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BELESL1N, D B . K STEFANOVIt~-DENIC AND R SAMARDT.I(~ Comparative behavioral efJe~ts ofantt¢hohnergtc 
agent~ m c at~ P~ yt homotor stimulation and aggression PHARMACOL BIOCHEM BEHAV 24(3) 581-586, 1986 --The 
effect on behavior of e~ght antlchohnerglc agents atropine, scopolamine, tnhexyphemdyl, blpenden, homatropme, eucat- 
ropme, hexocychum and propanthehne, rejected into the cerebral ventricle (ICV) of the cat was investigated and com- 
pared The ant,chollnerg,c agents evoked (1) psychomotor sUmulatlon such as mlaowlng, loud calhng, restlessness, 
~mpelhng locomotion, jumping, vacant staring, apprehension and loss of interest of the surroundings, (2) aggress,on, 
hissing, threat, attack, defense, fighting with paws and fl,ght, (3) autonomic responses including mydrlasls, tachypnea, 
dyspnea, hckmg, vomiting, sahvation, mlcturmon and defecat,on, and (4) motor phenomena comprising scratching, ataxla, 
r,g~d,ty, tremor, weakness with adynam,a or myoclonlc jerks Convulsions appeared only after ICV inject,ons of atropine 
and homatropme The most characteristic behaworal effect of antlchohnergic agents was psychomotor stimulation accom- 
pained by todd aggressive responses The only exception was propanthellne which caused a muscular weakness and 
adynamm Atropine and scopolamine alone reduced a dose-dependent lmpelhng locomotion as well as fighting behav,or 
Carbachol and eserme rejected lntracerebroventncularly reversed the locomotion autonomic and motor phenomena 
produced by antlchollnerg~c agents administered slmdarly It ts suggested that antlchohnerglc agents acting as partial 
agomsts, can produce their behavioral effects through central chohnocept~ve s~tes 

Ant~chohnerg~c agents Intracerebroventncular reject,on 
Central chohnoceptlve sites Atropine Scopolamine 

Cat Psychomotor stimulation Aggression 

PREVIOUS experimental studies have demonstrated that 
atropine, scopolamine and synthetic antimuscanmc agents 
apphed parenterally or directly into the central nervous sys- 
tem produce profound behavioral changes [I, 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 antlmuscartmc 
agents on behavior in cats For mstance, it has been shown 
that atropine and methanthehne injected mtracerebroven- 
trlcularly in the cat evoke restlessness, loud calling and 
unresponsweness to their surroundings [27]  and that 
scopolamine and N-methyl 4-plperldylcyclobutylphenyl 
glycolate affect the behavior of cats controlled by an audi- 
tory stImulus [37] It was. therefore, of further mterest to 
undertake a quantitative and quahtat~ve evaluation of the 
behavioral effects of antlchohnerglc drugs injected mto the 
cerebral ventricles of unanesthetlzed cats 

METHOD 

In these experiments, 167 male and femal cats, weighing 
between 2-4 kg, were anesthetized usmg sodium pentobarbl- 
tal (35-40 mg/kg IP) Following aseptic precautions, a hole 
was drilled 7-8 mm rostral to the zero-hne and 4-5 mm from 
the mld-hne A Colhson cannula was then screwed into the 
calvartum, 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 its 

closed tip, and positioned with the lumen facing the foramen 
of Monro Post mortem dye studies indicated that the m- 
jected material passed from the lateral ventricle mto the third 
and fourth ventricle Postoperatively, penicillin was admmis- 
tered intramuscularly An interval of five days was allowed 
to elapse before an experiment began 

Behavioral measures of vocahzatton, locomotor activity 
and aggressive behavior were recorded On the tested day, 
before any behavioral measure was taken, the cat was acch- 
mated to the test environment in a wire-mesh cage measuring 
110× 130× 150 cm, for at least 1 0 hour before mtracerebro- 
ventrlcular (ICV) drug injection The behavior of  the animals 
was under direct observation continuously throughout the 
experiments for a period of 4 hr and mtermlttently 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 bhnd 
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 hnear regressions was used to de- 
termine the existence of dose-responses to drugs 

The substances injected ICV were dissolved in sterile, 
pyrogen-free 0 9% sodium chloride These solutions were 
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TABLE I 
G R O S S  B E H A V I O R A L  E F F E C T S  F O L L O W I N G  1 N T R A C E R E B R O V E N T R I C U L A R  I N J E C T I O N S  O F  A N T I C H O L I N E R G I C  A G I - N ' I  S 

I N  U N A N E S T H E T I Z E D  C A T S  

E f f e c t s  

A n t | c h o h n e r g l c  a g e n t s  

a t r o p i n e  s c o p o l a m i n e  t n h e x y p h e d y l  b ~ p e n d e n  e u c a t r o p m e  h o m a t r o p l n e  h e x o c y c l l u m  p r o p a n t h e h n e  
0 2 - 2  m g  0 2 - 2  m g  0 2 - 2  m g  0 2 - 2  m g  0 2 - 2  m g  0 2 - 2  m g  0 2 - 2  m g  0 2 - 2  m g  

0 3 ml  

o f  0 9~c 

Na(_ l  

E m o t i o n a l  

r e s t l e s s n e s s  + + 

m i a o w l n g  + + 

l o u d  c a l h n g  + + 

i m p e l l i n g  l o c o m o t i o n  + + 

v a c a n t  s t a n n g  + + 

a p p r e h e n s i o n  + + 

l o s s  o f  m t e r e s t  + + 

o f  t he  s u r r o u n d i n g s  

r a g e  + + 

t h r e a t  + + 

a t t a c k  + + 

d e f e n s e  + + 

f i g h t i n g  w i t h  p a w s  + + 

f h g h t  + + 

A u t o n o m i c  

m y d n a s i s  + + 

t a c h y p n e a  + + 

d y s p n e a  

h c k m g  -+ -+ 

v o m i t i n g  -+ +- 

s a h v a t m n  -+ -+ 

d e f e c a t i o n  -+ -+ 

m l c t u r l t l o n  + + 

M o t o r  

s c r a t c h i n g  ~ + 

n g l d , t y  

a t a x m  + + 

w e a k n e s s  w i t h  

a d y n a m m  

m y o c l o m c  j e r k s  + - 

c o n v u l s i o n s  -+ - 

+ + - + ÷ 

+ ± - + + 

+ + + + ± _+_ 

+ ~ + -4- 

+_ + + + _+ _+ 

+ ± + ~ ÷ + 

+ + + + + + 

+ + + + + + 

- + - + 

-.,- + ± ~ + + 

+ + ~ + + 

+ + + + + + 

- + 

+ = s y m p t o m  p r e s e n t ,  - - = s y m p t o m  i n c o n s i s t e n t  = s y m p t o m  a b s e n t  

In  e a c h  i n j e c t e d  g r o u p  n = 4 - 6  

then rejected by hand from a 1 0 ml syringe in a volume of 
0 1-0 2 ml over a pertod of 15-20 sec and washed m with 0 1 
ml of sahne using aseptic precautions Each cat was used 
only once in the experiments The compounds used were 
atropine sulfate, scopolamine bromide, tnhexyphenldyl hy- 
drochlonde, biperlden hydrochlortde, homatropme methyl- 
bromide, eucatroplne hydrochlonde, hexocychum methyl- 
sulfate, propanthehne bromide, carbachol chloride and 
eserme sulfate All drug doses refer to the salts 

R E S U L T S  

Behavioral Changes Produc ed by Antic hohnergu Agent~ 

An ICV injection of 0 2-2 0 mg of atropine, scopolamine, 
trlhexyphemdyl, btpenden, homatropme, eucatroplne, 
hexocychum or propanthelme in the unanesthetlzed cats 
evoked psychomotor stimulation, mlaowmg, loud calhng, 
restlessness, tmpelhng locomotion..lumping, vacant staring, 
apprehension, loss of  interest of  the surroundings, accom- 
panied with aggression, hissing, threat, attack, defense. 
fighting with paws, flight, autonomic changes, mydnasts. 

tachypnea, dyspnea, hckmg, vomiting, sahvatton, mlcturt- 
tlon, defecation, and motor responses, scratching, rigidity, 
ataxta, tremor, weakness, with adynamla, and myoclonlc 
jerks The roam and the most impressive behavioral effect of 
an ICV mjectton of an anttchohnerglc agent was 
psychomotor stimulation accompamed by mild aggressive 
changes Convulsions appeared only after atropine and 
homatropme (see Table 1) The only exception was 
propanthehne, which induced muscular weakness instead of 
psychomotor stimulation Motor impairment and lack of 
coordination were so intense that the cats laid on the,r ab- 
domen or side, however, the muscles were neither flaccid 
nor spastic 

Psychomotor stimulation A few minutes after the mtra- 
cerebroventrlcular mjectlon of an anttchollnergtc agent 
mlaowmg occurred, which later became loud calling During 
loud calling, vacant staring appeared The most pronounced 
loud calhng and vacant staring was evoked by atropine, 
scopolamine, homatroplne and eucatropme Loud calling 
was characteristic in that it had no visible connection with 
events In the environment 
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FIG 1 Dose-response relat=on of atropine and scopolamine injected 
into the cerebral ventncles of unanesthetlzed cats on locomotton 
and fighting A and B locomotion caused by atropme and 
scopolamine respect=vely C and D fighting produced by atropine 
and scopolamine respectwely Ordinates duration of locomotion 
and fighting m minutes Absossae doses of atropine and 
scopolamine m mg Each cat was used only once m these experi- 
ments Each point ]s the mean of 4 expenments 

The  cats ,  the reaf te r ,  w a n d e r e d  a round  s lowly and  aim- 
lessly w i thou t  in te res t  in the i r  su r round ings  Af ter  10-20 
mln,  the  ca t s  b e c a m e  more  ac t ive  and  were  marked ly  rest-  
less,  a t t empt ing  to e scape  f rom the cage They  m o v e d  with- 
ou t  pu rpose  and  the exc i t a t ion  was so in tense  tha t  the cat  
of ten  j u m p e d  in the mr or  agains t  the s~de of  the  cage Only  
in f requen t ly  af ter  ICV in jec t ions  of  a t rop ine  and 
scopo lamine  did the cat  walk aga ins t  the  s~de of  the cage 
t ry ing to push  th rough  ~t The  dura t ion  of  impe lhng  locomo-  
tion was  d o s e - d e p e n d e n t ,  bu t  only  af ter  ICV a t rop ine  
( r = 0  89) and  scopo lamine  ( r = 0  93) (Fig 1 A and  B) O t h e r  
ant~chol lnerglc  agents  p roduced  a m u c h  s ho r t e r  per iod  of  
l ocomot ion  (Ftg 2 A) 

Aggre~ton Usual ly  dur ing  the second hou r  af ter  ICV 
re jec t ions  of  an t lcho l lnerg lc  agents ,  aggress ive  b e h a v i o r  de- 
velops First ,  the cats  were  rest less ,  alert ,  walking or  runn ing  
but  ignoring o the r  ca ts  m the cage The rea f t e r ,  h iss ing  devel-  
oped ,  which  was s o m e t i m e s  the  only  m am f es t a t i on  of  ag- 
g ress ive  behav ,o r ,  and usually p receded  or was  a s socmted  
with f ighting Later ,  the mos t  res t less  cat  usual ly  sniffed at  
a n o t h e r  cat  or cats ,  a t t ack ing  wi th  ~ts paws  in a single or  
a ser ies  of  swift and accura te  b lows to the neck and  the head 
The  a t t acked  cat  r e s p o n d e d  in the  same way to the a t t a cke r  
Fu r the r ,  the  ca ts  did not  show any  t e n d e n c y  to ma in t a in  the  
m~tlated a t t ack  and avo ided  the  fighting, w h e n e v e r  poss ,b le ,  
so tha t  injuries n e v e r  occu r r ed  T he  dura t ion  of  f ight ing was 
d o s e - d e p e n d e n t  only  af ter  ICV a t rop ine  ( r = 0  85) and  
scopo lamine  ( r = 0  94), a l though  ~t was  o f  mild in tens i ty  (F~g 
1 C and  D) On the o the r  hand ,  the  f ighting p r o d u c e d  by 

mg oz=V  o2=I-  o2=V  o2=V  o2=V  
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FIG 2 Locomotion (A) and fighting (B) caused by tnhexyphenldyl 
(Tr), btpenden (B0, homatroplne (Ho), eucatropme (Eu), hexocy- 
chum (He) and propanthehne (Pr) reJected into the cerebral ventri- 
cles of unanesthet~zed cats Ordinates duration of locomotion and 
fighting m minutes Abscissae doses in mg Each cat was used only 
once m these expenments Each column represents the mean+_SEM 
of 4-9 experiments 
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FIG 3 Representatwe expenments of the effects of carbachol on 
locomotion evoked by atropine (A), eserme on locomotion caused 
by scopolamine IB) and carbachol on locomotion produced by 
tnhexyphenldyl (C) in three unanesthetlzed cats Atropine (0 5 mg), 
scopolamine (0 5 mg) and tnhexyphemdyl (0 5 mg) as well as car- 
bachol (0 005-0 02 rag) and eserlne (0 2-0 6 mg) were rejected into 
the cerebral ventncles Consecutive 5 mm act~wty counts were 
made at 10 mm intervals Ordinates bouts of Iocomotton during 
each 5 mm of a 10 mm test Abscissae duration of locomotion in 
mln 

m t r a c e r e b r o v e n t r t c u l a r  t r l hexyphen ldy l ,  b iper lden ,  homa-  
t rop ine ,  euca t rop ine ,  hexocyc l i um or  p r o p a n t h e h n e  was  not  
d o s e - d e p e n d e n t  and was of  m u c h  sho r t e r  du ra t ion  (Fig 2 B) 

Autonomw effects After  ICV re jec t ions  of  an t l chohne r -  
gic agents ,  the  a u t o n o m i c  effects ,  m y d n a s , s ,  t a c h y p n e a ,  
dyspnea ,  l icking, vomi t ing ,  s ahva t lon ,  m~cturl t ,on and  defe- 
ca t ion  were  o b s e r v e d  (see Tab le  1) T h e s e  changes  p receded  
or  were  a s soc ia ted  wi th  p s y c h o m o t o r  s t imula t ion  and ag- 
gress ive  b e h a v i o r  
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Motor phenomena Motor phenomena of antlchohnerglc 
agents injected into the cerebral ventricles of unanesthetlzed 
cats consisted of scratching, ataxla, tremor, rigidity weak- 
ness with adynamia and myoclonlc jerks (see Table 1) 

Convulsions Clonlc-tomc convulsions of short duration 
occurred only when atropine and homatroplne were injected 
into the cerebral ventricles m doses of 2 0 mg isee Table I) 

Carbac hol and EseHne and Behavtolal EJ/e~ t~ oJ Aoopme, 
S~ opolamme attd THhe~ yphentd~l 

The maximal motor hyperactivity usuall~¢ developed 
about 60 rain after atropine, scopolamme and 
trihexyphenldyl were injected ICV In this situation, ICV 
carbachol or eserlne reversed the motor hyperactivity 
evoked by these antlchohnerglc agents Three typical exper- 
iments are shown in FIG 3 A, B and C Apart from locomo- 
tor hyperactiwty, carbachol and esenne reversed the other 
symptoms of psychomotor stimulation as well as aggressive 
behavior, autonomic and motor phenomena 

Control Experiment 

In all control experiments, mjections of 0 3 ml of 0 
NaC1 into the cerebral ventricles did not produce any v~s~ble 
behavioral, autonomic or motor changes 

DISCUSSION 

As shown In this investigation, antlchohnergic agents in- 
jected Into the cerebral ventricles of unanesthetlzed cats 
produced emotional and behavioral changes accompanied by 
autonomic and motor phenomena Several manifestations of 
emotional behavior, l 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 m cats 
and dogs [3, 23, 26] In addition, aggressive behavior has 
been seen in monkeys after parenteral administration of at- 
ropine [49] 

The results of the present experiments further show that 
the behavioral effects of eight antlcholinerg~c agents rejected 
ICV in unanesthetlzed cats are essentially similar The only 
exception was propanthehne whtch evoked muscular weak- 
ness and adynamm instead of psychomotor stimulation 
Feldberg and Sherwood [27] reported that ICV methan- 
thylene, an antlchollnergic agent, also produces lack of 
coordination and profound motor Impairment The most po- 
tent psychomotor stimulation and aggresswe behavior was 
obtained after atropine and scopolamine Trlhexyphemdyl, 
bipenden, homatropine, eucatroplne and hexocychum 
produced also psychomotor stimulation and aggresswe 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 admlmstered 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] However, in the rat, the motor hyperactivity usually 

intensifies with increased doses of parenterally ddmimstel ed 
atropine [44] 

In cats, the psychomotor stimulation evoked by ICV o~ 
mtracerebral injections of morphine, beta-endorphin rind 
d-tubocurarine is not accompamed b), aggressl,m behavlor,ll 
phenomena [5, 6 II, 12, 14, 17, 21, 25, 34, 40] In this con- 
nectJon, ~t should be mentioned that the locomotor hyperac- 
tivity caused by parenteral administration ot atropine and 
scopolamine in rats is not associated with aggressive behav- 
ior [39,44] Moreover, m dogs, parenteral or ICV admlms- 
tratlon of atropine produces behavioral changes described as 
a "central antlchohnerglc syndrome" which consists of 
vocalization, ataxla, locomotor hyperactivity, loss of inter- 
est in surroundings and collision with objects [3, 23, 49] 

The aggressive behavior produced by ICV ant~chohnerglc 
drugs fulfills the basic reqmrements to be classified as a 
"'fear-Induced" aggression [41] A similar type of aggressive 
behavior is caused by muscanne and 6-OHDA injected ICV 
m cats, although the aggresswe behavior evoked by these 
agents ts more potent and lasts longer [8, 9, 10 13, 15} 
Atropine and scopolamine administered parenterall), m the 
monkey also produce aggressive behavior [49] On the other 
hand, atropine and scopolamine depress or dbohsh the ag- 
gressive behavior m the cat evoked by chohnom~metics and 
antlchohnesterases [4,7] as well as the isolation-reduced ag- 
gression m mice and rats [32,47] 

The mechamsms of psychotomimet~c effects ot antlcho- 
hnerglc agents are not yet clear The findings that 
ant~chohnsterases may reverse the behavioral effects of at- 
ropine, scopolamine and other ant~chollnerglc agents suggest 
that these drugs act through central chohnoceptors [22, 29, 
31, 33, 36, 45] However. there is evidence that antlcholln- 
erglc agents affect central dopammerglc mechamsms For 
instance, it ~s reported that certain antlchollnerg~c agents, 
but not atropine and scopolamine, may mh~b~t the uptake of 
dopamlne m central dopammergic neurons [20,24] On the 
other hand, m the present experiments the most potent antl- 
chohnerglc agents were atropine and scopolamine and, 
therefore, it ~s uncertain whether atropine and scopolamine 
injected ICV produced their behavioral effects by blocking 
the uptake of dopamme The question thus an~es as to how 
antichohnerglc agents m high doses evoke behavioral 
changes '~ In peripheral tissues there is evidence that atropine 
and hyosclamme have chollnerglc actlv|ty [30 461 Finally, 
Bradley [18] observed that eserme caused excitation of 
neuronal actw~ty in the cat's brain-stem lndependentl~¢ of the 
response to acetylchohne Thus, one possible explanation ~ 
that ant~cholinerg~c agents act on central chohnoceptors at 
partial agomsts 
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