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REBEC, G. V., J. GELMAN, K. D. ALLOWAY AND T. R. BASHORE. Cataleptogenic potency of the antipsychotic 
drugs is inversely correlated with neuronal activity in the amygdaloid complex of the rat. PHARMACOL BIOCHEM 
BEHAV 19(5) 759--763, 1983.--At doses known to elicit catalepsy in rats, haloperidol (1.0 and 2.0 mg/kg) and pimozide 
(4.0 mg/kg), injected intraperitoneally, failed to alter the spontaneous activity of neurons in the amygdaloid complex of 
locally anesthetized, immobilized rats. In contrast, clozapine and thioridazine, which are devoid of cataleptic effects even 
at high doses (10.0 and 20.0 mg/kg), caused a dramatic and prolonged increase in firing rate, whereas chlorpromazine, 
which produces relatively mild catalepsy at doses of 5.0 and 10.0 mg/kg, produced an intermediate response. These results, 
which were obtained throughout the amygdaloid complex, indicate that the cataleptogenic potency of the antipsychotic 
drugs is inversely correlated with their ability to accelerate neuronal activity. This finding is discussed in relation to the 
known mechanisms of action of these drugs on various neurotransmitter systems in the amygdaloid complex. 

Amygdaloid complex Antipsychotic drugs Catalepsy Unit activity 

THE therapeutic control of  schizophrenia by antipsychotic 
medication is often complicated by the concomitant produc- 
tion of untoward side effects. Among the most common of 
these are a series of movement disorders,  including rigidity 
and akinesia, that involve the extrapyramidal  motor  system 
[2, 5, 27]. The ability o f  antipsychotic drugs to produce ex- 
trapyramidal side effects (EPS), however,  varies consid- 
erably. Haloperidol and pimozide, for example,  routinely 
elicit EPS even at relatively low doses, whereas thioridazine 
and clozapine are virtually devoid of such effects [4, 11, 16, 
33]. Chlorpromazine,  a popular antipsychotic for several 
decades,  appears to be of intermediate potency [10, 16, 26, 
32]. The potency difference of  these drugs in producing EPS 
is paralleled by their ability to cause catalepsy,  an analog of  
EPS, in rats [12, 24, 38]. Thus, haloperidol and pimozide are 
very potent cataleptogenic agents, chlorpromazine is less so, 
and thioridazine and clozapine fall to produce catalepsy even 
at high doses. 

Since virtually all the antipsychotics block dopamine 
(DA) receptors [8,25], it is unlikely that this effect alone can 
explain the differential abilities of  these drugs to produce 
EPS. Instead, a regional difference in the affinity of  certain 
antipsychotics for DA receptors has been proposed [1,3]. 
According to this view, cataleptogenic antipsychotics antag- 

onize DA transmission both in the neostriatum, a part of  the 
extrapyramidal  motor system, and the nucleus accumbens,  a 
part of  the limbic system that has been implicated in schizo- 
phrenia [13,31], whereas atypical antipsychotics have a 
higher affinity for DA receptors in the nucleus accumbens. 
This regional distinction, however, is not supported by evi- 
dence that cataleptogenic and non-cataleptogenic 
antipsychotics produce comparable effects on DA turnover 
in both sites [6, 29, 30, 35, 36, 37] and that these drugs bind 
equieffectively to DA receptors in the neostriatum and nu- 
cleus accumbens [15]. Furthermore,  these drugs produce 
comparable effects on neuronal activity in each site [21]. In 
fact, haloperidol and clozapine block the depression of firing 
rate produced by amphetamine and other DA agonists [20]. 
Thus, there appears to be little biochemical and elec- 
trophysiological support for a selective action of  the non- 
cataleptogenic antipsychotics in the nucleus accumbens. 

There is evidence, however,  for a differential action of 
cataleptogenic and non-cataleptogenic antipsychotic drugs in 
the amygdaloid complex. Haloperidol,  for example,  exerts 
virtually no effect on spontaneous neuronal activity in this 
site, whereas clozapine produces a prolonged increase in 
firing rate [19]. It is conceivable,  therefore, that the catalep- 
togenic potency of the antipsychotic drugs is inversely re- 
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TABLE 1 
NUMBERS OF SUBJECTS AND NEURONS FROM WHICH DATA WERE OBTAINED 

Haloperidol Pimozide 
Numbers 1.0 2.0 4.0 

Drug (mg/kg) 

Chlorpromazine Clozapine Thioridazine 
5.0 10.0 20.0 10.0 20.0 

Subjects* 3 4 6 4 4 6 3 4 
Neurons 3 5 7 5 7 6 5 4 

*Each rat received only one injection to avoid any effects of multiple drug or dose administrations. 

lated to their ability to increase amygdaloid activity. In sup- 
port of this hypothesis, we now report that haloperidol, 
pimozide and chlorpromazine, at doses known to elicit 
catalepsy in rats, produce little, if any, change in amygdaloid 
activity, whereas both thioridazine and clozapine cause a 
dramatic increase in firing rate. 

METHOD 

Male, Sprague-Dawley rats (300-400 g) were anesthetized 
with ether, mounted in a stereotaxic frame, and prepared for 
single unit recording as previously described [19, 20, 22]. 
Bilateral burr holes were drilled through the skull overlying 
the amydaloid complex approximately 4.6 mm anterior and 
3.5 mm lateral to stereotaxic zero [14]. All points of surgical 
and stereotaxic contact were thoroughly infiltrated with local 
anesthetics (Procaine and Xylocaine) supplemented at reg- 
ular intervals. The ether was withdrawn; the animals were 
immobilized with 2.0 mg/kg tubocurarine chloride (Lilly) and 
artificially respired. Body temperature (37_+0.5°C), heart 
rate, and endtidal carbon dioxide (4.0_+0.5%) were moni- 
tored throughout the recording session. Electrocortico- 
graphic recordings indicated effective local anesthesia 
[20,22]. 

Tungsten microelectrodes (3.0-8.0 M~ impedance) were 
used to record single unit discharges bilaterally in the amyg- 
daloid complex--including the basolateral, corticomedial, 
and central amygdaloid nuclei. Spontaneous activity, iso- 
lated to a signal-to-noise ratio of 3:1 or more, was recorded 
on a minute-by-minute basis for at least 20 min in order to 
insure a stable baseline firing rate. The mean firing rate dur- 
ing this period was given a value of 100%; drug-induced 
changes in firing rate were then recorded as a percentage of 
the baseline rate. This procedure permitted statistical 
analysis despite considerable variability among the firing 
rates of individual neurons recorded from different animals. 
Unit activity that failed to maintain a constant signal-to-noise 
ratio or that did not return to at least 60% of the baseline rate 
within 3 hr after inject ion was excluded.  Haloperidol 
(McNeil), pimozide (McNeil), chlorpromazine (Sigma), 
clozapine (Sandoz), or thioridazine (Sandoz) was adminis- 
tered via a previously implanted intraperitoneal (IP) catheter. 

After the completion of each experiment, the animal re- 
ceived a lethal overdose of sodium pentobarbital (Nembutal) 
and methylene blue dye was infused through the catheter to 
verify the accuracy of the injection site. Data were not in- 
cluded from animals in which dye was found outside the 
per i tonea l  cavi ty .  Each animal  rece ived  only one 
antipsychotic drug to avoid any residual drug effects. Elec- 
trode placements were marked by passing current through 
the electrode to make a small lesion. Following a transcardial 
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FIG. 1. Mean percent firing rate of neurons in the amygdaloid com- 
plex during the first 60 minutes after an IP injection of 2.0 mg/kg 
haloperiodol (HAL), 4.0 mg/kg pimozide (PIM), 10.0 mg/kg chlor- 
promazine (CPZ), 20.0 mg/kg clozapine (CLO), or 20.0 mg/kg 
thioridazine (THI). Drug-induced changes in firing rate were calcu- 
lated as a percentage of the preinjection baseline rate which was 
defined in all cases as 100%. Brackets indicate the standard error of 
the mean. 

perfusion with normal saline and 10% formalin, the brain was 
removed, frozen, sectioned and stained with cresyl violet. 

RESULTS 

Histological examination revealed that of the 42 neurons 
included for data analysis, 17 were located in the basolateral 
nucleus, 11 in the corticomedial nucleus, and 14 in the cen- 
tral nucleus. In each case, the spontaneous activity of indi- 
vidual neurons was slow and irregular with a rate of 1-6 
spikes/sec. Biphasic action potentials having an amplitude of 
300-500 p~V were most common. Taken together, these data 
indicate no significant differences in either the waveform, 
amplitude, or firing pattern of individual neurons in different 
nuclear groups. Since neuronal activity was recorded bilat- 
erally from each animal, the number of neurons from which 
data were obtained exceeded the number of rats used. Table 
1 lists this information for each drug. 

Figure 1 illustrates the mean percent firing rate of 29 
amygdaloid neurons during the first 60 minutes after drug 
injection. Note the complete lack of effect of 2.0 mg/kg haio- 
peridol and 4.0 mg/kg pimozide, and the dramatic increase in 
firing rate produced by 20.0 mg/kg clozapine and 20.0 mg/kg 
thioridazine. Chlorpromazine, at a dose of 10.0 mg/kg, 
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FIG. 2. Representative examples of the magnitude and time course of the neuronal 
response in the amygdala to the antipsychotic drugs indicated in the legend. In each 
case, the drug was injected at Time 0 and firing rate was plotted at 5-minute intervals 
as a percentage of the 100% preinjection baseline rate. 

produced an intermediate response. An analysis of variance 
revealed that the differential effects of these neuroleptics on 
amygdaloid activity were highly significant, F(4,22)=5.38, 
p <0.01. Each nuclear group within the amygdaloid complex 
was represented in the data collected from each antipsycho- 
tic drug. Thus, neurons throughout the amygdaloid complex 
responded to these drugs in a uniform fashion. 

Representative examples of the complete time-course of 
the neuronal response in 3 different animals are shown in 
Fig. 2. In a rat that received thioridazine, amygdaloid activ- 
ity increased to beyond 300% of  the baseline rate. In fact, 
neuronal activity in this case remained elevated for more 
than 3 hours after the injection. Chlorpromazine, on the 
other hand, produced a brief rise in firing rate that ap- 
proached 200% of  the baseline rate and that persisted for less 
than 1 hour. Haloperiodol produced no consistent change in 
neuronal activity even when firing rate was recorded for as 
long as 2 hours after the injection• At  no time after injection 
did haloperidol increase amygdaloid activity to the same ex- 
tent as the non-cataleptogenic antipsychotics. An analysis of 
group data revealed that whereas clozapine and thioridazine 
increased firing rate to more than 14(i)% for periods of 40 to 
230 rain after injection, chlorpromazine-induced increases 
ranged in duration from l0 to 90 min. 

It is unlikely that our data are unique to these doses since 
in separate groups of rats comparable results were obtained 
with 1.0 mg/kg haloperidol, 5.0 mg/kg chlorpromazine and 
10.0 mg/kg thioridazine. Again, haloperidol produced no 
change in amygdaloid activity, whereas the low doses of  
chlorpromazine and thioridazine produced an acceleration of 
firing rate. In these experiments,  the magnitude of  
tile acceleration was not as pronounced as with the higher 
doses but a similar trend was observed. Thus, the mean fir- 

ing rate during the first 60 min after an IP injection of  5.0 
mg/kg chlorpromazine was 124 (-19.3)%, whereas 10.0 
mg/kg thioridazine produced a mean response of  148 
(_+28.9)%. During the same interval after 1.0 mg/kg haloperi- 
dol, the mean firing rate was 102 (-10.2)%. 

D I S C U S S I O N  

Our results confirm and extend previous suggestions that 
the amygdaloid complex responds differently to catalep- 
togenic and non-cataleptogenic antipsychotic drugs [19]. In 
fact, cataleptogenic potency is inversely correlated with an 
increase in amygdaloid activity. Thus, thioridazine and 
clozapine, which fail to elicit catalepsy even at relatively 
high doses,  consistently accelerate firing rate, whereas 2.0 
mg/kg haloperidol and 4.0 mg/kg pimozide routinely elicit 
catalepsy in rats [12, 24, 37] and, in every case, fail to alter 
neuronal activity. Furthermore,  chlorpromazine, a relatively 
weak cataleptic agent at 10.0 mg/kg, produces a relatively 
mild acceleration of  firing rate. Our results, therefore, focus 
attention on the amygdaloid complex as a possible mediator 
of  drug-induced EPS. It is also possible, however,  that the 
observed differences in amygdalar firing rates are related to 
other differential effects of these drugs including their 
anxiolytic and sedative properties. Clinically, for example, 
clozapine has anti-anxiety and sedative effects not found 
with haloperidol or chlorpromazine [11,26]. 

It is unlikely that the dopaminergic input to the amygdala 
is responsible for our data because haloperidol and 
pimozide, two of  the most potent DA antagonists tested, 
were least effective in altering amygdaloid activity. Rather, a 
cholinergic mechanism may be involved since the catalep- 
togenic potency of  the antipsychotic drugs is inversely re- 
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lated to their ability to block acetylcholine receptors. 
Clozapine and thioridazine, for example, are potent anticho- 
linergic agents, whereas haloperidol and pimozide are not 
[28,34]. Moreover, the amygdaloid complex receives sub- 
stantial cholinergic input from the nucleus basalis [9]. Thus, 
if cholinergic afferents normally exert an inhibitory influence 
on amygdaloid neurons, possibly by exciting interneurons 
that contain 3,-aminobutyric acid (GABA), then our record- 
ings following thioridazine or clozapine may reflect a release 
from tonic inhibition. An indirect decrease in the cholinergic 
drive to GABA-releasing neurons may also contribute to our 
results with non-cataleptogenic antipsychotics since catalep- 
togenic potency may be related to GABA turnover [7, 17, 
33]. Additional experiments are now required to determine 
the relative contribution of  cholinergic and GABAergic sys- 
tems in the differential effects of the antipsychotic drugs in 
the amygdaloid complex. 

Interestingly, the amygdala appears to be rather 
homogeneous in its response to each drug despite evidence 
for a heterogeneous distribution of neurotransmitters within 
this structure [23]. In fact, consistent with previous reports 
[18,19], spontaneous firing patterns are also uniform among 
different amygdaloid nuclei. It is conceivable, therefore, that 
rather than being driven by a single neurotransmitter, amyg- 
daloid neurons respond to a balance among several neuro- 
transmitter systems that ultimately determine behavior. 

Finally, our results permit some speculation about the 
neuronal mechanisms underlying the tardive dyskinesias 

which develop as a consequence of long-term treatment with 
the cataleptogenic antipsychotics. These movement disor- 
ders have been attributed to supersensitive DA receptors in 
the neostriatum [2, 5, 27] but our data suggest a role for the 
amygdaloid complex as well. In fact, only amygdaloid 
neurons respond differentially to cataleptogenic and non- 
cataleptogenic antipsychotics suggesting that an acceleration 
of  firing rate in this site may protect against the development 
of  movement disorders involving the neostriatum. Consis- 
tent with this hypothesis, we have obtained preliminary evi- 
dence that the clozapine-induced increase in amygdaloid ac- 
tivity persists with long-term treatment (G. V, Rebec and G. 
D. Anderson, in preparation). Thus, it may be possible to 
counteract drug-induced EPS by developing new compounds 
that act selectively on amygdaloid neurons. Although the 
relative involvement of  the amygdaloid complex in the 
therapeutic efficacy of the antipsychotic drugs remains to be 
elucidated, our results indicate an important and previously 
unrecognized role for this structure in the production of 
drug-induced EPS. 
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