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BELESLIN,D B .K STEFANOVIC-DENIC ANDR SAMARDZIC Comparative behavioral effects of antic holinergic
agents m cats Psychomotor stimulation and aggresstion PHARMACOL BIOCHEM BEHAYV 24(3) 581-586, 1986 —The
effect on behavior of eight anticholinergic agents atropine, scopolamine, trihexyphenidyl, biperiden, homatropine, eucat-
ropine, hexocychum and propanthelne, injected into the cerebral ventricle (ICV) of the cat was investigated and com-
pared The antichohinergic agents evoked (1) psychomotor stimulation such as miaowing, loud calling, restlessness,
impeltling locomotion, jumping, vacant staring, apprehension and loss of interest of the surroundings, (2) aggression,
hissing, threat, attack, defense, fighting with paws and flight, (3) autonomic responses including mydrasis, tachypnea,
dyspnea, icking, vomiting, salivation, mictunition and defecation, and (4) motor phenomena comprising scratching, ataxia,
rigidity, tremor, weakness with adynamia or myoclomic jerks Convulsions appeared only after ICV injections of atropine
and homatropine The most charactenstic behavioral effect of anucholinergic agents was psychomotor stimulation accom-
panied by mild aggressive responses The only exception was propantheline which caused a muscular weakness and
adynamia Atropine and scopolamine alone induced a dose-dependent impelling locomotion as well as fighting behavior
Carbachol and eserine njected intracerebroventricularly reversed the locomotion autonomic and motor phenomena
produced by anticholinergic agents administered similarly It 1s suggested that anticholinergic agents acting as partial

0091-3057/86 $3 00 + 00

agonists, can produce their behavioral effects through central cholinoceptive sites

Anticholinergic agents

Central cholinoceptive sites Atropine

Intracerebroventricular injection
Scopolamine

Cat Psychomotor stimulation Aggression

PREVIOUS experimental studies have demonstrated that
atropine, scopolamine and synthetic antimuscarinic agents
applied parenterally or directly into the central nervous sys-
tem produce profound behavioral changes [1, 2, 3, 16, 19, 23,
27, 33, 35, 36, 37, 38, 39, 42, 43, 44, 47, 48, 49] There are
only a few reports however, on the effects of antimuscarinic
agents on behavior in cats For instance, it has been shown
that atropine and methantheline injected intracerebroven-
tricularly in the cat evoke restlessness, loud calling and
unresponsiveness to their surroundings [27] and that
scopolamine and N-methyl 4-pipendylcyclobutylphenyl
glycolate affect the behavior of cats controlled by an audi-
tory stimulus [37] It was, therefore, of further interest to
undertake a quantitative and quahtative evaluation of the
behavioral effects of anticholinergic drugs injected into the
cerebral ventricles of unanesthetized cats

METHOD

In these experiments, 167 male and femal cats, weighing
between 2-4 kg, were anesthetized using sodium pentobarbi-
tal (35-40 mg/kg IP) Following aseptic precautions, a hole
was drilled 7-8 mm rostral to the zero-line and 45 mm from
the mid-line A Collison cannula was then screwed 1nto the
calvarium, the tip of the cannula resting in the left lateral
ventricle [26] The lower end of the cannula shaft was made
of polyethylene tubing with a side opening 1 0 mm from 1ts
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closed tip, and positioned with the lumen facing the foramen
of Monro Post mortem dye studies indicated that the in-
jected matenal passed from the lateral ventncle into the third
and fourth ventricle Postoperatively, penicillin was adminis-
tered intramuscularly An interval of five days was allowed
to elapse before an experiment began

Behavioral measures of vocalization, locomotor activity
and aggressive behavior were recorded On the tested day,
before any behavioral measure was taken, the cat was accli-
mated to the test environment 1n a wire-mesh cage measuring
110x 130x 150 cm, for at least 1 0 hour before intracerebro-
ventricular (ICV) drug injection The behavior of the animals
was under direct observation continuously throughout the
experiments for a period of 4 hr and intermttently for 24
hours Locomotor activity was measured by counting the
number of times the cat crossed from one side of the cage to
the other Vocalization, locomotion and fighting responses
were scored by two experienced observers who were blind
to the drug condition of the animals The correlation coeffi-
cient for these checks ranged consistently between 0 82-0 94

Dose-response curves were constructed using linear re-
gression according to the method of least squares Coeffi-
cient of correlation (r) of linear regressions was used to de-
termine the existence of dose-responses to drugs

The substances imected ICV were dissolved In sterile,
pyrogen-free 0 9% sodium chloride These solutions were
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TABLE |
GROSS BEHAVIORAL EFFECTS FOLLOWING INTRACEREBROVENTRICULAR INJECTIONS OF ANTICHOLINERGIC AGFNTS
IN UNANESTHETIZED CATS
Anticholinergic agents
03 ml
atropine  scopolamine trihexyphedyl biperiden eucatropine  homatropine hexocyclium  propantheline  of 0 9%
Effects 02-2 mg 02-2mg 02-2 mg 02-2mg 02-2 mg 02-2 mg 02-2 mg 02-2 mg NacCl
Emotional
restlessness + + + + - * >
maowing + + + + + + + + +
loud calling + + - - + + - -
impelling locomotion + + + + - + + -
vacant staring + + - - - + - -
apprehension + + + - * + - —
loss of interest + + + - * + * * -
of the surroundings
rage + + + + + + + + -
threat + + + + + + + hd -
attack + + + + + + + +
defense + + + + + + + + -
fighting with paws + + + + + * + ks -
flight + + + + * + + + -
Autonomic
mydnasis + + + + + + + + -
tachypnea + + + + + + + + -
dyspnea - - - - * - * - -
hcking ES + + + + + + + -
vomiting * * * * * * * * -
salivation + + - - + ES - -
defecation + + - — + + + + -
micturition + + * * * * * -
Motor
scratching * * - - - + + -
ngidity - - - - - -
ataxia + + + + + + + + -
weakness with — - - - - - + -
adynamia
myoclonic jerks + - - - - + - -
convulsions + - - - - + - - -
+=symptom present, +=symptom Inconsistent —=symptom absent

In each njected group n=4-6

then myected by hand from a 1 0 ml syringe 1n a volume of
0 1-0 2 ml over a peniod of 15-20 sec and washed 1n with 0 1
ml of saline using aseptic precautions Each cat was used
only once in the experiments The compounds used were
atropine sulfate, scopolamine bromide, trihexyphemdyl hy-
drochloride, biperiden hydrochloride, homatropine methyl-
bromide, eucatropme hydrochloride, hexocychum methyl-
sulfate, propantheline bromide, carbachol chloride and
eserine sulfate All drug doses refer to the salts

RESULTS
Behavioral Changes Produced by Anticholinergic Agents

An ICV injection of 0 2-2 0 mg of atropine, scopolamine,
trihexyphenidyl, biperiden, homatropine, eucatropine,
hexocychum or propantheline in the unanesthetized cats
evoked psychomotor stimulation, miaowing, loud calhng,
restlessness, impelling locomotion, jumping, vacant staring,
apprehension, loss of interest of the surroundings, accom-
pamied with aggression, hissing, threat, attack. defense,
fighting with paws, flight. autonomic changes, mydnasis,

tachypnea, dyspnea, licking, vomiting, salivation. micturi-
tion, defecation, and motor responses, scratching, rigidity,
ataxia, tremor, weakness, with adynamia, and myoclonic
jerks The main and the most impressive behavioral effect of
an ICV injection of an anticholinergic agent was
psychomotor stimulation accompanied by muld aggressive
changes Convulsions appeared only after atropine and
homatropine (see Table 1) The only exception was
propantheline, which induced muscular weakness instead of
psychomotor stimulation Motor impairment and lack of
coordination were so mtense that the cats laid on their ab-
domen or side, however, the muscles were neither flaccid
nor spastic

Psychomotor stmulation A few minutes after the intra-
cerebroventricular injection of an anticholinergic agent
miaowing occurred, which later became loud calling During
loud calling, vacant staring appeared The most pronounced
loud calling and vacant staring was evoked by atropine,
scopolamine, homatropine and eucatropine Loud calling
was characteristic in that it had no visible connection with
events m the environment
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FIG 1 Dose-response relation of atropine and scopolamine injected
into the cerebral ventricles of unanesthetized cats on locomotion
and fighting A and B locomotion caused by atropine and
scopolamtne respectively C and D fighting produced by atropine
and scopolamine respectively Ordinates duration of locomotion
and fighting 1n minutes Abscissae doses of atropine and
scopolamine 1n mg Each cat was used only once in these experi-
ments Each point 1s the mean of 4 experiments

The cats, thereafter, wandered around slowly and aim-
lessly without interest in their surroundings After 10-20
min, the cats became more active and were markedly rest-
less, attempting to escape from the cage They moved with-
out purpose and the excitation was so intense that the cat
often jumped 1n the air or against the side of the cage Only
infrequently after ICV 1imections of atropine and
scopolamine did the cat walk against the side of the cage
trying to push through it The duration of impelling locomo-
tion was dose-dependent, but only after ICV atropine
(r=0 89) and scopolamine (r=093) (Fig 1 A and B) Other
anticholinergic agents produced a much shorter period of
locomotion (Fig 2 A)

Aggression Usually during the second hour after ICV
injections of anticholinergic agents, aggressive behavior de-
velops First, the cats were restless, alert, walking or running
but ignoring other cats in the cage Thereafter, hissing devel-
oped, which was sometimes the only manifestation of ag-
gressive behavior, and usually preceded or was assoclated
with fighting Later, the most restless cat usually sniffed at
another cat or cats, attacking with 1ts paws 1n a single or
a senies of swift and accurate blows to the neck and the head
The attacked cat responded n the same way to the attacker
Further, the cats did not show any tendency to maintain the
imitiated attack and avoided the fighting, whenever possible,
so that tnyuries never occurred The duration of fighting was
dose-dependent only after ICV atropmne (r=085) and
scopolamine (r=0 94), although 1t was of mild intensity (Fig
1 C and D) On the other hand, the fighting produced by
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FIG 2 Locomotion (A) and fighting (B) caused by trthexyphemdyl
(Tr), biperiden (B1), homatropine (Ho), eucatropine (Eu), hexocy-
chum (He) and propanthehine (Pr) injected into the cerebral ventn-
cles of unanesthetized cats Ordinates duration of locomotion and
fighung in minutes Abscissae doses in mg Each cat was used only
once in these experiments Each column represents the mean+SEM
of 4-9 experiments
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FIG 3 Representative experiments of the effects of carbachol on
locomotion evoked by atropine (A), eserine on locomotion caused
by scopolamme (B) and carbachol on locomotion produced by
trihexyphenidyl (C) 1n three unanesthetized cats Atropine (0 5 mg),
scopolamine (0 5 mg) and trihexyphemidyl (0 5 mg) as well as car-
bachol (0 005-0 02 mg) and eserine (0 2-0 6 mg) were injected into
the cerebral ventricles Consecutive 5 min activity counts were
made at 10 mun ntervals Ordinates bouts of locomotion during
each 5 min of a 10 mun test Abscissae duration of locomotion 1n
min

intracerebroventricular trihexyphenidyl, biperiden, homa-
tropine, eucatropine, hexocyclium or propantheline was not
dose-dependent and was of much shorter duration (Fig 2 B)

Autonormuc effects After ICV ijections of anticholiner-
gic agents, the autonomic effects, mydnasis, tachypnea,
dyspnea, licking, vomiting, salivation, micturition and defe-
cation were observed (see Table 1) These changes preceded
or were assoclated with psychomotor stimulation and ag-
gressive behavior
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Motor phenomena Motor phenomena of anticholnergic
agents mjected into the cerebral ventricles of unanesthetized
cats consisted of scratching, ataxia, tremor, rngidity weak-
ness with adynamia and myoclonic jerks (see Table 1)

Comvulsions Clonic-tonic convulsions of short duration
occurred only when atropine and homatropine were mjected
mto the cerebral ventricles in doses of 2 0 mg (see Table 1)

Carbachol and Escrine and Behavioral Effects of Atropine,
Scopolammne and Trihexyphenidy|

The maximal motor hyperactivity usually developed
about 60 min after atropme, scopolamme and
trihexyphenidy! were injected ICV In this situation, ICV
carbachol or esermne reversed the motor hyperactivity
evoked by these antichohnergic agents Three typical exper-
iments are shown in FIG 3 A, B and C Apart from locomo-
tor hyperactivity, carbachol and esernne reversed the other
symptoms of psychomotor stimulation as well as aggressive
behavior, autonomic and motor phenomena

Control Experiments

In all control experiments, injections of 0 3 ml of 0 9%
NaCl into the cerebral ventricles did not produce any visible
behavioral, autonomic or motor changes

DISCUSSION

As shown 1n this investigation, anticholinergic agents in-
Jected into the cerebral ventricles of unanesthetized cats
produced emotional and behavioral changes accompanied by
autonomic and motor phenomena Several manifestations of
emotional behavior, 1 e . vocalization, loss of interest of the
surroundings, collision with objects, apprehension and
flight, associated with autonomic responses and motor
phenomena have been described after ICV atropine in cats
and dogs [3, 23, 26] In addition, aggressive behavior has
been seen mn monkeys after parenteral administration of at-
ropine [49]

The results of the present experiments further show that
the behavioral effects of eight anticholinergic agents njected
ICV 1n unanesthetized cats are essentially similar The only
exception was propantheline which evoked muscular weak-
ness and adynamia instead of psychomotor stimulation
Feldberg and Sherwood (27] reported that ICV methan-
thylene, an anticholinergic agent, also produces lack of
coordination and profound motor impairment The most po-
tent psychomotor stimulation and aggressive behavior was
obtamned after atropine and scopolamine Trihexyphenidyl,
bipeniden, homatropine, eucatropine and hexocyclium
produced also psychomotor stimulation and aggressive be-
havior which was short-lasting and of mild intensity The
duration of psychomotor stimulation and fighting were
dose-dependent only after atropine and scopolamine On the
other hand, atropine and scopolamine admimistered sub-
cutaneously in dogs induce behavioral effects which are not
dose-dependent The explanation of this observation was
that the saturation of both peripheral and central receptors
occurred with comparatively low doses of these alkaloids
[49]1 However, m the rat, the motor hyperactivity usually
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mtensifies with increased doses of parenterally administer ed
atropine [44]

In cats. the psychomotor sumulation evoked by ICV o1
intracerebral injections of morphine, beta-endorphin and
d-tubocurarine 1s not accompanied by aggressive behavioral
phenomena [5, 6 11, 12, 14, 17, 21, 25, 34, 40] In this con-
nection. 1t should be mentioned that the locomotor hyperac-
tivity caused by parenteral administration of atropine and
scopolamine 1n rats 1s not associated with aggressive behav-
101 [39.44] Moreover. in dogs, parenteral or ICV admunis-
tration of atropine produces behavioral changes described as
a ‘‘central anticholinergic syndrome™™ which consists of
vocalization, ataxia, locomotor hyperactivity, loss of inter-
est 1n surroundings and collision with objects [3, 23, 49]

The aggressive behavior produced by ICV antichohnergic
drugs fulfills the basic requirements to be classified as a
“fear-induced’" aggression [41] A similar type of aggressive
behavior is caused by muscarine and 6-OHDA mjected 1ICV
In cats, although the aggressive behavior evoked by these
agents 1S more potent and lasts longer {8, 9, 10 13, 15}
Atropine and scopolamine administered parenterally in the
monkey also produce aggressive behavior [49] On the other
hand, atropme and scopolamine depress or abolish the ag-
gressive behavior 1n the cat evoked by cholinommmetics and
anticholinesterases [4,7] as well as the 1solation-induced ag-
gression in mice and rats [32,47]

The mechanisms of psychotomimetic effects of anticho-
linergic agents are not yet clear The findings that
anticholinsterases may reverse the behavioral effects of at-
ropine, scopolamine and other anticholinergic agents suggest
that these drugs act through central cholinoceptors [22. 29,
31, 33, 36, 45] However. there 15 evidence that anticholin-
ergic agents affect central dopaminergic mechanisms For
Instance, 1t 1s reported that certain antichohnergic agents,
but not atropine and scopolamine. may inhibit the uptake of
dopamune 1n central dopaminergic neurons [20,24] On the
other hand, n the present experiments the most potent anti-
cholinergic agents were atropine and scopolamine and,
therefore, 1t 1s uncertain whether atropine and scopolamine
mjected ICV produced their behavioral effects by blocking
the uptake of dopamine The question thus arises as to how
anticholinergic agents in high doses evoke behavioral
changes” In peripheral tissues there 1s evidence that atropine
and hyosciamine have cholinergic activity [30 46| Finally,
Bradley [18] observed that esermne caused excitation of
neuronal activity 1n the cat’s brain-stem independently of the
response to acetylcholine Thus, one possible explanation is
that anticholinergic agents act on central cholinoceptors as
partial agonists
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