid receptors. In 
contrast, pertussis toxin (PTX) blocks opioid-induced short- 
ening of  the DRG action potential, which is mediated by acti- 
vation of  PTX-sensitive Gi/Go-coupled inhibitory opioid re- 
ceptors (7,17,24,28). CTX also inhibits the excitatory action 
of  opiates in certain other preparations. Opioid enhancement 
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FIG. 1. The IT administration of CTX uncovered the analgesic ac- 
tion of ICV clonidine. Clonidine (3 #g) given ICV 10 min before the 
tail-flick test (TFT) along with IT saline at 3 h or 5 rain before the 
TFT had very little analgesic effect (two points at zero cholera toxin 
dose). In the remaining groups, CTX was given IT 3 h or 5 min before 
the TFT along with ICV clonidine at 10 min. The effect of ICV 
clonidine was enhanced by the treatment with CTX (at 1 #g, p < 
0.05 by Dunnett's test, for 5 min and 3 h CTX vs. saline controls). 
Eight to 10 mice were used for each point. 

% MPE = 
(postdrug time - predrug time)100 

(10 - predrug time) 

Intracerebroventricular and Intrathecal Administration of  
Agents 

A 4-/~1 volumeof saline or drug solution was administered 
ICV (18). A 5-#1 volume of saline or solution of agents was 
administered IT (21). Drugs administered IT were cholera 
toxin (CTX), Dyn A, capsaicin, and dynorphin antiserum 
(Dyn AS). The usual times for the ICV and IT injections were 
at 10 and 5 rain before the TFT, respectively. CTX was given 
IT at various times stated with each experiment. Dynorphin 
antiserum was administered as a pretreatment 1 h before the 
TFT. All times, as indicated, refer to times before the TFT. 

Experimental Protocols to Assess the Effect o f  CTX 

The first experimental protocol involved ICV administra- 
tion of clonidine (3/~g, 10 min) and CTX (IT, 5 rain or 3 h) 
before the tall-flick test to see if CTX treatment inhibited the 

of electrically stimulated release of enkephahns from myen- 
teric neurons of the isolated guinea pig ileum preparation is 
inhibited by CTX (and not by PTX) without an effect on the 
basal release of enkephalins induced by electrical stimulation 
(15). CTX inhibits the contracture induced by naloxone in the 
isolated ileum preparation from morphine-dependent guinea 
pigs without any effect on the electrically induced muscle 
twitch response; only the naloxone-induced muscle contract- 
ure response is affected by CTX (23). 

The purpose of the present study was to determine if the 
antianalgesic action of Dyn A as found in mice is mediated by 
opioid receptors that are coupled to a Gs protein system. Be- 
cause CTX inhibits the excitatory effects of opioids on periph- 
eral neurons as discussed above, we used CTX as a tool in the 
present study to determine if the antianalgesic action of Dyn 
A is inhibited by CTX. The first protocol involved ICV ad- 
ministration of clonidine to release endogenous Dyn A in the 
spinal cord. Clonidine given ICV not only releases Dyn A 
but has an antinociceptive component of action that can be 
uncovered if the Dyn A component of action is attenuated 
(12,13). CTX, given IT, enhanced the analgesic action of ICV 
clonidine, indicating that CTX inhibited the Dyn A compo- 
nent of action of clonidine. Another protocol examined the 
ability of Dyn A administered IT (11,14) or released in the 
spinal cord by IT administration of capsalcin (2) to inhibit the 
antinociceptive action of morphine given ICV. The action of 
Dyn A to inhibit morphine-induced antinociception was elimi- 
nated by IT administration of CTX. 

METHOD 

Animals and Antinociceptive Test 

Male ICR mice, Sasco Laboratories (Omaha, NE), weigh- 
ing 20 to 30 g, were used in all experiments. Each animal 
was used only once. The antinociceptive response (for brevity 
referred to also as analgesia) to morphine was evaluated by 
the radiant heat tall-fiick test (TFT) (8) using a lamp intensity 
that provided a predrug latency time of 2-4 s and a lO-s cutoff 
time. The percent maximum possible effect (o7o MPE) for each 
mouse and mean for the group was calculated using the fol- 
lowing formula (9): 
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FIG. 2. The time course of the enhancement of ICV clonidine anal- 
gesia by CTX (IT, 1/~g) was determined by varying the time of admin- 
istration of CTX while keeping the time and dose of ICV clonidine 
constant. At 5 rain, IT CTX enhanced ICV clonidine-induced analge- 
sia as before. (A) At 1 h, IT CTX had no effect on the action of 
clonidine even though at 3 h IT CTX effectively enhanced clonidine- 
induced analgesia. The biphasic action of CTX was also found in 
other experiments to be described later. Asterisk indicates significant 
differences from control (ICV clonidine + IT saline) using Student's 
t-test. (B) A control experiment showed that IT CTX given at the 
designated times produced no significant difference from groups given 
IT saline at the same times. Saline was given ICV at 10 rain before the 
TFT to all groups in place of clonidine. Eight to 10 mice were used 
for each group. A + indicates treatment stated at left; - indicates 
drug vehicle treatment. 
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antianalgesic component of  clonidine. Clonidine has a latent 
analgesic component that can be uncovered by inhibiting the 
spinal Dyn A-mediated antianalgesic component (12,13). If  
CTX inhibited the action of  spinally released Dyn A, clonidine 
would manifest an increased analgesic response. Dose-re- 
sponse and time-response relationships for the effect of CTX 
on the clonidine response were determined. A way to attenuate 
the Dyn A component is to administer capsalcin as a pretreat- 
ment so as to produce desensitization to the subsequent action 
of  Dyn A (2). Thus, in one experiment, capsalcin (I0 mg/kg,  
0.I mi/10 g body weight) was given SC as a 0-h pretreatment 
and the combination of clonidine and CTX was tested as 
above, If  CTX were to inhibit Dyn A action, CTX should 
have no effect in the capsalcin-pretreated mice. In one experi- 
ment, CTX was heated to 56°C in a hot water bath for 20 
min to inactivate its action. 

In a second protocol, morphine (4 #g) was given ICV I0 
rain before the TFT and Dyn A was given IT to inhibit this 
morphine=induced analgesia. CTX was administered IT at 5 
rain or 3 h to evaluate its effect on this action of  Dyn A. Dyn 
A was given IT in a dose of  10 pg (5 fmol). 

In a third protocol, ICV morphine was used to induce 
analgesia as above, Capsalcin (0.1 #g) was given IT to antago- 
nize morphine-induced analgesia through presumptive release 
of Dyn A (2). CTX was given IT at 5 min or 3 h to see if it 
modified the action of  endogenously released Dyn A in a sys- 
tem different from the clonidine system above. 

Source o f  Drugs 

Materials were obtained from the following sources: mor- 
phine sulfate. 5H20 (Mallinckrodt Chemical Co., St. Louis, 
MO); Dyn A (Bacbem, Inc., Torrance, CA); capsaicin and 
cholera toxin (Sigma Chemical Co., St. Louis, MO). Dynor- 
phin antiserum was the same as used in a previous publication 
(13). Doses of  the drugs refer to the form of  the drugs stated 
here. Drugs were dissolved in 0.9°/0 sodium chloride solution 
or in the case of  Dyn A in 0.01°70 Triton X-100 in 0.9070 
sodium chloride solution. Warming and stirring was required 
to dissolve the capsalcin. The times, doses, and routes of  drug 

administration and number of  mice used per group are stated 
in each experiment. 

RESULTS 

CTX-Induced Enhancement of  ICV Clonidine 
Antinociception 

A 3-#g dose of clonidine given ICV 10 rain before the 
tail-flick test had little effect on the latency of  the tall-flick 
response in mice that had been treated 5 min or 3 h before the 
tall-flick test with IT saline (Fig. 1, two points on the ordinate 
at zero cholera toxin dose). When CTX was administered IT 
either 5 min or 3 h before the tall-flick test, increases in the 
antinociceptive action of  clonidine were obtained that ap- 
peared to be linearly related to the dose of cholera toxin. The 
5-min and 3-h times were derived from an experiment where 
the time of administration of 3 #g of  clonidine was fixed at 10 
rain, while the time of  administration of  CTX (IT) was 
changed (Fig. 2A). The administration of  CTX at 5 min and 3 
h increased the tall-flick latency induced by clonidine. CTX 
had no effect at 1 h. Thus, a biphasic effect was produced by 
CTX with a nadir at 1 h. The 5-rain and 3-h times were used 
for CTX in other experiments. Control groups given IT CTX, 
1 #g, had tall-flick latencies that were not different from con- 
trol groups treated with ICV and IT saline at each of  these 
times (Fig. 2B). 

Inactivation of  CTX by Heating 

The ability of CTX to increase clonidine analgesia was 
demonstrated again (group 1 vs. 2, at 5 min and 3 h, Fig. 3). 
This CTX effect no longer occurred when the CTX was heated 
for 20 min at 56°C (group 3 at 5 min and 3 h). Heating 
inactivates CTX (29). 

Evaluation of  CTX Action on CIonidine-Induced 
Antinociception Under Conditions Where the Dyn A 
Component o f  Action of  Clonidine Has Been Attenuated 

Pretreatment 1 h before the TFT with dynorphin antiserum 
enhanced the antinociceptive action of ICV clonidine (Fig. 
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FIG. 3. Heating the cholera toxin for 20 rain at 560C (CTX heated) destroyed the 
ability of cholera toxin to enhance ICV clonidine action. CTX or heated CTX was 
given either (A) 5 rain or (B) 3 h before the TFT. Asterisk indieats significant differ- 
ence from other groups using ANOVA followed by Newman-Keuls' test (p < 0.05). 
Numbers within the bar were the number of mice used in each group. 
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4A, group 1 vs. 3). CTX enhanced the antinociceptive action 
of clonidine (group 1 vs. 2). Giving both the Dyn AS and the 
CTX did not result in an effect significantly greater than that 
obtained for either the CTX or Dyn AS groups. Thus, the 
response was less than an additive and the effect of the two 
appeared not to be independent. 

Six-hour pretreatment with 10 mg/kg (SC) of capsaicin 
produces desensitization to the subsequent effect of Dyn A 
(2). An increase in the analgesic action of ICV clonidine was 
produced by the capsaicin pretreatment (group 4 vs. 1, Fig. 
4B). When both CTX and capsaicin treatments were given 
(group 5), the effect was no greater than the effect of either 
CTX (group 2) or capsaicin (group 4) treatments separately. 
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FIG. 4. Pretreatment with dynorphin antiserum (Dyn AS) or capsa- 
icin pretreatment eliminated the ability of IT CTX to enhance ICV 
clonidine-induced analgesia. (A) Both IT CTX and dynorphin antise- 
rum increased the analgesic action of ICV clonidine. When the two 
agents were combined, the response was no different than when each 
agent was given alone. (B) Capsaicin (10 mg/kg, SC) 6-h pretreat- 
ment, which produces desensitization to the subsequent action of Dyn 
A-enhanced, clonidine-induced analgesia (group 4 vs. 1). In the group 
pretreated with capsalcin, cholera toxin (IT) did not produce a greater 
effect on clonidine-induced analgesia (group 5) than either the group 
pretreated with capsaicin (group 4) or CTX IT (group 2). Groups with 
asterisk were not significantly different from each other but were 
significantly different from all groups without an asterisk, as deter- 
mined by ANOVA followed by Newman-Keuls' test (in both A and 
B). 

This meant that the CTX effect and capsaicin effects were not 
additive. As above, the effect of the two treatments appeared 
not to be independent. Thus, the results (Fig. 4A, B) indicated 
that when the Dyn A component of action of clonidine was 
attenuated by either Dyn AS pretreatment or desensitization 
to Dyn A by capsaicin pretreatment, CTX did not produce 
any additional enhancement of clonidine analgesia. 

Evaluation of the Ability of CTX to Affect the Antianalgesic 
Action of Dyn A Administered IT Against ICV 
Morphine-Induced Antinociception 

Morphine given ICV 10 rain before the tail-flick test pro- 
duced an antinociceptive effect (Fig. 5, group 1 in each set of 
time). This antinociceptive effect was antagonized by the IT 
administration at 5 min of Dyn A, 10 pg (group 1 vs. 2 in 
each set), as expected (11,14). This antianalgesic action of IT 
Dyn A was eliminated by IT administration of CTX at 5 min 
and 3 h, but not at 1 and 18 h. The nadir at 1 h created a 
biphasic action as in the previous experiments (Fig. 2). Also, 
CTX treatment did not alter the response to ICV morphine 
(group 3 vs. 1 in each set). 

Capsaicin given IT releases spinal Dyn A to antagonize 
ICV morphine-induced analgesia (2). Capsaicin (IT) decreased 
the analgesic action of ICV morphine as expected (Fig. 6, 
group 1 vs. 2 for each set). This action of IT capsaicin was 
reversed by CTX given IT at 5 min and 3 h, but not at 1 h. 
This time frame of action of CTX against the effect of capsa- 
icin was like that seen earlier for CTX on the Dyn A action 
(Fig. 5). 

D I S C U S S I O N  

CTX given IT inhibited the antianalgesic action of Dyn A. 
This conclusion was based on the results from three experi- 
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FIG. 5. The effect of IT CTX was evaluated on the antagonistic 
action of IT Dyn A against ICV morphine-induced analgesia. The 
analgesia induced by ICV morphine (10 rain) was antagonized by IT 
Dyn A (5 rain) (group 1 vs. 2) at each time: 5-rain, 1-, 3-, and 18-h 
treatment with IT saline. At 5 min and 3 h, IT CTX eliminated the 
effect of Dyn A (group 4 vs. 2 in respective set). At 1 h, CTX had no 
effect on the action of IT Dyn A to antagonize morphine-induced 
analgesia (group 2 vs. 4). By 18 h, CTX IT had no effect on the 
antagonism of morphine-induced antinociception by IT Dyn A. The 
biphasic effect of CTX corresponded in time to the hiphasic effect 
seen in Fig. 3. Significance, indicated by an asterisk, was determined 
by ANOVA followed by Newman-Keuls' test within each set of exper- 
iments at the given time. Eight to 10 mice were used in each group. 
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FIG. 6. The effect of IT CTX was evaluated on the antagonistic 
action of IT capsaicin against ICV morphine-induced analgesia. The 
analgesia induced by ICV morphine was antagonized by IT capsaicin 
(group 1 vs. 2, at 5 rain, 1 h, and 3 h after IT saline). At 5 rain and 3 
h, IT CTX eliminated the effect of capsaicin (group 4 vs. 2 in respec- 
tive set). At 1 h, CTX had no effect on the action of IT eapsaicin to 
antagonize morphine-induced analgesia (group 2 vs. 4). The biphasic 
effect of CTX corresponded in time to the biphasic effect seen in Fig. 
5. Asterisk indicates significant differences, as in Fig. 5. Eight to 10 
mice were used in each group. 

mental protocols where CTX given IT: a) enhanced the anal- 
gesic action of  ICV clonidine, b) antagonized the effect of IT 
Dyn A on ICV morphine-induced analgesia, and c) eliminated 
the antagonistic action of  IT capsalcin on ICV morphine- 
induced analgesia. Clonidine given ICV has two components 
to its action in the TFT (12,13). First, ICV clonidine releases 
spinal Dyn A, which has an antianalgesic action. Second, ICV 
clonidine has an analgesic action that remains latent until the 
spinal Dyn A antianalgesic component is attenuated. In the 
present study, when CTX was given IT, it increased the anal- 
gesic response to ICV clonidine. This result was compatible 
with IT CTX inhibiting the Dyn A component of  clonidine 
action to uncover the analgesic component. Also, dynorphin 
antiserum given IT 1 h before the tail-flick test enhances the 
antinociceptive effect of  ICV clonidine by attenuating the ac- 
tion of  endogenously released Dyn A (13). In the presence of  
dynorphin antiserum, IT CTX did not further enhance the 
antinociceptive of  action of  clonidine (Fig. 4A). Another way 
to attenuate spinal Dyn A action is to produce desensitization 
to Dyn A (14). Capsaicin releases spinal Dyn A and, like 
pretreatment with Dyn A itself, attenuates the response to 
Dyn A (2). Capsaicin, given SC as a 6-h pretreatment, pro- 
duced desensitization to the antianalgesic action of  Dyn A 
(Fig. 4B). In the capsaicin-pretreated group, ICV clonidine 
produced an antinociceptive effect. CTX did not increase this 
analgesic action of  clonidine in the capsaicin-pretreated mice. 
The latter result indicated that when the mice were desensi- 
tized to the action of  Dyn A, CTX had no effect because CTX 
works by antagonizing the action of  Dyn A. If  IT CTX were 
directly synergizing with the analgesic component of  action of  
clonidine, CTX should have continued to synergize even when 
the Dyn A component was attenuated. 

In the experiments where morphine was given ICV, Dyn A 
administered IT decreased morphine-induced analgesia (Fig. 
5) as expected (11,14). This action of  Dyn A was blocked by 
the IT administration of  1/~g of  CTX; IT CTX itself did not 

affect morphine-induced analgesia. Because the Dyn A was 
administered IT rather than endogenously released, the re- 
sults indicated more directly that CTX inhibited the action of  
DynA.  

As a variation to the two protocols (ICV clonidine and 
ICV morphine plus IT Dyn A), the third protocol involved 
ICV morphine-induced analgesia antagonized by IT adminis- 
tration of  capsalcin. Capsalcin given IT antagonizes ICV mor- 
phine analgesia through release of  spinal Dyn A (2). CTX 
given together with IT capsalcin eliminated the action of  
capsaicin, suggesting that CTX was inhibiting the action 
of  Dyn A. 

CTX inhibits the excitatory action of  opioids on DRG neu- 
rons through inactivation of  G, protein to reduce the effi- 
ciency of coupling between the opioid ligand receptor and 
Gs (23). The present results indicate that CTX inhibited the 
antianalgesic action of  Dyn A, which appeared to be a stimu- 
latory action through G, on the adenylate cyclase system. CTX 
given IT increases the analgesic potency of  SC morphine in 
the tail withdrawal response of  rats to hot water, while pertus- 
sis toxin decreases the potency of  morphine (37). This action 
of  CTX might be explained by our present finding that IT 
CTX appears to block the Dyn A antianalgesic component of 
spinal morphine action, thereby enhancing analgesia. Re- 
cently, we have demonstrated that the analgesic action of  IT 
morphine in mice can be enhanced by attenuating the spinal 
Dyn A component by IT administration of opioid antagonists 
or dynorphin antiserum (Holmes and Fujimoto, submitted). 
CTX given IT should also enhance the analgesic action of  IT 
morphine, an experiment that we will perform in the future. 
It is of interest that the obverse effect of  inhibition of  analge- 
sia by IT administration of  PTX has been reported (19,22). 
The effect of  PTX correlates with the finding that in dorsal 
root ganglion-spinal cord explants in vitro, PTX blocks the 
inhibitory effects of opioids on sensory-evoked, dorsal horn 
synaptic network responses [(5); see (24)]. 

Even though the results in the present study with CTX 
given at 5 rain and 3 h before the tall-flick test gave similar 
consistent results with the three protocols, it must be men- 
tioned that at the 1-h pretreatment time, CTX did not produce 
an inhibitory effect. We do not know the reason for this bi- 
phasic action of  CTX. It might, for example, be due to excit- 
atory effects of  CTX resulting from its anti-GTPase action, 
which could elicit a transient period of  activation of the aden- 
ylate cyclase/cyclic AMP system in these neurons, in addition 
to the direct attenuation by CTX of the efficacy of  Gccoupled 
excitatory opioid receptor functions. Such dual effects of  
CTX have been observed in electrophysiologic studies of  excit- 
atory opioid receptor functions in sensory neurons in culture 
(29) and in many biochemical studies, e.g., Gccoupled beta- 
adrenergic receptor functions in erythrocyte membranes (32). 

It should be noted that in two of the protocols, clonidine 
and morphine were given ICV remote from the site where 
CTX was given IT This approach had the advantage that the 
CTX was most likely not acting at the receptor site at which 
clonidine and morphine were acting in the brain. A caveat is 
that Sanchez-Blazquez and Garzon (27) found that when CTX 
is given ICV in mice it enhances ICV morphine- and clonidine- 
induced analgesia. We have no direct evidence that when CTX 
was given IT, it was not getting up into the brain. If CTX 
given IT were producing effects by reaching the brain, it 
would seem that the responses at 5 rain after administration 
would be different from those at 3 h. We would not expect 
CTX to reach the brain in high amounts at 5 min. Because the 
effects of spinally released and IT administered Dyn A were 
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at the spinal level, we believe that the CTX administered IT 
was acting in the spinal cord. Sachez-Blazquez and Garzon 
(27) propose that ICV morphine- and clonidine-induced anal- 
gesia are enhanced by CTX inhibition of G~ protein. Thus, it 
appears possible that the excitatory action of Dyn A on the 
spinal cord is mediated by activation of  similar Gccoupled 
opioid receptors as in the brain. These results suggest that 
morphine and clonidine may have excitatory effects in the 
brain just as Dyn A has in the spinal cord. To make matters 
more complex, microinjection of  both CTX and PTX into the 
locus coeruleus and periaqueductal gray area of  rats inhibits 
the antinociceptive action of  morphine microinjected into the 
locus coeruleus and the periaqueductal gray area (3). CTX 

inhibition of morphine-induced analgesia in these cases may 
have been due to interference with Gccoupled opioid receptor- 
mediated stimulation of the release of  inhibitory modulators, 
e.g., adenosine (34) or serotonin (25) in these CNS tissues, 
thereby attenuating this indirect mode of  morphine-induced 
analgesia (7,30). 
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