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O p p o s i t e  R e s p o n s e s  o f  M u s c l e  C i r c u l a t i o n  t o  D i f f e r e n t  E m o t i o n a l  S t i m u l i  

Elec t r i ca l  s t i m u l a t i o n  of c e r t a i n  h y p o t h a l a m i c  a n d  
mesencepha l i c  a reas  in  t h e  a n a e s t h e t i z e d  c a t  or  dog  p ro -  
duces  d i l a t a t i o n  of musc le  b lood  vessels  t h r o u g h  cho-  
l inerg ic  s y m p a t h e t i c  f ibres  z, 3, and,  in  t h e  u n a n a e s t h e t i z e d  
an imal ,  el ici ts  t h e  so-cal led defence  r eac t i on  8. These  ob-  

s e r v a t i o n s  h a v e  led to  t h e  a s s u m p t i o n  t h a t  chol inerg ic  
d i l a t a t i o n  of musc le  vessels  r e p r e s e n t s  a ch a r ac t e r i s t i c  
f ea tu re  of t h e  ca rd i o v as cu l a r  r e sponse  to  e m o t i o n a l  
s t imul i  4. I t  h a s  also b e e n  sugges ted  t h a t  chol inerg ic  
v a s o d i l a t a t i o n  m i g h t  usefu l ly  occur  as a p r e p a r a t o r y  
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Cardiovascular reactions of cat L to presentation of a dog, of another cat, or of a mouse (indicated by stimulus signals in the bottom 
tracing of each panel) before (upper panel: no drug) and after i.v. administration of 1 mg/kg of methylatropine (lower panel: cholinergic 
blockade). Tracings are from above downwards: BP, right femoral arterial pressure; iIF, instantaneous blood flow through the left 
external iliac artery; f BP, mean (integrated) arterial pressure; f IF, integrated left external iUac blood flow; time in 5 see. 
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reac t ion  when  the  an imal  is warned  of an  i m p e n d i n g  
emot iona l  t a s k  4, s. 

These a s sumpt ions  have  n o t  been  conf i rmed  in a 
na tu ra l ly  occurr ing emot iona l  behav iou r  s tud ied  by  our 
group.  Indeed ,  w h e n  a ca t  was a t t a cked  by  a n o t h e r  ca t  
and  fought  back  in response,  ins tead  of the  expec ted  
cholinergic d i l a t a t ion  of muscle  blood vessels,  there  was 
a vasocons t r i c t ion  in t he  iliac dis tr ict ,  p rov ided  t h a t  the  
h ind  l imbs  did no t  pa r t i c ipa te  in t he  f ight ing  move-  
m e n t s  6. I l iac vasocons t r i c t ion  was  also observed  in a 
s o m e w h a t  d i f fe ren t  expe r imen ta l  condi t ion,  name ly  w h e n  
a ca t  could foresee t h a t  a ba t t l e  was  i m m i n e n t  and  pre-  
pa red  for f ight ing,  b u t  t he  a t t a c k  was  t h e n  p reven ted .  
In  th is  case, f igh t ing  d id  no t  t ake  place,  and  the  emo-  
t iona l  c o m p o n e n t s  of f ight ing  were d issocia ted  f rom the  
exer t iona l  ones.7, s. 

The  expe r imen t s  summar i zed  below rep re sen t  a fu r the r  
a t t e m p t  to  compare  changes  dur ing  na tu ra l  behav iou r  
w i th  those  ob ta ined  w i t h  electr ical  s t imula t ion  of t he  
h y p o t h a l a m u s .  Muscle blood flow was  recorded  f rom 
unanaes the t i zed  ca ts  while t h e y  were  exposed  to  several  
d i f fe rent  s t imul i  hav ing  emot iona l  s ignif icance for t h e m :  
conf ron ta t ion  wi th  a po ten t i a l ly  aggressive cat,  conf ron ta -  
t ion  w i t h  a dog, p r e sen t a t i on  of a mouse  or of food. 
Dur ing  the  behav ioura l  s tudies  t he  ca t  was p laced  in 
one c o m p a r t m e n t  of a cage subd iv ided  b y  an opaque  
movab le  screen f rom ano the r  c o m p a r t m e n t  hous ing  the  
a t t ack ing  cat .  A t r ia l  s t a r t ed  wheneve r  t h e  screen was 
raised,  or t he  dog was  b r o u g h t  in to  t he  room, or a mouse  
or food were  placed in to  the  ca t ' s  cage. On all t r ia ls  to  
be  repor ted ,  the  ca t  s ta red  a t  t he  s t imulus  i n t en t l y  b u t  
r e m a i n e d  immobi le ,  mere ly  showing isola ted  m o v e m e n t s  
such as f l inching,  r e t r ac t ion  of ears (and sniff ing when  
food was  the  s t imulus) .  Trials dur ing  which  f igh t ing  
m o v e m e n t s  occurred  or t he  ca t  j u m p e d  to  grasp the  
mouse  were no t  ana lyzed  for the  p re sen t  repor t .  Muscle 
blood flow was  recorded  in 6 cats  by  i m p l a n t a t i o n  of a 
S t a t h a m  e lec t romagne t i c  f low probe  and  a collapsible 
snare  (used to  p roduce  zero flow for cal ibrat ion)  a round  
the  lef t  ex t e rna l  iliac ar tery ,  7-10 days  before tes t ing.  
A blood pressure  cannula  was  p laced  in the  con t ra la te ra l  
femoral  a r te ry .  4 add i t iona l  ca ts  had  e lec t romagne t i c  
flow probes  i m p l a n t e d  a round  b o t h  ex te rna l  iliac ar ter ies  
and  a cannula  p laced  in a side b r a n c h  of a femoral  a r te ry .  
The i n s t an t aneous  blood flow to  1 or t he  2 h ind  l imbs  
and  the i r  in tegrals  were  d i sp layed  on a Grass P7 poly-  
g raph  t o g e t h e r  w i th  i n s t an t aneous  and  m e a n  ( integrated)  
ar ter ia l  pressure.  The h ind  l imb EMG was  recorded  to  
check the  possible  occurrence  of m o v e m e n t .  

The  F igure  i l lus t ra tes  t he  s t r ik ing  obse rva t ion  t h a t  
in the  same ea t  muscle  c i rcula t ion can: be oppos i te ly  
inf luenced by  d i f fe ren t  emot iona l  s t imuli .  In  t he  uppe r  
half  of t he  figure one can see t h a t  p r e sen t a t i on  of a 
t h r ea t en ing  ca t  r epea t ed ly  induced  a ma rked  decrease  
in iliac blood flow associa ted  wi th  l i t t le  or no change  in 
m e a n  blood pressure :  th is  indica tes  t he  occurrence  of a 
conspicuous  muscle  vasocons t r ic t ion ,  and  conf i rms our 
prev ious  observa t ions  ~,8. However ,  when  t h e  ca t  was 
p r e sen t ed  wi th  a dog or a mouse  the re  was a def in i te  
increase in i l iac  blood flow., once again wi th  no change  
in m e a n  blood pressure :  th is  indica tes  d i la ta t ion  of 
muscle  vessels.  T h a t  th is  muscle  vasod i la ta t ion  was 
m e d i a t e d  t h r o u g h  the  cholinergic s y m p a t h e t i c  sy s t e m 
is i l lus t ra ted  b y  t h e  lower sect ion of t he  F igure :  a f te r  
cholinergic b lockade  induced  by  in t r avenous  in jec t ion  
of m e t h y l a t t o p i n e  (1 mg/kg) iliac vasod i l a t a t ion  to  pre-  
sen ta t ion  of dog or of mouse  was  a lmos t  comple te ly  
abolished,  while  iliac vasocons t r i c t ion  upon  conf ron ta -  
t ion  w i t h  t he  o the r  ca t  r ema ined  unaffec ted .  The ca ts  
i m p l a n t e d  w i t h  f low probes  a round  b o t h  iliac ar ter ies  

showed a b i la te ra l  vasod i l a t a t i on  when  app roached  b y  a 
dog, and  t h e  iliac vasod i l a t a t i on  could be uni la te ra l ly  
abol ished or m a r k e d l y  reduced  upon  close in t r a -a r t e r i a l  
in jec t ion  of m i n u t e  a m o u n t s  of m e t h y l a t r o p i n e  (0.125 mg), 
t he  d i l a t a t ion  r emain ing  unmodi f i ed  on the  non- in jec ted  
side. 

I t  is in te res t ing  to  men t ion  tha t ,  while  muscle  vaso-  
cons t r ic t ion  upon  conf ron ta t ion  wi th  a ca t  was  a ve ry  
~ n s i s t e n t  response  in all the  ca ts  t e s t ed  and  all t he  
trials,  va sod i l a t a t i on  to  a dog, a mouse  or food was m u c h  
more  var iab le  f rom animal  to  animal ,  arid indeed  th ree  
of our  cats  regular ly  showed vasocons t r i c t ion  to  t he  
s t imul i  induc ing  vasod i l a t a t ion  in the  o the r  cats.  In  t he  
m a j o r i t y  of cats,  however ,  vasod i l a t a t ion  to  the  dog (as 
well as to  a mouse  or food) was  a cons i s ten t  response,  
s ta t i s t ica l ly  s ignif icant  t h r o u g h o u t  t he  tr ials  (p < 0.01) 
p rov ided  t h a t  t he  tr ials  were  n o t  r epea t ed  too  closely. 
Too f r equen t  t e s t ing  grea t ly  r educed  t h e  vasod i l a to r  re- 
sponse.  

Our expe r imen t s  suggest  t h a t  di i ferences  in somat ic  
expression,  so well  descr ibed in emot iona l  behav ioura l  
p a t t e r n s  since DARWIN'S 9 t imes ,  can be paral le led by  
ma r k e d  differences in visceral  responses  as well. E v e n  
condi t ions ,  like con f ron ta t ion  wi th  an a t t a ck ing  ca t  or 
w i t h  a dog, t h a t  are a p p a r e n t l y  s imilar  in t e r m s  of somat ic  
reac t ion  (flinching, r e t r ac t ion  of t he  ears, an imal  o ther -  
wise immobile) ,  can differ  as far  as the  neural  cont ro l  
of muscle  c i rculat ion is concerned.  Cholinergic d i l a t a t ion  
of muscle  b lood vessels  is indeed  a p a r t  of an emot iona l  
ca rd iovascu la r  pa t t e rn ,  as p rev ious ly  sugges ted  4, b u t  no t  
an invar iab le  c o m p o n e n t  of any  emot iona l  p a t t e r n .  
Indeed ,  in o t h e r  emot iona l  condi t ions  muscle  vasocon-  
s t r ic t ion  occurs.  

Rdsumd. La circulat ion muscula i re  du cha t  est  influen- 
c6e par  les s i tua t ions  6mot ives :  la r u e  d ' u n  au t re  chat ,  
agresseur,  cause Ulle vasocons t r i c t ion  de na tu re  adr6ner-  
gique, t and i s  que la r u e  d ' u n  chien  cause une  vasodi la ta -  
t ion  de n a t u r e  chol inergique.  
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