
hanced (Table 1) (8). The size of the first 
meal after infusion was significantly 
greater in the glucose condition than in 
the saline condition. Also, during the 
first half-hour after glucose infusion, the 
mean meal size, mean feeding rate per 
meal, and total food intake were signifi- 
cantly greater than the same measures 
taken after saline infusion. The animals 
ingested approximately 5 g more during 
the first half-hour after infusion of glu- 
cose than they ingested in the saline 
condition; that is, they nearly doubled 
their food intake in response to the fast 
infusion of glucose. Cumulative food in- 
take over the 4-hour measurement peri- 
od remained approximately 5 g higher in 
the glucose condition ( P  < .01), so there 
was no compensation for the increase in 
food intake in the first half-hour. 

Slow infusion of glucose resulted in a 
significantly smaller first meal than did 
slow infusion of saline (Table 1). The 
between-condition difference in mean 
meal size during the first half-hour was 
not significant. However, when mea- 
sured throughout the first hour, mean 
meal size after glucose infusion (6.15 g) 
was substantially less than that after 
saline infusion (8.29 g), a difference ap- 
proaching significance ( P  < .06). 

It  was previously shown in our labora- 
torv that intraduodenal infusion of 10 ml 
of glucose (1 mlimin) suppressed food 
intake but that increasing the volume to 
30 ml enhanced food intake (9). We 
therefore investigated the effect of vol- 
ume of infusant (delivered at the rate of 3 
mlimin) on subsequent food intake. Ani- 
mal maintenance and surgical proce- 
dures were similar to those used in the 
first experiment. Infusion and testing 
conditions were also similar, except that 
six rabbits (2.5 to 3.5 kg) were intraduo- 
denally infused with 10, 20, and 30 ml of 
0.3M glucose and 0.15M NaCl per 3 kg at 
the rate of 3 mlimin. The results were 
similar to those of the first experiment 
(Table 2). Thus, once the infusion rate 
has been increased sufficiently to  pro- 
duce enhancement of food intake, fur- 
ther increases in volume have no dis- 
cernible effects (10). 

These results lead us to hypothesize 
that glucose produces hunger when it 
arrives in the duodenum quickly and is 
absorbed at  a rapid rate. This hypothesis 
has important clinical implications for 
the control of hunger. Presumably, one 
could eliminate the hunger-stimulating 
effect of glucose by slowing the rate at 
which the food arrives in the duodenum 
and is absorbed. Ingestion of a diet high 
in fiber might be one means of avoiding 
glucose-induced hunger. Fiber increases 
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gastric viscosity, delaying gastric empty- 
ing into the duodenum; and, with long- 
term ingestion of such a diet, the intesti- 
nal absorption of glucose is reduced (11). 
Another dietary manipulation that might 
prevent the hunger-stimulating effects of 
glucose is to increase the size of the 
carbohydrate molecules in the diet. Sim- 
ple sugars are digested and absorbed far 
more rapidly than are starches (12), and 
animals maintained on a high-sucrose 
diet ingest more calories than those 
maintained on a high-starch diet (13). 
Humans historically have ingested 
starch as  their principal carbohydrate; 
sucrose has only recently been intro- 
duced into our diets. Perhaps we have 
hunger and satiety mechanisms designed 
to respond to glucose that has been ob- 
tained primarily from starches, not sim- 
ple sugars. 
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Pavlovian Conditional Tolerance to Haloperidol Catalepsy: 
Evidence of Dynamic Adaptation in the Dopaminergic System 

Abstract. An experiment with rats has demonstrated that Pavlovian conditioning 
factors determine the occurrence of tolerance to haloperidol catalepsy. Rats 
exhibited tolerance only in the environment previously associated with the drug. 
Previous research involving receptor binding techniques implicated an increase in 
the number of brain dopamine receptors as the mediator of neuroleptic tolerance. 
The presentfindings demonstrate that this change, by itself, cannot account for the 
conditional occurrence o f  such tolerance. 

Haloperidol is one of a number of 
neuroleptic drugs that are effective in 
treating paranoid schizophrenia. There is 
direct evidence that haloperidol and 
most other neuroleptics block dopamine 
receptors in the brain (1, 2). A frequent 
adverse effect of long-term neuroleptic 
therapy is tardive dyskinesia, a syn- 
drome of involuntary motor movements 
commonly involving the buccolingual- 

masticatory triad (3-5). The syndrome is 
transiently increased on neuroleptic 
withdrawal, while reintroduction of the 
drug or an increase in dose can eliminate 
the signs. Hence it appears that long- 
term blockade of brain dopamine recep- 
tors by neuroleptics eventuates in neuro- 
leptic tolerance, which in turn may con- 
tribute to tardive dyskinesia (2, 3). 

In rats haloperidol produces a charac- 
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Table 1. Cataleptic response of each group to haloperidol (1.5 mglkg) at each assessment 
interval. Values are means i standard errors. 

Minutes Duration of cataleptic response (seconds) 

after Rats tested in Rats tested in 
haloperidol Control rats drug-associated saline-associated 

injection environment environment 

teristic neuroleptic syndrome consisting 
of suppression of spontaneous move- 
ments and catalepsy. With repeated ad- 
ministration of the drug, tolerance devel- 
ops to these effects (6, 7). Termination of 
long-term neuroleptic treatment results 
in supersensitivity to  dopaminergic 
drugs, such as apomorphine (8, 9). Re- 
ceptor binding studies have shown that 
repeated neuroleptic administration in- 
creases the number of postsynaptic do- 
pamine receptors in the brain, and it has 
been suggested that such changes under- 
lie both tolerance and supersensitivity to 
dopaminergic drugs (2, 10). 

In a series of studies on tolerance to 
morphine analgesia, Siegel (11) proposed 
that tolerance is the sum of the uncondi- 
tioned pharmacological effects of a drug 
and a compensatory conditioned reac- 
tion to those effects. According to this 
proposal, the manifestation of tolerance 
is determined by the presence of contex- 
tual cues coincident with previous ad- 
ministrations of the drug. There is now 
considerable evidence in support of the 
theory as it applies to the analgesic effect 
of morphine (11, 12) and the hypother- 
mic effect of ethanol (13, 14). We report 
here that the manifestation of tolerance 
to the cataleptic effect of haloperidol is 
governed by Pavlovian conditioning fac- 
tors. 

Two experimental groups, each con- 
sisting of 12 male Sprague-Dawley rats 
(250 to 280 g), received repeated intra- 
peritoneal injections of haloperidol and 
saline. The two groups differed only in 
terms of the environment in which halo- 
peridol and saline were consistently ad- 
ministered. One injection environment 
was a dark room with constant 75-dB 
background noise. The rat was placed in 
a clear Plexiglas observation box (27 by 
27 by 39 cm) with a black floor. The 
other injection environment was a 
brightly illuminated, quiet room where 
the rat was placed in an observation box 
with a black and white striped floor. One 
group of rats received haloperidol injec- 
tions in the dark, noisy, black-floored 
environment and saline injections in the 
bright, quiet, striped environment and 

the second group received the reverse. 
During the tolerance development 

phase each rat was given 28 injections of 
haloperidol (3 mgikg) (in the form of 
Haldol, 5 mgiml) and 56 injections of 
saline. The two substances were injected 
on different days in accordance with a 
random sequence in which haloperidol 
was injected once and saline twice dur- 
ing 3-day periods. For  each treatment 
the rat was transported from the colony 
to its designated environment and inject- 
ed with the scheduled substance. The rat 
then remained in that environment for 
150 minutes. 

After the tolerance development phase 
all the rats were tested for the cataleptic 
effects of haloperidol. Half of the rats in 
each group were tested in the environ- 
ment in which haloperidol had been ad- 
ministered. The remaining animals in the 
two groups were then tested in the envi- 
ronment associated only with saline in- 
jections. A third group of 12 rats re- 
ceived only saline injections in both en- 
vironments during the tolerance devel- 
opment phase. This control group was 
also tested for haloperidol-induced cata- 
lepsy. Six control rats were tested in one 
environment and six were tested in the 
other. 

Tolerance to haloperidol-induced cata- 
lepsy was tested with the standard bar- 
hanging procedure (6). Catalepsy is in- 
dexed by the amount of time the animal 
remains hanging with both paws on the 
bar. Each rat was given three successive 
1-minute tests 25, 50, and 75 minutes 
after the injection of haloperidol (1.5 mgi 
kg); thus the maximum catalepsy score 
was 180 seconds at each assessment in- 
terval. The lower dose was used to in- 
crease the sensitivity of the test. 

Table 1 shows the mean haloperidol 
catalepsy scores for the different groups 
at each assessment interval. Within each 
group there was no difference in per- 
formance between the two injection en- 
vironments, hence the data for the two 
environments were combined for each 
group. An overall analysis of variance 
revealed a significant difference in per- 
formance among groups [F(2, 33) = 

12.04, P < .001]. Subsequent pairwise 
comparisons were computed with Tukey's 
test. 

Ezrin-Waters et a / .  (15) obtained cata- 
lepsy scores of virtually zero for non- 
drugged rats on the standard bar-hanging 
test. Thus, the test dose of haloperidol 
produced marked catalepsy in our con- 
trol animals (Table 1). Drug-experienced 
rats tested in the drug-associated envi- 
ronment showed substantial tolerance to 
haloperidol catalepsy at each assessment 
period. Pairwise comparisons revealed 
that these rats were significantly less 
cataleptic than the control animals at  
each assessment interval ( P  < .01). 
More important, animals tested in the 
saline-associated environment were sig- 
nificantly more cataleptic at each assess- 
ment interval than rats tested in the drug- 
associated environment ( P  < .01). The 
amount of catalepsy shown by the for- 
mer did not differ significantly from that 
shown by the control animals. 

These results demonstrate tolerance in 
haloperidol-experienced animals follow- 
ing an expected drug administration but 
not following an unexpected one. An 
increase in the number of dopaminergic 
receptors resulting from long-term neu- 
roleptic exposure (2, 10) cannot account 
for such tolerance. Rather, it appears 
that cues previously associated with neu- 
roleptic administration are critical for 
engaging mechanisms that counteract 
the cataleptic effect of haloperidol in 
producing tolerance. 
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