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DECSI, L. Behavioral effect of  intracerebrally injected carbachol on unrestrained cats. PHARMAC. BIOCHEM. BEHAV. 
2(1) 141-143, 1974. - The rage reaction which can be evoked by carbachol stimulation of the hypothalamus on 
freely moving cat is not specific for the hypothalamus by far. It can also be elicited by carbachol stimulation of the 
septal region, thalamus (intralaminary nuclei), central grey matter, red nucleus, caudate nucleus, mesencephalic reticular 
formation as well as by injecting the drug into the cerebral ventricle. No rage reaction can be evoked by carbachol 
stimulation of the globus pallidus, putamen, dorsal hippocampus, ventral hippocampus, anterior, basal, central or lateral 
amygdaloid nucleus and the cerebral white matter. The significance of these findings is discussed. 

Carbachol Rage Intracerebral microinjection 

D I R E C T  chemical  s t imulat ion o f  the hypo tha lamus  with  
carbachol  (carbamylchol ine)  in freely moving cats has 
been demons t ra ted  to evoke a characteris t ic  e m o t i o n a l -  
behavioral  react ion [2, 3, 4, 7, 11, 12, 13, 14, 16] 
showing a complex  behavioral  pat tern  wi th  def ini te  agres- 
sivity in some cases, and with  fear-like behavior  in others.  
On the basis of  the most  characterist ic and most  f requent  
manifestat ions,  and also for the sake of  s implici ty,  we 
have termed it a rage react ion.  (Whether it is real or  sham 
rage lies beyond  the scope of  the present  discussion.) This 
react ion to in t rahypotha lamic  carbachol  has proved qui te  
a consistent  finding and can be evoked f rom several hypo-  
thalamic sites. There are some scat tered data  in the litera- 
ture on a similar react ion pat tern  somet imes  observed 
after  inject ing chol inomimet ics  in some o ther  parts o f  the 
brain in the course of  exper iments  per formed for some 
o ther  purpose [1, 2, 7, 9, 10, 12, 13].  However ,  we do 
no t  know of  any systematic  investigations which aimed at 
mapping the subcort ical  organizat ion of  this react ion pat- 
tern no t  even in terms of  gross ana tomic  local izat ion.  
Since, however ,  it is rather  improbable  that  the rage reac- 
t ion should only involve the hypotha lamus ,  exper iments  
were started in this labora tory  a few years ago to eluci- 
date what o ther  subcort ical  brain s tructures might  partici- 
pate in the organizat ion of  this react ion pat tern.  

METHOD 

The exper iments  were per fo rmed  on cats wi th  chron- 
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ically implanted  cannulae and electrodes.  Fo r  measuring 
the intensi ty  of  the rage react ion we used a me thod  
developed by us earlier. This is based on the observat ion 
that  the manifes ta t ions  of  the rage react ion involve not  
only the general a t t i tude  of  the animal,  its gross behavior ,  
l ocomot ion ,  etc. ,  but  is also accompanied  by characteris- 
tic vocal izat ion.  Thus we simply recorded the growling 
and hissing of  the animal on magnet ic  tape and es t imated 
the in tensi ty  of  the react ion by adding up the t imes of  
vocal izat ion during a certain period (generally 20 min)  
after  the inject ion of  carbachol.  The general principles of  
the me thod  used have been described in detail  previously 
[4, 14, 16].  Chemical  s t imulat ion was per formed  by 
inject ing 5 #1 of  buffered  carbachol  solut ion at pH 7.3, by 
means of  a micro in jec tor  in about  30 sec. More than 200 
cats were used and a total  of  17 various regions studied. 
The results obtained are summarized in Table 1. 

RESULTS 

Table 1 shows that  the rage react ion can be evoked 
no t  only f rom the hypo tha lamus  but  also f rom the septal 
region, the non-specific (more exact ly ,  the in t ra laminary)  
nuclei  of  the thalamus,  the central  grey mat ter ,  the red 
nucleus,  the caudate nucleus,  the mesencephal ic  ret icular 
format ion ,  and also by inject ing carbachol  direct ly into 
the cerebral ventricle.  It cannot  be evoked by carbachol  
s t imulat ion of  the globus pallidus, pu tamen,  ventral  and 
dorsal h ippocampal  format ions ,  anterior ,  basal, central  or  
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T A B L E  1 

POSITIVE AND NEGATIVE RESPONSES TO INTRACEREBRALLY INJECTED CARBACHOL 

Regions from which a rage reaction can be 
elicited by carbachol / 0 .62-5  ug / 

Regions from which no rage reaction can be 
elicited by carbachol [ up to 20 #g / 

Hypothalamus 

Septal region 

Thalamus / intralaminary cell group / 

Central grey matter 

Red nucleus 

Caudate nucleus 

Mesencephalic reticular formation 

Cerebral ventricle 

Globus pallidus 

Putamen 

Ventral hippocampal formation 

Dorsal hippocampal formation 

Anterior amygdaloid nucleus 

Basal amygdaloid nucleus 

Central amygdaloid nucleus 

Lateral amygdaloid nucleus 

White matter 

la teral  cell g roups  of  the  amygdala ,  and f rom the  whi t e  
m a t t e r  ( o t h e r  regions have no t  ye t  b e e n  inves t iga ted) .  

Thus  the re  can be  no  d o u b t  tha t  several subcor t i ca l  
areas are impl ica ted  in the  o rgan iza t ion  of  the  rage reac- 
t ion  evoked by  chol inerg ic  s t i m u l a t i o n  of  the  bra in .  These  
areas migh t  as well c o n s t i t u t e  a f u n c t i o n a l  c ircui t ,  chol in-  
ergic s t imu la t i on  of  any  par t  of  wh ich  results  in a rage 
reac t ion .  

The  reac t ion  p a t t e r n s  evoked  f rom various areas are 
n o t  exac t ly  alike. There  is some d i f fe rence  in l o c o m o t o r  
act ivi ty  ( l i t t le  in the  case of  the  h y p o t h a l a m u s ,  m u c h  in 
tha t  of  the  t h a l a m u s  or  re t icu la r  f o r m a t i o n ) ,  in the  
a c c o m p a n y i n g  a u t o n o m i c  signs (mos t  m a r k e d  w i t h  h y p o -  
tha lamic  s t imu la t ion ) ,  and also in the  f r e q u e n c y  and 
in t ens i ty  of  the  a t t e m p t s  to  a t t ack  any  ob jec t  or  small  
an imal  p u t  be fo re  the  cat.  

DISCUSSION 

The  rage reac t ion  is easily abol i shed  b y  top ica l  pre- 
t r e a t m e n t  w i th  a few mic rograms  o f  a t rop ine .  In add i t ion ,  
it can be  an tagon ized  by  local  app l i ca t ion  of  a f u n c t i o n a l  
an tagon i s t  (adrenergic  s t i m u l a n t )  and  also f rom some 
r e m o t e  par ts  of  the  circuit .  F o r  ins tance ,  the  rage r eac t ion  
evoked  b y  ca rbacho l  s t i m u l a t i o n  of  the  h y p o t h a l a m u s  is 
abol i shed  by  s i m u l t a n e o u s  be ta -adrenerg ic  s t i m u la t i on  of  
the  tha l amus ,  or, the  rage r eac t ion  evoked  b y  ca rbacho l  
s t imu la t i on  of  the  t h a l a m u s  is i nh ib i t ed  by  s i m u l t a n e o u s  
be ta -adrenerg ic  s t imu l a t i on  of  the  red nuc leus  [ 5 , 6 ] .  

Thus ,  at  first s ight  i t  seems t ha t  we are faced w i th  a 

real subcor t i ca l  f unc t iona l  circuit  wh ich  migh t  co r respond  
to  the  gross a n a t o m i c  organ iza t ion  of  the  rage reac t ion  
pa t t e rn .  (I ts  chemica l  o rgan iza t ion  is cer ta in ly  chol inergic  
and mos t  p r o b a b l y  involves muscar in ic  recep tors . )  How- 
ever, the  circuit  exp lo red  by  chemica l  s t imu la t i on  is no t  
comple t e ly  iden t ica l  w i th  t h a t  exp lo red  by  electr ical  st im- 
u la t ion  [8 ] .  F o r  this  and for  o t h e r  reasons  also an 
a l te rna t ive  exp l ana t i on  is possible  for  the  behaviora l  ef fec t  
o f  in t r ace rebra l ly  in jec ted  ca rbacho l  in the  cat. Also, con-  
s idering the  r a the r  wide-spread regions f rom which  this  
reac t ion  can be  elici ted one migh t  as well be r ight  in 
assuming the  ca rbacho l - induced  rage reac t ion  to be a 
general ,  n o t  really specific response  of  the  b ra in  to  in- 
tense  chol inergic  s t imu la t i on  of  the  appropr i a t e  subcor t i -  
cal s t ruc tures .  The  s t imu la t i on  may  no t  remain  s t r ic t ly  
local ized since, for  ins tance ,  exc i t a t i on  of  the  re t icu lar  
f o r m a t i o n  or t h a t  of  the  i n t r a l amina ry  tha lamic  nuclei  
will ce r ta in ly  spread over the  whole  bra in .  Accord ing ly ,  
this  r eac t ion  p a t t e r n  migh t  also be regarded as the  b ra in ' s  
general ,  non-speci f ic  response,  near ly  always in the  same 
form,  to  in tense  in t r ace rebra l  s t imu la t i on  (be it chemica l  
or  e lect r ical )  ju s t  like, for  ins tance ,  the  general  s y m p a t h e t -  
ic response ,  the  a larm reac t ion  to any  k ind  of  appropr i a t e  
ex te rna l  s t imul i .  

E x p e r i m e n t s  are n o w  in progress to  e luc ida te  the  
above-ou t l ined  func t iona l  circuit  (if there  be  any)  more  
exac t ly  and  to f ind some di rec t  clues as to  the  more  de-  
tai led a n a t o m i c  o rgan iza t ion  of  the  a f fec t ive -emot iona l  
reac t ions  evoked b y  di rec t  chemica l  s t imu la t i on  o f  var ious 
b ra in  areas in the  waking  cat.  
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