
male patients with Sipple's syndrome 
could prove a potent tool for understand- 
ing several aspects of the pathogenesis of 
this disease. First, the time point for de- 
velopment of the defect in neural crest 
tissue might be further elucidated. There 
is evidence that both the thyroid and ad- 
renal tumors are preceded by a phase of 
hyperplasia bilaterally in the thyroid (18) 
and the adrenal medulla (19); this hyper- 
plasia may appear or persist quite late in- 
to development since C cell hyperplasia 
in the thyroid has been recognized in 
patients up to 23 years of age (18) and bi- 
lateral adrenal medullary hyperplasia has 
been found in a 12-year-old patient (19). 
It seems unlikely that the somatic muta- 
tions suggested from our data would 
have occurred simultaneously at each of 
the separate sites of hyperplasia, but 
rather that the susceptible cells in these 
regions may have derived from stem 
cells that were already defective. If a 
population of black heterozygote fe- 
males with Sipple's syndrome could be 
examined, and the thyroid and adrenal 
tumors proved to be not only mono- 
clonal but also to contain the same G6PD 
isoenzyme in each tumor from the same 
patient, the evidence that the same mu- 
tated parent cells contribute to both le- 
sions would be strong. Thus the defect 
could be pinpointed to a time prior to mi- 
gration of neural crest elements to the 
thyroid and adrenal medulla. Obviously, 
since chance alone could accouLnt for the 
same G6PD form in the thyroid and adre- 
nal tumors 50 percent of the time, the 
population of patients examined would 
have to be quite large. 

It is intriguing that in our patient both 
the medullary carcinoma, a malignant le- 
sion, and the pheochromocytoma, a be- 
nign lesion in Sipple's syndrome (16, 20), 
appear to be of monoclonal derivation. 
This finding indicates that the factors 
controlling malignancy and benignity for 
the tumors in Sipple's syndrome may be 
separate from the basic inherited defect; 
possibly factors in the thyroid and adre- 
nal gland influence the behavior of the ne- 
oplastic cells, or differences evolve as 
the stem cells giving rise to the lesions 
mature and differentiate. 

Finally, the mechanism for the third 
component of the syndrome, parathyroid 
hyperplasia or adenoma formation (20), 
might be clarified by performing studies 
such as those undertaken in our patient. 
The parathyroid lesions have been postu- 
lated by some to be part of the primary 
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hyperplasia or adenoma formation (20), 
might be clarified by performing studies 
such as those undertaken in our patient. 
The parathyroid lesions have been postu- 
lated by some to be part of the primary 
defect in this disease and by others to 
arise as a compensatory response to cal- 
citonin excess (21). The former situation 
might be expected to show monoclonal 
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origin in view of our findings, and the lat- 
ter might show a multiclonal pattern. Un- 
fortunately, although two hyperplastic 
parathyroid glands were seen in patho- 
logic sections from our patient, fresh tis- 
sue was unavailable for study. 
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which reliably precede these systemic ef- 
fects. Such an association may be re- 
vealed if the subject, after a history of ad- 
ministration of the drug, is presented 
with the drug administration procedure 
not followed by the systemic effects of 
the drug-that is, if a placebo is adminis- 
tered. 

It has frequently been reported that 
conditional drug responses are opposite 
in direction to the unconditional effects 
of the drug (3, 5). Thus, in the case of a 
subject with a history of drug administra- 
tion, the administration ritual may elicit 
responses antagonistic to those elicited 
by the drug, and these anticipatory drug 
responses should serve to attenuate the 
effects of the drug. As is generally the 
case with conditional responses, the 
compensatory conditional drug re- 
sponses are expected to become more 
pronounced as conditional and uncon- 
ditional stimuli are paired more and more 
often (that is, the drug administration 
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ments. Analgesic tolerance was displayed when rats were tested in that environment 
in which they previously received morphine, balt not in the alternative environment. 
The results indicate than an association between environmental cues and the system- 
ic effects of morphine is crucial to tolerance development. 
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Table I. Mean responsivity during analgesiometer and hot-plate test sessions. 

Analgesiometer test: Hot-plate test 
mean paw-withdrawal mean paw-lick 

Tolerance acquisition threshold (grams of lae e 
condition pressure) 

Morphine Saline Morphine Saline 

Functional hot plate 245* 81 6.0 10.7 
Functional analgesiometer 106 57 22.5t 14.2 
Nonfunctional hot plate 316* 81 13.6 10.7 
Nonfunctional analgesiometer 120 70 23.1t 14.2 

*The difference in paw-withdrawal thresholds between these two groups was not significant, but both dis- 
played significantly higher withdrawal thresholds than any other group. tThe difference in paw-lick la- 
tencies between these two groups was not significant, but both displayed significantly longer lick latencies 
than any other group. 

procedure is associated with increasing 
frequency with the unconditional system- 
ic effects of the drug); therefore, the net 
effect of the drug should decrease over 
the course of successive administrations. 
Such a decreased response to a drug, as 
a function of successive experiences 
with the drug, defines tolerance (6). 

Of special relevance to the role of con- 
ditional drug responses in morphine anal- 
gesic tolerance is the finding that rats 
with a history of morphine administra- 
tion, in which each administration of the 
same dose has less and less of an analge- 
sic effect, display hyperalgesia when con- 
fionted with the usual drug administra- 
tion ritual but actually injected with a pla- 
cebo (3). Thus, in anticipation of the 
systemic effects of morphine (and its 
analgesic consequences), rats show hy- 
peralgesia. According to the condi- 
tioning theory of tolerance, it is this con- 
ditional hyperalgesic response together 
with the unconditional analgesic effect of 
morphine that is responsible for the net 
decrease in the analgesic effect of the 
opiate over the course of successive ad- 
ministrations. 

According to the conditioning theory 
of morphine tolerance, cues that reliably 
predict the systemic effects of the drug 
are crucial to the development of toler- 
ance because they enable the subject to 
make timely compensatory responses in 
anticipation of the central responses elic- 
ited by the drug. For tolerance to the 
analgesic effects of morphine to be ob- 
tained, subjects must have a consistent 
set of cues correlated with the morphine 
administration (3, 7). My investigation 
extends these findings by demonstrating 
that the display of tolerance is specific to 
the environment in which the drug has 
been administered, and that "morphine 
tolerant" rats, when assessed for the ef- 
fects of the narcotic in an environment 
other than that in which they became tol- 
erant, evidence a relatively nontolerant 
response. 

The experiment consisted of ten ses- 
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sions, one session every other day. The 
first eight sessions constituted the toler- 
ance acquisition phase of the experi- 
ment, and the remaining two sessions 
constituted the tolerance test phase. The 
experimental groups, each consisting of 
12 experimentally naive rats (male, Wis- 
tar-derived, 90 to 110 days old), differed 
in their treatment during the tolerance ac- 
quisition phase of the experiment. Half 
the groups experienced this phase of the 
experiment in one environment, while 
the remaining groups experienced this 
phase in a distinctly different environ- 
ment. During the final test sessions the 
effects of the drug were assessed for all 
groups in both environments. 

One environment in which morphine 
was administered was the colony room, 
where the rats were housed in individual 
cages. For each of the eight tolerance ac- 
quisition sessions, rats in one group were 
removed from their cages, subcuta- 
neously injected with morphine sulfate (5 
mg per kilogram of body weight, via a so- 
lution containing 5 mg/ml), and returned 
to their cages. One-half hour later each 
rat in this group was again removed from 
its cage and its analgesia level was as- 
sessed with the Randall-Selitto paw pres- 
sure analgesiometer (8). The rat was po- 
sitioned in such a way that it was free to 
withdraw its paw from a source of gradu- 
ally and constantly increasing pressure. 
The amount of pressure applied before 
the paw-withdrawal response occurred 
provided a measure of the subject's pain 
sensitivity. Thus, relatively high paw- 
withdrawal thresholds are indicative of 
analgesia. This group provided a mea- 
sure of the initial analgesic effect of mor- 
phine and the development of tolerance 
over eight successive drug administra- 
tions when the drug was administered in 
conjunction with one set of environmen- 
tal cues (the colony room and paw-pres- 
sure analgesiometer assessment). 

A second group received its morphine 
injections and analgesia assessment in 
the alternative environment during toler- 

ance acquisition. For each session, rats 
in this group were transferred, in their 
home cages, from the colony room to a 
different room, in which a constant back- 
ground of white noise at 60 db above 
0.002 dyne/cm2 was maintained, and in- 
jected with morphine. One-half hour lat- 
er, tolerance was assessed with the "hot- 
plate" procedure (9); that is, the rat was 
placed on a 52.2?C (+0.2?C) copper plate 
for 30 seconds, and the number of sec- 
onds that elapsed until the rat licked a 
paw was recorded. Thus, relatively long 
paw-lick latencies are indicative of anal- 
gesia. This group provided a measure of 
the initial analgesic effect of morphine 
and the development of tolerance in a 
second administration and assessment 
situation. 

Two additional groups were treated in 
the same manner as the above groups ex- 
cept that the substance injected was 
physiological saline. 

Figure 1 shows the mean analgesiome- 
ter paw-withdrawal thresholds and hot- 
plate paw-lick latencies for groups in- 
jected with morphine and saline on each 
tolerance acquisition session. With both 
procedures, the analgesic effect of mor- 
phine was observed on the first session 
(that is, rats injected with morphine 
showed significantly lower pain sensitiv- 
ity than rats injected with saline;. both 
t's > 11, both P's < .001) and the anal- 
gesic effect of the opiate decreased over 
the course of successive administrations 
(both morphine groups had significantly 
higher pain sensitivity the eighth time 
they were injected with the drug than the 
first time; both t's > 20, both P's < 
.001). 

It is possible that the apparent acquisi- 
tion of analgesic tolerance shown in Fig. 
1 may be due to increasing practice in 
making the pain-ameliorating paw-with- 
drawal or paw-licking response while 
drugged, rather than to any functional de- 
crease in the narcotic's analgesic proper- 
ties. Therefore, the design of the experi- 
ment included four additional groups (12 
rats in each group) that were treated like 
the four groups in Fig. 1, but for whom 
the analgesia assessment apparatuses 
were nonfunctional during this first 
phase of the experiment. In the case of 
groups experiencing this phase of the ex- 
periment with a nonfunctional analge- 
siometer, half an hour after injection of 
either morphine or saline the rats were 
positioned in the analgesiometer but no 
pressure was applied. In the case of 
groups experiencing this phase of the ex- 
periment with a nonfunctional hot plate, 
the rats were placed on the plate while it 
was at room temperature (21.2? to 
22.2?C). Animals in these groups, al- 

SCIENCE, VOL. 193 



though they received either morphine or 
saline in one of the two environments, 
never practiced the indicant response 
during the first phase of the experiment; 
therefore, when the analgesia assess- 
ment apparatuses were functional during 
subsequent test sessions, the responsiv- 
ity of these groups could not be attribut- 
able to acquired proficiency in respond- 
ing to stimulation. 

After the eight tolerance acquisition 
sessions, all rats were tested with both 
the analgesiometer and hot-plate proce- 
dures in a counterbalanced order. These 
two tolerance test sessions were initiated 
with an injection of the same substance, 
morphine or saline, that the rat received 
during tolerance acquisition. The analge- 
siometer withdrawal thresholds and hot- 
plate lick latencies for these test sessions 
are summarized in Table 1 (10). Separate 
multidimensional analyses of variance of 
the analgesiometer and hot-plate test ses- 
sion data revealed similar patterns of re- 
sults. There was no evidence that either 
hot-plate or analgesiometer test session 
performance was affected by whether or 
not the assessment apparatus was func- 
tional or nonfunctional during the acqui- 
sition of tolerance phase of the experi- 
ment. Thus, rats that never practiced ei- 
ther response prior to the test showed 
test responsivity to pain similar to that of 
groups with previous experience in re- 
sponding to aversive stimulation, in- 
dicating that such practice is irrelevant 
to test session performance. With both 
test procedures, there was a significant 
interaction between the drug (morphine 
or saline) and pretest tolerance acquisi- 
tion situation (hot plate or analgesiome- 
ter) [F (1/80) = 5.56, P = .02 for analge- 
siometer test; F (1/80) = 12.3, P < .001 
for hot-plate test]. Pairwise comparisons 
(Tukey's test) to analyze the source of 
the interaction indicated that when rats 
injected with morphine were tested in 
the environment other than that in which 
they received their tolerance acquisition 
sessions, they evidenced significantly 
lower pain sensitivity (that is, longer 
paw-lick latencies and higher paw-with- 
drawal thresholds) than any other condi- 
tion (P < .05 for analgesiometer test, 
P < .01 for hot-plate test). For both the 
analgesiometer and hot-plate tests, none 
of the other differences between pairs of 
groups were statistically significant. 

Prior to the test sessions, all animals 
injected with morphine, regardless of the 
environment in which they received the 
drug and regardless of whether or not 
they had the opportunity to practice ei- 
ther of the responses, were subjected to 
the same morphine-induced systemic ef- 
fects equally as often and at the same in- 
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Fig. 1. Mean analgesiometer paw-withdrawal 
thresholds (A) and hot-plate paw-lick latencies 
(B) for rats injected with morphine or saline 
for each tolerance acquisition session. Each 
of the four independent groups consisted of 12 
rats. 

tervals. These rats should all have been 
subjected to the same metabolic, cellu- 
lar, or immunifacient modifications hy- 
pothesized to be responsible for toler- 
ance; thus, on the basis of any theories 
of tolerance which emphasize these mod- 
ifications (1, 2), it is expected that all 
morphine groups should be equally toler- 
ant to the analgesic effects of the opiate 
in both test environments. However, on- 
ly when rats were tested in the environ- 
ment in which they previously experi- 
enced the narcotic did they show the 
high pain sensitivity indicative of analge- 
sic tolerance. When the same rats were 
tested with morphine in the environment 
other than that in which they had pre- 
viously experienced the drug, they evi- 
denced relatively nontolerant (that is, 
analgesic) responses. 

The importance of environmental cues 
in the display of tolerance cannot be attrib- 
uted to practice in making the analgesia- 
indicant response while drugged (7), 
since groups that experienced the toler- 
ance acquisition phase of the experiment 
with a nonfunctional assessment appa- 
ratus responded on the test sessions in 
the same way as groups that had the op- 
portunity to practice the indicant re- 
sponse. The results of my experiment in- 
dicate that tolerance to the analgesic ef- 
fects of small doses of morphine is highly 
dependent on the pairing of a drug admin- 
istration ritual with the systemic effects 

of the drug, rather than merely the fre- 
quency of opiate stimulation. The find- 
ings, although contrary to most theories 
of tolerance (1, 2), are predicted by the 
conditioning theory of tolerance (3), 
which stresses the role of drug-associat- 
ed environmental cues in the display of 
tolerance. 
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