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samples  was j u s t  w i t h i n  t he  l imi t  of de tec t ion .  P a r t  of 
t he  low ChAc a c t i v i t y  in n o n - j u n c t i o n  a n d  m y o - t e n d i n o u s  
samples  m a y  be due  to i n t r a m u s c u l a r  ne rve  b ranches .  
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Fig. 2. Activities of AChE and ChAc in the dissected samples NlVI, 
M and MT (symbols as in Figure 1). From 3 animals 15 samples of 
the various kinds were assayed for each enzyme. 

The  above  resul t s  e s t ab l i sh  t h a t  t he re  is a close cor- 
r e spondence  b e t w e e n  t he  ChAc and  A C h E  ac t iv i t i e s  in  
n e u r o - m u s c u l a r  junc t ions ,  whereas  in  t h e  m y o - t e n d i n o u s  
j u n c t i o n s  a h i g h  A C h E  a c t i v i t y  is c o n t r a s t e d  to  t he  
a lmos t  t o t a l  lack  of ChAc. F r o m  these  obse rva t i ons  we 
conc lude  t h a t  ACh is no t  syn thes i zed  nea r  t he  myo-  
t e n d i n o u s  j u n c t i o n s  and  t h a t  t he  A C h E  p re sen t  t h e r e  
does no t  n o r m a l l y  hyd ro ly se  ACh. 
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Evidence  for a Spinal  S y m p a t h e t i c  Regulat ion  of 

The  ref lex con t ro l  of ca rd iovascu la r  func t ions  is com- 
m o n l y  t h o u g h t  to  be  exclus ive ly  i n t e g r a t e d  a t  supra -  
sp ina l  levels. Spina l  s y m p a t h e t i c  reflexes, t h o u g h  k n o w n  
to exist2, are no t  cons idered  to  be a c t i v a t e d  b y  haemo-  
d y n a m i c  events .  S y m p a t h e t i c  rami ,  however ,  r ep re sen t  
a s imple  p a t h w a y  t h r o u g h  wh ich  a f fe ren t  i n f o r m a t i o n  
f rom h e a r t  a n d  b lood vessels m a y  r each  t he  cord  a n d  
ref lex s ignals  m a y  be  r e t u r n e d  to t he  ca rd iovascu la r  
s y s t e m  w i t h o u t  i n v o l v e m e n t  of t he  b r a i n  s tem.  Ref lexes  
of th i s  t y p e  m i g h t  subse rve  local s e g m e n t a l  r egu la t ion  
of ca rd iovascu la r  func t ions  m u c h  more  a p t l y  t h a n  t he  
classical  m e d u l l a r y  reflexes i nvo lved  in t he  overa l l  con t ro l  
of sys temic  c i rcula t ion .  

These  reflexes could be  c o n v e n i e n t l y  s tud ied  b y  
record ing  t he  e lectr ical  a c t i v i t y  of t he  s y m p a t h e t i c  rami .  
Indeed ,  we h a v e  r ecen t ly  shown  a t h a t  t r a n s i e n t  co rona ry  
occlusion in ca ts  can  mod i fy  t he  a c t i v i t y  of a s y m p a t h e t i c  
p regangl ion ic  ou t f low to t he  h e a r t  (i.e. t h e  t h i r d  left  
t ho rac i c  r a m u s  com m un i cans ,  T3, wh ich  is k n o w n  to 
c o n t r i b u t e  s ign i f i can t ly  to  t h e  e f fe ren t  i n n e r v a t i o n  of t h e  
h e a r t  h a n d  p a r t i c u l a r l y  to  m y o c a r d i a l  con t rac t i l i tya ) .  
These  effects  were ref lex in n a t u r e  and  cons is ted  m o s t  
o f ten  in increases  in  s y m p a t h e t i c  discharges .  T h e y  were 
found  to  be  i n d e p e n d e n t  of vaga l  f ibres and  p r e sen t  in 
in t ac t ,  dece reb ra t e  a n d  sp ina l  p repa ra t ions .  This  was  
t h e  f i rs t  d e m o n s t r a t i o n  of a ca rd io-card iac  sp ina l  sym-  

. p a t h e t i c  reflex. In  order  to  i nves t i ga t e  w h e t h e r  card iac  
s y m p a t h e t i c  sp ina l  ref lexes can  also be  el ici ted b y  a more  
n o r m a l  h a e m o d y n a m i c  event ,  a n d  the re fore  p a r t i c i p a t e  
in  t h e  phys io logica l  r a t h e r  t h a n  pa tho log ica l  r egu la t ion  
of c i rcula t ion ,  we h a v e  s tud ied  t he  effects  on  t he  same  
s y m p a t h e t i c  ou t f low of changes  in a r t e r i a l  b lood  pressure .  
As will  be  descr ibed,  increases  in  a r t e r i a l  b lood pressure  
c an  ref lexly  mod i fy  t h e  a c t i v i t y  of T3 f ibres  in  sp ina l  
v a g o t o m i z e d  p repa ra t ions .  

E x p e r i m e n t s  were  pe r fo rmed  on 24 cats,  a n a e s t h e t i z e d  
b y  i.p. i n j ec t ion  of p e n t o b a r b i t a l  sod ium (35 mg/kg) .  
P r e p a r a t i o n s  were pa ra lyzed  w i t h  ga l l amine  t r i e t h iod ide  
a n d  ar t i f ic ia l ly  ven t i l a t ed .  I n  all ca ts  t h e  sp ina l  cord  
was sec t ioned  a t  C1 a n d  b o t h  vagi  cut .  The  lef t  s te l la te  
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gang l ion  was exposed r e t ro -p leu ra l ly  and  T3 was dis- 
sected u n d e r  a microscope in to  t i n y  f i l amen t s  n n t i l  a 
singIe or a few ac t ive  f ibres  could be  isolated.  E lec t r i ca l  
a c t i v i t y  of t he  s y m p a t h e t i c  f ibres was  s u i t a b l y  ampl i f ied  
and  recorded  on  f i lm f rom CRO screen, s i m u l t a n e o u s l y  
w i t h  ca ro t id  a r t e r i a l  pressure .  O t h e r  record ing  de ta i l s  
h a v e  been  descr ibed  8. The  rises in  a r t e r i a l  pressure ,  
o b t a i n e d  e i the r  b y  s tenos ing  or occ luding  t he  t h o r a c i c  
a o r t a  a t  va r ious  si tes (by pu l l ing  a l iga tu re  p laced  a r o u n d  
it) or b y  i.v. i n j ec t ion  of pressor  drugs  (no rad rena l ine  
and  angio tens in)  were  usua l ly  t e s t ed  severa l  t imes  for 
each  f ibre  a n d  for each  mu l t i f i b r e  p r e p a r a t i o n .  

W e  s tud ied  t he  a c t i v i t y  of 54 s ingle  p regangl ion ic  
s y m p a t h e t i c  f ibres a n d  34 mu l t i f i b r e  p r e p a r a t i o n s  (Table).  
This  Tab le  shows t h a t  single f ibres  could r e spond  to  
rises in  a r te r ia l  pressure  e i the r  b y  decreas ing  or increas ing  
t he i r  f i r ing  rate ,  w i t h  some p r e d o m i n a n c e  for t he  f i rs t  
t y p e  ot response.  A r educ t i on  in f i r ing  r a t e  was  o b t a i n e d  
fa r  more  f r e q u e n t l y  f rom mul t i f i b re  p repa ra t ions .  For  
each  single f ibre  a n d  m u l t i f i b r e  p r e p a r a t i o n  t he  t y p e  of 
response  was cons i s t en t  t h r o u g h  severa l  a n d  d i f fe ren t  
t r ia ls .  

The  F igure  shows a n  example  of r e d u c t i o n  in f i r ing  
ra t e  of a single f ibre  fol lowing occlusion of t he  t ho rac i c  
aor ta .  This  t y p e  of response  was  f o u n d  to  be  g raded  
accord ing  to t he  a m p l i t u d e  of t he  b lood  pressure  rise, 
howeve r  o b t a i n e d  (by cons t r i c t i ng  t he  a o r t a  or b y  
in j ec t ing  pressor  drugs).  Since t h i s  response  m i g h t  h a v e  
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Effects of blood pressure rises induced by aortic stenosis and/or occlusion (A), angiotensin 
activity of single fibres and multifibre preparations in T3 

EXP~mE~TIA 2619 

(Ang) or noradrenaline (NA) injection on the 

No. of single fibres Decrease 
or multifibre in firing rate 
preparations 

Increase Unmodified 
in firing rate firing rate 

Single fibres 54 

Multifibre preparations 34 

18 12 24 
5 : A, Aug, NA 2 : A, Aug, NA 3 : A, Ang, NA 
2: A, Ang 1: A, NA 4: A, Ang 

10: A 9: A 2: A, NA 
1: Ang 15: A 

16 5 13 
3 : A, Ang 1 : A, Aug, NA 2 : A, Ang, NA 
1: A, NA 1: A, Ang 2: A, Ang 

10: A 1: A, NA 2: A, NA 
1: Ang 2: A 7: A 
1: NA 
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Single preganglionie sympathetic fibre (lower trace), spontaneously active, abolishing its firing during an increase in arterial blood pres- 
sure (upper trace) obtained by aortic occlusion (marked by a bar). Continuous recording. 

been a t t r ibu ted  to  a direct  effect of blood pressure and 
of oxygen  supply on spinal sympathe t ic  nenrones% its 
reflex na ture  had to be demonst ra ted .  This  was accom- 
plished in 5 experiments ,  by  observing the  disappearance 
of the  response af ter  in te r rup t ing  the  afferent  l imb of 
the  reflex (namely by  sectioning the  sympathe t ic  chains 
f rom the  stel late gangl ia  to T4). 

An increase in sympa the t i c  discharge was also fre- 
quen t ly  observed (Table). Fibres  which augmented  thei r  
firing ra te  could be ei ther  spontaneously  act ive  (the 
increase in firing ra te  being somet imes as large as 5-10 
t imes  the  rest ing values) or spontaneously  silent and 
firing only dur ing rises in blood pressure. This second 
type  of response could also be graded dur ing var ious  
rises of blood pressure, however  obtained,  and again 
the  most  impor t an t  factor  in evoking the  effect appeared 
to be the  ampl i tude  of the  blood pressure rise. This 
response too could be abolished, af ter  section of sym- 
pa the t ic  chains f rom stellate ganglia to T4. 

We  conclude t h a t  in spinal vago tomized  cats the  
ac t iv i ty  of sympa the t i c  fibres isolated f rom a pre- 
ganglionic outf low main ly  dis t r ibuted to the hear t  can 
be ref lexly modif ied by  increases in ar ter ial  blood pres- 
sure. Such spinal sympathe t ic  reflexes elicited by  haemo-  
dynamic  events  suggest  the  cont r ibut ion  of spinal mecha-  

ilisms to the  regulat ion of cardiovascular  functions.  How-  
ever  at  present  it  is still  unknown whether  the  two dif- 
ferent  types  of response, inh ib i tory  and exci ta tory,  are 
due to different  cardiovascular  receptors or to different  
popula t ions  of sympathe t ic  neurones. 

Rdsumd. La d6charge de fibres sympa th iques  pr6- 
ganglionnaires isol6es, ia i sant  p robab lement  pa t t i e  de 
l ' i nne rva t ion  eff6rente du coeur, a 6t6 6tudi6e sur des 
chats  spinalis6s et vagotomis6s par  rappor t  ~ des augmen-  
ta t ions  de la tension art6rielle provoqu6es  m6caniqne-  
men t  ou pharmacolog iquement .  Les r@onses obtenues 
consistaient  soft en une d iminut ion  soft en une augmenta-  
t ion de la  d6charge sympath ique ,  le genre de r6ponse 
6rant constanL pour  chaque fibre, et  de na ture  r6flexe. 

A. MALLIANI, M. PAGANI, 
G. RECORDATI and P. J. SCHWARTZ 

Islituto di Ricerche Cardiovc~scolari dell' UniversitY, 
Via F.  S/orza 35, 1-20122 Milano (Italy), 19 March 1970. 

R. S. ALEXANDER, Am. J. Physiol. 143, 698 (1945). 


