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SHERMAN, J. E., C. PROCTOR AND H. STRUB. Prior hot plate exposure enhances morphine analgesia in tolerant and 
drug-naive rats. PHARMAC. BIOCHEM. BEHAV. 17(2) 229-232, 1982.--The associative model of morphine tolerance 
predicts that established tolerance should be attenuated, i.e., extinguished, by placebo injections in the former morphine 
injection environment. The present study examined the effect of placebo sessions, with and without accompanying 
nociceptive stimulation, on the extinction of analgesic tolerance. In Experiment 1, rats rendered tolerant to morphine 
displayed recovery of morphine's analgesic action only following placebo sessions including exposure to a painful hot plate 
surface (52.5°C); placebo sessions on a cool plate (23-24°C) failed to attenuate tolerance even though these placebo sessions 
more closely matched the stimulus conditions of tolerance acquisition. In Experiment 2, repeated hot plate exposures were 
similarly found to enhance morphine analgesia in drug-naive rats. These results question an extinction account of the effect 
of hot plate placebo sessions observed in Experiment 1. Instead, they suggest that nociceptive hot plate exposures, per se, 
are sufficient to enhance subsequent morphine analgesia. 
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S IEGEL has recently elaborated a model of morphine 
tolerance that emphasizes a role for associative factors based 
on Pavlov 's  suggestion that the administration of  a drug 
constitutes a conditioning trial [11,13]. Within this 
framework, environmental cues that reliably predict mor- 
phine administration serve as the conditioned stimulus (CS) 
and the drug serves as the unconditioned stimulus (UCS). 
According to the conditioning model of tolerance, learning 
this CS-UCS association results in the acquisition of  com- 
pensatory,  conditioned responses (CRs) that oppose the un- 
conditioned responses (UCRs) elicited by the morphine 
UCS. Thus, the development of tolerance is explained by the 
conditioning of  a hyperalgesic CR that progressively can- 
cels the analgesic UCR as the CS-UCS association 
strengthens with repeated conditioning trials. 

A unique prediction of the conditioning model is that such 
analgesic tolerance should be attenuated by the extinction of 
the hyperalgesic CR. That is, to the extent that morphine 
tolerance is due to the elicitation of  a compensatory CR, 
presenting the drug-associated environmental cues unac- 
companied by morphine should eventually extinguish the CR 
and, in turn, result in the recovery of morphine 's  analgesic 
action. Thus, following the development of tolerance, re- 
peated placebo sessions (i.e., the administration of saline) in 
the presence of  cues formerly associated with morphine 
should attenuate tolerance. 

Although a number of experiments have supported this 
prediction [5, 11, 12, 14], exceptions have also been reported 

[ 10]. Moreover,  the results of recent research pose a possible 
problem for the associative interpretation even of these sup- 
portive findings. Evidence now clearly suggests that expos- 
ing drug-naive rats to repeated nociceptive stimulation, or 
stress, can enhance subsequent responsiveness to the anal- 
gesic action of  opiates ([3, 6, 7, 8]; for exception see [4]). 
Unfortunately, the procedures that have been used to extin- 
guish the environment-drug association have incorporated 
such potentially stressful stimulation as massed saline injec- 
tions [5], repeated restraint and forced limb extension [12], 
and explicit nociceptive thermal stimulation induced by hot 
plate exposure [11,14]. This argument would suggest that 
drug-naive rats receiving placebo "ext inct ion"  sessions 
similar to those employed in the morphine tolerance studies 
might also show an enhanced analgesic response to mor- 
phine. That is, the effect of  the extinction procedures alone 
may have enhanced subsequent morphine analgesia inde- 
pendently of  prior morphine experience. Thus it is possible 
that the enhanced analgesia following these extinction pro- 
cedures might have been produced by their inherent stress- 
fulness rather than by their uncoupling of the environment- 
drug association. None of these extinction studies included 
controls to assess this possibility. 

Thus, the present study had two purposes: (I) It assessed 
the effect of  placebo sessions with or without explicit 
nociceptive stimulation on the extinction of  analgesic 
tolerance to morphine (Experiment 1) and (2) determined 
whether similar effects occur in drug-naive rats (Experiment 
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2). Nociceptive stimulation was induced by exposure to a 
hot-plate surface, the same stimulation accompanying suc- 
cessful demonstrations of  extinction of  tolerance [11,14]. 

METHOD 

Subjects 

Subjects were 41 (Experiment 1) and 21 (Experiment 2) 
male Sprague-Dawley rats obtained from Simonsen Labora- 
tories in Gilroy, CA. The rats weighed between 310-355 g 
(Experiment 1) and 380-430 g (Experiment 2) on the first day 
of  experiments.  All rats were individually housed and had 
free access to food and water in their wire-mesh home cages. 
All procedures were conducted at least two weeks after the 
rats arrived at our laboratory and only during the light com- 
ponent of the 12 hr light-dark cycle. All rats were briefly 
handled on at least 10 separate occasions before the experi- 
ment started. 

Apparatus and Drugs 

Nociceptive thermal stimulation was provided with a 
standard hot plate apparatus. The hot plate consisted of a 
Haake E 51 water bath and pump that heated and circulated 
52.5°C water through the channeled interior of an aluminum 
plate. A Plexiglas cylinder with an inner diameter of 22.1 cm, 
29.2 cm high, and fitted with a removable lid, restrained the 
rat on the surface of the plate. The temperature of the water 
bath during cool plate placebo sessions was 23-24°C, approx- 
imately room temperature. 

Constant white noise (62 dB) was maintained in the dis- 
tinctive room but not in the home-cage environment. Am- 
bient temperature in both environments was 23_+ I°C. 

Morphine was administered via subcutaneous injection in 
the dorsal neck area. The dose was based on the following 
procedures: morphine sulfate was dissolved in 0.9% saline 
according to a concentration of 5 mg/ml; the volume injected 
was 1 ml/kg of the rat ' s  weight. Saline injections were equi- 
volume. 

Procedure 

During the tolerance development stage all rats in Exper- 
iment 1 were transported in individual wire mesh cages to the 
distinctive room in separate squads consisting of  13, 14, and 
14 animals. Following a 10-24 min interval (constant for each 
rat), 31 of the 41 rats were injected with morphine and the 
remaining ten rats were injected with saline. At least three 
rats were injected with saline in each squad. Thirty min after 
injection each rats was placed on the surface of the cool plate 
for 45 sec. Immediately after the last rat in a squad was 
removed from the cool plate the squad was returned to the 
colony. This procedure was followed on each of three con- 
secutive days. 

Following the three tolerance development sessions the 
31 morphine-experienced rats were randomly assigned to 
one of three groups. Morphine (M) rats assigned to the two 
placebo extinction groups received nine placebo sessions, 
one per day, in which saline was now administered in the 
distinctive room; thirty min after saline was injected, rats in 
Group M-HP (n= 10) were placed on the hot plate (HP) sur- 
face for 45 sec, whereas rats in Group M-CP ( n = l l )  were 
placed on the cool plate (CP) for 45 sec. The remaining 
morphine-experienced rats, Group M-R (n= 10), simply rest- 
ed (R) undisturbed in their home cages during this period to 
control for changes in tolerance that might occur merely with 

the passage of time. The morphine-naive rats, i.e., those 
injected with saline during their " tolerance development"  
stage, Group S-R (n= 10), also rested undisturbed during this 
period. 

On the day following the last placebo session, all rats 
were transported to the distinctive room and were injected 
with morphine. Thirty min later each rat was placed on the 
hot plate surface and latency to the first paw-lick or jump 
response was measured; rats were removed from the hot 
plate after 45 sec. 

In Experiment 2, two groups of rats were treated identi- 
cally to Groups M-HP and M-CP of Experiment 1 with the 
important exception that saline rather than morphine was 
injected during the " tolerance development"  stage of train- 
ing. Thus, Group S-HP (n=10) and Group S-CP ( n = l l )  re- 
ceived three daily saline injections in the distinctive room 
environment, that included exposure to the cool plate. Nine 
daily placebo "ext inct ion"  sessions followed. Group S-HP 
was exposed to the hot-plate surface for 45 sec during each 
placebo session, whereas Group S-CP was exposed to the 
cool plate surface. On the test day both groups were injected 
with morphine for the first time and 30 min later received a 
hot-plate test for analgesia. 

All statistical tests were conducted with the analysis of 
variance (ANOVA). The rejection criterion for all tests of 
significance was p<0.05.  Hart ley 's  test of homogeneity of 
variance on the data obtained in Experiment 1 revealed sig- 
nificant differences in variance, Fmax(4,10)= 15.13 [15]. Con- 
sequently, the data from both experiments were submitted to 
a square-root transformation prior to performing the 
ANOVA. 

RESULTS 

Figure 1 presents the mean hot plate response latencies 
for all groups in Experiments 1 (Panel A) and 2 (Panel B) 
following the test administration of  morphine. As suggested 
in Panel A of the figure, a one-way ANOVA revealed signifi- 
cant differences among the groups, F(3,37)=9.66. Planned 
pair-wise comparisons indicated that the morphine- 
experienced rats of Group M-R displayed significantly 
shorter response latencies than the morphine-naive rats of 
Group S-R, F(1,37)= 17.8. This comparison indicates that the 
three prior morphine administrations were sufficient to in- 
duce tolerance. Group M-CP failed to show that placebo 
extinction sessions on the cool plate attenuated tolerance to 
the analgesic action of morphine; Group M-CP did not signif- 
icantly differ from Group M-R, F(1,37)= 1.11. However,  the 
rats of Group M-HP, which received placebo sessions that 
included explicit nociceptive thermal stimulation induced by 
hot-plate exposure, were significantly more analgesic than 
either of the equally morphine-experienced rats of Groups 
M-R and M-CP, Fs(1,37)=4.91 and 7.42, respectively. 

The results of Experiment 2 (see Panel B) show that 
drug-naive rats given repeated placebo "ext inct ion"  ses- 
sions on the hot plate (Group S-HP) displayed significantly 
greater morphine analgesia than drug-naive rats receiving 
placebo sessions on the cool plate (Group S-CP), 
F(1,19)=6.21. It should be noted that comparisons of abso- 
lute response latencies across the two experiments is not 
appropriate because these experiments were conducted at 
different times and with different shipments of animals. 

DISCUSSION 

The results of the present study indicate that repeated 
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FIG. 1. Mean response latencies (-+ 1 SEM) on the hot plate follow- 
ing the test administration of morphine in Experiments 1 (Panel A) 
and 2 (Panel B). M (morphine) and S (saline) refer to the drug given 
prior to the treatments: HP (hot plate), CP (cool plate) and R (rest 
undisturbed). 

nociceptive stimulation, induced by exposure to a hot plate, 
enhances subsequent morphine analgesia in both tolerant 
(Experiment 1) and drug-naive (Experiment 2) rats. 
Moreover,  placebo extinction sessions including exposure to 
a cool plate failed to attenuate tolerance (Experiment 1). 
These results challenge Siegel 's [11,14] extinction interpre- 
tation of  the effects of  hot plate placebo sessions on analge- 
sic tolerance to morphine. Three lines of  evidence support 
this conclusion. 

First,  according to the conditioning model of tolerance, 
placebo sessions are assumed to attenuate tolerance by ex- 
tinguishing the environment-morphine (CS-UCS) associa- 
tion. Generally, extinction is best observed when the CS 
presented alone in identical to the CS previously paired with 
the UCS [9]. Consequently, in Experiment 1 greater extinc- 
tion of tolerance would be expected for Group M-CP than 
Group M-HP because for the former group placebo extinc- 
tion sessions were identical to the tolerance development 
sessions, whereas for the latter group such sessions differed 
because of the introduction of the thermal hot plate stimula- 
tion. It should be noted that the conditioning model of 
tolerance does not view nociception or stress as a necessary 
concomitant of placebo sessions. I f  the acquisition of 
tolerance proceeds without nociceptive stimulation or stress, 
placebo sessions without such stimulation should suc- 
cessfully extinguish tolerance. Thus, the results of  Experi- 
ment 1 were opposite to those expected on the basis of the 
conditioning model of  tolerance. 

Second, the results of Experiment 1 taken together with 
those obtained by Sherman [10], Siegel [11] and Siegel et  al. 
[14] clearly show that hot-plate temperature importantly in- 

fluences the degree of  attenuated tolerance following a simi- 
lar number of placebo sessions. When placebo sessions have 
been conducted with a 52.5°C or hotter temperature,  at- 
tenuation of  tolerance has been consistently obtained 
([11,14], and Experiment 1 of the present study). When the 
temperature of the hot plate has been 51°C the results have 
been mixed; sometimes attenuation of  tolerance has been 
observed [14], and sometimes it has not been observed 
[10,14]. Without exception, attenuation of  tolerance has not 
been observed following placebo sessions conducted on a 
cool plate (23--240C) ([10], and Experiment 1 of the present 
study). Thus, these results, all obtained with the same dose 
of  morphine, following a highly comparable number of 
tolerance development sessions (3 or 4) and subsequent 
placebo extinction sessions (9 or 10), reveal a highly consis- 
tent pattern linking the degree of thermal nociceptive stimu- 
lation sustained on the hot plate with the recovery of  mor- 
phine's  analgesic action in tolerant rats. This pattern of re- 
sults is not predicted by the conditioning model of tolerance. 

Third, these results extend with thermal stimulation re- 
cent studies showing that repeated exposure to a variety of 
other nociceptive stressors enhances subsequent opiate 
analgesia [3, 6, 7, 8]. Importantly,  in the present study under 
the same conditions in which hot plate placebo sessions ap- 
peared to reduce analgesic tolerance to morphine (Experi- 
ment 1), they also enhanced responsiveness to morphine in 
drug-naive rats (Experiment 2). Perhaps the most parsimoni- 
ous explanation for these data is that repeated placebo ses- 
sions on the hot plate are sufficient to enhance subsequent 
morphine analgesia in both morphine-tolerant and drug- 
naive rats. In all prior studies of  extinction of analgesic 
tolerance no assessment of the effect of placebo sessions, 
per  se, were conducted. Thus, evidence for an associative 
interpretation of the effect of placebo sessions in morphine 
tolerant rats remains equivocal. 

Although the present experiments call into question sev- 
eral studies currently supporting an associative account of 
morphine tolerance [5, 11, 12, 14] they do not challenge the 
general conclusion that associative factors importantly 
modulate responsiveness to opiates. The present experi- 
ments only address those studies in which exposure to 
nociceptive or stressful stimulation, and perhaps only hot 
plate stimulation, has preceded assessments of morphine 
analgesia. 

Interestingly, the effect of  hot plate exposures on subse- 
quent morphine analgesia appears to depend on whether 
morphine accompanies the nociceptive stimulation. In the 
present study tolerant or drug-naive rats exposed to the hot 
plate subsequently displayed enhanced morphine analgesia. 
However,  it has also been shown [ 1,2] that if morphine ac- 
companies exposure to the hot plate, subsequent morphine 
analgesia is diminished, i.e., tolerance develops more 
quickly. Thus, the effect of  hot plate exposure on morphine 
analgesia appears to depend on complex experiential and 
pharmacological interactions. 
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