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impulses  wh ich  sp read  t o w a r d s  t he  CNS lead ing  to 
' ep i lep t ic '  convuls ions .  Th i s  p o s t u l a t e  is in  a g r e e m e n t  
w i t h  KRUSmNSKV'S 2 h y p o t h e s i s  w h i c h  suggests  t h a t  t he  
d e v e l o p m e n t  of t he  convu l s ive  crisis is p r i m a r i l y  depen-  
d e n t  on  low b r a i n  s t e m  s t ruc tu res .  T he  d i s t r i b u t i o n  of 
ChAc a n d  A C h E  seems gene t i ca l ly  i n d e p e n d e n t .  

Rdsumd. Le sys t~me cho l ine rg ique  est  6 tudi6  au  ni- 
veau  de la cochl6e chez des souris  se d i s t i n g u a n t  p a r  
leur  sens ib i l i t6  5. l '6pi lepsie  acous t ique .  U ne  ac t iv i t~  
accrue  de l ' e n z y m e  de syn th~se  de l ' ac6 ty lcho l ine  a pu  

~tre mise  en  6vidence dans  la souche  g 6 n 6 t i q u e m e n t  
sensible  k la crise audiog~ne.  
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E x t i n c t i o n  o f  t h e  V a s o d i l a t o r  C o m p o n e n t  o f  t h e  D e f e n c e  R e a c t i o n  i n  t h e  C a t  

The  s o m a t o - a u t o n o m i c  r e l a t ionsh ip  is p e r h a p s  expressed  
in  t he  m o s t  d r a m a t i c  m a n n e r  in  e m e r g e n c y  s i t ua t i ons  
such  as aggress ion  or f l ight .  In  these  s i t ua t i ons  t he  soma to -  
a u t o n o m i c  l ink  is obv ious ly  v i t a l  for surv iva l ,  s ince 
a u t o n o m i c  a d j u s t m e n t s  p l ay  an  i m p o r t a n t  role in enab l ing  
t he  p e r f o r m a n c e  of t h e  b e h a v i o u r a l  task .  The  cardio-  
va scu l a r  s y s t e m  has  a n  essent ia l  role to  p l ay  in these  
a d j u s t m e n t s  a n d  i ts  ab i l i t y  to  r e spond  select ively  a n d  
a d e q u a t e l y  to  s ignals  f rom t h e  e n v i r o n m e n t  is p a r t i c u l a r l y  
i m p o r t a n t  in  f l igh t  or aggression.  

I t  h a s  been  e s t ab l i shed  t h a t  a t yp i ca l  feline, t h r e a t e n i n g  
pos tu re  w i t h  voca l i za t ion  can  be  el ic i ted b y  e lectr ical  
s t i m u l a t i o n  in wel l -def ined areas  of t h e  b r a i n s t e m  and  
a m y g d a l a  of cats ,  and  t h a t  th i s  b e h a v i o u r a l  r eac t ion  is 
a c c o m p a n i e d  b y  a p a t t e r n  of ca rd iovascu la r  a d j u s t m e n t  
w h e r e b y  t h e  card iac  o u t p u t  is increased,  t h e  b lood f low 
f rom t h e  Skin a n d  mesen te r i c  va scu l a r  beds  be ing  redirec-  
t ed  to those  of ske le ta l  musc le  ~,~. I n  th i s  ca rd iovascu la r  
response  ac t ive  v a s o d i l a t a t i o n  in t he  ske le ta l  muscles  
p lays  a n  i m p o r t a n t  role a n d  i t  has  been  s h o w n  t h a t  in  
ca ts  i t  is b r o u g h t  a b o u t  la rge ly  b y  a c t i v a t i o n  of t he  
chol inergic  s y m p a t h e t i c  n e r v e  fibres,  s ince in jec t ions  of 
a t rop ine  g rea t ly  reduce  it1, 3. Moreover ,  a v e r y  s imi la r  
ca rd iovascu la r  r eac t ion  inc lud ing  chol inergic  musc le  
v a s o d i l a t a t i o n  occurs  in  an i m a l s  w h e n  t h e y  are s t a r t l ed  
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Fig. 1. Cardiovascular concomitants of the threatening response of a 
eat when confronted with a dog. The vasodilator component is 
blocked by an intra-arterial injection of atropine sulphate (0.2 mg/kg). 

b y  a s u d d e n  a n d  new s t imu lus  3. W i t h  r epe t i t i on  of t he  
s t imu lus  t he  response  subsides.  The  chol inergic  muscle  
v a s o d i l a t a t i o n  appea r s  also as a response  to  nox ious  
s t imu la t ion ,  a n d  th i s  va scu l a r  r eac t ion  ha s  been  easi ly 
cond i t i oned  w h e n  a n  a u d i t o r y  s t imu lus  p receded  t he  
nox ious  s t i m u l a t i o n  3-5. The  s t a r t l e  r eac t ion  to  n o v e l t y  
( ' u n k n o w n  s t imulus ' )  a n d  t he  r eac t ion  to nox ious  s t imu l i  
a p p e a r  to  be  closely r e l a t ed  to  f l ight  or aggressionS, 6, L 
Var ious  species r e spond  w i t h  ' a l a rm ' ,  f l ight  or d i sp lay  
of a t h r e a t e n i n g  pos tu re  to  def in i te  v isual  or a u d i t o r y  
s t imul i .  Some ca t s  w h e n  c o n f r o n t e d  b y  a dog of ten  
d i sp lay  a t h r e a t e n i n g  pos tu re  s imi la r  to  t h a t  el ici ted b y  
s t i m u l a t i o n  in specific areas  in  t he  b r a i n s t e m  or amygda la .  
W e  h a v e  chosen  t h e  ' n a t u r a l l y '  e l ic i ted t h r e a t e n i n g  
r eac t ion  in  ca ts  c o n f r o n t e d  b y  a dog to i n v e s t i g a t e  t he  
e x t e n t  a n d  evo lu t ion  of ca rd iovascu la r  i n v o l v e m e n t .  

ADAMS et  al. s h a v e  shown  t h a t  ca t s  r e s p o n d i n g  to 
t h r e a t e n e d  aggress ion b y  a n o t h e r  ca t  m a y  do so w i t h o u t  
t h e  ca rd iovascu la r  changes  so cha rac t e r i s t i c  of t he  defence 
r eac t ion  el ici ted b y  b r a i n s t e m  s t imu la t ion .  I n  pa r t i cu la r ,  
t h e y  found  t h a t  t he  chol inergic  muscle  v a s o d i l a t a t i o n  
m a y  be  absen t .  I t  is poss ible  t h a t  in  these  e x p e r i m e n t s  
t he  vasod i l a to r  response  h a d  a l r eady  been  ex t ingu i shed  
before  t he  m e a s u r e m e n t s  were m a d e ;  t h i s  ques t ion  has,  
therefore ,  been  specif ical ly examined .  

I n  our  e x p e r i m e n t s  on  cats ,  obse rva t ions  of b e h a v i o u r  
were cor re la ted  w i t h  m e a s u r e m e n t s  of a r t e r i a l  b lood  
pressure ,  e x t e r n a l  iliac b lood  flow, h e a r t  ra te ,  e lectro-  
m y o g r a p h i c  a c t i v i t y  in  t he  h ind l imb ,  and  r e sp i r a to ry  
ra te .  The  e x t e r n a l  iliac b lood  flow was m o n i t o r e d  us ing  a n  
M B I  flow m e t e r  w i t h  a n  e l ec t romagne t i c  p robe  (Micron) 
i m p l a n t e d  a b o v e  t h e  deep femora l  b r a n c h  wh ich  was 
l igated.  The  b lood pressure  was m o n i t o r e d  v ia  t r a n s p a r e n t  
v iny l  c a n n u l a  inse r t ed  in to  t he  a o r t a  t h r o u g h  t he  c o m m o n  
ca ro t id  a r te ry .  The  c o n d u c t a n c e  (f low/pressure)  in t h e  
ex t e rna l  i l iac a r t e r y  was r ecorded  con t inuous ly ,  w i t h  t he  
use of a n  e lect ronic  d iv ide r  (Analog 4 Q u a d r a n t  Mul t ip l ie r  
AD 426 in t he  f eedback  of an  A D  401 ope ra t i ona l  amplif ier) .  
The  ca t  was  in a box  fac ing  a ch icken  wire  or glass 
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Fig. 2. Changes from resting level of conductance (flow/pressure) and heart rate during each bout of threatening posture in a single cat 
when confronted wi th a dog on 6 consecutive days. The conductance changes are represented by black dots, the heart rate changes by 
open circles, str. indicates striking wi th a paw, A = injection of atropine (the data after atropine injections are not included), and the 
figures at the bottom indicate the sequential number of each bout of rage. 

p a r t i t i o n  t h r o u g h  wh ich  a dog could be  seen w h e n  i t  was 
b r o u g h t  in to  t he  room. Three  ca t s  h a v e  been  i nvo lved  in 
these  e x p e r i m e n t s  a n d  t he  obs e r va t i ons  on all of t h e m  
h a v e  been  cons is tent .  T he  ca t s  d i sp layed  a t h r e a t e n i n g  
pos tu re  a lmos t  as soon as t h e y  s igh ted  a dog : in  mos t  cases 
t h e y  r e m a i n e d  seated,  t he  pupi ls  d i l a ted  and  t he  ears 
f l a t t e n e d ;  t he re  was pi loerect ion,  t he  l ips were re t rac ted ,  
a n d  t h e  a n i m a l  growled and  hissed and,  somet imes ,  w i t h  
claws u n s h e a t h e d ,  t he  ca t  would  s t r ike  w i t h  one fo repaw 
in t h e  d i rec t ion  of t he  dog. T he  m a i n  fea tu res  of t he  
ca rd iovascu la r  response  d u r i n g  these  b o u t s  of rage  were 
a n  increase  in c o n d u c t a n c e  to  flow in  t he  ex t e rna l  i l iac 
a r t e r y  a n d  a cardiac  accelera t ion.  The re  was also a s l ight  
increase  in t h e  m e a n  a r te r ia I  pressure  a n d  a r ise in  t h e  
pulse pressure .  The  increase  in c o n d u c t a n c e  in t he  e x t e r n a l  
iliac a r t e r y  was abol i shed  b y  a t rop ine  i nd i ca t i ng  t h a t  i t  
was  p r o b a b l y  due  to  chol inergic  s y m p a t h e t i c  vasod i l a t a -  
t i o n  in t he  h i n d l i m b  (Figure 1). The  a t rop ine  t e s t  was 
r epea t ed  severa l  t i m e s  in all  t h r e e  ca ts  and  on  each  occasion 
the  increase  in c o n d u c t a n c e  was abol ished.  However ,  w i t h  
r epe t i t i on  of t he  c o n f r o n t a t i o n  expe r imen t s ,  day  a f te r  
day,  t h e  ca rd iovascu la r  changes  d iminished .  The  con- 
d u c t a n c e  increase  b e c a m e  smal le r  a l t h o u g h  t he  ca t  st i l l  
d i sp layed  i ts  full t h r e a t e n i n g  pos tu re  w i t h  vocal i sa t ion .  
I n  F igure  2 t h e  changes  are s h o w n  in  ex t e rna l  i l iac a r t e r y  
c o n d u c t a n c e  (black circles) and  h e a r t  r a t e  (open circles) 
du r ing  each  b o u t  of rage, on c o n f r o n t a t i o n  w i t h  a dog, in  
i cat .  On t he  3rd day  t he  conduc t ance  increase  h a d  a l r eady  
d i m i n i s h e d  a n d  in one ' rage '  r eac t ion  t he re  was no  change  
of c o n d u c t a n c e  a t  all. On  t h e  4 th  day  t he  p ic tu re  was 
changed :  va socons t r i c t i on  appea red  in s t ead  of vasodi la -  
t ion  in t he  h ind l imb ,  a n d  b r a d y c a r d i a  occurred  for t he  
f i rs t  t ime.  Af t e r  6 days  of r e p e a t e d  conf ron ta t ions ,  
du r ing  wh ich  t h e  ca t  d id  no t  exper ience  a n y  noxious  
s t imula t ion ,  t he  vasod i l a t i on  in t he  h i i td l imb  was ex t in -  
guished in  all 3 an ima l s  and  was f r e q u e n t l y  replaced  

b y  vasocons t r i c t ion .  The  card iac  acce le ra t ion  was also 
d imin i shed  a n d  ins tead ,  on  some occasions,  b r a d y c a r d i a  
was observed .  The  t h r e a t e n i n g  pos ture ,  w i t h  pi loerect ion,  
pup i l l a ry  di la t ion,  vocMiza t ion  a n d  s t r i k ing  w i t h  t h e  
paw,  c o n t i n u e d  w i t h  u n d i m i n i s h e d  i n t e n s i t y  t h r o u g h o u t  
the  whole  series of conf ron ta t ions .  

The  course of e x t i n c t i o n  of t h e  v a s o d i l a t o r  response,  as 
shown  in F igure  2, r e sembled  t h a t  of chronic  e x t i n c t i o n  
of a n y  cond i t i oned  response.  I n  t h e  c o n f r o n t a t i o n  
e x p e r i m e n t s  we p re sen t ed  t he  ca t s  w i t h  t he  cond i t i oned  
s t imu lus  - the  s i g h t  of a dog - b u t  s ince no  nox ious  
s t imuIa t i on  followed, t h e  ca t ' s  defence r eac t ion  b e g a n  to  
be ex t ingu ished .  I t  was t he  muscle  vasod i l a t a t i on ,  h i t h e r t o  
held  to  be  a cha rac te r i s t i c  c o m p o n e n t  of t h e  defence 
react ion,  w h i c h  was the  eas ies t  to  ex t inguish .  W e  h a v e  
also obse rved  such  e x t i n c t i o n  in e x p e r i m e n t s  on dogs 5. 
The  b e h a v i o u r a l  c o m p o n e n t  of t he  cond i t i oned  r eac t ion  
(e.g. t h r e a t e n i n g  posture)  was  t he  las t  t o  d i sappear .  

Rdsumd. Le c h a t  en face d ' u n  ch ien  a une  r6ac t ion  
cha rac t6 r i s t i que  pos tu ra l e  de m e n a c e  accompagn6e  
d ' u n e  r f a c t i o n  card iovascula i re ,  ca rac t6 r i s t ique  avec  une  
v a s o d i l a t a t i o n  d a n s  les musc les  sque le t t i ques  qui  es t  
sensible  & l ' a t rop ine .  La  r @ 6 t i t i o n  des c o n f r o n t a t i o n s  
dgcr i tes  p rodu i t  une  e x t i n c t i o n  des c o m p o s a n t e s  cardio-  
vasculaires ,  s u r t o u t  de vasod i l a t a t ion .  

C. J. SUTHERLAND 9 and A. W. ZBROZYNA 

Department o/Physiology, The Medical School, 
University o/Birmingham, Birmingham B 75 2TJ  
(England), 22 August 1973. 

9 CJS was in receipt of a research training scholarship from the 
Welleome Trust. 


