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Haloperidol-Induced Dyskinesias in the Monkey
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SUMMARY: Haloperidol (0.25 mglkg
i.m.) was injected daily for 6 months in
six normal monkeys. Over a 24 hour
period, the following symptoms could
be observed: akathisia, circling, aki-
nesia, choreoathetoid and dyvstonic
movements, oro-facial dyskinesias and
postural tremor with or without harma-
line. Six months after cessation of halo-
peridol, harmaline-induced postural
tremor could still be observed in all
animals and oro-facial abnormal move-
ments, in one monkeyv. The neuropatho-
logic study of the experimental material
did not disclose any alteration of the
central nervous system.

RESUME: Dans la présente étude
nous avons injecté de I'haloperidol
(0.25mglkg i.m.) quotidiennement pen-
dant 6 mois, a six macaques normaux.
Nous observions quotidiennement un ou
plusieurs des symptomes suivants: aka-
thisie, circling, akinésie, mouvements
choréoathétoides et dystoniques, dvs-
kinésies faciales, tremblement postural
avec ou sans injection d harmaline. 6
mois apres cessation du traitement a
Uhalopéridol, scule la dyskinésie
Sfaciale persistait spontanément chez un
singe, mais I"harmaline qui normalement
ne produit du tremblement que chez des
animaux 1ésés, gardait son pouvoir
trémorigene chez tous les animaux.
L’ étude histopathologique des cerveaux
n'a révélé aucune anomalie.
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INTRODUCTION

With the more generalized use of
neuroleptic drugs, attention has been
drawn to the numerous extrapyra-
midal side-effects of these com-
pounds (Ayd, 1961; Crane, 1968).
Attempts have been made to under-
stand the physiopathology of these
phenomena on the basis of clinical
experience and the histopathological
examination of the brains of affected
patients (Crane, 1968).

Although interesting changes have
been reported from the his-
topathological study of the brains of
patients affected with neuroleptic-
induced tardive dyskinesia, they are
difficult to distinguish from those
resulting from age or concurrent dis-
eases.

For this reason it was thought
desirable to check whether
haloperidol, administered chroni-
cally, would lead to abnormal motor
activity in unlesioned rhesus mon-
keys and to the production of his-
topathological changes. It was also
thought that such drug-induced ex-
trapyramidal disorders might prove
useful models of other spontane-
ously occurring disorders such as
chorea and athetosis.

Lesion-induced dyskinesias in the
monkey have already yielded valu-

able information on the
physiopathology of abnormal
movements (Kennard, 1944; Car-

penter et al., 1950; Poirier, 1960).
More recently, drug-induced dys-
kinesias have been observed by
many authors especially after large
doses of L-DOPA (Battista et al.,
1971, Mones, 1973; Paulson, 1973)
or the chronic administration of
chlorpromazine (Paulson, 1973; De-
neau et al., 1969).

MATERIALS AND METHODS
Six normal monkeys (Macaca
mulatta) weighing approximately
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4kg. were injected daily with
haloperidol 0.25mg/kg i.m. for six
months.

A neurological examination was
performed before the first injection,
the axillary temperature was taken,
and a cinematographic recording of
the animals in their cage and in a
restraining chair was made. Har-
maline (3mg/kg) was also injected.
Harmaline is a reversible
monoamine oxidase inhibitor that
has the curious property of consis-
tently inducing a postural
Parkinsonian-like tremor only in
animals with lesions involving
specific structures of the central
nervous system (Poirier et al., 1966;
Larochelle et al., 1970). As ex-
pected, harmaline caused only a
rapid non specific shivering and ex-
citation in non lesioned monkeys.

The experiment lasted twelve
months during which the same as-
sessments were used periodically.
These consisted of general observa-
tion of the behavior, a neurological
examination, measurement of the
weight, axillary temperature, testing
the effect of harmaline and
cinematographic recording. Elec-
tromyographic recording was also
used to record certain pertinent
motor phenomena.

After twelve months, the animals
were sacrificed by an overdose of
pentobarbital and their brains fixed
in 10% formalin. Serial sections
were prepared and stained with
basic fuchsin and fast blue for his-
tological examination.

RESULTS (Table 1)

All monkeys repeatedly displayed
certain common features after each
injection. Initially these consisted of
excitation or restlessness, charac-
terized by exploratory behavior and
vocalizing and attempts to free
themselves when sitting in a restrain-
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ing chair. This period usually lasted
30 min. and was followed by a
gradual decrease of motor activity
leading to akinesia over a period of
about | hr.

The akinesia lasted 10-12 hours
during which the animals did not eat
and drank very little. The next morn-
ing all monkeys appeared normal
and calm. They had eaten their food
and drunk their water.

There was no weight change dur-
ing the first month of treatment, but
in the next five months their weight
increased, although at a slower rate
than usual. Body temperature (axil-
lary) remained stable in spite of the
fact that they often exhibited shiver-
ing. The fur kept a healthy appear-
ance throughout the experiment.
Harmaline-induced tremor which
was observed in all monkeys will be
discussed later.

PARTICULAR SIGNS

In one animal (H-93), the initial
excitement was associated with a
stereotyped compulsive clockwise
circling displayed every day in the
half hour following the injection. As
akinesia progressed, the circling
gradually disappeared.

After the first month of treatment,
we observed in monkey H-91 ab-
normal movements that were par-

TABLE |

Symptoms observed during a 24-hour
period following haloperido! (0.25mg/kg
i.m.), 3 months after the beginning of
treatment. Chewing movements in one
monkey and harmaline-induced postural
tremor in all six monkeys could be seen
at dny time. Numbers in brackets in-
dicate the number of monkeys exhibit-
ing the symptom.

Time after haloperidol
(6) restlessness
0-%2 h. (6) akathisia
(1) circling
Y%-1 h. (1) progressive akinesia
(4) postural tremor
1-6 h. (6) deep akinesia
(1)  choreoathetoid and
dystonic movements
6-12 h. (6) diminishing akinesia
(4) postural tremor
12-24 h. (6) diminishing akinesia
(1) postural tremor
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ticularly conspicuous during the
peak of akinesia, between | and 6
hrs. after the injection. First, there
was rapid flexion and extension of
the fingers, then torsion of the limbs
and finally generalized dystonia in-
volving the trunk and limbs. The
latter signs appeared in several
forms including crucifixion (Baruk et
al., 1956) and walking with the head
on the floor and the posterior limbs
extended (Deneau et al., 1969).
When the upper limbs were free, we
observed repetitive movements of
the fingers and hand reminiscent of
athetosis (see film strip, fig. 1) and
occasionally chewing and tongue
protrusion. These abnormal move-
ments were not abolished by DL-
alpha-methyl-tyrosine (150mg/kg
i.p.) and they could not be triggered
by apomorphine (Img/kg i.m.). All
abnormal movements except those
involving the oral region could be
abolished by benztropine mesylate
(0.5mg/kg i.m.). Tremor, although
diminished, was not completely

abolished.
Monkey H-94 developed, after 2

months of treatment, rapid chewing
movements and tongue protrusion.
The movements were very similar to
the tardive oral dyskinesias often
described in human patients as a
consequence of chronic neuroleptic
treatment. They were not di-
minished 6 months after treatment
with haloperidol had stopped. They
were not modified either by DL-
alpha-methyl-tyrosine (150mg/kg
i.p.) or by benztropine mesylate
(0.5mg/kg i.m.).

In four animals, bursts of spon-
taneous Parkinsonian-like tremor of
4-8 cycles/sec. could be observed.
They occurred after the peak
akinesia had been reached, that is
between 6-8 hours after the injec-
tion. They were more obvious in
monkey H-91. They lasted 12 to 14
hours. In one animal tremor was first
noted on the second day of treat-
ment.

All monkeys reacted to harma-
line (3mg/kg i.m.) by showing, af-
ter 15 minutes, a reproducible
Parkinsonian-like tremor of the
limbs and head. It was comparable
to the tremor elicited by harmaline in
monkeys with a cerebellar lesion. It

https://doi.org/10.1017/50317167100025221 Published online by Cambridge University Press

could be observed on the first day of
haloperidol treatment and at any
time during treatment. Six months
after withdrawal of haloperidol,
when the behavior of the animals
was almost indistinguishable from
normal, harmaline (3mg/kg i.m.)
would still elicit the same tremor in
all monkeys that had received
haloperidol chronically.

MICROSCOPIC EXAMINATION

No abnormal changes could be
detected at the histological examina-
tion of the brains. In particular, the
nuclei and pathways of the rubro-
olivo-cerebello-rubral loop appeared
normal. The substantia nigra and
other mesencephalic nuclei ap-
peared normal even in the monkey
with the orofacial dyskinesia. The
striatum and pallidum also appeared
normal.

In one brain we observed signs of
cerebral vascular disease, namely a
relatively old occlusion of the right
anterior cerebral artery resulting in
damage to the right gyrus cinguli and
the corpus callosum. Other large ar-
teries in the brain of this monkey
also showed thickening and lesions
of the endothelium. A thorough ex-
amination of the vessels in the brains
of the other monkeys showed nor-
mal arteries.

DISCUSSION

The initial period of restlessness
displayed by monkeys chronically
receiving haloperidol could corres-
pond to the akathisia observed in
human patients. We could find no
histological change in the brain of
the monkey who showed circling
during this period. Whether this ex-

»
L

Figure 1—8 mm film strip (18
frames/sec.) showing athetoid move-
ments of the left hand in monkey H-91
two hours after his daily dose of
haloperidol (0.25mg/kg i.m.), one
month after the beginning of the exper-
iment. Note successively from A to H,
fanning of the fingers, hyperextension
and adduction of the fingers and supi-
nation of the hand. The animal was
otherwise very akinetic. The sequence
shown lasts approximately 0.5 second.
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citement corresponds to an agonistic
effect of haloperidol or to a transi-
tory disinhibition is not clear.

The dystonic and choreo-athetoid
movements seen in monkey H-91 are
clinically reminiscent of the acute
dystonic symptoms seen in human
patients following neuroleptic treat-
ment (Ayd, 1961). They occurred
during the peak of akinesia and usu-
ally replaced postural tremor. They
were abolished by benztropine
mesylate (0.5mg/kg i.m.). Similar
recurrent abnormal movements have
‘been reported in the monkey after
prolonged administration of chlor-
promazine (Paulson, 1973; Deneau
et al., 1969). In another study, the
microscopic study of the brains of
monkeys with such signs revealed
possible morphological alterations of
the astrocytes of the white matter
(Cammermeyer, 1969). We could not
find any significant morphological
alteration in the brains of our mon-
keys.

The oral dyskinesia of monkey
H-94 is the only overt symptom that
persisted for 6 months after cessa-
tion of haloperidol. Histological ex-
amination of the brain of this mon-
key revealed a normal substantia
nigra and mesencephalic nuclei. Al-
terations of these cell groups have
been reported in human patients
presenting tardive dyskinesia (Chris-
tensen et al., 1970).

Akinesia resembling Parkinsonism
was seen in all monkeys following
the daily injections of haloperidol.
Postural tremor (3-8 cycles/sec.) was
also present consistently in one
monkey and occasionally in three
others. Similar to our previous ob-
servations (Bédard et al., 1970;
Larochelle et al., 1971), tremor is
conspicuous before and after the
peak of akinesia. During the akinetic
period, the limbs appeared to be
more rigid as assessed by passive
mobilization.

Parkinsonian-like postural tremor
has been ascribed to a combined
involvement of the nigrostriatal
dopaminergic pathway and of the
corresponding neocerebellum and
related brain stem structures (par-
vicellular red nucleus and inferior
olivary nucleus) (Poirier et al., 1966;
Larochelle et al., 1970; Poirier,
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1970). Blockade of dopaminergic
transmission is consistent with cur-
rent theories on the mode of action
of haloperidol (Janssen, 1967), but
the drug must also induce a func-
tional impairment of the neocerebel-
lum and related brain stem struc-
tures. Selective accumulation of
haloperidol has been detected by au-
toradiography in the cerebellum and
especially in the Purkinje cells (Scar-
lato et al., 1967). This was confirmed
biochemically by Janssen et al.
(1968). It should also be remembered
that there are noradrenergic path-
ways in the cerebellum (Hokfelt et
al., 1969) that could be blocked by
haloperidol.

Such impairment of the cerebel-
lum is also necessary to explain the
harmaline-induced tremor which has
been observed only in connection
with lesions of the neocerebellum
and related structures. The presence
of harmaline-induced tremor 6
months after withdrawal of
haloperidol shows that this impair-
ment is long lasting if not permanent.
It has not been reported in humans
since, without the harmaline test, it
would have been undetected in our
animals.

The cerebral vascular disease
found in one monkey at the histolog-
ical examination is probably a coin-
cidental finding, but ought to be kept
in mind should such pathology be
reported in other studies.
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