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I n  Vespa  or ienta l is ,  as in o t h e r  H y m e n o p t e r a ,  a myogen ic  
r h y t h m  of w i n g - b e a t  is observed .  In  myogen ic  insects ,  t he  
ene rgy  to m a i n t a i n  a w ing -bea t  f r equency  can  on ly  be 
d r a w n  f rom f ibr i lar  muscles.  A mechan ica l  t r ace  f rom the  
t h o r a x  of a n  ac t ive  wasp  7 po in t s  to  a f r equency  of 
155 Hz, whereas  an  e lectr ical  t race  f rom t he  same wasp  
yields a cons ide rab ly  lower f requency .  I n  t he  l a t t e r  in- 
s tance ,  t he  impulses  in m o t o r  ne rves  supp ly ing  the  m a i n  
f l ight  muscles  are n o t  s y n c h r o n o u s  w i t h  the  wing beats .  
Our  m e t h o d  of recording,  w h e n  coupled  to a process ing  

v ia  corre la tor ,  p e r m i t s  a n  accu ra t e  ana lys i s  of t he  ven t i l a -  
t i on  noise of a n  insec t  w i t h o u t  in te r fe r ing  w i t h  i t s  n o r m a l  
ac t iv i ty .  The  recorded  differences in d u r a t i o n  of ven t i l a -  
t i on  a c t i v i t y  a m o n g  va r ious  h o r n e t s  p r o b a b l y  r ep re sen t  
differences  in t he  p h y s i c a l  e n d u r a n c e  of i n d i v i d u a l  
horne t s .  
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Summary. In  r abb i t s ,  2 popu la t i ons  of s y m p a t h e t i c  pos tgangl ion ic  f ibres i n n e r v a t i n g  t he  skin,  hea r t ,  muscle  and  k i d n e y  
could be  classified b y  t h e i r  d i f fe rent  spike he igh t s  a n d  t h e i r  d i f fe ren t  suscep t ib i l i t y  to  n o r a d r e n a l i n e  and  ang io t ens in  
amide.  The  ab i l i ty  of t he  2 popu la t ions  to  r e spond  to physio logica l  s t imul i  in a h igh ly  d i f f e ren t i a t ed  m a n n e r  leads to  
t he  a s s u m p t i o n  t h a t  2 d i f fe rent  sys tems  in t he  ca rd iovascu la r  s y m p a t h e t i c  ou t f low exist .  

E x p e r i m e n t s  pe r fo rmed  w i t h i n  the  las t  few years  de-  
m o n s t r a t e  t he  ab i l i ty  of t he  s y m p a t h e t i c  v a s o m o t o r  s y s t e m  
to r e spond  to va r ious  physio logica l  s t imul i  w i t h  a h i g h  
degree of d i f f e r en t i a t i on  of regional  s y m p a t h e t i c  ou t f low 
(for review of l i t e ra tu re ,  see S imon  and  Riede l l ) .  B y  
compi l a t ion  of these  changes  in regional  s y m p a t h e t i c  
a c t i v i t y  or changes  in b lood  flow, a p a t t e r n  resu l t s  as t he  
c rea t ion  of t he  v a s o m o t o r  con t ro l  cen te r  in response  to 
t he  en t i re  i n f o r m a t i o n  - neura l  and  h u m o r a l  - d u r i n g  a 
g iven  s t ressful  s i tua t ion .  In  t he  ana lys i s  of the  com- 
p o n e n t s  of t he  d iverse  p a t t e r n s  of a u t o n o m i c  ou t f low b y  
d i rec t  record ing  of reg iona l  v a s o m o t o r  a c t i v i t y  in r abb i t s ,  
n o n - u n i f o r m i t y  up  to t he  degree of oppos i te  changes  of 
a c t i v i t y  was found  in d i f fe ren t  f i l amen t s  i n n e r v a t i n g  t he  
same vascu l a r  regions or organs,  e.g. t he  hea r t .  This  
ind ica tes  t he  ab i l i ty  of t he  a u t o n o m o u s  ne rvous  s y s t e m  to 
func t iona l  d i f f e r en t i a t i on  of i ts  ou t f low to single organs,  
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Fig. 1. Response of renal sympathetic efferents (fibre type A and B) 
and of arterial mean blood pressure (Pmar) to i.v. injections of nor- 
adrenaline (15 Ixg) and angiotensin amide (3 [xg). Mean values with 
standard deviations obtained from 9 animals. The right scale of the 
ordinate for fibre type A refers to the effect of angiotensin amide. 

wh ich  m a y  be based  on  the  ex is tence  of d i f fe ren t  f ibre  
popu la t ions .  This,  in fact ,  could  be  shown  for t h e  inner -  
v a t i o n  of t he  h e a r t  where  changes  of a c t i v i t y  in some 
f i l amen t s  a lways  cor re la ted  w i t h  changes  of h e a r t  r a t e  a n d  
changes  in o t h e r  f i l amen t s  a p p e a r e d  to be assoc ia ted  w i t h  
changes  in m y o c a r d i a l  func t ion  S . F u n c t i o n a l l y  d i f fe ren t  
popu la t i ons  of v a s o m o t o r  f ibres  h a v e  r ecen t ly  been  
ident i f ied  in t he  v a s o m o t o r  supp ly  to t he  muscle  b y  
Horeyseck  et  al. 3 a n d  to the  skin  b y  Gregor  et  al. 4 in  cats .  
As in t he  h e a r t  we h a v e  found  d i f fe ren t ly  r eac t ing  
f ibre popu l a t i ons  in t he  v a s o m o t o r  supp ly  to  t he  muscle ,  
skin and  k i d n e y  of r abb i t s ,  whose  func t i on  we do no t  ye t  
know in detai l .  T h e y  showed some c o m m o n  in t r ins ic  
p roper t i e s  wh ich  m a y  allow a genera l  classif icat ion.  
Materials and methods. 32 r abb i t s ,  weighing  3.2-4.8 kg, 
were anes the t i z ed  w i t h  n e m b u t a l  sod ium (30 m g / k g  as 
in i t ia l  dose). S u b s e q u e n t  anes thes i a  was m a i n t a i n e d  b y  
ar t i f ic ial  v e n t i l a t i o n  w i t h  30% 02 a n d  70% N,O.  I n  
addi t ion ,  a c o n t i n u o u s  infus ion  of e i t he r  p e n t o b a r b i t a l  
(5 r ag /an imal /h )  or Al thes in  (Glaxo, 0.5 m l / a n i m a l / h )  
was g iven  v ia  t he  femora l  vein.  R e l a x a t i o n  was m a i n -  
t a ined  w i t h  e i the r  succ inyl  chol ine  (10 m g / a n i m a l / h )  or 
ga l l amine  (5 r ag /an ima l /h ) .  The  femora l  a r t e r y  was can-  
n u l a t e d  for b lood pressure  recording.  S y m p a t h e t i c  
a c t i v i t y  was recorded  f rom fine ne rve  s t r a n d s  a f t e r  
r emov ing  the  pe r ineu r ium.  F i l a m e n t s  c o n t a i n i n g  one or 
few func t ion ing  f ibres  were p u t  on  a p l a t i n u m  e lec t rode  
u n d e r  pa ra f f in  oil. The  f ibre a c t i v i t y  was ampl i f ied  (band  
w i d t h  0.06-1.5 kHz) a n d  d i sp layed  on an  oscilloscope. 
F ibres  d i scharg ing  w i t h  d i f fe ren t  spike  a m p l i t u d e s  could  
be s epa ra t ed  b y  m e a n s  of a w indow d i s c r i m i n a t o r  a n d  
were s tored t o g e t h e r  w i t h  t h e  or ig ina l  spikes a n d  t h e  
blood pressure  on  m a g n e t i c  tape .  Numer i ca l  e v a l u a t i o n  of 
t he  impulse  r a t e s  and  of a r t e r i a l  pressure  was p e r f o r m e d  
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using  a n  IBM-1130 c o m p u t e r .  Cardiac  o u t p u t  was  de-  
t e r m i n e d  b y  m e a n s  of t h e  t h e r m o d i l u t i o n  m e t h o d .  The  
s ta t i s t i ca l  s ignif icance of differences be t w een  pa i red  ob- 
s e rva t ions  were t e s t ed  us ing  t he  Wi l coxon  m a t c h e d -  
pa i r s  s igned- ranks  test .  
Results  and  discussion. I n  all  i n v e s t i g a t e d  s y m p a t h e t i c  
pos tgangl ion ic  e f ferents  to  t he  hea r t ,  t h e  skin,  t h e  muscle  
a n d  t he  k idney ,  2 t ypes  of f ibres  could be  s e p a r a t e d  b y  
the i r  d i f fe ren t  spike he igh t s :  f ibres  d i scharg ing  w i t h  
smal le r  spikes were classified as t y p e  A f ibres  and  f ibres  
d i scha rg ing  w i t h  a p p r o x i m a t e l y  twice  t he  spike h e i g h t  of 
t y p e  A were classified as t y p e  B fibres. Type  A f ibres 
were no t  a lways  s p o n t a n e o u s l y  ac t ive .  W h e n  b o t h  t ypes  
were s p o n t a n e o u s l y  ac t ive ,  t he  a c t i v i t y  of t y p e  A f ibres  
was a lways  h i g h e r  a t  n o r m a l  core  t e m p e r a t u r e ,  e i the r  in  
i n t a c t  or  v a g o t o m i z e d  or b a r o r e c e p t o r  d e a f f e r e n t a t e d  
animals .  Whi l e  t y p e  B f ibres  exh ib i t ed  m a r k e d  r e s p i r a t o r y  
g rouped  ac t iv i ty ,  t y p e  A f ibres  showed th i s  on ly  occasion-  
ally. However ,  t y p e  A f ibres  h a d  r h y t h m s  of longer  
d u r a t i o n  (1-3 min)  w h i c h  were n o t  s i m u l t aneous ly  
de t ec t ab le  in t y p e  B fibres.  The  a c t i v i t y  of b o t h  popu la -  
t ions  could be  comple t e ly  i n h i b i t e d  b y  gangl ionic  b lockade  
w i t h  h e x a m e t h o n i u m  (5-10 mg/kg) .  T he  q u a n t i t a t i v e  
d i s t r i b u t i o n  of t he  2 f ibre  popu la t i ons  dif fered in t he  
i n v e s t i g a t e d  ca rd iovascu l a r  sec t ions :  t y p e  A f ibres  were 
p r e d o m i n a n t l y  found  in t h e  skin  and  t he  k idney ,  whereas  

Changes of activity of type A (A) and type B (B) fibres supplying 
the heart and the kidney, and of heart rate (HR), and cardiac output 
(CO) in 8 vagotomized rabbits during central heating at different 
skin temperatures 

Cardiac Renal 
sympathetic sympathetic 
A B HR CO A B 

Peripheral warming + + -- + + -- + -- 
Peripheral cooling + + + + + -- + + 

+ ,  activation; --, depression. 

Imp/se  

0 L 

Imp/se: 

2 L 

120 r ~ '  ' "--I-,.~. Pmar 
mm Hg 8 0 ~  

4 0  L 

Stim. Frequ.100mec ~ m m  

6 1 ~ min 

Fig. 2. Response of renal sympathetic efferents {fibre type A and B) 
and of mean arterial blood pressure (Pmar) to baroreceptor stimula- 
tion of 1 min duration. Mean values with standard deviations from 
4 animals. Stimulus intensity 9 V, frequency 100 pulses/sec. 

t y p e  B f ibres p r e p o n d e r a t e d  in t he  h e a r t  and  t he  muscle  
i n n e r v a t i o n .  
To cha rac te r i ze  f u r t h e r  these  2 t ypes  of fibres, c i rcu la t ion  
was a l t e red  b y  m e a n s  of bo lus  in jec t ions  of h y p e r t e n s i v e  
d rugs :  n o r a d r e n a l i n e  (15 ~g) a n d  ang io t ens in  amide  
(Hyper tens in ,  3 ~zg). The  changes  of a c t i v i t y  i nduced  b y  
these  s t imul i  in  e i the r  p o p u l a t i o n  were q u a l i t a t i v e l y  
iden t ica l  in  all i n v e s t i g a t e d  ca rd iovascu la r  sect ions,  and  
q u a n t i t a t i v e l y  m o s t  p r o m i n e n t  in t h e  r ena l  i nne rva t i on ,  
t h a t  is, t h e  popu l a t i ons  r e sponded  p a r t i a l l y  d i f ferent ly .  
F igures  1 a n d  2 show the  resu l t s  found  in t he  r ena l  inner -  
r a t i o n  of 9 r a b b i t s  where  b o t h  f ibre  popu la t i ons  were 
s imu l t aneous ly  act ive .  As seen in f igure 1, b o t h  f ibre  
popu la t i ons  were depressed  b y  t h e  no rad rena l ine - in -  
duced  b lood pressure  rise. Type  B f ibres  showed  a sus- 
t a i n e d  depress ion  as long  as blood pressure  was e levated ,  
t he  a c t i v i t y  of t y p e  A f ibres  rose a f t e r  an  in i t ia l  de- 
press ion reach ing  p r e s t i m u l a t i o n  va lues  a t  the  same t ime  
as blood pressure .  I n j e c t i o n s  of 3 ~g ang io tens in  amide  
caused  a similar '  b lood  pressure  r ise as noradrena l ine .  
W h e r e a s  t he  a c t i v i t y  of t y p e  B f ibres  was depressed,  t he  
a c t i v i t y  of t y p e  A f ibres  increased  marked ly ,  r each ing  a 
m a x i m u m  a t  a b o u t  60 sec a f t e r  in jec t ion ,  t h e n  a c t i v i t y  
decl ined to below p r e s t i m u l a t i o n  level.  The  a c t i v i t y  of 
b o t h  f ibre  t ypes  t h e n  r e m a i n e d  depressed  un t i l  t h e  6 th  
rain,  a f t e r  wh ich  i t  s lowly rose to p r e s t i m u l a t i o n  values.  
To c o m p a r e  t he  effect  of a pure  b a r o r e c e p t o r  signal,  b o t h  
s inus  ne rves  a n d  b o t h  depressor  ne rves  were cut .  The  
cen t r a l  end  of t he  left  depressor  n e r v e  was t h e n  s t i m u l a t e d  
w i t h  0.1 msec square  pulses,  6-12 V, a n d  a f r e q u e n c y  of 
100 pulses/sec for 1 m i n  (figure 2). This  ba ro r ecep to r  
s ignal  i n h i b i t e d  t he  a c t i v i t y  in b o t h  f ibre  popu la t ions .  
The  a c t i v i t y  of t y p e  B f ibres  r e m a i n e d  depressed t h r o u g h -  
o u t  t he  s t i m u l a t i o n  period,  t he  a c t i v i t y  of t y p e  A f ibres  
rose a f t e r  an  in i t ia l  i nh ib i t ion ,  r each ing  a p p r o x i m a t e l y  
p r e s t i m u l a t i o n  level  a t  t he  end  of t h e  s t i m u l a t i o n  period.  
Af te r  t he  end  of the  s t imu la t ion ,  b o t h  f ibres  r e sponded  
w i t h  an  ove r shoo t  of a c t i v i t y  l a s t ing  for a p p r o x i m a t e l y  
60-90 sec. D u r i n g  a c o n t i n u o u s  in fus ion  of ang io tens in  
amide  (10 ~g /an imal /min) ,  t h i s  response  of t y p e  A f ibres 
to  depressor  ne rve  s t i m u l a t i o n  b e c a m e  more  p ronounced .  
To f ind w h e t h e r  t he  a c t i v a t i n g  effect  of ang io t ens in  
amide  on  f ibre  t y p e  A was  fac i l i t a t ion  of gangl ionic  t r ans -  
mission,  t h e  p regang l ion ic  a c t i v i t y  in  t he  sp lanchn ic  
n e r v e  was recorded.  A b o u t  30% of t h e  f ibres wh ich  were 
depressed b y  a b lood pressure  rise due  to  n o r a d r e n a l i n e  
in jec t ion ,  r e sponded  to  in j ec t ion  of ang io tens in  amide  
w i t h  a n  increase  of ac t iv i ty .  This  ind ica tes  a more  cen t r a l  
s i te  of ac t ion  of t h i s  d rug  as far  as i t s  a c t i v a t i n g  effect  of 
s y m p a t h e t i c  p o p u l a t i o n  A is concerned .  Af ter  c u t t i n g  all 
ba ro recep to r s  in t he  neck,  ang io t ens in  amide  c lear ly  
a c t i v a t e d  t y p e  A fibres,  w i t h  t y p e  B f ibres on ly  be ing  
effected to  a m i n o r  ex t en t .  
Us ing  t he  c r i t e r ia  of d i f fe ren t  spike he igh t ,  d i f fe ren t  sus- 
cep t ib i l i t y  to  n o r a d r e n a l i n e  wh ich  appea r s  to  ac t  m a i n l y  
v ia  t he  barorecep tors ,  and  to ang io t ens in  amide  wh ich  
ac t s  on  t y p e  B f ibres  p r e s u m a b l y  v ia  t he  ba ro recep to r s  and  
on  t y p e  A f ibres  b y  cen t r a l  ac t iva t ion ,  2 s y m p a t h e t i c  
pos tgangl ion ic  f ibre  popu l a t i ons  could be classified. 
Based  on  t he  ex is tence  of these  2 f ibre  popu la t i ons  non -  
u n i f o r m i t y  of v a s o m o t o r  ou t f low is found  in t he  d iverse  
ca rd iovascu la r  sect ions  a t  a g iven  e x p e r i m e n t a l  condi t ion .  
A n  e x a m p l e  is g iven  in t he  tab le .  Whi l e  in  the  i n n e r v a t i o n  
of a single o rgan  f ibres  of each  t y p e  re spond  r a t h e r  
un i formly ,  each  p o p u l a t i o n  m a y  e x h i b i t  in i tself  a dif- 
f e r en t i a t ed  response  p a t t e r n  if t he  i n n e r v a t i o n  of d i f fe ren t  
o rgans  is ana lysed .  Our  f ind ings  i nd ica t e  t he  ex is tence  of 
2 d i f fe ren t  sys tems  in  t h e  ca rd iovascu la r  s y m p a t h e t i c  
ou t f low wh ich  b o t h  possess  t he  ab i l i t y  of d i f fe ren t ia l  
con t ro l  of d iverse  ca rd iovascu l a r  sect ions.  


