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INTRODUCTION

Since th e  d iscovery  of FOURFOIS DU PETIT (1727), th a t  

s e c tio n  o f  th e  c e rv ic a l sym pathetic  gave r i s e  to  d i l a t a t io n  o f  th e  

v e s s e ls  o f  th e  con junctiva., g re a t i n t e r e s t  has a tta c h e d  to  th e  

nervous c o n tro l o f th e  b lo o d  v e s s e ls .  The anatom ical b a s is  was 

p rov ided  by th e  e a r ly  h i s to lo g i s t s ,  in c lu d in g  WRISBERG- (1784), who 

follow ed nerves in  and around a r t e r i e s ,  and by HENLE (1840) who 

d esc rib ed  th e  m uscular coat o f th e se  v e s s e ls .  C lose on a  cen tu ry  

ago nervous v a so c o n s tr ic tio n  had been e s ta b lis h e d  and soon 

th e r e a f te r  th e  c la s s ic a l  experim ents of BERNARD ( 1858) dem onstrated 

th a t  th e  nervous in f lu e n c e  might be d i l a to r .

Subsequent work has amply confirm ed th e  p resence  o f c o n s tr ic to r  

and d i l a t o r  nerves and has shown t h e i r  im portance in  th e  c o n tro l 

o f th e  v a sc u la r  bed and b lood  p re s su re . I t  has been found th a t  

th e se  vasom otor nerves a re  governed by th e  c e n tr a l  nervous system 

which can th u s  extend i t s  co -o rd in a tin g  in flu en c e  to  th e  v a sc u la r  

system to  b r in g  about a l t e r a t io n s  in  th e  p re ssu re  and th e  

d is t r ib u t io n  o f  th e  b lood  to  meet th e  needs o f th e  organism . The 

vasomotor a c t i v i t y  o f  th e  h ig h e r nervous s t ru c tu re s  i s  no t 

dependent s o le ly  on t h e i r  immediate environm ent, b u t may be 

m odified  by a  number o f  f a c to r s ,  p sych ic  and nervous, e x te rn a l o r  

in te r n a l .  Many mechanisms, in te ro c e p tiv e  and e x te ro c e p tiv e , can 

produce r e f le x  changes in  vasomotor a c t i v i t y  and b lood  p re s su re , 

o f te n  to  a  co n sid erab le  e x te n t , b u t th e  m a jo rity  o f th e se  come 

in to  p lay  only in  sp e c ia l  c ircum stances and ex e rt no co n stan t 

in f lu e n c e /



2.
in f lu e n c e  under norm al c o n d itio n s . They a re  th u s  u n su ite d  to  

th e  m aintenance o f  a  ‘working lev el*  o f b lood  p re s su re . The 

e s s e n t ia l  nervous c o n tro l o f  th e  b lood  v e sse ls  l i e s ,  no t w ith  

th e se  u n s p e c if ic  a f f e r e n ts  b u t w ith  s p e c ia l  a f fe re n t  nerves 

a r i s in g  w ith in  th e  w a lls  o f  th e  a r t e r i e s .  Thus th e  g re a t t id e  

o f  vasom otor a c t i v i t y ,  upon which th e  random waves a re  super

imposed, i s  governed by im pulses from w ith in  th e  v a sc u la r  system 

i t s e l f ,  much as  an engine m odifies  i t s  own a c t i v i t y  when f i t t e d  

w ith  a  governor.

The nerves which possess t h i s  re g u la tin g  a c t i v i t y ,  th e  so -  

c a l le d  m oderator nerves a re  b i l a t e r a l  s t ru c tu re s  a r is in g  from 

th e  g re a t v e s s e ls  some l i t t l e  d is ta n ce  from th e  h e a r t .  There 

a re  two p a i r s .  The f i r s t ,  d iscovered  by CYON and LUDWIG (1866) 

tak e  o r ig in  from th e  a rch  o f th e  a o r ta  and a re  known as th e  

d ep resso r (o r  a o r t ic )  n e rv e s . The second two a r i s e ,  one on each 

s id e , from th e  c a ro t id  s in u s  reg io n  a t  th e  le v e l  o f b ifu r c a t io n  

o f th e  common c a ro tid  a r te r y .  They were d iscovered  by HERING 

(1924), and a re  named a f t e r  th a t  au th o r o r known as th e  s in u s  

nerves* Both the  a o r t i c  and th e  s in u s  nerves have s im ila r  

fu n c tio n s , s e c tio n  of e i th e r  causing a r i s e  in  b lood p re ssu re  

and s tim u la tio n  a  f a l l ,  and th ey  may be regarded  as  e x e rc is in g  

& steady  dep resso r a c t i v i t y  on th e  mechanisms re sp o n sib le  f o r  

m aintenance o f v a sc u la r  tone and b lood p re s su re . N otw ithstanding 

th e  accum ulating evidence p o in tin g  to  th e  ex is ten ce  of a f fe re n t  

pathways p rim a rily  concerned w ith  th e  re g u la tio n  o f the. blood 

v e s s e ls /
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v e s s e ls  o th e r  th a n  th e se  fo u r  n e rv e s , i t  i s  c e r ta in  th a t  th ey  

p lay  a  ve ry  m inor r o le .  Modem work has c le a r ly  e s ta b lis h e d  th e  

co n stan t in h ib i t in g  a c t i v i t y  ex e rc ise d  by th e  s in u s  and a o r t ic  

nerves on v a sc u la r  tone  and b lo o d  p re s su re , and i t  i s  beyond 

doubt th a t  th e se  nerves a re  th e  a f f e r e n ts  o f  paramount im portance.

I t  was in  th e  l ig h t  o f  t h i s  e s s e n t ia l ly  d ep resso r fu n c tio n  

th a t  i t  was decided  to  in v e s t ig a te  th e  responses to  s tim u la tio n  

o f th e  m oderator nerves in  anim als under b a r b i tu r a te  a n a e s th e s ia . 

The problem had a r is e n  out o f an a c c id e n ta l  f in d in g  in  t h i s  

department th a t  e l e c t r i c a l  s tim u la tio n  of th e  c e n tr a l  ends o f th e  

vagus nerves in  a c a t overdosed w ith  nembutal (sodium p e n to b a rb ita l)  

caused, n o t a  f a l l ,  b u t a  l i s e  in  b lood  p re s su re . Now, a lthough  

th e  expected resp o n se , and th a t  u s u a lly  o b ta in ed , i s  a  f a l l  in  

b lood  p re ssu re  due to  a c t iv a t io n  o f th e  con ta in ed  a o r t i c  nerve

f ib r e s ,  p re s so r  responses from vagal s tim u la tio n  a re  not uncommon
\

and have been re p o rte d  by many a u th o rs . The p re s so r  response in  

t h i s  animal might have been w r i t te n  o f f  a s  something a lre ad y  

observed and understood , o r a t  l e a s t  d esc rib ed . I t  was f e l t ,  

however, th a t  th e  sp e c ia l  circum stances o f i t s  appearance, in  an 

anim al overdosed w ith  a  drug c lo se ly  r e la te d  to  th e  modem 

b a rb i tu ra te  a n a e s th e tic s  of m edical p r a c t ic e ,  in d ic a te d  th e  need 

f o r  f u r th e r  re se a rc h . C onfirm atory experim ents l e f t  no doubt as  

to  th e  g ro ss ly  a l te r e d  n a tu re  o f th e  vasomotor re f le x e s  in  deep 

nembutal a n a e s th e s ia .

This work p re se n ts  th e  f in d in g s  o f a  s e r ie s  of experim ents 

c a r r ie d /
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c a r r ie d  out i n  th e  P h y s io lo g ic a l L aboratory  o f th e  U n iv e rs ity  o f  

Aberdeen by th e  a u th o r and devoted to  th e  s tu d y  o f a o r t i c  and 

s in u s  nerve vasom otor r e f le x e s ,  w ith  s p e c ia l  re fe re n c e  t o  th e  

e f f e c t  o f nem butal. The m a tte r  upon which th e  pap er i s  based  

was ob ta in ed  from o b serv a tio n s  made upon more th an  n in e ty  

an im als, th e  g re a t m a jo rity  c a t s .

/



P A  R T 1

ANATOMICAL AMD FUNCTIONAL CONSIDERATIONS.

PREVIOUS WORK.



THE CENTRAL AND EFFERENT NERVOUS MECHANISMS

INVOLVED IN VASOMOTOR ACTIVITY.

THE EFFERENT PATHWAYS.

The P e r ip h e ra l V a so c o n s tr ic to r  Mechanism.

A fte r  POUHFOIS DU PETIT‘s d e sc r ip tio n  o f th e  e f f e c t  o f  

c e rv ic a l sym pathetic  s e c tio n , many y ears  were to  pass  b e fo re  th e  

n a tu re  o f  t h i s  phenomenon was to  be f u l l y  understood . C e r ta in ly  

when a  m odified  v e rs io n  o f h is  experim ent was perform ed by DUPUY 

and BRACKET in  1830, over a  hundred y ea rs  l a t e r ,  th e  fa c t  th a t  

th e  in c re a se d  tem peratu re  and red n ess  of the  eye o f th e  ho rse  

fo llow ing removal o f  th e  s u p e r io r  c e rv ic a l gang lion  was due to  

lo s s  o f  nervous a c tio n  on th e  b lood  v e s s e ls  was not a p p re c ia te d . 

The co n d itio n  was a sc r ib e d  to  u p se t o f  th e  n u t r i t i v e  fu n c tio n  o f  

th e  ‘grand sym pathique*. To be s u re ,th e re  was a lread y  in  

ex is ten ce  h is to lo g ic a l  evidence showing th e  c lo se  r e la t io n s h ip  

between nerves and a r t e r i e s ,  fo r  WRISBERG (1784), 1UCAE (1810), 

RUD0LEHI (1821) and SCHLEMM (1828) had a l l  in d ic a te d  i t s - 

p resen ce . I t  must be p o in ted  o u t, however, th a t  th e  anatom ical 

b a s is  fo r  a r t e r i a l  resp o n siv en ess , th e  c o n tr a c t i le  m uscular coat 

o f th e se  v e s s e ls ,  was no t dem onstrated by HENLE u n t i l  1840.

T h is worker recogn ised  th e  s ig n if ic a n c e  o f h is  d iscovery  and 

in te rp re te d  VALENTIN*s o b serv a tio n  of a r t e r i a l  c o n s tr ic t io n  from 

nervous s tim u la tio n  as due to  th e  a c tio n  o f th e  nerves on t h i s  

m uscular t i s s u e .  STILLING (1840) d esc rib ed  such a c t i v i ty  as

‘vasom otor/



6.
’vasom otor1 and observed  i t  a s  a  r e s u l t  o f s tim u la tio n  o f  th e  

s p in a l cord  th u s  dem onstrating  th e  in flu en c e  o f  th e  c e n tr a l  

nervous system over th e  a r t e r i e s .  AXMANN (1847) suggested  th a t  

th e  sym pathetic  chain  was e s s e n t ia l ly  a  vasom otor n e rv e .

Thus by 1851 th e re  was a  background, no doubt scan ty  b u t 

n e v e r th e le s s  s u f f i c i e n t ,  t o  p o in t to  th e  nervous c o n tro l o f th e  

b lood  v e s s e ls .  I t  was in  t h i s  y e a r , however, th a t  c e r ta in  

experim ents were perform ed which gave im petus to  th e  s tu d y . 

WHARTON JONES dem onstrated th a t  th e  fro g  web c a p i l l a r i e s  d i la te d  

a f t e r  s c i a t i c  nerve s e c tio n  and BERNARD showed th a t  a  s im ila r  

co n d itio n  occurred  in  th e  e a r  v e s s e ls  o f th e  ra b b i t  fo llow ing  

s e c tio n  o f th e  c e rv ic a l sym pathetic . A y e a r  l a t e r  BROWN-SEQUARD 

( 1852) perform ed th e  complementary experiment o f s tim u la tio n  o f  

th a t  nerve and found th a t  i t  caused c o n s tr ic t io n  of th e  e a r  

v e s s e ls .  These experim ents served  to  e s ta b l is h  v a so c o n s tr ic tio n  

and to  a s s o c ia te  th e  phenomenon w ith  th e  sym pathetic system . I t  

remained now to  fo llow  up th e  work o f STILLING- and r e l a t e  th a t  

system to  th e  sp in a l co rd .

EPUJGER (1855) showed th a t  s tim u la tio n  o f  th e  a n te r io r  ro o ts  

o f th e  sp in a l nerves going to  c o n s t i tu te  th e  s c i a t i c  caused vaso

c o n s tr ic t io n  in  th e  f ro g , and a f t e r  a g re a t deal o f re sea rc h  

GASKELL (1885) was in  a p o s it io n  to  s t a t e ,  " I  am in c l in e d  b o ld ly  

to  a s s e r t  th a t  in  mammals a l l  th e  vasomotor nerves o f th e  body 

o f n e c e s s ity  leave th e  c e n tra l  nervous system in  th e  outflow ing 

stream  of v is c e r a l  f ib r e s  which occurs between th e  second 

th o r a c ic /
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th o ra c ic  and second lum bar n e rv es” • He went on to  show th a t  th e  

f in e  m edu lla ted  f ib r e s  l e f t  th e  cord  by th e  a n te r io r  r o o ts ,  ran. 

i n to  the  sym pathetic  chain  and became ‘changed* to  non-m edullated 

f ib r e s  in  the  g a n g lia  o f  th e  c h a in , t h e r e a f t e r  be ing  d is t r ib u te d  

to  t h e i r  d e s t in a t io n s  d i r e c t ly  o r a f t e r  communication w ith  o th e r  

g a n g lia .

DICKENSON and LANGLEY (1889), s tudy ing  th e  e f f e c t  o f 

n ic o t in e ,  showed th a t  in  m oderate dose i t  p a ra ly sed  th e  nerve 

c e l l s  o f v a rio u s  sym pathetic g an g lia  w ithou t p a ra ly s in g  th e  

p e r ip h e ra l  end ings. S tim u la tio n  of th e  n e rv ^  befo re ' th e  ganglion  

under th e se  c ircum stances was w ithou t r e s u l t  w hile  s tim u la tio n  

d i s t a l  to  th e  ganglion  was s t i l l  e f f e c t iv e .  Prom t h i s  f in d in g  

developed th e  knowledge o f the  synapse, and LANGLEY (1901), who 

coined th e  term  p reg an g lio n ic  and p o s tg an g lio n ic  f o r  th e  f ib r e s  

invo lved , showed th a t  th e re  were always a t  le a s t  two neurones 

concerned in  th e  conduction o f an im pulse from th e  c e n tr a l  

nervous system to  smooth muscle or g la n d u la r  t i s s u e .  GASKELL 

showed th a t  th e  f i r s t  o f th e s e , th e  p reg an g lio n ic  neurones, a ro se  

frcm c e l l s  ly in g  in  th e  l a t e r a l  horn  of the  grey m a tte r  o f  th e  

sp in a l cord . The re sea rch es  o f th e se  two l a s t  w orkers r e s u l te d  

in  th e  anatom ical p ic tu re  o f  th e  e f fe re n t  v a so c o n s tr ic to r  p a th  

as  at p re sen t understood .

The humoral a sp ec t of sym pathetic a c t i v i ty  was in d ic a te d  by 

LANGLEY (1901), who p o in ted  out th a t  ad re n a lin e  produced th e  same 

e f f e c t s /
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e f f e c t s  a s  s tim u la tio n  o f th e  sym pathetic  n e rv e s . The concep tion  

th a t  such n erv es  cause v a s o c o n s tr ic tio n  by th e  l ib e r a t io n  of 

a d re n a lin e  a t  t h e i r  endings was advanced by ELLIOTT (1904) and 

supported  by FINKLEMAN (1930), and fo r  t h i s  reason  DALE (1933) 

suggested  th a t  such f ib r e s  be term ed 'a d re n e rg ic * . FELDBERG- and 

GADDUM (1934) com pleted th e  chain  from cord to  a r te ry  by showing 

th a t  tra n sm iss io n  a c ro ss  th e  synapse was accompanied by th e  

l ib e r a t io n  o f a c e ty lc h o lin e .

The v a so c o n s tr ic to r  e f f e re n t  pathway may be summarised th u s : -  

P reg an g lio n ic  f ib r e s  a r i s e  from c e l l  bod ies lo c a te d  in  th e  v is c e r a l  

e f fe re n t  column ( l a t e r a l  horn  o f th e  grey m a tte r)  o f th e  sp in a l 

cord  and pass out between th e  f i r s t  th o ra c ic  and th e  th i r d  o r  fo u r th  

lumbar segments (RANSON, 1943) as  f in e  m yelinated  f ib r e s  in  th e  

a n te r io r  ro o t o f th e  corresponding  segm ents. There th ey  leav e  

v ia  th e  -white rami to  jo in  th e  sym pathetic tru n k  and synapse in  

th e  gan g lia  o f th e  same segments o r  a t  some more d is ta n t  gan g lio n .

At th e  synapse th e se  p reg an g lio n ic  f ib r e s  l ib e r a te  a c e ty lc h o lin e  

to  a c t iv a te  th e  p o s tg an g lio n ic  non-m edullated  f ib r e s .  These 

f in a l ly  reach th e  v e s s e ls  by way o f th e  grey rami o r c e rv ic a l  o r  

lumbar chains and b rin g  about c o n s tr ic t io n  by the  l ib e r a t io n  of 

a d ren a lin e  o r l ik e  substance.

The Peripheral V asodilator Mechanism.

When th e  b ro th e rs  WEBER dem onstrated in  1843 th a t  e l e c t r i c a l  

s tim u la tio n  of th e  c a rd iac  vagus cou ld  s to p  th e  h e a r t ,  th ey  

e s ta b lis h e d /
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e s ta b lis h e d  a  new p r in c ip le  o f  nervous a c t io n . Some y e a rs  l a t e r  

BARNARD (1858) dem onstrated  th a t  th e  smooth muscle o f th e  a r t e r i e s  

a ls o  might have i t s  a c t i v i t y  in h ib i te d  by nervous a c t io n . He 

found th a t  s tim u la tio n  o f th e  chorda tympani caused an in c re a se d  

flow  of b lood  from th e  subm axillary  g lan d . Subsequent work has 

confirm ed th e  v a s o d i la to r  a c tio n  o f  th i s  nerve and has showed th e  

e x is ten c e  o f s im ila r  f ib r e s  in  th e  l in g u a l ,  p e t ro s a l  and p e lv ic  

v is c e r a l  nerves (GASKET>L, 1885) and a l l  th e se  have been  regarded  

a s  s p e c ia l d i l a t o r  n e rv es . T h e ir ex is ten ce  d id  not th e n , and does 

n o t now, c a l l  fo r  a m o d ifica tio n  o f  th e  conception  o f vasomotor 

a c t i v i ty  as  e s s e n t ia l ly  in v o lv in g  c o n s tr ic t io n  n e rv es .

The dem onstration of a more g e n e ra lis e d  and s ig n if ic a n t  

d i l a to r  mechanism began w ith  th e  work o f DOG-IEL (1872), who 

s tim u la ted  th e  s c i a t i c  nerve in  c u ra r iz e d  anim als and found th a t  

v a so d ila tio n  re s u l te d .  I t  has been shown s in c e , th a t  v a s o d ila to r  

f ib r e s  occur e x ten s iv e ly  in  mixed n e rv es , a lthough  s p e c ia l 

techn ique to  avoid  in te r fe re n c e  from c o -e x is te n t p re s so r  f ib r e s  

must be employed to  re v e a l them. These d i la to r s  resem ble th e  

sym pathetic in  th a t  they a re  w idely  d is t r ib u te d  and have a  la rg e  

f i e l d  o f in f lu e n c e , bu t u n lik e  th e  sym pathetic th ey  do no t form 

m acroscopic g ross s t ru c tu re s  b u t run in te rm in g led  w ith  th e  som atic 

n e rv es .

The manner of e x i t  o f  th e se  f ib r e s  from th e  sp in a l cox’d i s  

o f g re a t i n t e r e s t .  STRICKER (1876) ob ta ined  v a so d ila tio n  from th e  

s tim u la tio n  o f th e  p e r ip h e ra l end o f  th e  cu t d o rsa l ro o ts  and 

su g g es ted /
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suggested  th e se  a s  th e  pathw ays. This was, however, c o n tra ry  to  

th e  f in d in g s  o f S i r  C harles B e ll  (1811, 1844) th a t  th e  d o rsa l 

ro o ts  a re  sensory  and th e  v e n tra l  ro o ts  m otor, a  concep tion  

known a s  BELL'S LAW. I n te r e s t  was added when BAILISS (1901) 

examined t h i s  system and confirm ed th a t  th e  d o rsa l ro o ts  d id  

p o ssess  d i l a to r  f ib r e s  b u t th a t  th ey  were anatom ica lly  in d is t in g u 

ish a b le  from th e  o rd in a ry  sensory  a f f e r e n t  f ib r e s ,  f a i l in g  to  

degenera te  when th e  ro o ts  a re  c u t between th e  cord  and th e  

ganglion  bu t d eg enera ting  when th e  d o rsa l ro o t g an g lia  a re  removed. 

Inasmuch as  i t  appeared to  BAYLISS th a t  th e se  f ib r e s  were in  f a c t  

c a rry in g  im pulses in  a d ire c t io n  op p o site  to  th e  noimal he c a l le d  

them 'a n tid ro m ic * a term  suggested  to  him by LANG-LEI.

That th e  d o rsa l ro o t d i la to r s  a re  m erely sensory  f ib r e s  

a c tin g  a n tid ro m ic a lly  has been doubted by sev e ra l w orkers.

MISLAWSKY and BISTRENIN (1905) claim ed th a t  s e c tio n  of th e  d o rsa l 

ro o ts  d id  not cause c e n tr a l  degenera tion  o f th e  d i l a to r  f ib r e s ,  

w hile  MULLER (1924) suggested  th a t  th e  d i l a to r  f ib r e s  a ro se  frcm 

c e l l s  in  th e  d o rsa l horn o f  th e  sp in a l cord  and were o f p a ra 

sym pathetic n a tu re . T his view was tak en  up by KURE e t  a l  (1927) 

who, in  a  s e r ie s  o f p ap ers , s tre s s e d  th a t  th e  p o s te r io r  ro o t 

d i la to r s  c o n s t i tu te d  a s p in a l  parasym pathetic  outflow , th e  p a ren t 

c e l l s  o f udiich la y  in  th e  grey m a tte r  o f th e  cord  a t  th e  base  o f 

th e  d o rsa l h o m . They m ain tained  th a t  th e  f ib r e s  a r is in g  th u s  

passed  out by way o f th e  d o rsa l ro o ts  to  synapse in  th e  g an g lia  

o f  th e se  s t ru c tu re s  w ith  o th e r f in e  m edulla ted  f ib r e s  which in  

tu n y '
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tu rn  ra n  in  th e  sensory  n e rv e s . In  th e  c e r v ic a l  and lumbar 

reg io n s  th ey  found th a t  fo r ty  p e r c e n t, of a l l  th e  nerve f ib r e s  

o f th e  p o s te r io r  ro o ts  were o f t h i s  parasym pathetic  type , w hile  

in  th e  th o ra c ic  reg io n  such f ib r e s  c o n s t i tu te d  one t h i r d  to  one 

h a l f  o f  th e  f in e  m edu lla ted  neurones. KURE e t  a l  (1932) concluded: 

' t h e  commonly h e ld  h y p o th esis  th a t  th e  v a s o d ila to r  e f f e c t s  seen 

on s tim u la tio n  o f  th e  d o rsa l ro o ts  o f th e  sp in a l nerves in  th e  

th o ra c ic  reg io n  of th e  cord  a re  produced by an tid rom ic  impulses 

p a ss in g  down th e  sensory  f ib r e s  i s  i n c o r r e c t ' .  They p o in t out 

th a t  GAGEL (1932) found th a t  in  man exam ination o f th e  c e n tr a l  

end of th e  cu t degenerated  d o rsa l ro o t rev ea led  th e  p resence o f  

small m yelinated  f ib r e s  on ly . BACH (1945) b e lie v e s  th a t  the  

'parasym pathetic  ty p e ' f ib r e s  a r i s e  in  th e  g an g lia  o f th e  dorsal 

r o o ts .  The p re c ise  n a tu re  o f th e  d i l a to r  f ib r e s  i s  th u s  s t i l l  

an open q u estio n .

There i s ,  however, c lo s e r  agreement on th e  q u estio n  of  

tran sm issio n  o f th e  d i l a to r  im pulse. LEWIS and MARVIN (1924) 

in d ic a te d  th a t  h is tam ine  might be th e  substance re v ea led  by the  

an tid rom ic f ib r e s ,  b u t DOI ( 1920) has shown th a t  th e y  a re  s t i l l  

e f f e c t iv e  d e sp ite  p rev ious c a p i l la iy  d i la ta t io n  induced by 

h is tam in e . WYBAUW (1936, 1937, 1938) has shown th a t  th e  substance 

invo lved  i s  a c e ty lc h o lin e . This has been confirm ed by sev e ra l 

workers among them BACH (1945), who has p re sen ted  th e  evidence fo r  

th e c h o lin e rg ic  n a tu re  o f  th e  d o rsa l ro o t d i l a to r s .

There i s  a th ird  d ila to r  mechanism to  be considered. In 
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1906 and 1913 DALE showed th a t  a f t e r  e rg o to x in e  e l e c t r i c a l  

s tim u la tio n  o f  th e  sp lanchn ic  ne rv es  m ight g ive  r i s e  to  a  vaso

d i la t io n  in  th e  i n t e s t in e ,  o r s tim u la tio n  of th e  abdominal 

sym pathetic  to  v a s o d ila tio n  in  th e  h in d  lim b. This threw  new l ig h t  

on th e  o b serv a tio n s  .of DASTRE and MORAT (1880) in d ic a t in g  th e  

p resence  o f sym pathetic  d i l a to r s  in  th e  b u c c o - fa c ia l  re g io n . The 

q u estio n  la y  dormant fo r  some y e a rs  u n t i l  tak en  up by BURN (1932). 

This worker made a study of th e  sym pathetic  v a s o d ila to r s  in  

v a rio u s  anim als, and along w ith  BULBRING (1935) showed th a t  such 

nerves e x is te d  in  th e  m uscles o f th e  c a t  and dog. In  th e  ca t 

th e se  were fewer th a n  in  th e  dog and d if f e r e d  in  th a t  th e y  were 

ad ren erg ic  whereas th o se  o f th e  dog were c h o lin e rg ic . There were 

ex cep tio n s , however, fo r  th ey  p o in t out th a t  'th e  f ib r e s  in  th e  

c a t a re  in  th e  main ad ren erg ic  though th e re  a re  some which a re  

ch o lin e rg ic * . Extending th e  s tudy  to  th e  sk in  and in te s t in e  

(BULBRING and BURN, 1936), they  were a b le  to  show th a t  in  th e  c a t  

a lthough  sym pathetic d i la to r s  were absen t in  th e  s k in , f ib r e s  o f 

th i s  n a tu re  were p re sen t in  th e  sp lanchn ic  n e rv es . These l a s t  

th ey  claim  a re  no t c h o lin e rg ic . CLARK (1934) had a ls o  f a i l e d  to  

f in d  evidence o f sym pathetic v a so d ila to r s  in  th e  sk in  o f c a ts  o r  

dogs.

3h a l a t e r  rev iew , BURN (1938) a ttem pted  to  a sc r ib e  a  fu n c tio n  

to  th e se  f ib r e s .  He p o s tu la te d  a r e la t io n  to  th e  p o te n t ia t in g  

a c tio n  o f  sym pathetic chain  s tim u la tio n  on fa tig u e d  muscle brought 

about by s tim u la tio n  o f  a n te r io r  ro o ts , such a s  was found by 
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ORBELI (1923). W hile th e  fu n c tio n  o f  th e  sp lan ch n ic  d i l a to r s  he 

thought was t o  in n e rv a te  th e  p e r ip h e ra l  branches so th a t  w hile 

c o n s tr ic t io n  o f th e  la r g e r  a r t e r i e s  safeguards th e  g e n e ra l b lood  

p re s su re , d i l a t a t io n  in  th e  te rm in a l a r t e r io l e s  o r c a p i l l a r i e s  

f a c i l i t a t e s  th e  b lood  flow  to  th e  i n t e s t in e s .  He s t r e s s e d  th e  

sp ec ie s  d if f e re n c e , p o in tin g  out th a t  th e  ra b b it  and monkey have 

no such f ib r e s ,  and suggested  th a t  sym pathetic v a s o d i la to r  f ib r e s  

acq u ire  im portance in  anim als o f th e  chase which a re  capable o f 

prolonged e x e r tio n .

Such th en  a re  th e  e f fe re n t  pathways th rough which th e  c e n tr a l  

nervous system can in flu en c e  th e  s iz e  o f th e  b lood v e s s e ls .

W ithout doubt th e  sym pathetic c o n s t r ic to r  mechanism i s  th e  most 

embracing, and from th e  evidence would appear to  be in  th e  b e s t  

p o s it io n  to  in f lu e n c e  th e  v a sc u la r  bed as  a  whole. The d i l a to r  

mechanisms, on th e  o th e r hand, a re  not so com prehensive. The 

s p e c ia l  d i l a to r  n e rv e s , chorda tym pani, n e rv i e r ig e n te s  and th e  

l ik e  have obviously  a p a r t  to  p lay  in  th e  lo c a l  d is t r ib u t io n  o f  

b lood bu t can sca rc e ly  be looked upon as th e  co u n te rp art o f  th e  

sym pathetic system having a wide in flu en c e  over th e  g en era l 

v a sc u la r  system and b lood  p re s su re . So a lso  th e  ro le  o f th e  

sym pathetic d i l a to r s ,  ad ren erg ic  o r  c h o lin e rg ic , seems no t to  be 

th a t  o f causing g e n e ra lis e d  d i la t io n  o f b lood v e s s e ls  and 

low ering o f system ic b lood p re s su re , b u t r a th e r  o f m odifying 

lo c a l ly  th e  v a so c o n s tr ic tio n  brought about by in c re ase d  

sym pathetic c o n s t r ic to r  a c t i v i t y .  But a g a in s t th e  conception  o f 
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th e  sym pathetic  system  a s  th e  a l l  im portan t mechanism in  

g e n e ra lis e d  vasom otor r e f le x e s ,  we must p lace  th e  in c re a s in g

amount of evidence in d ica tin g  the comprehensive nature o f the  

dorsal root d ila to r  system.

Normal Vascular Tone.

The extent to  which the nervous control o f the blood v e s s e ls  

i s  responsib le fo r  th e ir  s ta te  o f contraction  or relaxa tion  under 

normal conditions must be considered, fo r  i t  g iv es  an in s ig h t  

in to  th e manner in  which m od ification s in  a r te r ia l s ta te  may be  

brought about. The problem i s  in tim ate ly  concerned w ith the 

inherent muscular tonus of the v e s s e ls .  I f  the nervous in fluen ce  

be disregarded, the volume o f the vascu lar bed, or more sim ply, 

the s iz e  o f  the lumen o f  any v e s s e l ,  i s  dependent upon the a c t iv ity  

o f i t s  muscular coa t. There i s  no doubt that blood v e s s e ls  can 

exh ib it a marked degree of tonus when completely is o la te d  from a l l  

nervous in flu en ce . McWILLIAM (1902) examined t h is  property in  

v e ss e ls  iso la te d  from the body, w hile GOLTZ and FREUSBERG- (1874) 

showed that in  the in ta c t animal denervated v e ss e ls  regained th e ir  

tonus in  a few days. Evidence has recen tly  been led  by BACH (1945) 

to  show that the p a r t ia l ly  contracted s ta te  i s  the nozmal. Such 

tonus i s  not pecu liar  to  the blood v e s s e ls ;  but i s  w e ll known in  

other smooth m uscle. For example, ROEFKE and HENDERSON (1934, 1935) 

have found th is  inherent tonus in  the gut and bladder, w hile  

GULLBERG, OIMSTED and WAGMAN (1938) have shown 1 id io t  onus* in  the  

pupillary  m uscles. Many years ago WHARTON JONES (1852) discovered

th at the veins o f the b a t 's  wing were 'endowed w ith rhythmical 
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a c tiv i ty *  and re c e n tly  NICOL and WEBB (194-6) have shown th a t  th e  

te rm in a l a r t e r io l e s  and c a p i l l a r i e s  o f th e  b a t 's  wing evince 

vasomotion a f t e r  d en e rv a tio n . The n a tu re  o f  t h i s  a c t i v i t y ,  and 

o f v e s se l tonus i s  no t u n derstood , b u t i t  i s  g e n e ra lly  b e lie v e d  

to  be a p ro p e rty  o f th e  smooth m uscle c e l l s  them selves. I t  i s  

of i n t e r e s t  to  no te  t h a t  the  f in e  i n t e r s t i t i a l  c e l l s  o f  Caj&l, 

which a re  found in te rm in g led  w ith  th e  smooth muscle t i s s u e  o f th e  

a r t e r i e s  and elsew here, a re  co n sidered  by MEIJLING to  be o f 

e s s e n t ia l ly  nervous n a tu re . T h is a u th o r b e lie v e s  th a t  they  form 

a  s y n c i t i a l  netw ork c lo se ly  embracing th e  smooth muscle to  l i e  

between th e  p o s t-g a n g lio n ic  f ib r e s  of the  autonomic nervous 

system and th e  e f f e c to r  t i s s u e .  In  a  re c e n t communication 

MEIJLING (194-8) has p o s tu la te d  th a t  th i s  netw ork i s  th e  i n t e r 

m ediary in  the  tran sm iss io n  of p o s t-g a n g lio n ic  im pulses, and 

suggested  th a t  humoral agen ts  l ib e r a te d  by th e  nerves a c t  upon 

t h i s  network which in  tu rn  e x c ite s  th e  t i s s u e s  concerned. I t  i s  

p o ss ib le  th a t  th e  powers of c o n tra c tio n  of such t i s s u e s  a re  

dependent upon th e  i n t e g r i ty  o f t h i s  netw ork. The in tim a te  

r e la t io n s h ip  o f th e  p lexus to  th e  e f f e c to r  c e l l s ,  coupled w ith  

th e  fa c t  th a t  they  do no t degenera te  when p o s t—g an g lio n ic  f ib r e s  

a re  c u t ,  no r when th e  t i s s u e  i s  in ju re d , b e in g  in  n a tu re  o f a  

syncitium , has thus in  f a c t  not p e im itte d  th e  study o f t r u l y  

denervated o rgans. I f  the  i n t e r s t i t i a l  c e l l s  of C a ja l a re  regarded  

as  the 'nervous system 1 of a t i s s u e  upon which th e  c e n tr a l  nervous 

system e x e r ts  i t s  in flu en c e  by in te rm e d ia te  neurones, i t  i s

conceivable th a t  th e  id io to n u s  of th e  blood v e s s e ls  might r e s u l t  

from /
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from inherent a c t iv i t y  o f th ese  c e l l s .

Be th is  as i t  may, nom al vascu lar  tone does not depend on 

inherent vascu lar tonus a lone. The e f f e c t s  o f denervation  

discussed  above in d ica te  a constant c o n str ic to r  nervous in f lu e n c e  

and, indeed, t h is  has been recorded e le c t r ic a l ly  by many w orkers, 

recen tly  by GERNANDT, LILJESTRAND and ZOTTERMAN (194-6). Such 

sympathetic tonus i s  gen erally  adm itted.

The evidence for  v a so d ila to r  tone i s  not so complete*

BAYLISS (1893 -  1923), although b e liev in g  in  i t s  e x is ten ce , found 

great d i f f ic u lt y  in  demonstrating i t .  Recently BACH (194-5) has 

stressed  that the dorsal root d ila to r s  exert considerable tonus 

in  the cat and has shown th at a fte r  sec tio n  o f the dorsal roots  

the blood pressure r is e s .  This fin d in g  i s  in  agreement w ith the  

old th eories  o f dual innervation and antagonian. I f  KURE's view  

that the dorsal root d ila to r s  are of parasympathetic nature h o ld s, 

then in  the control o f the blood v e ss e ls  there i s  further evidence 

fo r  what HARE (194-6) c a l ls  'th e  dichotomous c la s s if ic a t io n  o f the  

autonomic nervous system in to  sym pathetics and parasympathetics 

which carry on a perpetual tug-of-w ar*.  I t  i s  p o ss ib le  that the  

large measure o f  control over the blood v e sse ls  i s  sympathetic 

and con str ictor, but d ila to r  in flu en ce must c er ta in ly  be borne in  

mind.

THE HIGHER CONTROL OP THE EFFERENT PATHWAYS.

The Medullary Vasomotor Centres.

The study of the higher mechanisms in  th e cen tra l nervous 
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THE MEDULLAHI VASOMOTOR CENTRES#

THE POINTS ON THE FLOOR OF THE 4 th  VENTRICLE 

(Ranson and Billingsley, 1916)#

d.p
-t.c.

Fig. 1. Diagram of the floor of the
fourth ventricle of the cat. j .s . ,  fovea 
superior; c .j .,  colliculus facialis; f.i., 
fovea inferior; c., clava; d.p., depressor 
point; o., obex; t.c., tuberculum cine-

THE LOCALIZATION OF THE CENTRES. 

(A lexander, 1946).

i i

hit;. I. Localization «»f pressor and depressor centers in tlu* brain stem  of the  cat 
1’ressor regions indicated by cross batching: dcnrvtvor regions by horizontal ruling 
A I ':  cross Mftionn through medulla a t levels indicated by guide lines to  I); D : semi-
diagram m atic proji*ctinn of pressor and depressor regions onto the  dorsal surface o f the 
hntin stem viewed with the cerels-llar peduncles cut across and the cerebellum removed 

Legend: AT: auditory tulx-rcle; BO: b nuh ium  conjunctiva: HI1: hnichium  pcnti-
t  ,: hrst cervical nerve. ON: cuneate nucleus. Ft*,: facial genu: (*.N: gmcilc nuci«u*’ 
JC: »m w or colliculus; U>: inferior olivary nucleus; I.N: lateral reticular nucleus; RR: rest*! 
form N)dy:S(): superior olivary nucleus; S l’V: spinal trigeminal trac t; TH: trape^oid bodvi 
I t  : lubert-ulum cmereum; !*S: trac tus solitarius; V. VI. V II. X: corresponding cranial 
nerves. 1. II. I l l :  levels of transection discussed in text.
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system  which c o n tro l th e  e f fe re n t  pathways and re g u la te  vasom otor 

a c t i v i t y  began w ith  work c a r r ie d  out in  LUHVIG ' s la b o ra to ry  a t  

L e ip z ig . F i r s t  DITTMAR (1870) found th a t  c e n tr a l  s tim u la tio n  o f 

th e  s c i a t i c  nerve gave a r e f le x  r i s e  in  b lood p re s su re  a f t e r  

s e p a ra tio n  o f th e  co rd  and m edulla from th e  r e s t  o f  th e  b ra in ,  

and then  OWSJANNIKOFF (1871) lo c a l is e d  th e  p a r t  re sp o n s ib le  f o r  

th e  m ediation  of vasom otor e f f e c t s  by th e  method o f descending 

s e c tio n  o f th e  b r a in .  T his w orker, who c a r r ie d  out h is  re sea rc h  

upon r a b b i t s ,  showed th a t  removal of th e  fo u r to  f iv e  m illim e te rs  

o f b ra in  m a tte r  above the  calamus le d  to  th e  same r e s u l t s  a s  

c e rv ic a l cord  s e c tio n , th a t  i s  to  say , a maximal f a l l  i n  b lood  

p re ssu re  and lo s s  o f p re s so r  o r d e p re sso r r e f le x  e x c i ta b i l i ty *  

DITTMAR (1873) h is to lo g ic a l ly  i d e n t i f i e d  t h i s  *vasomotor centre* 

in  the  c e l l s  of th e  su p e r io r  o l iv e .

The question  was next taken up by RANSON and BILLINGSLEY 

(1916), who exposed th e  f lo o r  of th e  fo u r th  v e n t r ic le  in  s ix  c a ts  

and w ith  u n ip o la r  e l e c t r i c a l  s tim u la tio n  id e n t i f i e d  two p o in ts ,  a  

* p re s so r  point* and a  * d ep resso r point*  which gave a r i s e  and a 

f a l l  in  blood p re s su re . As may be seen from t h e i r  diagram which 

i s  reproduced below, th e  p re s so r  p o in t was found to  be a t  th e  fovea 

in f e r io r  o r a la  c in e rea  and th e  d ep resso r p o in t in  th e  a rea  

postrem a ju s t  l a t e r a l  to  th e  obex. These au th o rs  a t  t h i s  tim e 

expressed  th e  view th a t  th e  d ep resso r p o in t might re p re se n t a  t ru e  

d i l a to r  c e n tre , b u t they  in d ic a te d  th a t  bo th  reg io n s  might 

re p re se n t p o in ts  on th e  a f fe re n t  pathw ays, p re s so r  o r  d ep resso r. 
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SCOTT and ROBERTS (1923) i n  a ttem p tin g  to  confirm  RANSON and 

BILLINGSLEYS work were unable  to  o b ta in  th e  p re s s o r  response  

w ith  any r e g u la r i ty .  They w ere, however, ab le  to  o b ta in  d ep re sso r 

responses from th e  d e p re sso r p o in t ,  which th e y  s a id  a lso  caused 

c a rd io  in h ib i t io n .  They b e lie v e d  i t  ' t o  re p re se n t a  p o in t where 

a f f e re n t  vagal f ib r e s  belong ing  to  th e  d ep re sso r a rc  occupy a 

s u p e r f ic ia l  p o s i t io n 1. W ith reg a rd  to  th e  p re s so r  p o in t , th e y  

m ain ta ined  th a t  p re s so r  a c t i v i t y  could not be a sc r ib e d  to  any one 

p o in t ,  and support t h e i r  argunent by p o in tin g  out th a t  in  th e  

l ig h t  o f  th e  p ro g ress iv e  lo s s  o f tone shown to  occur w ith  

descending s e c tio n  (OWSJANNHCOFF) t h i s  reg io n  should  not be so 

con fined . In  a l a t e r  p ap er, SCOTT (1925) showed th a t  c e r ta in  

p re s so r  re f le x e s  p e r s is te d  a f t e r  d e s tru c tio n  o f  th e  p re s so r  p o in t 

and c e r ta in  d ep re sso r re f le x e s  could  be ob ta ined  a f t e r  s im ila r  

trea tm en t o f th e  d ep resso r p o in t ,  bu t th a t  lo s s  o f th e se  p o in ts  

r e s u lte d  in  lo s s  of v agal p re s so r  and d ep resso r a c t iv i ty *  T his 

streng thened  th e  view advanced p re v io u s ly  by him and h is  co - 

w orker and he s ta te d  a t  t h i s  time th a t  'th e  p re s so r  p o in ts  a re  

m erely p o in ts  on th e  r e f le x  p re s so r  a re a s  o f th e  v a g i ' .  The 

study  o f th e se  p o in ts  in  th e  fo u r th  v e n t r ic le  was con tinued  by 

CHEN, LIM, WANG and YI (1936), who showed th a t  s tim u la tio n  o f  th e  

p re s so r  p o in t c a l l s  fo r th  not only  a  r i s e  in  b lood p re s su re  b u t a 

'sy m p a th e tic ' response from a  number of organs, and because o f  

th i s  considered  i t  a  'm yelencephalic  sym pathetic c e n tre * . These 

workers showed th a t  th e se  e f f e c t s  p e r s is te d  in  th e  absence o f 
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the hypothalamus (1937) and th at they were abolished  by c er v ic a l 

sec tio n  a t th e  second segment. Their pressor area was in  agree

ment with RANSON and BILLINGSLEY1 s, but tended to  be more d if fu se .  

The depressor point was a lso  stud ied  in  th is  l ig h t  by LIM, WANG 

and YI (1938), who confirmed the o r ig in a l lo c a lis a t io n  and showed 

that in  add ition  to  the f a l l  in  b lood pressure there were a lso  

v isc e r a l reaction s opposite in  sign  to  sym pathetic,and concluded 

that th is  point was a 1 sym patho-inhibitory centre*. These r e su lts  

were obtained in  c a ts  and dogs, and in  the dog they found that 

sec tio n  o f the brain  between th e upper pressor point and lower 

depressor point did not ab o lish  the depressor a c t iv i t y  o f  the  

la t t e r  on stim ulation  and decided th at the depressor centre was 

independent and not exertin g  i t s  e f fe c t  by in h ib it io n  o f  the  

pressor centre.

Thus fa r  in v e stig a tio n  had been confined to  the surface  

o f the bra in . The development o f  the HORSLEY -CLARKE stereo ta x ic  

instrum ent, allow ing of accurate lo c a lis a t io n  of e lectrod es in  

the brain substance, perm itted the study o f the deeper parts o f  

the brain stem. WANG and RANSON (1939), employing t h is  d ev ice, 

stim ulated the brain  stem o f  nembutalized ca ts  w ith b ip o lar  

e lec tro d es . They were able to  confirm the poin ts as o r ig in a lly  

described,but found, as SCOTT had stressed , that they were but 

poin ts where the pressor and depressor regions reached the 

surface of the fourth v e n tr ic le . Indeed, the deeper ly in g

pressor and depressor regions they found to  be much more 
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ex ten s iv e . The re g io n  g iv in g  r i s e s  o f b lo o d  p re s su re  th ey  found 

was s i tu a te d  in  th e  ‘l a t e r a l  r e t i c u l a r  fo rm ation  th roughout th e  

rhombencephalon', w h ile  th e  d ep re sso r a re a  was ' a t  th e  le v e l  o f 

th e  i n f e r io r  o liv e  and tended  more to  th e  m id lin e* . They d id  no t 

d is t in g u is h  w hether th e se  a re a s  g iv in g  r i s e s  o r  f a l l s  were 

a f fe re n t  o r  e f fe re n t  o r a s s o c ia t io n  c e l l s  p o s s ib ly  form ing a 

c e n tre .  MQNNIER (l9 3 9 )» iu  a le s s  ex ten s iv e  w ork,has a ls o  found 

p re s so r  and d ep resso r a re a s  in  s im ila r  s i tu a t io n s .  R ecen tly  

ALEXANDER (1946), in  a  s tudy  o f  th e  fu n c tio n s  o f th e  c a rd io 

v a sc u la r  c e n tre s  has confirm ed WANG and RANSON*s lo c a l i s a t io n  o f 

th e  p re s so r  and d ep resso r re g io n s . He has co n s tru c te d  a  com posite 

diagram which i s  reproduced ab o v e . By b ra in  stem se c tio n  he 

has shown th a t  th e  'fu n c tio n a l  d e f i c i t s  r e s u l t in g  from t r a n 

se c t io n s  a t  v a rio u s  le v e ls  a re  in  c lo se  agreement w ith  what would 

be a n tic ip a te d  from th e  e x p lo ra to ry  experim ents*. Follow ing 

0WSJANNIK0FF, he has shown th a t  se c tio n s  removing in c re a s in g  

amounts o f  p re s so r  a re a  cause a p ro g re ss iv e  f a l l  in  b lood  p re s su re , 

th a t  i s  se c tio n  a t  1 and 11 , bu t f u r th e r ,  he has shown th a t  lo s s  

o f th e  dep resso r a re a ,b y  s e c tio n  a t  I I I , i s  follow ed by an in c re a se  

in  sym pathetic a c t i v i t y  a s  recorded  in  th e  in f e r io r  c a rd iac  n e r v e . . 

T h is ,h e  in d ic a te s , i s  evidence o f  th e  to n ic  d e p re sso r a c t i v i t y  

e x e rted  by th i s  c e n tr e . In co n clu sio n ,h e  m ain ta in s  th a t  b o th  th e  

p re s so r  and d ep resso r c e n tre s  a re  fu n c tio n a lly  s ig n if ic a n t  and 

e x e r t to n ic  p re s so r  and d ep resso r in flu en c e  over th e  e f fe re n t  

pathways.
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The Spinal Vasomotor C entres.

I t  has long been  known (GOLTZ, 1864) th a t  a f t e r  th e  lo s s  o f 

a l l  b ra in  substance  above th e  c e rv ic a l  reg io n  th e re  i s  a  profound 

f a l l  in  b lood  p re s su re , and th a t  a f t e r  tim e f o r  recovery  th e re  i s  

a  r e tu rn  o f  v a sc u la r  tone to  a  co n sid e rab le  deg ree , -which f i n a l ly  

d isap p ea rs  and causes th e  b lood  p re s su re  again  to  f a l l  when th e  

cord  i s  d es tro y ed . Much con firm ato ry  evidence has accum ulated , 

and th e  ex p lan a tio n  g e n e ra lly  o ffe re d  i s  th a t  th e r e  a re  

's u b s id ia ry  vascm otor c e n tre s  in  th e  co rd  capable  o f ta k in g  over 

v a so c o n s tr ic to r  a c t i v i t y  in  th e  absence of th e  m edullary  vaso

c o n s t r ic to r  c e n tr e s ' (McDOWALL, 1938). T his au th o r s t r e s s e s  th e  

minor p a r t  p layed  by such c e n tre s , s ta t in g  th a t  th e  evidence th a t  

th e  sp in a l c e n tre s  norm ally  p lay  an im portan t p a r t  i s  no t v e ry  

s trong* , b u t goes on to  show th a t  where p re c au tio n s  a re  tak en  to  

avo id  'shock* th e se  c e n tre s  tak e  over very  ra p id ly . BARD (1930) 

p o in ts  out th a t  th e  evidence in  favour o f b u lb a r  dominance over 

sp in a l v a so c o n s tr ic to r  mechanisms i s  based  on comparison o f  th e  

b u lb o -sp in a l and sp in a l p re p a ra t io n s , and su g g ests  th a t  the  

comparison i s  u n f a i r  a s  s p in a l  shock i s  such a b ig  f a c to r  in  the . 

s p in a l anim al. ALEXANDER (1945)i fo llow ing  up th e  o ld  knowledge 

th a t  th e  sp in a l c e n tre s  were s e n s i t iv e  to  th e  gaseous co n ten t o f 

th e  b lood  (KAXA and STARLING, 1909), by reco rd in g  th e  e l e c t r i c a l  

a c t i v i t y  o f  the  sym pathetic outflow  in  sp in a l p re p a ra tio n s  came 

to  th e  conclusion  th a t  the  oxygen te n s io n  in  th e  sp in a l co rd  o f 

th e  normal anim al may c o n tr ib u te  to  th e  e x c ita to ry  s ta t e  o f  th e  

s p in a l /



22.
s p in a l c a rd io v a sc u la r  c e n tr e s .  In  a  l a t e r  p ap e r , AIEXANEER 

( 1946) exp resses th e  op in ion  th a t  th e se  c e n tre s  p o sse ss  to n ic  

a c t i v i t y  which i s  m odified  "by th e  m edullary  neurone p o o ls . He 

m ain ta in s  th a t  th e  d ep re sso r c e n tre  of the  m edulla e x e rc ise s  a 

to n ic  d e p re sso r in flu en c e  over th ese  sp in a l neurones, and p o in ts  

out th a t  th e  a c t i v i t y  o f  th e  s p in a l v a so c o n s tr ic to r  c e n tre s  

in c re a se s  when th e  d ep resso r reg io n  i s  removed. T his work th en  

p lace s  g re a te r  im portance on th e  normal fu n c tio n  o f th e  sp in a l 

c e n tre s  and in d ic a te s  th a t  th e  sym pathetic c e l l s  ly in g  in  th e  

v is c e r a l  e f fe re n t  column o f th e  g rey  m a tte r  of the  cord  do not 

a c t m erely a s  re la y  c e l l s  on th e  v a s o c o n s tr ic to r  pathway from 

th e  m edulla, r e f le c t in g  th e  a c t i v i t y  o f v a so c o n s tr ic to r  c e n tr e , 

h u t a re  su b jec t to  in h ib i t in g  in flu en c e  tfom th e  d ep resso r c e n tre , 

a  view a lso  h e ld  by LIM, WANG-, and YI (1938), and su b scrib ed  to  

by GERNANDT and ZOTTERMAN ( 1946) .  I t  i s  of i n t e r e s t  to  n o te  he re , 

th a t  BALE and EVANS (1922) observed th a t  in  th e  sp in a l anim al a  

h ig h e r b lood p re ssu re  was ob ta ined  when th e  c e rv ic a l  cord  was cu t 

a t  th e  th i r d  segment r a th e r  than  th e  f i r s t .

In  th e  l ig h t  o f th e se  re sea rch es  i t  appears th a t  th e  c e l l s  

in  th e  l a t e r a l  horn may n o m a lly  e x e r t spontaneous c o n s t r ic to r  

tonus and th a t  in c reased  sym pathetic a c t i v i t y  and v a so c o n s tr ic tio n  

may a r i s e ,  no t only as i s  commonly ag reed , from in c re a se  in  th e  

e x c ito r  im pulses descending from th e  p re s so r  c e n tre  b u t a ls o  from 

a  d im inution  o f th e  in h ib i to r  im pulses from th e  d ep resso r c e n tr e , 

w hile  decreased  sym pathetic a c t i v i t y  may r e s u l t  from a s im ila r  
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re c ip ro c a l mechanism of o p p o site  n a tu re .

The sp in a l c e n tre s  to  which re fe re n c e  has been made above 

a re  formed by th e  ag g reg a tio n s  of p reg an g lio n ic  sym pathetic  c e l l s  

and a r e ,  o f co u rse , ’p resso r*  c e n tr e s .  Whether o r  not th e  

d i l a t o r  c e l l s  h e ld  by KURE (1932) to  e x is t  in  th e  p o s te r io r  horn  

c o n s t i tu te  s p in a l  d i l a t o r  c e n tre s  in  an analogous fa sh io n  i s  

unknown.

The pathways th rough  which th e  h ig h e r m edullary  c e n tre s  

in flu en c e  th e  e f fe re n t  mechanisms have been in v e s t ig a te d  by se v e ra l 

w orkers. CHEN, LBi, WANG and YI (1937) found th a t  th e  t r a c t  from 

th e  p re s so r  c e n tre , th e  ’m yelencephalo -sp inal sym pathetic t ra c t* , 

passed  ’u n i l a t e r a l ly  down th e  s p in a l  cord  in  th e  v e n t r o la te r a l  

column*. This t r a c t  te rm in a te s  round th e  p re g an g lio n ic  c e l l  

bod ies and i s  e x c i to r .  The f ib r e s  descending from th e  d ep resso r 

c en tre  to  in h ib i t  th e se  c e l l s  a re  s a id  by LIM, WANG and YI (1938) 

to  t r a v e l  in  th e  d o rs o la te r a l  columns o f th e  co rd . The descending 

t r a c t  to  the p o s te r io r  ro o t d i l a to r  c e l l s  has not been experim ent

a l l y  lo c a l is e d ,  b u t ROSENBHJETH and CANNON (1934) showed th a t  they  

could  a c t iv a te  t h i s  mechanism by s tim u la tin g  th e  d ep re sso r p o in t 

on th e  f lo o r  of th e  fo u r th  v e n t r ic le ,  w hile  BACH (1946) s ta t e s  

th a t  descending p a th s  from th e  d ep re sso r c e n tre  in  th e  m edulla 

t r a v e l  down th e  cord  and out by th e  d o rsa l ro o ts  to  a c t iv a te  th e  

’parasym pathetic  type* f ib r e s  in  th e  d o rsa l ro o t g a n g lia .

The Hypothalamus.
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I t  i s  w e ll e s ta b lis h e d  th a t  th e  hypothalam us i s  in t im a te ly  

concerned w ith  th e  autonomic nervous system . BANCROFT (1934) 

has concluded th a t  th e  c o n tro l l in g  mechanisms f o r  autonomic 

fu n c tio n  a re  cen tred  an th e  hypothalam us o r n ea r ab o u t, and 

BEATTIE (1938) has s ta te d  th a t  *the physio logy  o f th e  hypothalamus 

i s  the  physio logy o f th e  in te r n a l  environm ent' and has p o in ted  

out th a t  th e  evidence c le a r ly  in d ic a te s  th e  p resence o f two 

d i s t in c t  mechanisms in  th e  hypothalam ic re g io n , one producing  a 

co -o rd in a ted  response o f numerous sym pathetic  re f le x e s  and th e  

o th e r  a s im ila r  response o f th e  parasym pathetic  r e f le x e s .  D ire c t 

e l e c t r i c a l  s tim u la tio n  o f th e  hypothalamus and surrounding 

reg io n s  has been c a r r ie d  out by se v e ra l workers,among them RABAT, 

MAG-OUN and RANSON (1935), WANG and RAN SON (1939) and HARE and 

GEOHEGAN (1941), and they  have shown th a t  p re s s o r  o r d ep re sso r 

responses may r e s u l t .  I t  i s  g e n e ra lly  agreed  th a t  th e  hypo

thalam us can invoke th e  a c t i v i ty  o f  p re s s o r  o r  d ep re sso r 

mechanisms, bu t th e  p a r t  p layed  by th a t  reg io n  in  re f le x e s  

invo lv ing  th e  a f fe re n t  vasom otor nerves i s  unknown. C e r ta in ly  

vasomotor re f le x e s  do not appear to  be g re a t ly  a l t e r e d  by 

d e ce reb ra tio n , fo r  many workers employing in ta c t  and d ece reb ra te  

anim als fo r  th e  s tudy  o f such re f le x e s  have not seen f i t  to  

in d ic a te  any d iffe re n c e  in  th e  two p re p a ra t io n s . F urtherm ore, 

BRGNK, PITTS and LARRABEE (1940) have shown th a t  th e  a c t i v i t y  o f 

th e  in f e r io r  c a rd iac  n e rv e , which i s  dependent on th e  a f fe re n t  
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d ischarge  from m oderator ne rv es, i s  in  no way dependent upon th e  

hypothalam us. N ev erth e le ss , in  a  l a t e r  pap er BRONK, PITTS and 

LARRABEE (1941) p o in t out th a t  s tim u la tio n  o f th e  hypothalam ic 

p re s so r  reg io n s  can b lo ck  th e  d e p re sso r a c t i v i t y  o f th e  m oderator 

n e rv es ,w h ile  s tro n g  b u f f e r  nerve  s tim u la tio n  can suppress th e  

sym pathetic a c t i v i t y  brought about by hypothalam ic s tim u la tio n . 

These au th o rs , in  t h e i r  a n a ly s is  of hypothalam ic c a rd io v a sc u la r  

co n tro l, suggest th a t  one fu n c tio n  o f t h i s  system i s  to  perm it 

d ev ia tio n  from th e  normal -  o f a  degree d i r e c t ly  r e la te d  to  th e  

in te n s i ty  of hypothalam ic a c t i v i t y .  On t h i s  b a s i s ,  a lthough  vaso

motor re f le x e s  a re  not thought to  be m ediated  th rough , and appear 

p e r fe c t ly  w e ll in  the  absence of th e  hypothalam us, t h i s  p a r t  o f 

th e  b ra in  would appear, n e v e r th e le s s , to  be capable o f m odifying 

th e  ex ten t of th e  re f le x e s  in  one d ir e c t io n  o r  th e  o th e r .

THE SPECIAL FUNCTIONS OF THE BUFFER NERVES.

Before going on to  d e ta i l  th e  p a r t  p layed  by th e  vasom otor 

mechanism in  response to  a f f e r e n t  d ischarge  of th e  s inus and 

a o r t ic  n e rv es , th e  sp e c ia l fu n c tio n  o f  th e se  nerves w i l l  be 

considered .

THE AORTIC NERVES.

These were d iscovered  in  th e  r a b b it  by CYON and LUDWIG (1866) 

who c a lle d  th an  th e  'd e p re s so r1 n e rv e s ,a s  s tim u la tio n  o f  t h e i r  

c e n tr a l  ends caused r e f le x  c a rd iac  in h ib i t io n  and v a sc u la r  

d i la ta t io n .  They supposed th e  nerves to  ccme from th e  h e a r t .  
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BERNARD (1868) s tu d ie d  th e  anatomy o f th e  nerves in  c a t s ,  and 

t h i s  work was extended by ANTJFRIEW (1928) who g iv es  a  d e ta i le d  

account o f t h e i r  pa ths and d i s t r ib u t io n .  LIDDELL and SHERRINGTON 

(1929) s tim u la te d  them in  th e  c a t, and found th a t  th ey  produced 

th e  same e f f e c t s  in  th a t  anim al as  in  th e  r a b b i t .  WOOLDRIDGE 

(1883) showed th a t  nerves g iv in g  s im ila r  d e p re sso r responses 

occurred  in  th e  dog and th a t  th e y  a ro se  from th e  a o r ta .  On t h i s  

account he term ed them th e  'a o r t i c  n e r v e s '.  S ince th e n ,fu n c tio n 

a l l y  s im ila r  nerves from th e  a o r t i c  reg io n  have been d e s c r ib e d 'in  

o th e r  mammals, and t h e i r  t r u l y  a f f e re n t  n a tu re  shown by th e  f a c t  

th a t  s tim u la tio n  of th e  c e n tr a l  end o f any of them r e s u l t s  in  th e  

dep resso r e f f e c t s  d e sc rib ed  w hile  s tim u la tio n  o f  th e  p e r ip h e ra l 

end i s  w ithou t e f f e c t .

TELLO (1924) has shown from th e  s tudy  o f embryos th a t  th e  

fo u rth  b ra n c h ia l  a rc h  re c e iv e s  in n e rv a tio n  from th e  s u p e r io r  

la ry n g ea l nerv e ,an d  th a t  th e se  f ib r e s  become th e  a o r t i c  nerve 

te rm in a tin g  in  th e  w all of th e  a o r ta  in  a f in e  baske t work o f  

nervous f ila m e n ts . T his confirm s and en larg es  upon th e  re sea rc h  

on the  su b jec t c a r r ie d  out by ROEVER (1869), who was the  f i r s t  to  

show th a t  th e  'depressor*  f ib r e s  came not from th e  h e a r t b u t from 

th e  a o r ta .  Subsequent work has shown th a t  the  d is t r ib u t io n  

in v o lves bo th  th e  h e a r t  and th e  a o r t ic  a rch  (ANUFRIEW, 1928 and 

HEYMANS, 1933). A d e ta i le d  study from the  h is to lo g ic a l  view

po in t by HAMMOND (1941) shows th a t  th e  d ep resso r f ib r e s  a r i s e  

from p re ssu re  s e n s it iv e  endings in  th e  a o r t i c  a rc h  reg io n  and 

te rm in a te /



27.

te rm in a te  in  c e l l s  s i tu a te d  in  th e  g ang lion  nodosum o f th e  vagus. 

W hether indeed  th e  a c tu a l  b a ro re c e p to rs  a re  th e  to r tu o u s  te rm in a l 

f ilam e n ts  o f  th e se  f ib r e s  o r a re  th e  ye t more p e r ip h e ra l  s t ru c tu re s  

( c e l l s  o f C a ja l)  dem onstrated by MEIJLING (1938) i s  an open 

q u estio n .

The p a th  th e  d ep re sso r f ib r e s  ta k e  th rough  th e  neck i s  

u s u a lly  in  a s s o c ia t io n  w ith  th e  vagus. In  th e  ra b b it  th e  nerve 

i s  q u ite  d is c r e te  and e a s i ly  made o u t ,ly in g  c lo se  to  th e  te n th  

c ra n ia l  n e rv e . In  o th e r  anim als i t  t r a v e ls  cephalad  more c lo s e ly  

bound up w ith  the  vagus, a lthough  by c a re fu l  d is s e c t io n  i t  i s  

p o ss ib le  a t  tim es to  sep a ra te  out a  bundle o f  d ep re sso r f ib r e s  

which may be c a l le d  th e  d e p re sso r nerv e , as LIDDELL and SHERRINGTON

(1929) have done. N e v e rth e le ss , even in  th e  ra b b it  i t  has been 

shownfby O'LEARY, BISHOP and HEINBECKER (1934)) th a t  th e  d ep resso r 

a f fe re n ts  may be d iv id ed  between th e  vagus and th e  d ep resso r n e rv e , 

and they  p o in t out th a t  where a d ep resso r nerve g iv es  a pow erful 

depresso r response on s tim u la tio n  th e  vagus ten d s  to  be p re s so r  

and where th e  d ep resso r nerve response i s  fe e b le  th e  vagus ten d s  

to  be d ep resso r. In  the  ca t a s im ila r  s t a t e  would appear to  e x i s t ,  

f o r  LIDDELL and SHERRINGTON (1929) have in d ic a te d  th a t  th e  response 

o f th e  c e n tra l  end o f th e  vagus to  s tim u la tio n , a f t e r  s e p a ra tio n  

o f th e  d ep resso r ne rv e , may be a  r i s e  o r  a  f a l l  in  b lood  p re s su re . 

They suggest th a t  th e  s tudy  o f d ep resso r fu n c tio n  can be r e a d i ly  

undertaken  by s tim u la tin g  th e  c e n tr a l  end o f th e  vagus which 

con ta in s  th e  d e p re sso r f ib r e s .  WRIGHT (1928) s ta t e s  ' i n  my • 

ex p erien ce /



experience a  s e p a ra te  d ep resso r nerve  in  th e  c a t  i s  uncommon*.

Thus,w hile  th e  .a o r t i c  nerve i s  undoubtedly  a  fu n c tio n a l e n t i ty ,

i t s  anatom ical d e f in i t io n  i s  by no means sim ple , and t h i s  can be 

s a id  to  ho ld  e s p e c ia l ly  f o r  the  c a t .

The fu n c tio n  o f th e  d ep re sso r nerves was e a r ly  th e  su b je c t 

o f sp e c u la tio n . In  1876 LATSCHENBERG-ER and DEANHA had pu t forw ard 

a th eo ry  o f  re g u la tio n  o f  b lood p re s su re  accord ing  to  which a  r i s e  

o f b lood  p re ssu re  in  an a r te r y  caused a d isch arg e  o f a f fe re n t  

dep resso r im pulses due to  th e  s tim u la tio n  o f d ep resso r end ings, 

w hile  a  f a l l  in  b lood p re ssu re  r e s u l te d  in  a  decrease in  d ep re sso r 

im pulses and a r i s e  in  g en era l a r t e r i a l  b lood p re s su re . T h is , o f  

cou rse , im plied  th a t  the  normal b lood p re ssu re  i s  s u f f ic ie n t  to  

s tim u la te  th e  d ep re sso r m echanisn. T h e ir  theozy has come to  have 

w eighty support, no t only  from th e  a n a ta n ic a l b a s is  which i s  f irm ly  

e s ta b lish e d ,b u t a ls o  from numerous s tu d ie s  o f a o r t i c  nerve fu n c tio n . 

Mention has a lre ad y  been made o f th e  r e s u l t s  of s t im u la tio n , and 

in  accord w ith  th e  view th a t  th e  nerves e x e rt a  to n ic  d ep resso r 

fu n c tio n , i t  i s  found th a t  t h e i r  s e c tio n  r e s u l t s  in  a  r i s e  in  b lood  

p re s su re . E a rly  a ttem p ts  to  show th a t  c u tt in g  th e  a o r t i c  nerves 

caused a r i s e  in  b lood  p re ssu re  (BATLISS, 1923) were i l l  rew arded, 

f o r  a t  th e  tim e th e  ex is ten ce  o f th e  o th e r  b u f f e r  mechanism 

provided  by the  s inus nerves was not e s ta b lis h e d , and th e  r e s t r a in 

in g  in flu en ce  o f th e se  p reven ted  any marked h y p e rten sio n . Where 

th e  s inus nerves have f i r s t  been in a c t iv a te d , i t  i s  an  easy  m a tte r  

to  dem onstrate th e  to n ic  d ep resso r a c t i v i t y  o f th e  a o r t i c  nerves
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by such an  ex p ed ien t. F u r th e r  p ro o f has come from s tu d ie s  o f  

e l e c t r i c a l  a c t iv i ty *  From th e se  i t  i s  w e ll e s ta b lis h e d  th a t  th e  

a o r t i c  nerves tra n sm it a f f e re n t  im pulses under normal c o n d itio n s  

and th a t  th e  magnitude o f th e  a f fe re n t  d isch arg e  i s  r e la te d  to  th e  

a o r t i c  b lood  p re s su re . The e l e c t r i c a l  a c t i v i t y  was f i r s t  shown 

by KOSTER and TSCHEHMAK (1902), and ADRIAN (1926), u s in g  va lve  

a m p lif ic a tio n , dem onstrated th a t  showers of a c tio n  p o te n t ia ls  

ascend th e  nerve in  rhythm w ith  th e  h e a r tb e a ts  and during  th e  

p e rio d s  corresponding  to  c a rd iac  s y s to le .  F u r th e r  emphasis was 

p laced  on th e  im portance of th e  n erves by BRONK and KALTREUDER 

(1931)* who found a c tio n  c u rre n ts  in  th e  ra b b it  d ep re sso r when th e  

a r t e r i a l  blood p re ssu re  was below 60 mm. o f m ercury, and .by 

RULANT (1932) who observed in  u n a n ae s th e tise d  ra b b i ts  t h a t ,  

a lthough e l e c t r i c a l  a c t i v i t y  was g r e a te s t  during th e  s y s to l ic  and 

d ic r o t ic  phases, i t  was continuous under normal c o n d itio n s  and 

even when th e  i n t r a o r t i c  p re ssu re  had f a l l e n  co n sid e rab ly .

KARASEK (1933) confirm ed th i s  l a s t  work and showed th a t  th e  changes 

in  nervous a c t i v i ty  follow ed c lo s e ly  th e  v a r ia t io n s  in  th e  

a r t e r i a l  blood p re s su re . The b a s is  fo r  the  continuous d ep re sso r 

a c t i v i t y  has been provided by RARANY (1943)> who has found th a t  

th e  a o r t ic  b a ro re ce p to rs  a re  non-adap ting  and th u s  s u ite d  to  t h e i r  

hom eostatic  fu n c tio n . GEENANDT (1946) has shown th a t  a f f e re n t  

d isch arg es  s im ila r  to  th o se  found by RULANT (1932) occur a ls o  in  

th e  a o r t ic  nerve of th e  c a t .

Were the  a o r t ic  nerves th en  to  be regarded  in  th e  l ig h t  o f 

th e se  f in d in g s , CION and LUDWIG1s a p p e lla tio n  ’depressor* would 

ap p ea r/
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appear to  be  q u ite  s a t i s f a c to r y ,  fo r  i t  ap pears  th a t  t h e i r  

fu n c tio n  i s  to  e x e r t a  to n ic  m oderating in f lu e n c e  upon th e  b lood  

p re s su re . But th e re  i s  a n o th e r a sp e c t which must be co n sid e red .

F o r many years  i t  had been known to  h i s to lo g is t s  th a t  

* chrom affin1 t i s s u e  e x is t s  around th e  h e a r t and g re a t v e s s e ls  o f 

th e  neck re g io n . Thus WEISEL (1906) had found i t  n e a r  th e  human 

h e a r t ,  w hile  TRINCI (1907) d iscovered  s im ila r  t i s s u e  around th e

base  o f th e  h e a r t in  mammals and r e p t i l e s .  A number o f

m orpho log ists , n o ta b ly  NONIDEZ (1933) and BOYD (1937)^ have extended 

th e  s tudy  and lo c a te d  c e l l  masses o f th e  same n a tu re  in  many 

s i tu a t io n s  more o r le s s  c lo se ly  a s so c ia te d  w ith  th e  h e a r t and la rg e  

a r t e r i e s .  The fu n c tio n  o f th i s  , p a ra g an g lio n ic l t i s s u e  was i n  th e  

dark u n t i l  th e  re sea rch es  o f HETMANS and HETMANS (1924 -  1927) shed 

a  new l ig h t  on th e  fu n c tio n  o f th e  a o r t i c  n e rv e s . They found th a t  

in  th e  dog r e s p ir a t io n  could be s tim u la ted  by im pulses a r i s in g  in  

th e  a o r t ic  reg io n  and p assing  c e n tr a l ly  by way of th e  v a g i, and 

th a t  th re e  agencies  aroused  such a c t i v i t y ,  f a l l  in  pH, r i s e  in  

CO2 te n s io n  o r  f a l l  in  O2 te n s io n  o f th e  a o r t ic  b lo o d . Not

only was r e s p ir a t io n  a f fe c te d , b u t th e  *chemoreflex* was

accompanied by a r i s e  in  b lood p re ssu re  due, they  concluded, to  

a  s tim u la tio n  o f th e  v a so c o n s tr ic to r  c e n tre . S ince th e n , th e se  

r e s p ira to ry  and 1 p ressor*  re f le x e s  from th e  a o r ta  have been amply 

confirm ed. The p roo f th a t  th e  ch em o sen sitiv ity  was a s so c ia te d  

w ith  th e  pa rag an g lio n ic  t i s s u e  was not forthcom ing u n t i l  COMROE

(1939)/
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( 1939) dem onstrated  th a t  in  dogs th e  chemosensory zone o f  th e  

a o r ta  was confined  to  a  sm all a re a  from which a  m inute a r te r y  

ran  to  the  ’a o r t i c  body*. T his was th e  name given  by NONIDEZ

( 1937) to  th a t  mass o f p a rag an g lio n ic  t i s s u e  which l i e s  ju s t  

below th e  a o r t i c  a rc h . COMROE (1939) was a b le  to  show th a t  a  

nerve  ran  from t h i s  s t ru c tu re  to  jo in  th e  vagodepressor trunk*

In  th e  c a t, he found th a t  th e  chem oreceptors la y  beneath  th e  

a o r ta  n ear th e  coronary  o r i f i c e s  and rece iv ed  t h e i r  b lood  supply  

from th e  coronary a r t e r i e s .  R ecen tly , G-ERNANDT (1946), study ing  

th e  a c tio n  p o te n t ia ls  in  th e  a o r t i c  nerve o f c a t s ,  has confirm ed 

t h i s  lo c a l is a t io n ,  and dem onstrated  th a t  th e  chemosensory f ib r e s  

run  in  th i s  n e rv e .

I t  i s  th u s  apparen t th a t  th e  chemosensory mechanism has a 

dual ro le ,  s tim u la tin g  b o th  th e  r e s p ira to ry  and v a so c o n s tr ic to r  

mechanisms,and on t h i s  p o in t th e re  i s  g en era l agreem ent. Are 

th e  barosensory  re f le x e s  to  be regarded  in  th e  same l ig h t?  

HEYMANS (1933) and h is  co-w orkers m ain ta in  th a t  they a re , and 

have le d  evidence to  show th a t  a r i s e  in  b lood  p re s su re , which 

c a l l s  in to  p lay  th e  barosensory  f ib r e s ,  i s  accompanied by 

in h ib i t io n  o f r e s p ira t io n ,w h ile  a f a l l  has th e  o p p osite  r e s u l t .  

They a t t r ib u te  th e se  e f f e c ts  to  a  p la y  on th e  re s p ira to ry  c e n tre  

by th e se  f ib r e s .  This i s  th e  commonly accep ted  in te r p r e ta t io n .  

Recent work has tended to  b e l i t t l e  th e  in flu en c e  o f s in u s  baro— 

sensory  mechanisms on re s p ira to ry  a c t i v i t y ,  and t h i s  w i l l  be 

d iscu ssed /
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d iscu ssed  l a t e r  a long  w ith  o th e r  s in u s  nerve fu n c tio n s . No 

evidence o f t h i s  p o in t i s  a v a ila b le  w ith  reg a rd  to  th e  a o r t i c  

n e rv es . I f  th e  dual ro le  o f th e  b a ro re c e p to rs  be accep ted , th en  

th e  fu n c tio n s  o f  th e  two s e t s  o f a o r t i c  a f f e r e n ts  a re  seen to  be  

a n ta g o n is t ic .  F o r a c t iv a t io n  o f th e  chemosensory f i b r e s ,  which 

have c e n tr a l  connections s im ila r  to  th o se  o f th e  barosenso ry  

f ib r e s ,  g ives r i s e  to  e f f e c t s  which a re  ju s t  th e  o p p o s ite . Where 

in c reased  barosenso ry  a c t i v i t y  lead s  to  in h ib i t io n  o f r e s p i r a t io n  

and low ering o f b lood  p re s su re , chemosensory a c t i v i t y  causes , 

in c reased  r e s p i r a t io n  and a r i s e  in  b lood  p re s su re . I t  i s  apparen t 

th a t  *depressor* i s  a  f a r  from s a t i s f a c to r y  term  fo r  a nerve which 

i s  th u s  composed.

THE SINUS NERVES.

P r io r  to  1924, many workers had produced evidence f o r  th e re  

being  a s p e c ia lly  s e n s it iv e  zone in  th e  neck concerned w ith  b lood  

p re ssu re  r e f le x e s .  I t  was known, f o r  in s ta n c e , th a t  clamping o f 

th e  ccmman c a ro tid  a r t e r i e s  caused a  r i s e  o f  b lood  p re s su re , and 

th a t  p re ssu re  over a c e r ta in  p o in t (which corresponds w ith  th e  

p o in t of b ifu rc a t io n  o f  th e  c a ro tid )  le d  to  a  slowing in  h e a r t 

r a t e ,  b u t th e se  e f f e c ts  were a sc rib e d  to  c e re b ra l anaemia in  th e  

f i r s t  in s tan ce  o r to  p re ssu re  on th e  vagus in  th e  second. EAGANO 

(1900) ,  however, had shown th a t  th e  a p p lic a t io n  o f chemical 

ag en ts  to  th e  reg ion  o f th e  b ifu r c a t io n  o f th e  common c a ro tid  

a r t e r i e s  caused ca rd iac  slow ing,and suggested th a t  th e  e f f e c t s  

of c a ro tid  o cclu sion  were re f le x ,  and SICILIANO (1900) had 

dem onstrated/



dem onstrated th a t  o cc lu s io n  o f th e  in te r n a l  c a r o t id  a r te r y  

(c a lc u la te d  to  produce c e re b ra l  anaemia) d id  n o t r e s u l t  in  th e

r i s e  of b lood  p re ssu re  th a t  common c a r o t id  c lip p in g  gave* D esp ite  

th e se  f in d in g s , th e  r e f le x  n a tu re  of th e se  phenomena was no t 

g e n e ra lly  accep ted , and th e  th e o ry  of c e re b ra l  anaemia h e ld  sway* 

Even when ROT.TMAN (1908) d iscovered  th a t  t r a c t io n  on th e  c ep h a lic  

end o f th e  c a r o t id  a r te r y  caused a f a l l  in  b lood  p re s su re , th e  

s ig n if ic a n c e  o f th e  f in d in g s  was m issed . SOLIMAN and BROWN (1912) 

concluded *the a f fe re n t  p a th  i s  th rough  th e  c a r o t id  p lexus and 

th e  im pulse i s  tra n sm itte d  to  t h i s  s t ru c tu re  th rough  th e  in tim a te  

connection w ith  th e  in te r n a l  c a r o t id  a r te ry * . In  t h e i r  p ap er th e y  

make no re fe re n ce  to  e a r l i e r  work and i t  appears th a t  they  d id  

not a s s o c ia te  th e  r e f le x  w ith  any s p e c ia l in n e rv a tio n  o f th e  b lood  

v e s s e ls ,b u t r a th e r  to  th e  m echanical e x c i ta t io n  o f surrounding  

nerves ’composing th e  p lexus* .

I t  was not u n t i l  1924 th a t  HERING- dem onstrated c o n c lu s iv e ly  

th a t  th e  v a rio u s  r e f le x  e f f e c t s  from o cc lu s io n , t r a c t io n  and 

p ressu re  and the  l ik e  were i n i t i a t e d  in  th e  reg io n  of th e  b i f u r c 

a t io n  o f th e  common c a ro t id  a r t e iy  and c a r r ie d  c e n tr a l ly  by a 

sp ec ia l nerv e , th e  s in u s  n e rv e^w h ich  he named th u s  because o f  

i t s  o r ig in  from th e  d i la te d  p o r tio n  o f th e  in te r n a l  c a r o t id  a r t e iy  

known as  th e  c a ro tid  s in u ^ . He was ab le  to  show th a t  s e c tio n  o f 

th e  s in u s  nerves had th e  same e f fe c t  on b lood  p re ssu re  a s  c a r o t id  

o cc lu s io n , and th a t  th e  f a l l  in  b lood  p re ssu re  and c a rd iac  

in h ib i t io n  ob ta ined  by t r a c t io n  could be reproduced by fa ra d ic  

s tim u la tio n /
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s tim u la tio n  o f  t h e i r  c e n t r a l  ends. Because o f th e se  f a c t s ,  

BERING (1927) m ain ta ined  th a t  l i k e  th e  a o r t i c  nerves th e  s in u s  

nerves were t ru e  d e p re sso rs . He b e lie v e d  th a t  they  e x e rc ise d  

a  s o le ly  to n ic  in h ib i to r y  in f lu e n c e  on th e  c i r c u la t io n  and th a t  

th e  a f f e r e n t  d ischarge  was dependent on th e  adequate d is te n s io n  

of the s inus by th e  b lood p re s su re . T h is was supported  by 

MOISSEJEFF ( 1926), u sing  what has been term ed th e  ’cu l-de-sac*  

p re p a ra tio n . T his c o n s is ts  o f an arrangem ent whereby th e  s in u s  

reg io n  i s  su b jec ted  to  changes o f p re ssu re  th rough  th e  in je c t io n  

and w ithdraw al of f l u i d  by a cannula t i e d  in to  th e  cep h a lic  end 

o f th e  cu t common c a r o t id ,  escape o f th e  f lu id  be ing  p reven ted  

by having a l l  the  b ranches of th e  common c a r o t id  l ig a te d .  T his 

worker showed th a t  a r i s e  in  p e rfu s io n  p re ssu re  caused a r e f le x  

low ering of system ic b lood  p re ssu re  w hile  a  f a l l  had th e  o p p o site  

e f f e c t .  T his fin d in g  was confirm ed by HETMANS (1929) u s in g  th e  

c ro ss  p e rfu s io n  techn ique  evolved by him, and by HETMANS and 

BOUCKAERE (1929) employing m echanical p e rfu s io n  w ith  a DALE- 

SCHUSTER pump. S h o rtly  t h e r e a f t e r ,  th e  e l e c t r i c a l  a c t i v i t y  o f  

th e  sinus nerves was s tu d ie d ,a s  had been done in  th e  case  o f th e  

a o r t i c  n e rv es . BRONK (1931) was a b le  to  reco rd  th e  a c tio n  

p o te n t ia ls  se t up by a s in g le  p re ssu re  s e n s i t iv e  end organ in  

th e  sinus nerve of th e  ra b b it  and found th a t  a s  th e  endosinusa l 

p re ssu re  was ra is e d , a c tio n  p o te n t ia ls  made t h e i r  appearance and 

in c re ase d  in  frequency, th e  r e la t io n  between blood p re s su re  and 

frequency being  l in e a r .  In  th e  whole nerve he found th a t  below 

f o r ty /
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fo r ty  m illim e te rs  o f m ercury no im pulses cou ld  be d e te c te d , 

bu t as  th e  p re s su re  was r a is e d ,  th e  re c e p to rs  o f  low est th re sh o ld

began to  d isch a rg e , f u r th e r  r i s e s  be ing  accompanied by th e  

a d d itio n  o f more a c t iv e  end organs and an  in c re a se  in  th e  

frequency of d isch arg e  of th e  in d iv id u a l end organs a lre ad y  

ta k in g  p a r t .  S tu d ies  of th e  e l e c t r i c a l  a c t i v i t y  were tak en  up 

by BRONX and STELLA. (1932), HETMANS and RULANT (1933), EULER and 

LILJESTRAND (1936) ar.d o th e rs  s in c e , and i t  i s  w e ll e s ta b lis h e d  

th a t  th e  s in u s  nerves e x h ib it  c a rd io in h ib ito ry  and v asodep resso r 

a c t i v i ty  from low p re ssu re s , and th a t  t h i s  a c t i v i t y  in c re a se s  w ith  

r i s e  in  endosinusal b lood p re s su re . L ike t h e i r  a o r t ic  co u n te r

p a r ts ,  th e  s in u s  nerves may th e n  be regarded  in  th i s  l ig h t  a s  

* depressor* nerves, b u t ag a in , a s  w ith  th e  a o r t i c  n e rv es , they  have 

been found to  be compound. BOUCKAERT, DAUTREBANDE and HETMANS

( 1930) showed t h a t , l i k e  th e  a o r t i c  re g io n ,th e  s in u s  reg io n  was 

s e n s it iv e  to  COg, H io n  and anoxaemia, and th a t  th e se  s t im u li  

caused th e  same re s p ir a to ry  chemoresponse. In  a  l a t e r  paper 

HETMANS, BOUCKAERT, EULER and DAUTREBANDE (1932) f u r th e r  in d ic a te d  

th e  s im ila r i ty  in  fu n c tio n  between th e  two p a ir s  o f nerves by 

fin d in g  th a t  the same e x c ita n ts  again  not only  s tim u la te d  r e s p i r 

a tio n , b u t caused a r i s e  in  b lood p re ssu re  by th e  c a r o t id  chemo- 

r e f le x .  U nlike th e  a o r t i c  chem oreceptors, however, th o se  o f th e  

c a ro tid  reg ion  a lso  have connection  w ith  th e  c a rd io in h ib ito ry  

cen tre,w hich  th ey  e x c i te .  The d u a l n a tu re  o f th e  s in u s  nerve 

r e f le x  was made m an ifest by HETMANS and BOUCKAERT (1933) who 
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destroyed  th e  f ib r e s  from th e  s in u s  p ro p er a f t e r  which th e  

response to  p re s su re  changes was ab o lish ed , a lthough  th e  e f f e c t s

due to  chem oreflexes rem ained.

The s i t e  of o r ig in  o f th e  chemoref le x es  was suggested  by 

th e  m orphological f in d in g  th a t  some o f th e  f ib r e s  going to  

c o n s t i tu te  th e  s inus nerve ended in  a mass o f  chrom affin  t i s s u e  

known as  th e  c a ro tid  body (DE CASTRO 1926, BOYD 1937). F u r th e r  

work by SCHMIDT (1932) and GOLLWITZER -  MEIER (l934)->who a b o lish ed  

chem oreceptor a c t i v i t y  in  dogs by occluding  th e  o c c ip i ta l  a r t e iy  

a t  i t s  o rig in ,n arro w ed  th e  i s s u e .  The p ro o f th a t  th e  chemo- 

s e n s i t iv i ty  la y  in  th e  c a ro t id  body f e l l  t o  COMROE and SCHMIDT 

(1938X who were ab le  to  show th a t  by ^occluding th e  a r t e iy  to  

th a t  s t ru c tu re ,  a  sm all b ranch  of th e  o c c ip i ta l ,  th ey  could  

suspend chemoref lex es , and could  cause them to  reap p ear by d is — 

occluding th a t  v e s s e l .

Evidence of th e  to n ic  chem oreceptor a c t i v i t y  in  th e  s in u s  

nerves was e a r ly  forthcom ing. In  t h e i r  e l e c t r i c a l  reco rd s  BRQNK 

and STELLA (1932) observed a continuous d isch arg e  which th ey  

suggested might be chem ical, a  f in d in g  confirm ed by HEYMANS and 

RULANT (1933), who in d ic a te d  th a t  t h e i r  reco rd s  showed two ty p es  

o f  a c tio n  p o te n t ia ls ,  la rg e  ’p ressor*  sp ik es  and sm a lle r  ’chemical* 

sp ik e s . These were a lso  observed by ZOTTERMAN (l935)5who recorded  

th e  chem oreceptor im pulses a f t e r  c u tt in g  th e  s t r e tc h  re c e p to r  

f ib r e s  and found them to  be only te n  to  tw enty p e r  c e n t, o f th e  

s iz e  o f th e  la rg e s t  b a ro re ce p to r im pulses.
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I t  has been m entioned above th a t  HEYMANS (1933) b e lie v e d  

th a t  th e  b a ro re c e p to rs  a ls o  had t h i s  dual fu n c tio n  and a c te d  in  

an in h ib i to r y  fa sh io n  on th e  r e s p ir a to ry  c e n tr e .  T his view m s  

based  on th e  o r ig in a l  dem onstration  by MOISSEJEFF (1926) th a t  

r a is in g  th e  c u l-d e -sa c  p re ssu re  le d  to  in h ib i t io n  o f th e  

re s p ira to ry  movements, and on th e  work c a r r ie d  out by HEYMANS 

h im se lf and h is  co—w orkers. I t  i s  shared  by COMROE (1940), b u t 

has re c e n tly  been su b jec ted  to  c r i t ic i s m  by BJTJRSTEDT and EULER

(1942), who found th a t  s in u s  b a ro re c e p to r  s tim u la tio n  in  th e  dog 

d id  not e f f e c t  r e s p ir a t io n  w ith  th e  vagodepressors in ta c t ,  and 

gave b u t feeb le  in h ib i t io n  a f t e r  c u tt in g  th e se  n e rv es , and by 

EULER and LILJESTRAND (1943) > who have in d ic a te d  th a t  in  the. 

occlusion  t e s t  in  th e  c a t ,  which g iv es  r i s e  to  in c re ase d  

re s p ira to ry  a c t i v i t y  and i s  o fte n  in s ta n ce d  a s  evidence o f b a ro — 

sensory in flu en c e  on r e s p i r a t io n ,  a  co n sid e rab le  p a r t  i s  p layed  

by th e  chem oreceptors. GERNANDT (1946) lends f u r th e r  support to  

th e  views of th e se  w orkers. But i f  th e  dual ro le  o f th e  b a ro 

sensory  f ib r e s  be accep ted  then  th e  s inus nerves a re  composed, 

as  a re  th e  a o r t i c ,  o f two s e ts  o f  a f f e re n t  f ib r e s  having d i r e c t ly  

opposite  a c tio n  on th e  r e s p ir a to ry  and vasomotor cen tres*  The 

sinus n e rv es , however, possess th e  a d d itio n a l chem oreceptor 

in flu en ce  over th e  c a rd io in h ib ito ry  c e n tre .

THE AORTIC AND CAROTID MECHANISMS CONSIDERED TOGETHER.

F u r th e r  d iscu ss io n  o f th e  a o r t ic  and s inus nerves i s  b e s t

c a r r ie d  out by co n sid erin g  them to g e th e r, f o r  they have much in  
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common.

The R eceptor Mechanisms.

Both th e  c a r o t id  and th e  a o r t i c  bo d ies  have a dual o r ig in  

from ectoderm and mesodeim, from th e  g lossopharyngeal and vagus 

nerves and from th e  neighbouring b lood  v e s s e ls ,  th e  t h i r d  and 

fo u r th  b ra n c h ia l a rch es  (BOYD 1937), w hile  th e  b a ro re c e p to r  

endings of th e  a o r ta  a re  id e n t ic a l  w ith  th o se  o f th e  c a ro t id  

s inus (NONIDEZ, 1935).

R eference has been made to  th e  view  of MEULING (1938) th a t  

th e  te rm in a l re p re se n ta tio n  o f th e  b a ro s e n s it iv e  mechanism may 

l i e  more p e r ip h e ra l to  t h e  endings o f th e  f ib r e s  o f th e  a o r t i c  

and s in u s  n e rv es . This au th o r m ain ta in s  th a t  th e  nervous network 

formed by the  C a ja l c e l l s  i s  th e  t r u e  re c e p to r  mechanism,and th a t  

th e  barosensory  f ib r e s  a c t  m erely as  re la y s  on th e  a f f e r e n t  p a th 

way. In  bo th  a o r t ic  and c a ro tid  s in u s  reg io n s  th e se  i n t e r s t i t i a l  

c e l l s  a re  e s p e c ia l ly  w e ll developed, th i s  th e  au th o r has been 

ab le  to  v e r ify  in  specimens k in d ly  dem onstrated by Dr. M e ijlin g . 

The m a tte r i s  y e t c o n tro v e rs ia l .

Much more in t e r e s t  has a tta c h e d  to  th e  physio logy o f  th e  

chemoreceptor mechanisms. Both a o r t i c  and c a ro tid  bo d ies  a re  

e s s e n t ia l ly  masses o f s p e c ia lis e d  c e l l s ,  th e  so -c a lle d  glomus 

c e l l s ,  h e ld  to g e th e r  by a  minimum o f  connective  t i s s u e  and be ing  

extrem ely h ig h ly  v a sc u la r is e d . The glomus c e l l s  o f each organ 

a re  id e n t ic a l  (HAMMOND, 1941) and are  c lo se ly  enveloped by th e  

te rm in a tio n s  of th e  chemosensory a f f e r e n ts  which again  a re  
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id e n t ic a l  in  each s i t e  and a re  ty p ic a l ly  a f f e r e n t  endings 

(NONIDEZ, 1935). Thus f a r  th e re  i s  agreem ent. D iffe ren ce  o f

opin ion  e x i s t s ,  however, as to  th e  e x c i ta t io n  mechanism and i t s  

r e la t io n  to  th e  s tru c tu re  o f  the  c a r o t id  and a o r t i c  b o d ie s . I t  

i s  g e n e ra lly  considered  th a t  th e  changes in  th e  b lood  a f f e c t  

th e  glomus c e l l s  in  such a manner as  to  cause a s tim u lus to  be 

tra n sm itte d  to  th e  a f f e re n t  nerve endings surrounding  them in  a  

manner analogous to  th e  t a s t e  bud mechanism. Again MEIJLING

(1938) p la ce s  a d i f f e r e n t  in te r p r e ta t io n  on th e  m a tte r . He 

m ain ta ins th a t  th e  glomus c e l l s  a re  s y n c y tia l ly  connected 

autonomic ganglion  c e l l s  (m odified  C a ja l c e l l s )  and th a t  th e  

connection between th e  re c e p to r  c e l l s  and th e  chemosensoiy f ib r e s  

may thus be  in te rp re te d  as  nervous. T his view re c e iv e s  support 

from HAMMOND (194-1) who co n sid e rs  th e  glomus c e l l s  as  ’e s s e n t ia l ly  

neuro—e p i th e l ia l  sensory  c e l l s ’ , and from GOORMATIGH and PANNIER

( 1939) who ho ld  th a t  th e  connection  i s  in  th e  n a tu re  o f  a  synapse. 

From th e  fu n c tio n a l a spec t, th e  concep tion  of a synapse has been 

supported by the  work o f EULER, LILJESTRAND and ZOTTERMAN (1939)% 

who have le d  evidence to  th e  e f fe c t  th a t  th e  cause o f e x c i ta t io n  

o f th e  chonosensory f ib r e s  i s  a change in  th e  re a c tio n  o f  th e  

glomus c e l l s  ( a f t e r  th e  re a c tio n  th e o ry  o f WINTERSTEIN), and go

an to  show th a t  ammonia a b o lish es  th e  response to  O2 la c k , C02 

excess and KCN, b u t f a i l s  to  a b o lish  th e  response to  lo b e lin e . 

(HEYMANS and h is  co—workers (1933) f i r s t  showed th a t  b o th  

cyanides and lo b e lin e  e x c ite  th e  chem oreflexes and s in ce  th en  
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th ey  have been  used  by many w orkers to  e l i c i t  chemoresponses) • 

They s t r e s s  th e  f a c t  t h a t  lo b e lin e , and o th e r  ag en ts  - which can be 

used to  e l i c i t  chem oreflexes, such a s  n ic o t in e ,  K io n s  and 

ace ty lc h o lin e , a l l  a c t  on p o s t-g a n g lio n ic  f ib r e s  and th a t  th e  

p e rs is te n c e  o f th e  lo b e lin e  e f f e c t  when th e  re c e p to rs  a re  knocked 

out by a lk a l i  in d ic a te s  th e  e x is te n c e  o f a synapse on th e  chemo— 

pathway. HOLLINSHEAD and SAWYER (1945) seek  to  c o -o rd in a te  th e  

fu n c tio n a l and m orphological a s p e c ts . They p o in t out th a t  th e re  

a re  bu t th re e  s ig n if ic a n t  elem ents in  th e  c a ro t id  body, b lood  

v e s s e ls ,  nerve f ib r e s  and chem oreceptor c e l l s  and th a t  th e  

synapse must be between th e  nerve endings and th e  chem oreceptor 

c e l l .  This i s  in  accord  w ith  MEIJLING1 s (1938) view . They s t a t e  

th a t  th e  noimal mechanism i s  tw o-phase, f i r s t l y  a change o f pH 

of the chem oreceptor c e l l ,  and secondly  th e  l ib e r a t io n  o f a 

c h o lin e rg ic  substance to  e x c ite  th e  a f fe re n t  f ib r e s .  The f i r s t  

phase may be brought about by a f a l l  in  th e  pH of th e  b lood  o r 

a r i s e  in  th e  C02 c o n te n t, o r  by O2 la ck  (which a c ts  in d i r e c t ly ,  

r a is in g  c e l l u l a r  a c id i ty  by d ep ressing  i n t r a c e l lu l a r  re s p ira t io n ) ,  

o r indeed by chem icals which in h ib i t  o x id a tiv e  p ro cesses , such a s  

cyanides o r su lp h id e s . The second phase fo llow s on and a r i s e s  

frcm th e  f i r s t ,  o r may be s tim u la ted  by drugs such a s  n ic o t in e ,  

lo b e lin e  or a c e ty lc h o lin e .

Tonic Functions o f th e  N erves.

The to n ic  dep resso r barosensory  a c t i v i t y  o f th e  s inus and 

a o r t ic  nerves has been d iscussed  in  some d e t a i l  above and shown 
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to  e x e r t a  pow erful in f lu e n c e  over th e  c a rd io v a sc u la r  system .

The le s s  s ig n if ic a n t  r o le  p lay ed  by th e  b a ro re c e p to rs  in

re s p ir a to ry  re f le x e s  has been in d ic a te d  and th e  m a tte r  need no t 

be d iscu ssed  f u r th e r  except to  no te  th a t  EULER and LIUESTRAND

( 1943) ,  a lthough  ag ree in g  th a t  th e  b a ro s e n s i t iv e  mechanism could  

a f f e c t  r e s p i r a t io n ,  s ta t e d  th a t  fno evidence has been adduced 

th a t  r e s p i r a t io n  i s  in  any way r e f le x ly  in flu en ced  by th e  ba ro — 

re c e p to rs  o f th e  s inus o r a o r t i c  reg io n s  under normal c o n d itio n s ’ .

Tonic chem oreceptor a c t i v i t y  was held  by HEYMANS (1933) and 

h is  school to  be of g re a t im portance in  th e  c o n tro l o f  r e s p i r 

a t io n ,  a lthough SCHMIDT and COMROE (1939) reg a rd  i t  as accesso ry . 

The question  i s  in e v ita b ly  concerned w ith  th e  s e n s i t i v i t y  o f  th e  

chem oreceptor c e l l s  and EULER, LILJESTRAND and ZOTTERMAN (1939) 

have shown th a t  chemosensory f ib r e s  s ig n a l th e  p resence o f CO2 

and la ck  of O2 even a t  th e  normal a r t e r i a l  p re ssu re  o f th e se  g a se s . 

They d id  n o t, however, ev a lu a te  th e  cen tra l e f fe c t  .of t h i s  a f fe re n t  

d ischarge . Numerous s tu d ie s  of th e  e f f e c ts  o f d en erv a tian  have 

no t served to  s e t t l e  th e  is su e  and, l ik e  th e  e f fe c t  o f to n ic  

chemosensory im pulses on the  vasom otor and c a rd io in h ib ito ry  

c e n tre s , th e  question  must be l e f t  open.

Compound E ffe c ts -

Since th e  two pathways, chemosensory and baro sen so ry , can 

in flu en c e  both  re s p ira to ry  and vasomotor c e n tre s  in  opposite  

d ir e c t io n s , th e re  a re  c e r ta in  circum stances ■vtfiere th e  a f fe re n t  

d ischarge may be so compounded th a t e i th e r  e x c it in g  o r in h ib i t in g  
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im pulses predom inate, o r  indeed  can ce l one a n o th e r o u t. T his 

has been shown by G-ESELL, LAPZDES and LEVINE (1940) who found

th a t  co ld  b lock ing  o f th e  s in u s  nerves decreased , in c re a se d  o r  

had no e f f e c t  on r e s p i r a t io n .  The e x is ten c e  of s im ila r  mixed 

e f f e c t s  on th e  vasom otor mechanism i s  no t u n l ik e ly , f o r  the  

chemo—sensory  f ib r e s  can e x e r t co n sid e rab le  p re s so r  a c t i v i t y ,  

and i t  m ight w e ll be th a t  where th e re  i s  b o th  low b lood  p re ssu re  

end a sp h y c tic  b lood  th e  a c t i v i t y  o f th e  nerve , s in u s  o r a o r t i c  

might be p re s so r . COMROE (1939) suggested  th a t  the  f a l l  in  b lood  

p re ssu re  observed by McDOWALL (1924) a f t e r  s e c tio n  o f th e  v ag i 

might have such an ex p lan a tio n . The e l e c t r i c a l  re co rd s  showing 

b o th  barosensory  and chemosensory f ib r e s  a c t iv e  under n ear 

p h y s io lo g ica l co n d itio n s  would suggest th a t  th e re  must be p re sen t 

norm ally a damping of one e f fe c t  by th e  o th e r . T his assum es, 

however, th a t  th e  barosensory  and chemosensory im pulses recorded  

under these c o n d itio n s  each po ssess  dual fu n c tio n , whereas i t  has 

not been shown th a t  th ey  have. There i s  no p roof th a t  the  same 

a f fe re n t  barosenso iy  f ib r e  p lay s  on bo th  c e n tre s  o r th e  same 

chemosensory f ib r e  on b o th .

The S ig n ifican ce  of th e  S inus and A o rtic  N erves.

There i s  g en era l agreement th a t  th e  fo u r  nerves po ssess  

s im ila r  fu n c tio n s  and th a t  th ey  a re  a f fe re n t  pathways o f  g re a t 

im portance in  th e  re g u la tio n  o f blood p re s su re , h e a r t r a t e  and 

r e s p ir a t io n .

I t  i s  w ithout doubt th a t  they ex e rt a to n ic  in flu en c e  over
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th e  v a s o c o n s tr ic to r  and c a rd io in h ib i to iy  mechanisms, r e s t r a in in g  

th e  form er and in c re a s in g  th e  d isch a rg e  from th e  l a t t e r ,  and in

t h i s  l ig h t  they  have been regarded  as  th e  p rinc ip l/4  b o d ily  

defences a g a in s t h y p erten sio n  and c a rd iac  s t r e s s .  Looked a t  from 

a d i f f e r e n t  v iew po in t, i t  i s  apparen t th a t  th rough e x e r tin g  t h i s  

to n ic  d ep re sso r a c t i v i t y  th ey  ensure  th a t  a m argin o f  c a rd io 

v a sc u la r  a c t i v i t y  rem ains which can be re le a s e d  should  th e  b lood  

p re ssu re  f a l l .  In  t h i s  sense th ey  can a ls o  be considered  a s  

defences a g a in s t hypotension . That th e re  may be o th e r  a f f e r e n t  

pathways m odifying b lood p re s su re  and h e a r t r a te  does not d e tra c t  

from th e  main is su e  th a t  an anim al deprived  o f the  m oderator 

n e rv es, a p tly  d e sc rib ed  as  'd e b u ffe re d 1, i s  w ithou t such defen ces. 

The u n b rid led  ca rd io v asc u la r  d isch arg e  fo llow ing  upon s e c tio n  o f 

th e se  nerves and r e s u l t in g  in  h y p e rten sio n , ra p id  h e a r t r a t e  and 

ca rd iac  i r r e g u la r i t y  b ears  t h i s  w itn e ss .

J u s t  as  op in ions a re  d iv id ed  on th e  s e n s i t iv i ty  o f th e  

chem oreceptors, so to o  i s  th e re  disagreem ent over th e  p a r t  

played by th e  chem oreflex in  normal r e s p i r a t io n .  I t  has been 

po in ted  out th a t  th e  s e n s i t iv i ty  of th e  r e s p ira to ry  c e n tre  to  

changes in  carbon d iox ide te n s io n  i s  such th a t  under normal 

circum stances th e re  i s  no c a l l  fo r  a  r e f le x  s tim u lu s . Be t h i s  

a s  i t  may, th e re  a re  c e r ta in  co n d itio n s  where c e n tr a l  s e n s i t iv i ty  

and spontaneous a c t i v i t y  a re  g re a t ly  dim inished o r  even l o s t ,  

and r e s p ira t io n  becomes dependent la rg e ly  o r  e n t i r e ly  upon 

a f fe re n t  chemosensory d r iv e . Such a s t a t e  may be brought about
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by a v a r ie ty  o f d e p re ssan ts  among them carbon d io x id e  ex cess , 

oxygen la c k  and d rugs. Speaking o f man, DRIEPS and COMROE (1944) 

have s a id  th a t  'w hatever re s is ta n c e  th e  in ta c t  in d iv id u a l has 

a g a in s t anoxia i s  due to  a  flow  of a f f e r e n t  im pulses from th e  

chem oreceptors*. As th e  ultimum m oriens o f the  r e s p ir a to r y  

re g u la tin g  system , th e se  s t ru c tu re s  p la y  a most im portan t ro le  

in  the  m aintenance of r e s p ir a t io n  during  th e  c e n tr a l  d ep ress io n  

produced by n a rc o tic  d rugs. Thus i t  has been f re q u e n tly  found 

th a t  r e s p i r a t io n  f a i l s  when deeply  a n a e s th e tis e d  anim als a re  

su b jec ted  to  lo s s  of chemosensoiy a f f e r e n ts .  S im ila r ly  in  man, 

p h y s io lo g ic a l d en erv atio n  during  a n a e s th e s ia , brought about by 

th e  a d m in is tra tio n  o f  pure oxygen, may lead  to  complete 

r e s p ira to ry  a r r e s t .  DRIPPS and DUMKE (1943) have shown how th e  

balance s h i f t s  from c e n tr a l  to  chem oreceptor c o n tro l a s  n a rc o s is  

deepens and how th e  r e f le x  c o n tro l assumes a sp e c ia l  s ig n if ic a n c e  

where th e  a n a e s th e tic  employed i s  p a r t i c u la r ly  l i a b l e  to  have a 

pronounced c e n tra l  r e s p ira to ry  d ep ressan t e f f e c t  r e l a t iv e  to  th e  

depth of a n a e s th e s ia , such a drug in  fa c t  as  th e  much-used 

b a rb i tu ra te  compounds•

THE PARTICIPATION OP THE CENTRAL AND PERIPHERAL 

VASOMOTOR MECHANISMS IN SINUS AND AORTIC REFLEXES.

CYON and LUDWIG h e ld  th a t  s tim u la tio n  o f th e  d ep re sso r 

nerve caused a f a l l  in  b lood p re ssu re  by in h ib i t in g  th e  vaso

c o n s tr ic to r  c e n tre . OSTROVMOV (1876) b e lie v e d , however, th a t  

th e  e f fe c t  was due to  s tim u la tio n  o f th e  d i la to r  mechanisms.
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THE VASOMOTOR REFLEXES. 

(Bayliss, 1908).

C.C.

1XC.

’ Figure 40.
Diagram of Vaso-motor Reflexes,

A. Arteriole muscle.
D. Vasodilator fibre, inhibiting natural tonus of A. 
u. Vasoconstrictor fibre, causing contraction of A.
D. C. and C. C. — Dilator and constrictor centres, resp.
F. Afferent depressor fibre, with two collaterals, one (—) inhibiting constrictor 

centre, the other (+ ) exciting the dilator centre.
| JR. Pressor fibre of ordinary sensory nerve, exciting C. C., inhibiting D. C.
■ a, bf. cy d. — Synapses of the above fibres with the efferent neurones.

Intermediate neurones omitted for simplicity. (Bayliss, 1908, Fig. 27.)
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I t  rem ained f o r  BAYLISS (1893) to  show th a t  b o th  might be 

in v o lv ed . A f te r  dem onstrating  th e  p a r t i c ip a t io n  o f b o th  d i l a to r s

and c o n s t r ic to r s  in  vasom otor r e f le x e s ,  he concluded fth e  

s im p lest ex p lan a tio n  i s  th e  h y p o th esis  th a t  th e  vasom otor c e n tre  

c o n s is ts  o f a  c o n s t r ic to r  and a d i l a to r  p a r t ,  th e  d e p re sso r nerve  

a c tin g  in  an in h ib i to r y  manner on th e  form er and in  an e x c it in g  

manner on th e  l a t t e r ,  -while p re s so r  nerves a c t  in  an o p p o site  way- 

on b o th * . BAYLISS* diagram i s  shown o p p o s ite . The f a c t  th a t  a  

r e f le x  r i s e  o r f a l l  in  b lood  p re ssu re  i s  u su a lly  accompanied by 

an in c re a se  o r decrease  in  the  to n ic  a c t i v i t y  of th e  v aso 

c o n s t r ic to r  c en tre  i s  g e n e ra lly  accep ted . The p a r t ic ip a t io n  o f 

an a c t iv e  d i l a to r  mechanism in  g e n e ra lis e d  vasomotor re f le x e s  i s  

no t so w e ll e s ta b lis h e d . BAYLISS (1893-1923), th e  c h ie f  p ro ta 

g o n is t o f th e  d i l a to r  mechanism re p e a te d ly  showed a c t iv a t io n  o f  

th e  * an tid rom ic * d i la to r s  in  d ep resso r re f le x e s  b u t found g re a t 

d i f f i c u l ty  in  dem onstrating  th e  in h ib i t io n  o f d i l a t o r  tonus in  

p re s so r  r e f le x e s ,  a lthough  he b e lie v e d  f irm ly  in  i t s  e x is te n c e . 

Evidence i s  g ra d u a lly  accum ulating to  support h is  view . FREEMAN 

and ROSENBLOETH (1931) were ab le  to  o b ta in  a  r i s e  in  b lood  

p re ssu re  from s c i a t i c  o r median nerve s tim u la tio n  and a f a l l  from 

d ep resso r nerve o r  vagal s tim u la tio n  in  com pletely sympathectomised 

c a t s ,  and concluded th a t  th e re  was a  d e f in i te  v a s o d i la to r  tone  

which could be r e f le x ly  dim inished o r  augmented to  g ive th e se  

p re s so r  and d ep resso r e f f e c t s .  Again in  sympathectomised c a t s ,  

ROSENBUJETH and CANNON (1934) showed th a t  s tim u la tio n  o f th e  

d e p re sso r/
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d e p re sso r p o in t gave a  f a l l  i n  "blood p re s su re . BACH (1945) h&s 

p re sen te d  f u r th e r  evidence f o r  th e  r e f le x  a c t iv a t io n  o f  th e

d o rsa l ro o t d i l a to r s .  He claim s th a t  in  th e  c a t th ey  a re  an 

e s s e n t ia l  pathway fo r  th e  r e f le x  v a s o d ila t io n  "brought about by 

d ep re sso r nerve  s tim u la tio n . '

A s im ila r  involvem ent of ex trasy m p ath e tic  mechanisms in  

s in u s  nerve  •d e p re sso r1 re f le x e s  has been in d ic a te d  by BAGQ, 

BROUHA and HEYMANS (1932, 1934)* who found th a t  in  th e  

sympathectcmised c a t o cc lu s io n  o f  th e  common c a ro tid s  gave a 

marked r i s e  in  b lood p re ssu re  (ifO-50  mm. H g .), w hile  s tim u la tio n  

of the s in u s  nerve gave a f a l l  o f th e  same o rd e r. They could  no t 

o b ta in  th e se  r e s u l t s  in  th e  dog. Recent s tu d ie s  by GERNANDT, 

LILJESTRAND and ZOTTEBMAN (1946), in  which th e  e l e c t r i c a l  a c t i v i t y  

of th e  sym pathetic (sp lan ch n ic  nerve) in  s in u s  and a o r t ic  baro— 

re f le x e s  was s tu d ie d , w hile  in  no way excluding e x tra  sym pathetic 

p a r t ic ip a t io n ,  confirm  th e  e s ta b lis h e d  view th a t  in c re a se d  b aro — 

sensory  a c t i v i t y  le ad s  to  decreased  sym pathetic a c t i v i t y  and 

v ic e  v e rsa .

These l a s t  au th o rs  have a ls o  shown th a t  th e  sp lanchn ic  

sym pathetic p a th  i s  brought in to  p lay  by b o th  a o r t i c  and c a r o t id  

chem oreflexes. Whether o r no t in  th e  ca t th e re  i s  concom itant 

p a r t ic ip a t io n  by th e  d i la to r  m echanisms,as shown to  occur in  th e  

b a ro re f le x e s , i s  n o t known. In  th e  dog BERNTHAL, MOTLEY, SCHWIND 

and WEEKS (1945) conclude th a t  th e  f tho rac ico -lu m b ar autonomic 

f ib r e s  c o n s t i tu te  th e  so le  e f fe re n t  pathway f o r  a l l  v a sc u la r  

r e f le x e s /
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r e f le x e s  orig in a tin g  at the carotid  body*. The sp ecies  

d ifferen ce  observed in  the b aroreflexes d isa llow s o f analogy and

the question o f  a lte r n a tiv e  pathway in  the cat must be l e f t  open* 

BEENTHAL et a l  (op. c i t . )  have sa id  that fthe whole question o f 

the p a r tic ip a tio n  or n on -p artic ipation  o f  vasomotor f ib r e s  other  

than the thoracico-lum bar autonomies in  generalised  v a sc u la r  

r e f le x e s  i s  confused by unexplained d ifferen ces  in  the experim ental 

r e su lts  o f numerous in v estig a to rs* • This i s  the view to  which 

one must n ecessa r ily  subscribe a fte r  a study o f the evidence to  

date, but what onerges i s  that in  the cat th e  sinus and a o r t i c  

b aroreflexes have been shown to  involve mechanisms other th a n  th e  

sym pathetic, w hile th e p o s s ib i l i t y  o f an a lte r n a tiv e  pathway in  

the chonoreflexes cannot be excluded.

THE EFFECTS OF STIMULATION OF THE AORTIC.

VAGUS AHD SINUS NERVES.

DEPRESSOR RESPONSES.

Depressor Nerve.

CYON and LUDWIG (1866) were the f i r s t  to  show th at e l e c t r i c a l  

stim ulation  o f  the cen tra l end o f  the cut depressor nerve o f  

the rabbit brought about card io in h ib ition  and a f a l l  in  blood  

pressure. The la t t e r  was shown by them to  p e r s is t  when th e  v ag i 

were cu t, demonstrating that i t  was due to  r e f le x  v a so d ila tio n . 

BAILISS (1923) supported th ese  fin d in gs and, observing no e f f e c t s  

other than those mentioned, maintained th at the nerve contained

no fib res  other than those producing r e f le x  in h ib it io n  o f th e  

h eart/
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h e a r t  and v a s o d i la t io n .  LIDDELL and SHERRINGTON (1929) o b ta in ed  

s im ila r  responses from th e  d e p re sso r nerve o f  th e  c a t .

Vagus N erve.

Where th e  d ep resso r f ib r e s  run mixed -with th e  f ib r e s  o f 

th e  vagus, s tim u la tio n  o f th e  c e n tr a l  end o f th i s  nerve has been 

shewn to  produce th e  same e f f e c t  as  s tim u la tio n  of th e  d ep resso r 

n e rv e . Thus SHERRINGTON (1929) m ain ta in s  th a t  in  th e  c a t s tim u l

a t io n  o f th e  vagus g iv es  much th e  same r e s u l t s  a s  a o r t i c  ne rv e  

s tim u la tio n  and r e f e r s  th e  re a d e r  to  the  s tudy  o f d ep resso r vaso

motor re f le x e s  c a r r ie d  out by WRIGHT (1928), who employed th e  

a o r t i c  nerve in  th e  ra b b it  bu t th e  c e n tr a l  end o f th e  vagus in  

th e  c a t .  McDOWALL (1938) s t a t e s ,  * it i s  in te r e s t in g  to  n o te  th a t  

even where a  sep a ra te  ( a o r t ic )  nerve i s  p re s e n t , s tim u la tio n  o f 

th e  c e n tr a l  end o f th e  vagus g ives a  s im ila r  d ep resso r response* .

Sinus Nerve.

The d isco v ere r, HER3NG (1924), showed th a t  fa ra d iz a t io n  o f th e  

sinus nerve gave r i s e  to  marked c a rd iac  slowing o f a  g re a te r  o rd e r 

th an  th a t  caused by a o r t i c  nerve s tim u la tio n  and th a t  th e re  was 

in  a d d itio n  r e f le x  v a so d ila tio n  which p e r s is te d  a f t e r  s e c tio n  o f  

th e  v a g i. He ob ta ined  th e se  responses in  th e  dog, c a t ,  ra b b it  f 

and monkey.

These th re e  nerves have been s tim u la te d  re p ea ted ly  by many 

workers fo r  a  v a r ie ty  of purposes, and i t  has been g e n e ra lly  

accep ted  th a t  the  c h a r a c te r i s t ic  response to  e l e c t r i c a l  s tim u l

a t io n  o f any one i s  a  slowing o f th e  h ea rt and v a so d ila tio n . 

Indeed /
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Indeed, w ith  th e  ex cep tio n  o f  th e  s in u s  n e rv es, which a re  n o t 

re a d i ly  a c c e s s ib le ,  they  a re  employed re g u la r ly  in  th e  classroom

to  dem onstrate th e se  r e f le x  e f f e c t s .  N e v e rth e le ss , responses 

co n tra ry  to  th o se  expected have been re p o rte d  and a re  a s  follow s*

PRESSOR RESPONSES.

D epressor Nerve.

P o te n t ia l  p re s so r  a c t i v i t y  o f t h i s  nerve was dem onstrated
I

by TSCHIHWINSKI (1896), who ob ta ined  s ig n s  o f p a in  in  u n an aes th e t

iz e d  ra b b i ts  and a r i s e  in  b lood  p re ssu re  a f t e r  c u ra re . Also 

by PRANK (1880), who observed in c re a se d  re s p ira to ry  a c t i v i t y .  Both 

th e se  in s ta n c e s  were evidence o f a c t i v i t y  o th e r than  vasom otor, 

and le d  LANGLEY (1912) to  s t a t e  *the d ep resso r nerve i s  

p o te n t ia l ly  capable o f causing a r i s e  in  b lood  p re ssu re  by means 

o f h ig h e r c e n tre s  o f th e  b ra in * . P re s so r  responses w ithou t 

evidence o f involvem ent of such c e n tre s  were ob ta ined  by 0*LEARY, 

HE3NBECKER and BISHOP (1934), who made a c a re fu l study  o f  th e  

e f f e c ts  o f e l e c t r i c a l  s tim u la tio n  o f th e  ra b b it  a o r t i c  nerve*

They ob ta ined  p re s so r  responses d if f e r in g  from th o se  seen by th e  

e a r l i e r  workers in  t h a t  th ey  were produced by fe e b le  c u rre n ts  and 

were unaccompanied by a g i ta t io n .  They concluded th a t  n o t a l l  

d ep resso r nerve f ib r e s  have a d ep resso r e f f e c t ,  some f ib r e s  being  

p re sen t which a re  p re s s o r , and emphasised th a t  th e  f ib r e  c o n s t i t 

u tio n  v a r ie d  from anim al to  anim al and s im ila r ly  a lso  th e  amount 

o f p re s so r  component p re se n t. In  th e  c a t no such a n a ly s is  has 

been made, but i t  i s  reasonab le  to  assume th a t  in  th i s  an im al, 

w here/
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where th e  nerve  i s  n o t a  s e p a ra te  d is c r e te  s t ru c tu re  a s  in  th e  

r a b b i t ,  b u t ru n s  in te rm in g led  w ith  v ag a l f ib r e s  from which i t  

must be te a se d , th e re  w i l l  be an even g r e a te r  l i a b i l i t y  to  

v a r ia t io n  and C ontam ination* by p re s so r  v ag a l a f fe re n t  s .

Vagus Nerve*

v ,  BEZOLD (1803) found in  c u ra r is e d  r a b b i ts  th a t  vag a l 

s tim u la tio n  caused a r i s e  of b lood  p re s su re ,b u t when th e  c e re b ra l  

hem ispheres were removed a  f a l l  only was o b ta in ed . LANGLEY (19*12) 

showed th a t  th e  e f f e c t  in  r a b b i ts  v a r ie d  g re a t ly  * in d ic a t in g  a 

s tru g g le  w ith  va ry in g  p re -p o ten ce  o f p re s so r  and d ep resso r a c tio n * . 

T his au th o r ob ta ined  th e  p re s so r  response  w ith  weak c u rre n ts  ju s t  

above th re sh o ld  and w ithou t a g i ta t io n ,  and fu r th e r , a ls o  observed 

i t  in  th e  d ece reb ra te  anim al, showing th a t  the  h ig h e r c e n tre s  were 

n o t e s s e n t ia l .  The fa c t  th a t  th e  vagus co n ta in s  p re s so r  f ib r e s  

i s  not d isp u ted  and th e re  a re  c e r ta in  co n d itio n s  in  which th ey  

m an ifest them selves. WRIGHT (1928) has s ta te d  th a t  in  th e  ca t 

*both v ag i may be d ep resso r (perhaps th e  l e f t  more so th an  th e  

r i g h t ) ,  o r they  may give r i s e  to  a m ixture o f p re s so r  and

d ep resso r e f f e c t s .  O ccasionally , th e y  may produce p re s so r  e f f e c t s
*

only** This au th o r b e lie v e d  th e  v a r ia t io n  in  response occurred  

s in ce  *the p ro p o rtio n  of dep resso r to  p re s so r  f ib r e s  in  th e  vagus 

o f the  c a t seems to  d i f f e r  in  d i f f e r e n t  anim als*. T his i s  

c e r ta in ly  th e  case in  th e  ra b b it ,  where 0*LEARY, HEINBECKER and 

BISHOP (1934) were a b le  to  dem onstrate th a t  th e  response v a r ie d  

w ith  th e  p re s so r  and dep resso r f ib r e  c o n ten t. They found th e  

d ep re sso r/
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depressor f ib r e s  variab ly  d istr ib u ted  between the vagus and 

a o r tic  nerves,and th a t , where the depressor function  o f  the a o r tic  

nerve was poor, the vagus tended to  be depressor and v ic e  versa* 

CHANG, CHIA, HSU and LIM (1937) observed th at a pressor response 

might be obtained from vagal stim u lation  due to  the re lea se  o f 

the pressor p r in c ip le  o f th e  p itu ita r y  gland.

The nature o f  the pressor a fferen ts  has not been d efin ed  by 

any o f th ese  workers, and whether they are u n sp ec ific  v is c e r a l  

f ib re s  from the lungs or abdomen as shown by NEWMAN (1914), o r  

prim arily cardiovascular, such as the acce lera to r  f ib res  from th e  

h eart, or those sa id  by McDOWALL (1924) to  be responsib le f o r  

vagopressor r e f le x e s , remains obscure.

Sinus Nerve.

Mechanical stim ulation  o f the sinocarotid  region may some

tim es g ive r is e  to  pressor e f f e c t s .  This was found by DANIELOFOLU 

(1928), and la te r  DANIELOPOLU, MARCU, FROCA and ASLAN (1932), in  

a paper purporting to  show the amphotropic nature o f the s in u s  

nerve r e f lex e s  in  a va r iety  of anim als, demonstrated that e i th e r  

in h ib ito r  or ex c ito r  vasomotor r e f le x e s  might predominate. In  

the cat they found that pinching the sinus region in i t ia te d  

r e flex e s  which were pressor, depressor, d iphasic or *d issocde* , 

th at i s ,  showing a f a l l  in  blood pressure accompanied by a  ra p id  

heart rate or a r is e  with slow ra te . In th e  same animal i t  was 

sometimes pressor and at others depressor, varying from one t r i a l  

to  another. Although HETMANS (1933) has c r i t ic i s e d  the in t e r p r e t 

ation  put upon th ese  find ings by th e ir  author, s tress in g  th a t  

m echanical/
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m echanical o r e l e c t r i c a l  s t im u la tio n  o f th e  s inus nerve does 

n o t n e c e s s a r i ly  reproduce th e  p h y s io lo g ic a l fu n c tio n s  o f th e  

n e rv e , n e v e r th e le s s  th e  dem onstration  o f p re s so r  a c t i v i t y  s ta n d s . 

TOUHNADE and MAIMEJAC (1930) sometimes ob ta ined  a r i s e  in  b lood  

p re ssu re  on fa ra d ic  s tim u la tio n  o f th e  s in u s  nerve in  dogs, and 

a lthough  they  were unab le  to  in t e r p r e t  th e  f in d in g  th e y  d efin ed  

th e  co n d itio n s  in  which i t  was o b ta in ed . I t  was most o f te n  seen 

a t  th e  end of prolonged experim ents in  c h lo ra lo se d  dogs w ith  th e  

vag i cu t and s in u se s  denervated , and was u su a lly  accompanied by 

sig n s  o f a g i ta t io n .  The response p e r s is te d ,  however, in  

c u ra riz ed  an im a ls ,b u t was ab o lish ed  by the  a d m in is tra tio n  o f more 

ch lo ra lo se  o r ch loroform ,when once again  a d ep resso r response 

could be ob ta in ed . HEYltfANS (1933), who a ls o  observed such r i s e s  

in  blood p re s su re , s t r e s s e s  th a t  the  re a c tio n  i s  due to  th e  use 

of ex cessiv e ly  pow erful s t im u li  which b r in g  in to  p lay  p a in  

re flex es ,w h ich ,b y  t h e i r  secondary a c tio n  in  r a is in g  th e  b lood 

pressure,m ask  the  t r u e  r e f le x e s .

T his l a s t  au th o r c l a s s i f i e d  th e  p re s so r  responses occu rring  

in  the a o r t ic  and sinus nerves under s im ila r  co n d itio n s  a s  

1 douloureux* and o f no p h y s io lo g ica l s ig n if ic a n c e .

P re s so r  Responses A ssoc ia ted  w ith  Drugs.

Up u n t i l  th e  tim e t h i s  re sea rch  was undertaken no a n a e s th e tic  

had been shown to  cause th e  normal d ep resso r response from stim 

u la t io n  of any o f th e  b u f f e r  nerves to  be rep laced  by a p re s so r  

response . Such a * rev e rsa l*  had been observed to  occur, however, 

w itty '
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with strychnine and ergot amine.
Strychnine had been shown by BEY and ADUCCO (1888) to 

paralyse the depressor in the rabbit and the vagus in the cat 
and dog. SHERRINGTON found that it converted the fall from 
depressor stimulation to a rise, and suggested to BAYLISS (1908) 
that further study was called for. This last author took up 
the work and found that the phenomenon could be regularly 
observed both in the rabbit depressor and cat vagus when large 
doses of the drug were administered, and considered that the 
effect was due to a change of action on the part of the afferent 
depressor fibres rendering their effect excitor. LANGLEY (1912) 
contested this view maintaining that no such reversal of 
inhibitory impulses to excitatory occurred, but that the change 
occurring on stimulation of these nerves may be most simply 
explained by the fact that pressor as well as depressor fibres 
occur in the nerves, and that strychnine exerts a * different 
action on the centres connected with the pressor and depressor 
fibres*. SCOTT (1925) has confirmed this view.

Ergotamine was found by ROTHLIN (1923) to abolish the 
depressor reflex in rabbits. WRIGHT (1930) observed that, when 
stimulation of the central end of the vagus in cats gave a mixed 
effect, ergot amine might convert it into a pure rise 'by an 
action on the afferent side of the vasomotor centre'.
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C H A P T E R  I.

ELECTRICAL STBflJLATICN OF THE VASPS NERVE,

The original observation upon the cat overdosed with 
nembutal, out of which this research arose, had been that a rise 
of blood pressure occurred when either vagus was electrically 
stimulated. Whether or not this effect could be ascribed to the 
anaesthetic was conjectural. Accordingly, further experiments 
were carried out to obtain evidence on this point.

Methods:
Cats were employed. They were anaesthetized with nembutal 

(Pentobarbital, ABBOTT) given intraperitoneally in aqueous 
solution (40 mg/cc.), the amount being adjusted so that 2*0 mg/Kg. 
bodyweight were administered. No difficulty was experienced, 
although the animal was not under the effect of any volatile 
anaesthetic when the injection was made. This amount it was 
found, produced in most animals a depth of anaesthesia 
sufficient to permit of operative interference within fifteen 
minutes. In others, additional doses were administered (20 mg. 
or so per injection) until anaesthesia was satisfactory.

When anaesthetized, the animal was transferred to an 
operating table, placed upon its back on the warmed copper top, 
which was covered with a layer of towelling, and its position 
maintained by loops attached to each leg and secured over cleats. 
A second towel was used as a blanket to conserve the animal's

temperature/
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temperature.

Readings of temperature were taken from a reotal 
thermometer placed in situ, and any tendency for this to alter 
during the experiment was countered by appropriate adjustment 
of the heating arrangements of the copper and disposition of 
towels.

The dissection was begun by making a midline incision in 
the neck and retracting the skin to expose the muscles over- 
lying the trachea. These were parted and the trachea exposed, 
looped and cannula ted with a glass cannula of as large bore as 
could readily be accommodated. Adequate dead space was ensured 
by the addition of suitable lengths of rubber tubing.
Spontaneous respiration was allowed.

Next, the carotid sheath on one side was exposed and the 
vago-sympathetic trunk separated out from the common carotid 
artery and internal jugular vein. By careful dissection the 
sympathetic was stripped from the vagus, and the vagus tied and 
cut low in the neck in such a manner that a length was obtained 
adequate for stimulation. The structures were kept moistened 
with warm Ringer-Locke solution throughout dissection and during 
the experiment. The nerve thus prepared was then buried by 
closing the muscles over it and attention directed to the opposite 
side, a precisely similar technique being followed there.

Blood pressure was recorded from a cannula inserted, in most 
instances, into the left carotid artery. In several animals, 
however/
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however, th e  fem oral a r t e r y ,  r ig h t  o r  l e f t ,  was employed.

Sodium c i t r a t e  (3 .8 $  o r  2$ in  0 .6 $  s a l in e )  o r  h ep a rin  was 

employed a s  a n tic o a g u la n t. T racings were o b ta ined  by a  m ercury 

kymograph.

A r t i f i c i a l  v e n t i la t io n  was p ro v id ed , when n e ce ssa ry , by a  

S ta r l in g  pump a tta c h e d  to  th e  t r a c h e a l  cannula .

The nerves were s tim u la te d  by b ip o la r  p la tinum  e le c tro d e s . 

The s tim u la to r  used  was th a t  designed  by WHITFIELD (194-6)* which 

p rov ides b r i e f  condenser shocks d ischarged  through neon tu b e s .

The am plitude and frequency s c a le s  o f th e  instrum en t were checked 

and r e c a l ib r a te d  w ith  th e  a id  o f an  o s c i l l a to r  and cathode ra y  

o sc illo sco p e  b e fo re  i t  was employed in  t h i s  s e r ie s  of in v e s t ig a t 

io n s .

The experim ents were confined  to  e l e c t r i c a l  s tim u la tio n  o f  

the  vagi in  th e  l i g h t ly  (noxm ally) a n a e s th e tiz e d  anim al and 

re p e t i t io n  o f th e  stim ulus a f t e r  a d d it io n a l  doses of nem butal. 

R e su lts :

I t  was found th a t  where s u f f ic ie n t  nembutal had been g iv en , 

e l e c t r i c a l  s tim u la tio n  o f  th e  c e n tr a l  end o f e i th e r  vagus f a i l e d  

to  e l i c i t  th e  expected d ep resso r response , bu t caused in s te a d  a  

marked r i s e  o f  blood p re s su re .

One ty p ic a l experim ent w i l l  be d e sc rib ed  in  some d e t a i l .

The anim al, a  c a t weighing 2.75 Kg. was in je c te d ,  in t r a p e r i to n -  

e a l ly ,  w ith  nembutal (40 mg/Kg.) a t  10 a.m . D issec tio n  was 

begun a t  10.14- a.m . and was c a r r ie d  out a s  d e sc rib ed . Both vag i 

were made ready fo r  s t im u la tio n . Blood p re ssu re  was recorded  

from/



ELECTRICAL STIMULATION OP THE VAGUS NERVE 

THE EFFECT OF NEMBUTAL.

. A B

C D

1 . Cat. Double vagotomy. Spontaneous resp ir 
a tio n . A rter ia l B .P. ( l e f t  ca ro tid  a r te iy ) .
Time 5 s e c . Scale mm. Hg.
Upper 2 Tracings obtained 2 h r . a f te r  
in d u ction . (50 mg/Kg. nembutal).
A. Stim ulation o f r ight vagus nerve 20 V.

3 0 /sec . (W h itfie ld ).
B. Stim ulation o f  l e f t  vagus nerve 20 V. -

3 0 /se c . (W h itfie ld ).
Between upper and lower 2 Tracings nembutal 
in jec ted  to  a to t a l  o f 108 mg/Kg. and 
a r t i f i c i a l  r esp ira tio n  begun.

C . Stim ulation o f  r ig h t vagus nerve 20 V.
3 0 /se c . (W h itfie ld ).

D. Stim ulation o f  l e f t  vagus nerve 20 V.
3 0 /se c . (W h itfie ld ).
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from the left femoral artery. Dissection was completed and
recording begun by 11.5 a.m.
11.06. Anaesthesia light. 10 mg/Kg. nembutal injected intra- 

peritoneally.
12.09. Stimulation of the right vagus with a stimulus of 20

volts (peak-base) and 30 shocks per second (referred 
to as 20 V. 30/sec.) gave a marked fall in blood 
pressure (Fig. 1A.).

12.14. Stimulation of the left vagus gave a similar response.
In each instance stimulation was across the nerve, 
the electrodes being placed so that one lay above the 
nerve and the other below, the vagus being threaded 
between in such a manner that the anodal electrode 
was the more distal (i.e. was nearest the cut end of 
the nerve).

The stimulus was applied to each nerve on several more 
occasions, and each time the electrodes were reapplied 
so that the nerves were stimulated in a variety of 
positions. Similar responses were obtained in each 
case. This was done since it was felt unwise to keep 
the nerve on the electrodes over the duration of the 
experiment (up to nine hours) and it was thought 
desirable to establish the fact that with the stimuli 
and electrodes used, rearrangement of the electrodes 
could not in itself be responsible for any gross 
change observed.

12.50/



ELECTRICAL STIMULATION OP THE VAGUS NERVE, 

THE EFFECT OF NEMBUTAL.

A B
2. Cat. Double vagotomy. A r t i f ic ia l  resp ira tio n . 

Thorax intubated . A rter ia l B .P. ( l e f t  
femoral a r te ry ). Time 5 sec .

A. Nembutal 45 mg/Kg. Stim ulation o f  r igh t  
vagus 30 V. 3 0 /se c . (W h itfie ld ).

B. Nembutal to t a l  95 mg/Kg. Three hours 
a fte r  A. Stim ulation o f r ight vagus 
30 V. 3 0 /sec .



59.
12.50. Having shown that the stimulus used (20 V. 30/sec.)

when applied to either vagus caused a marked fall in 
blood pressure, the animal was now given nembutal 
(40 mg/cc.) intrapeiitoneally in several doses.

12.55. 1 cc. nembutal (I.F.).
1 .1 0 . 1 c c . nem butal ( I . P . ) .

1 . 25.  1 c c .  nem butal ( I . F . ) .

The response to vagal stimulation was elicited between 
each dose.

1 .3 5 . Animal r e s p ir in g  fe e b ly . A r t i f i c i a l  r e s p i r a t io n  begun. 

Thorax in tu b a te d .

1 .4 0 . 1 c c . nem butal ( I . F . ) .

2.0. Stimulation of the vagi (20 V. 30/sec.) now caused, not 
a fall, but a rise in blood pressure. (Fig. 1, C & D).

I n t  c r p r e ta t io n :

The change in response cannot be ascribed to the effects 
of opening the thorax, or to altered vagal activity when the 
animal is under artificial respiration, as can readily be seen 
from Fig. 2. In this animal, the thorax was intubated through 
the diaphragm and artificial respiration instituted before any 
stimulation was undertaken; both responses were readily obtained.

These two examples cited show the typical vagal responses 
found in several preliminary experiments, firstly, the normal 
expected depressor effect obtained in light nembutal anaesthesia, 
and secondly, the pressor effect produced by application of the 
same stimulus after the addition of further amounts of nembutal. 
SucV
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Such a ’reversal* of the normal responses could be regularly 
obtained in several animals provided that the nembutal was 
appropriately given. No attempt is made here to define the 
dosage of nembutal required, the method of administration, or 
the nature of the vagal response under various dosages. These 
■will be detailed in a later chapter. Suffice it to say that 
the original chance finding could be repeated at will.

' m €  ' -tSMrt ■ ■■■
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C H A P T E R  II.

ELECTRICAL STIMULATION OP THE SINUS NERVE.

It was early realised that the further study of the 
phenomenon would most satisfactorily he carried out on a nerve 
of more purely ’moderator* nature than the vagus which, as is 
well known, has a mixed content of pressor and depressor 
afferents. In the cat, where the aortic nerve is not a discrete 
structure, the sinus nerve was the obvious choice.

Accordingly, experiments were undertaken to determine the 
effect of electrical stimulation of that nerve in deep nembutal 
anaesthesia.

IDENTIFICATION OF THE SINUS NERVE.
The anatomy of the sinus region was carefully studied post 

mortem in several animals employed in the early experiments on 
the vagi. Little difficulty was found in identification of the 
sinus region, as this is marked by the crossing of the common 
carotid artery by the hypoglossal nerve. By dissecting carefully 
with the aid of a large lens, the sinus nerve could be 
identified coursing dorso—eephalad from the deep surface of the 
sinus region through the fat and connective tissue which invests 
the area, to reach the glossopharyngeal nerve as it lay on the

t

tympanic bulla.
It was obvious from these preliminary explorations that, 

by nature of its small size and close relationship to the base
of/



THE SINUS NERVE ELECTRODES,

ELECTRODES j  0-014-811 SILVER WIRE

Legend. Electrodes are of silver wire encased 
in •Perspex*.
The lower drawings are three times 
actual size*
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of the skull, the nerve would he inaccessible to electrical 
stimulation hy electrodes of conventional design. The prohlam 
was solved hy adopting two expedients. Firstly, an especially 
small pair of electrodes was designed (shown opposite) such as 
would penetrate the little space available, and secondly, a 
technique was evolved which gave an adequate exposure of the 
nerve while, at the same time, minimising trauma to it and the 
important structures in the vicinity.

In these dissections in the dead animal, identification and 
exposure of the sinus nerve was hy no means simple, despite the 
fact that there was no consideration other than the dissection. 
In early experiments on the live animal it proved, in addition, 
to he hazardous and time-consuming, as indeed was to he expected, 
for the region abounds in blood vessels. Notwithstanding the 
difficulties, a technique was soon evolved which pexmitted of 
rapid identification and exposure of the nerve. The method was 
employed in over forty of the experiments necessitating sinus 
nerve exposure and was found to he very satisfactory. It is 
given here in detail.

METHOD OF EXPOSING- THE SINUS NERVE.
(1) The anaesthetized cat is placed on its hack with all 

limbs extended and secured. An ellipse of skin is removed from 
the neck, from the manubrium to within an inch of the symphysis 
of the mandible. The trachea is exposed hy separating the 
right stemo-thyroideus muscle from the left and is cannulated.

(2)/
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(2) The carotid sheath lying on the prevertebral muscles 

is exposed hy blunt dissection, the line of cleavage being 
between m. stemothyroideus mediad and m. sterno-mastoideus 
laterad. (At this point the vagus is prepared before pursuing 
the sinus nerve exposure. The vago-sympathetic trunk is 
separated from the carotid sheath and the cervical sympathetic 
stripped off the lower 2 cm. or so of vagus and removed. The 
vagus is ligatured and cut low in the neck).

(3) The cleavage plane is continued cephalad, division of 
likely bleeders being made between cotton ligatures, and the 
carotid sheath followed headwards. The communicating branch 
from the anterior facial vein of the other side is cut between 
ligatures and the carotid sheath exposed as it lies between the 
large lymph gland and m. thyroideus. M. stylohyoideus is 
divided to reveal the lingual branch of the external carotid 
artery. The lingual artery and the accompanying hypoglossal 
nerve are now laid bare by separating m. mylohyoideus from m. 
digastricus which, in turn, is retracted laterad exposing the 
external carotid artery as far as its external maxillary branch.

(4) The external carotid artery is now divided between stout 
cotton ligatures, and the cardiac end lifted gently by the uncut 
ligature and retracted ventrad. By blunt dissection the tympanic 
bulla is approached. The glosso-pharyngeal nerve is identified, 
carefully separated out from the adherent connective tissue 
binding it to the bone, and is looped, tied and cut as far 
distally as possible. The central end of the nerve is gently 
raisec^
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raised by the ligature and the small twigs on the cranial 
aspect are cut, and the nerve cleared along its length to 
within a few millimetres of its exit from the skull. Now, 
attention is focussed on the caudal aspect of the nerve (that 
is to say, the length presenting to the sinus region and to which 
the sinus nerve runs). Soft blunt dissection of the fatty 
tissues lying between the raised glossopharyngeal nerve and the 
sinus region soon reveals a slender twig running from the sinus 
region to join the glossopharyngeal nerve. The nerve is minute 
but can be identified readily, being almost constant in position 
and characteristically joining the glossopharyngeal nerve in 
such a fashion that the division between the two is apparent for 
one or two millimetres. About 5 - 8  millimetres of the nerve 
are cleared. If exposure is unsatisfactory, the approach is 
opened up by cutting between ligatures the muscular and glandular 
branches of the common carotid which sometimes obscure the infero- 
lateral approach.

Methods;
Cats were used. They were anaesthetized with nembutal as 

before. Both vagi were cut, both sinus nerves exposed, and the 
trachea cannulat ed as detailed. Blood pressure records were 
taken from the left carotid artery. Citrate was used as anti
coagulant. All animals were artificially ventilated from the 
beginning of the experiment, care being taken to avoid over or 
under-ventilation. One or two animals had the pleural space 
opened from below by tubes inserted through the upper abdomen 
and/
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and diaphragm. This method was soon abandoned as it proved 
inadequate to prevent secondary changes in blood pressure 
arising as a result of the vigorous respiratory activity caused 
by sinus nerve stimulation. Accordingly, bilateral open pneumo
thorax was routinely carried out, a portion of a rib on each 
side being removed. This proved adequate in preventing thoracic 
movements from influencing pulmonary ventilation or blood 
pressure. The technique adopted is here detailed.

METHOD OF OPENING THE CHEST.
When the chest is to be opened, this is carried out 

immediately before the blood pressure cannula is inserted and 
recording commenced. At this stage artificial ventilation is 
begun by attaching the Starling pump to the tracheal cannula.

The procedure is as follows:
(1) An ellipse of skin is taken from the postero-lateral

aspect of the chest of sufficient size to provide 
adequate exposure of three of the lower ribs.

(2) The next step consists of ligaturing the rib, a section
of which is to be removed - and also the rib above and 
below, (if this is not done trouble from bleeding is 
encountered). Ligatures are placed round the rib at 
the lower end of the cleared area, that is, just 
posterior to the most lateral point of the rib. Before 
each ligature is passed round the rib, (by an aneurysm 
needle) the way is cleared by piercing the chest with
a /
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a closed haemostat. Once the pleural space has been 
punctured it is held open, the Starling pump is stopped, 
and the lungs allowed to collapse safely out of reach 
of the instrument or ligature. The stout cotton thread 
is rapidly passed round the rib and firmly tied. 
Artificial ventilation is then reinstituted. The whole 
process takes but a few seconds. This manoeuvre is 
adopted as it is easy to injure or catch the lungs if 
such precautions are not taken.

Each of the three ribs is ligatured in similar fashion, 
artificial ventilation being stopped each time.

(3) The intercostal vessels having been thus secured, the 
centre rib is freed for about f* on each side ventral 
to the ligature. A large haemostat is then applied to 
each end of this cleared portion of rib. Again, as 
each is applied the lungs are collapsed by stopping the 
pump. The portion of bone between the haemostats is 
then removed with bone nibbling forceps. Each free and 
of the rib is now firmly crushed between the holding 
haemostat to compress the spongy bone and prevent 
bleeding. A stout ligature is then passed round each 
rib end and the surrounding muscle before the haemostat 
is removed. In the case of the ventral stump this is 
a very necessary precaution for no attempt has so far 
been made to prevent haemorrhage from the anastomosing 
vessels tracking toward the field from the ventral 
aspect/
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aspect of the chest. On the dorsal stump it serves 
as extra protection.

ie.
The operation results in a hole in/chest wall about 
1.5 can. in diameter. This is kept covered with loose 
web gauze moistened with warn Ringer-Locke solution 
which prevents drying of the thoracic contents and 
excessive heat loss,while interfering little with the 
efficiency of the opening. The warmth of the gauze 
is maintained by suitably sited electric bulbs.

The whole procedure is repeated on the other side of 
the chest.

The temperature of these animals must be carefully watched 
for considerable loss of heat may occur from the open pneumo
thorax. During experiments the room is kept well heated, usually 
at 70°F. or more. An especially careful watch is kept over the 
animal*s rectal temperature, which is recorded throughout by 
indwelling thermometer.

When the animal had been thus prepared, the experiment was 
' begun. The sinus nerve (usually the right but sometimes the 
left) was carefully laid across the chlorided electrodes,which 
were inserted up to the sinus region by a caudo-lateral approach. 
The nerve was left intact, for it was found that as it lay in 
its natural position it was ideally placed to receive the 
electrodes. Moreover, experience showed that such a preparation 
lasted much longer than if the nerve were cut. Control stimul
ations carried out with the sinus nerve tied and cut gave 
results/



ELECTRICAL STIMULATION OP THE SINUS NERVE, 

THE EFFECT OP NEMBUTAL.

A B
3. Cat* Anaesthetic nembutal. Artificial 

respiration. Bilateral open pneumothorax. 
Arterial B.P. (left carotid artery).
Time 3 se c .
A. Nembutal 40 mg/Kg. (total).

Stimulation of right sinus nerve 30 V.
30/sec. (Whitfield).

Between A and B 15 mg/Kg. nembutal were given 
intraperitoneally and 40 mins. have elapsed.
B. Nembutal 65 mg/Kg. (total).

Stimulation of right sinus nerve 30 Y.
30/sec. (Whitfield).
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results in every way comparable to those with the nerve intact.

The experiments were conducted along similar lines to 
those already carried out in assessing the effects of nembutal 
on the vagal responses. Condenser discharges from the Whitfield 
stimulator were applied to the sinus nerve in the normally 
(lightly) anaesthetized cat, and a stimulus was selected which 
gave pronounced depressor effects on the blood pressure on 
repeated tests. Thereafter, the animal was given additional 
doses of nembutal intraperitoneally and the same stimulus 
repeated.

Results:
In each of several animals, it was found that where 

electrical stimulation of the sinus nerve in the normally 
nembutalized cat produced a fall in blood pressure, repetition 
of the same stimulus in deep nembutal anaesthesia had the 
opposite effect, causing a pronounced pressor response (Fig. 3).

I n te r p r e ta t io n :

The experiments clearly indicated that the action of 
nembutal was not confined to the vagus nerve, but that it 
produced a similar ’reversal* in the more essentially vasomotor 
sinus nerve.
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C H A P T E R  III.

THE EFFECT OF NEMBUTAL MORE CLOSELY EXAMINED.

The last two sections have been devoted to a description 
of technique, and to illustration of the alteration of the 
* normal * sinus and vagus responses brought about by nembutal. 
Little detail was given as it was intended only to introduce 
the problem. Now the findings may be related in greater detail 
and presented together, for it is apparent that the phenomenon 
concerns both nerves.

It has been shown that administration of nembutal in 
excess brings about a 'reversal* of the normal expected depressor 
responses both in the vagus and sinus nerves, and tracings have 
been selected which illustrate the fall in blood pressure 
obtained in light nembutal anaesthesia and the rise observed 
when the anaesthesia is deepened. The two responses, however, 
do not occur the one immediately after the other. Between them 
there is a period when vagus or sinus nerve stimulation yields 
neither the one effect nor the other.

It will no doubt have been observed that to bring about
the abnormal response, nembutal was given in several small doses
over an interval of time. This was done for two reasons, firstly,
to assess the total amount of nembutal required to produce the
reversed response and, secondly, to permit of examination of the
stages between the normal depressor and the fully established
pressor effect. It transpired that this method of piecemeal 
administ ration/
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administration of the anaesthetic was unsatisfactory from the 
point of view of obtaining powerful pressor responses. It was 
useful, however, in that it clearly revealed the various stages 
in the production of the pressor response.

Where the nembutal was given intraperitoneally in 20 mg. 
doses at intervals of more than 20 min. there was an increase 
in the depth of anaesthesia and a tendency for the blood 
pressure gradually to fall. In most animals, repeated stimul
ation of the vagus as the total injected nembutal mounted, 
revealed a tendency for the percentage fall in blood pressure 
to decrease. In some, this diminished fall during stimulation 
was followed by a distinct after-rise when the stimulus was 
withdrawn. In others, the depression of blood pressure was ill 
sustained and tended to return to the normal level during 
stimulation, sometimes falling short of it and at others rising 
above it. As more nembutal was given the depressor component 
of these responses diminished while the pressor component 
increased, so that there resulted a biphasic response, the initial 
phase always being depressor. Finally, the depressor component 
was lost and the first deviation observed was a rise.

Assay of the amount of nembutal required to produce the
pressor response proved impracticable by this method of
successive small doses, for there was much variation among
different animals and indeed the 'reversed* response was not
always obtained. In three cats submitted to such methods,
results were obtained which were, although qualitatively similar, 
certainly/



TRANSITION RESPONSES.
EFFECT OF REPEATED SMALL DOSES OF NEMBUTAL GIVEN 
INT RAPERIT ONEALLI. |

■“!!!wjjjjjjja saaB ssi
A ' B C

F ig . 4 . Cat. Anaesthetic nembutal. Double vagotomy. 
A r t if ic ia l  resp iration . Thorax intubated .
A rteria l B.P. ( l e f t  femoral a r tery ).
Time 5 sec .
At each sign a l the l e f t  vagus i s  stim ulated  
15 V. 3 0 /sec . (W h itfie ld ).
Between stim uli nembutal given in tra p er ito n ea lly  
in  small doses.
A. Nembutal 50 mg/Kg. ( to ta l)  2 hr. a f te r  induction
B. " 75 mg/Kg. " 4  hr. " "
C. " 98 mg/Kg. M 6 hr. tt "

EFFECT OF INTRAVENOUS INFUSION OF NEMBUTAL.8■ ■■
m ...... isaas .. m ass

A B c D
F ig . 5 . Cat. Chloroform. Nembutal I. V. 35 mg/Kg. Double 

vagotomy. A r t if ic ia l  resp ira tion . Thorax 
intubated. A rteria l B .P. ( l e f t  carotid  a r tery ).
Time 5 sec . At each sign al the right vagus 
i s  stim ulated 20 V. 3 0 /sec . (W h itfie ld ).
A. Nonbutal 35 mg/Kg. ( to ta l)  1 hr. 10 min. 

a fter  induction. Between A and B constant 
intravenous in fusion  o f nembutal begun
( 40 mg/hour) .

B. Nembutal 51 mg/Kg. 2 hr. 20 min. a fte r  induction
C. Nembutal 73 mg/Kg. 3 hr. 50 min. " "
D. Nembutal 92 mg/Kg. 5 hr. 10 m i n . " "



certainly very different quantitatively. Thus, in one female 
cat (2.8 Kg.) anaesthetized with nembutal (50 mg/Kg.), intra— 
peritoneal injection of additional doses of nembutal (30 mg.) 
at ^-hourly intervals begun 2-g- hours after induction, resulted 
in the appearance of a biphasic response in 4 hours, and a fully 
developed pressor response without depressor component in 5 hours. 
In another female cat (2.6 Kg.), however, again anaesthetized 
with 50 mg/Kg., in which the same course was followed, a biphasic 
response did not appear until 6 hours after induction, while even 
then the response was feeble and more anaesthetic resulted in 
the death of the animal. The results of the third experiment are 
shown opposite (Pig. 4).

It was thought that the variation in the amount of nembutal 
required, might be due to different rates of absorption of the 
anaesthetic, possibly attributable to injection of some of the 
drug into the gut, although such an accident was not discovered 
post mortem. To obviate the possibility of such a complication, 
nembutal was given intravenously to two animals. These were 
anaesthetized with chloroform and the nembutal (20 mg/cc.) 
slowly administered by the saphenous vein. The chloroform was 
withdrawn as the injection proceeded. 35 mg/Kg. of nembutal 
were given in just over three minutes. Thereafter dissection 
was carried out and the vagi prepared for stimulation* At this 
stage, constant intravenous infusion of nembutal (20 mg/cc.) 
was begun, the pump delivering 40 mg/hour, and the effects of 
vagal stimulation observed at intervals as the injection 
proceeded/
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proceeded. In the first animal (Fig. 5) the depressor response 
had become poorly sustained when the total nembutal had reached 
51 mg/Kg. and biphasic at 73 mg/Kg. Further nembutal did not 
suffice to produce the pressor effect and the animal died. In 
the second cat the same procedure was followed. This animal died 
when the total nembutal administered reached nearly 105 mg/Kg. 
without showing any indication of a pressor response, but merely 
a gradual fall in blood pressure.

It was apparent that although these experiments had 
indicated the nature of the intermediate responses to vagal 
stimulation, the quantitative aspect could not be readily 
determined by such methods unless considerable time was spent 
modifying the technique, rates of dosage and the like. But on 
consideration of the evidence provided it became clear that the 
appearance of the pressor response was a function of time. In 
the five animals cited, slow administration of the anaesthetic 
failed to produce a pressor response, or resulted in a feeble 
one, yet the amount of anaesthetic given was of the same order 
as that found adequate to produce vagal pressor responses in 
earlier experiments in which the anaesthetic was given more 
rapidly. In several succeeding experiments therefore, after 
the preliminary studies of the 1 normal* responses, and when it 
was required to produce a ‘reversed* response, this was done by 
giving 30 mg. or so at shorter intervals of about 15 min. This 
procedure certainly yielded pressor responses more readily and 
also confirmed that the intermediate responses were as described, 
but/



THE SINUS NERVE PRESSOR RESPONSE APPEARING AT 
A LIGHTER PLANE OP NEMBUTAL ANAESTHESIA THAN 
ITS VAGAL COUNTERPART.

C D
6. Cat. A naesthetic Nembutal. Double vagotomy. 

Left sinus nerve exposed and cu t. A r t i f i c ia l  
resp ira tio n . B ila te r a l open pneumothorax. 
Recolrds o f  chest movements (stethograph). 
A rter ia l B.P. ( l e f t  carotid  a r tery ).
Time 5 se c . Stim uli throughout 40 V.

3 0 /sec . (W h itfie ld ).
Upper 2 Tracings nembutal 50 mg/Kg. 1 h r . 35 mio* 
a fte r  induction .
A. Stim ulation o f right sinus nerve.
B. " n « vagus M
Between B and C 15 mg/Kg. nembutal in je c te d  
in t  raperit oneally .
C. Stim ulation o f right sinus nerve and right 

vagus 2 hr. 50 min. a f te r  ind uction .
Between C and D 15 mg/Kg. nembutal in jec te d  

in tra p er ito n ea lly .
D. Stim ulate right vagus 3 hr. 30 min. 

a fte r  induction .
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but in turn, was abandoned in favour of a still more massive 
scheme of dosage. By this last method, the pressor response 
was produced by giving intraperitoneally, in a single dose, half 
the amount of nembutal found to be required in the particular 
animal to produce an adequate depth of anaesthesia. Such an 
amount usually caused a profound fall in blood pressure which 
reached a minimum at or about 50 mm. Eg. within a few minutes.
At this stage, which lasts for varying periods of time, both weak 
and powerful stimuli are without any effect whatsoever. Such 
'areflexia* is, however, transient. Gradually the blood pressure 
rises, and as it does, the application of stimuli previously 
depressor causes faint pressor responses which become more and 
more pronounced, reaching a maximum in about 45 min., and lasting 
for an hour or more without decrement.

It must be emphasised that there is considerable variation 
in all these factors, fall in blood pressure, magnitude of 
response and times of the phases described. Further, in some 
animals, administration of the half-anaesthetic dose gives a 
short 'areflexic* period, after which a biphasic response is 
obtained. In these cases, injection of small doses of nembutal 
(20 - 30 mg.) rapidly leads to the establishment of a pure 
pressor response. Where the pressor response is tending to 
diminish, it can be restored in a similar manner.

So far, no mention has been made of the effects of sinus 
nerve stimulation, but much that has been said of the transition 
from the depressor to the pressor response in the vagus has been 
found/



THE EFFECT OF SPLANCHNIC NERVE STIMULATION DURING 
THE AREFLEXIC PERIOD FOLLOWING UPON A LARGE 
DOSE OF NEMBUTAL.

.  7 . Cat. A naesthetic nembutal. Double vagotomy. 
A r t if ic ia l  resp ira tio n . A rter ia l B .P. ( l e f t  
carotid  a r tery ). Time 5 sec .

In s e t: Stim ulation o f r igh t sinus nerve and
right vagus 20 V. 3 0 /se c . (W hitfield) 10 min. 
a fte r  in je c t io n  o f h a lf  anaesthetic  dose o f  
nembutal (25 mg/Kg.).

Large tra c in g . The e ffe c t  of stim ulation  o f  
the peripheral end of the right splanchnic 
nerve 3 min. la te r  w ith the same strength of  
stim ulus. Superimposed on the r is e  o f  B .P. 
are seen the e f fe c t s  of stim ulation o f the  
right sinus nerve (X 2) and the right vagus. 
Stimulus in  each case 20 V. 3 0 /sec .
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found to hold for the sinus nerve. like that of the vagus, the 
sinus nerve depressor response diminishes, becomes biphasic, 
the phases being depressor and pressor in order of appearance, 
and finally pressor. The main difference lies in the fact that 
it often needs but very small doses of nembutal (sometimes 
less than 10 mg/Kg.) rapidly to convert a marked fall on stimul
ation into a powerful rise. Thus it is that a sinus nerve 
‘reversed response' appears much sooner than its vagal counter
part (Fig. 6). As a result, biphasic responses are not so 
readily observed. Nevertheless, they do occur, and make their 
appearance, as in the vagus, when anaesthesia is not sufficiently 
deep. An example is illustrated in Chapter IV.

As with the vagus reflexes, large amounts of nembutal, such 
as the excess half anaesthetic dose, result in an areflexic 
stage where sinus nerve stimulation is quite without effect.

It was of interest to study the response of the peripheral 
vasoconstrictor mechanism during the reflex 'paralysis' and, 
accordingly, in one' animal the splanchnic nerve was exposed and 
cut at this stage and the peripheral end stimulated. The effect 
of this manoeuvre can be seen in Fig 7. Inset are the responses 
to vagus and sinus nerve stimulation 3 min. prior to the 
splanchnic nerve stimulation, and on the blood pressure trace 
resulting therefrom are seen the responses from both vagi and 
the right sinus nerve. They are still feebly pressor although 
the blood pressure lies between 175 and 150 mm. Hg. and one 
splanchnic nerve is cut.

When/



A TYPICAL VAGUS NERVE RESPONSE IN DEEP 
NEMBUTAL ANAESTHESIA.

10 y \

P ig . 8 . ji ■ ■■
Cat. A naesthetic nembutal. Double vagotcmy. Left 
sinus nerve cu t. A r t i f ic ia l  resp ira tio n . B ila te r a l  
open pneumothorax. A rter ia l B .P. ( l e f t  ca ro tid  a r te ry ). 
Respiratory movements (stethograph). Time 5 se c . 
Stim ulation of righ t vagus 40 V. 3 0 /sec . (W h itfie ld ). 
Record taken 4  hr. 30 min. a f te r  induction (45 mg/Kg) 
and 50 min. a fte r  'reversing* dose o f 25 mg/Kg. Small 
numbers re fer  to  heart ra tes in  the ten second periods 
in d icated  by the arrows. Small movements on the  
respiratory tracin g  are caused by the pump. There 
i s  no spontaneous resp ira tio n .

A TYPICAL SINUS NERVE RESPONSE IN DEEP 
NEMBUTAL ANAESTHESIA.

Cat. Anaesthetic nembutal. Preparation and records 
as in  animal above (P ig . 8 ) .  Stim ulation o f right 
sinus nerve 40 V. 3 0 /sec . (W h itfie ld ). Record taken 
3 hr. 20 min. a fte r  induction (40 mg/Kg.) and 1 hr. 
a fte r  'reversing* dose o f 25 mg/Kg. Two resp iratory  
movements are superimposed on waves due to  pump.



When w e ll developed, th e  re v e rsed  responses show se v e ra l 

c h a r a c te r i s t i c  f e a tu re s .  Thus, p re s so r  e f f e c t s  o b ta ined  from 

any one o f  th e  b u f f e r  nerves p re se n t a rem arkably uniform  

appearance, th e  h e ig h t and c o n fig u ra tio n  o f su ccessiv e  b lood 

p re s su re  t r a c in g s ,  i n  response to  th e  same s tim u lu s , be ing  

s t r ik in g ly  s im ila r .  Each nerve may, however, ten d  to  g ive  a 

response  d i f f e r in g  s l ig h t ly  in  e x te n t o r form from th o se  o b ta ined  

from th e  o th e rs ,  a lthough  th e  d if fe re n c e  between members o f a  

p a i r  such a s  th e  s in u s  nerves i s  u su a lly  sm all. In  g e n e ra l, 

la rg e  p re s s o r  responses from th e  vag i u su a lly  occur in  company 

w ith  marked s in u s  nerve re v e r s a ls  and v ic e  v e rs a . I t  must be 

remembered, however, th a t  s in u s  nerve rev e rsed  responses occur 

a t  a  much e a r l i e r  s ta g e . What i s  being  d iscu ssed  a t  p re se n t i s  

th e  n a tu re  o f th in g s  in  the  animal showing d ep re sso r responses 

from none o f th e  b u f f e r  n e rv e s , th e  k ind  o f p re p a ra tio n  one can 

produce a t  w i l l  by in je c t in g  a  'h a l f  a n a e s th e tic  do se ' o f 

nembutal (o r  l i t t l e  m ore), and th e r e a f t e r  w a itin g  u n t i l  th e  

b lood  p re ssu re  r i s e s  to  about 75 mm. Hg. At such a  s tag e  th e  

b lood p re ssu re  and h e a r t  r a t e ,  even in  anim als w ith  a l l  b u f f e r  

nerves c u t ,  a re  c h a ra c te r iz e d  by ro c k - l ik e  s te a d in e s s . I t  i s  

th en  th a t  th e  in f l e x ib le ,  uniform  p re s so r  responses make t h e i r  

appearance. Two have been chosen f o r  i l l u s t r a t i o n  a s  th e  ty p ic a l  

p re s so r  responses from th e  vagus (F ig . 8) and s in u s  nerve 

(P ig . 9) in  th e  over-nem butalized  c a t .  I t  must be s tre s s e d  th a t  

they  a re  examples ty p ic a l  o f  many sco res  o f 're v e rs a ls*  observed 

and a re  not s e le c te d  a s  being  e sp e c ia lly  marked. Much more 

pow erfu l/



SPONTANEOUS REVERSION,

A B C  D E F

P ig . 10. Cat. A naesthetic nembutal. Double vagotomy.
Left sinus nerve cu t. A r t i f ic ia l  resp ir 
a tio n . Thorax intubated . A rter ia l B.P.
( l e f t  carotid  a r tery ). F ir s t  2 Tracings 
obtained a fte r  50 mg/Kg. nembutal ( t o t a l ) .
A. Stim ulation o f right vagus nerve 40 V. 30/sec.
B. " " " sinus nerve 40 V. " M
Next 2 Tracings obtained 1 hr. 20 min. la te r .  
Nembutal 80 mg/Kg. (to ta il) .
C. Repeat vagus nerve stim u lation .
D. 11 sinus ,f "
Last 2 Tracings obtained 3 hr. a f t e r  ’reversed1 
responses.
E. Repeat vagus nerve stim u lation .
P. " sinus " "
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powerful responses do occur, and some are illustrated elsewhere.
In seme animals the rise is unaccompanied by increase in heart 
rate, in others (Pigs. 8 , 9 ) ,  there is a veiy small increase 
despite the vagotomy, but 'it is apparent that the pressor effects 
are independent of this and must be ascribed to vasomotor 
activity.

So much, then, for the developing and established ’reversed* 
responses. It was found that if animals showing pressor responses 
due to nembutal overdosage were left for same hours to recover 
these effects disappeared and were replaced by depressor responses 
of much the same kind as were found at the outset of the experiment 
during light anaesthesia (Pig* 10). The return to the expected 
response is very slow and goes through the same phases as does 
the developing reversed response, undergoing diminished and 
biphasic stages before becoming purely depressor. The biphasic 
stages are similar to those already described in that the first 
component is always depressor. As the depth of anaesthesia 
lessens, this initial phase becomes more and more marked and 
the rise becomes less, so that finally no trace of it remains.
The administration of more nembutal at this stage has been found 
to cause the reappearance of the reversed response.

There was no doubt then that both in the case of the sinus 
nerve and the vagus, the normal depressor responses to 
electrical stimulation could be converted to a rise of blood 
pressure by increase in the dosage of nembutal. The few 
animals in which the pressor responses failed to appear, when 
reviewed/
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reviewed in the light of later experience, were found to he 
those in which the nembutal was administered in inadequate 
manner. A great number of experiments (detailed in the chapters 
to follow) were carried out to analyse the pressor response, and 
showed that the reversed responses could be obtained regularly, 
in every animal. That the ’reversal' was due to the anaesthetic 
and to no other change in the preparation could not be doubted, 
for the various responses could all be seen to be closely 
dependent on the depth of anaesthesia, or concentration of the 
nembutal at any one time. The normal depressor responses in 
light anaesthesia, either at the commencement of the experiment 
or several hours after overdosage with nembutal when recovery 
was taking place, the biphasic responses at slightly deeper 
planes, the ’reversed* responses after considerable overdosage, 
and indeed the areflexic periods following upon massive injection, 
all bear witness to this.
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C H A P T E R  IV.

PICROTOXIN.

Having established that nembutal altered the effects of 
stimulation of the buffer nerves, it was of interest to 
determine the effect of a barbiturate antidote given to the 
animal showing ’reversed* responses. Picrotoxin, which is used 
extensively in the clinical treatment of barbiturate poisoning, 
was the obvious choice.

M ethods:

Cats were employed; they were anaesthetized with nembutal.
The vagi were cut and in some, one sinus nerve. Artificial 
ventilation was instituted and the blood pressure recorded from 
carotid or femoral artery. The vagus and sinus nerves were 
then stimulated, and control stimuli selected which produced 
powerful depressor responses. Thereafter, reversal of the response 
to electrical stimulation was caused by injecting a further dose 
or doses of nembutal. When marked pressor responses had been 
obtained, picrotoxin (B.P.C. Abbott: 0.3%) was injected intra
venously, and stimulation of the vagus or sinus nerve with the 
control stimulus repeated after the lapse of some minutes, 
usually less than five. This procedure of injection followed by 
stimulation was repeated where necessary at intervals of a few 
minutes.

Results:
(1) The Effect of Picrotoxin on the ‘Reversed* 

Resnonse/



THE EFFECT OF PICROTOXIN ON THE * REVERSED1 RESPONSE,

A B C

i

D E F

F ig . 11. Cat. Anaesthetic nembutal. Double vagotomy. 
Left sinus nerve cu t. A r t i f ic ia l  resp ir 
a tio n . Thorax intubated. A rter ia l B . P .
( l e f t  c a ro tid  a r t e r y ) .  Time 5 se c .
Upper 3 tracin gs: stim ulation  o f the righ t
sinus nerve 40 V. 3 0 /sec . (W h itfie ld ).
A. 2 hr. a f te r  induction . 43 mg/Kg. Nembutal.
B .  4  h r .  35 min. a f t e r  in d u c tio n .

Nembutal 83 mg/Kg. ( t o t a l ) .
C. 4 h r .  43 min. a f t e r  in d u c tio n .

P icrotoxin  1.1 mg/Kg.
I.V , 7 min. e a r l i e r .

Lower 3 tracin gs: stim ulation  o f right
vagus nerve 20 V. 3 0 /sec . (W h itfie ld ).
D. 1 hr. 50 min. a fte r  induction .
E. 4  hr. 28 min. a fte r  induction .

Nembutal 83 mg/Kg. ( t o t a l ) .
F. 4 hr. 47 min. a fte r  induction .

P icrotoxin  1.1 mg/Kg.
I.V . 11 min. e a r lie r .
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Response.
The procedure outlined has been carried out in nine 

animals. In eight of these, results were obtained -which were 
qualitatively similar. In each, picrotoxin caused a rapid 
conversion of the pressor to a depressor effect. The control 
depressor responses obtained from the sinus nerve and the vagus, 
the reversed responses obtained after nembutal overdosage, and 
finally, the conversion of these to depressor responses by the 
administration of picrotoxin are all illustrated in Fig. 11.
This animal, the second of the series, has been chosen for 
illustration, not merely to demonstrate the return to the 
expected response which follows injection of this drug, for 
indeed the falls in blood pressure obtained in this case are not 
so striking as were obtained in some subsequent experiments, but 
also to show that even where very marked depressor responses are 
obtained from the sinus nerve and vagus, under certain conditions 
the administration of nembutal may cause the appearance of 
equally striking rises in blood pressure.

(2) The Effect of Picrotoxin on the Blood Pressure.
Although picrotoxin had the same ultimate effect in each 

animal, the establishment of the depressor response was 
accompanied by different effects on the level of the systemic 
blood pressure. These are of special interest and will be 
related in some detail.

In one cat, that illustrated in Fig. 11, a single injection
(1 cc.) of picrotoxin served to bring about a marked rise in 
blood/



THE EFFECT OF PICROTOXIN ON THE ARTERIAL

B .P . AND THE REVERSED RESPONSES.

A B C D

12. Cat. A naesthetic nembutal. Double vagotomy. 
A r t i f ic ia l  resp ira tio n . B ila te r a l open 
pneumothorax. A rter ia l B.P. ( l e f t  caro tid  
a r te ry ). Time 5 sec .
A. Stim ulation o f right sinus nerve and righ t 

vagus (read l e f t  to  r ig h t) . 40 V. 3 0 /sec .
(W h itfie ld ).

3 hr. 50 min. a fte r  induction (4  5 mg/Kg.). 
40 min. a f te r  'reversing* dose nembutal

(25 mg/Kg.).
B. Stim uli repeated 5 min. la te r ,  3 min. 

a fte r  P icrotoxin  0 .9  mg/Kg. I.V .

C and D stim u li repeated 9 min. a f t e r  'B* 
and 6 min. a f te r  further 0 .3  mg/Kg. 
Picrotoxin .
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"blood pressure and clearly defined depressor responses. In 
three cats, 1 cc. (3 mg.) of picrotoxin, injected into one or 
other femoral vein, caused a rise of blood pressure, although 
the pressor responses persisted when the reflexes were tested 
a few minutes later* Subsequent administration of several 
(1 - 3) smaller doses (0.3 cc.) further raised the blood pressure 
and caused the appearance of the depressor response. Each of 
these animals was very profoundly anaesthetized at the moment of 
injection (Fig. 12).

In two cats, at a somewhat lighter plane, administration of 
picrotoxin (1 cc.) led to comparatively small rises in blood 
pressure but to the reappearance of depressor responses at this 
level (Pig. 13).

In two other cats there was a fall of about 20 mm. Hg. 
after intravenous injection of picrotoxin (1 cc.), but the blood 
pressure slowly rose to pass the 'pressor' level, and electrical 
stimulation of the buffer nerves yielded ‘depressor* responses. 
These two last animals were perhaps at a somewhat lighter plane 
of anaesthesia than the others.

(3) T ra n s it io n  Responses.

In  s e v e ra l o f  th e  e ig h t su cc e ss fu l experim ents, i t  was 

observed th a t  where th e  vagus o r s in u s  'r e v e rs e d ' response was 

in  p ro cess  o f  be ing  converted  to  a f a l l ,  t r a n s i t io n  responses

made their appearance which were of the same nature as those
\

observed during the development of the 'reversal* or during 
spontaneous reversion (Chap. III). They persisted for very 
brief/



THE EFFECT OF PICROTOXIN ON THE ARTERIAL

B .P . AND THE REVERSED RESPONSES.

13. Cat. A naesthetic nembutal. Double vagotomy. 
A r t i f ic ia l  resp ira tio n . B ila te r a l open 
pneumothorax. A rter ia l B.P. ( l e f t  carotid  
a r te ry ). Time 5 se c .

Upper tracing: ( l e f t  to  r ig h t) . Stim ulation
o f r igh t vagus, right sinus nerve, l e f t  
vagus and l e f t  sinus nerve. 2*j0 V. 3 0 /se c .

(W h itfie ld ).
3 hr. 35 min. a fte r  induction 50 mg/Kg.
1 hr. a fte r  ‘reversing* dose nembutal 25 mg/Kg.
Lower tracing: the same stim ulations
repeated 7 to  14 min. a f te r  th e  upper, and 
6 min. a f te r  1 .2  mg/Kg. P icrotoxin  I .V .



81.

brief periods, however, for the transition brought about by 
picrotoxin was usually very rapid, being complete within a few 
minutes. One such occurrence, favoured by cautious administr
ation of the drug, is shown in Fig. 14 (d). This figure 
illustrates phenomena also described in the last chapter, namely, 
a partial spontaneous reversion occurring in the sinus nerve 
response (B), and its conversion to a pure pressor response by 
the addition of nembutal (C).

(4) Picrotoxin - Nembutal Antagonism in the 
Intact Animal.

It has been found that just as picrotoxin reinstates a 
depressor response after its reversal by nembutal, so too does 
this latter drug re-establish a pressor effect abolished by the 
former. The rise due to nembutal and the fall due to picrotoxin 
are, in effect, both reversed by administration of the other drug. 
This has been found to hold good, in all of three experiments in 
vfoich it has been attempted, both for the sinus nerve and for the 
vagus. In these animals the responses could be altered at will, 
see-saw fashion (Fig. 14, A, C, E, F, G-).

(5) Other Effects Accompanying Picrotoxin 
Administration.

The effects of picrotoxin were not, of course, confined to 
restoration of the expected depressor activity to the buffer 
nerves, or to alteration of the level of systemic blood pressure, 
although such actions were those of particular interest and were 
those most closely studied. In most animals, other indications 
of/



D E F a

F ig . 14. Cat. A naesthetic nembutal. Double vagotomy.
Left sinus nerve cu t. A r t i f ic ia l  r esp ira t
io n . B ila te r a l open pneumothorax. Respir
atory movements ( stethograph). A rter ia l 
blood pressure ( l e f t  carotid  a r te iy ) .

ft
Induction nembutal (40 mg/Kg.). 
Stim ulate right sinus nerve

40 V. 3 0 /sec . (A).
‘Reversing* dose nembutal given

(20 mg/Kg.). 
Repeat sinus nerve s tim u la tio n .(B ). 
Nembutal 10 mg/Kg. in jec te d

in tra p er it on ea lly . 
Repeat sinus nerve stim ulation  (C). 
0 .3  c c . P icrotoxin  intravenously  

( 0 .3  mg/Kg.).
0 .3  c c . " intravenously

( 0 .3  mg/Kg.).
Repeat sinus nerve stim ulation  (D). 
0 .3  c c . P icrotoxin  in travenously . 
Repeat sinus nerve stim ulation  (E ). 
Nembutal 10 mg/Kg. in travenously . 
Repeat sinus nerve stim u lation  (F)*
1 .0  cc . P icrotoxin  1.V.

( 1 mg/Kg.).
0 .5  c c . " 1.V.

( 0 .5  mg/Kg.).
Repeat sinus nerve stim ulation  (G-).

Time 5 sec,
9.40 a.m.CMO•T- a.m.

12.10 p.m.

1.50 p.m.
3.15 p.m.

3.33 p.m.
3.57 p.m.

4.01 p.m.

4 .0 6 p.m.
4.11 p.m.
4.26 p.m.
4.40 p.m.
5.02 p.m.
5.05 p.m.

5.09 p.m.

5.10 p.m.
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of the analeptic powers were manifest, and it is of interest to 
relate these well known effects to the reappearance of the 
depressor reflexes.

At a time when the drug had been given in sufficient amount 
to cause the return of the depressor response, there was usually 
present some other indication of its action, such as an increase 
in respiratory irritability as shown by sinus nerve stimulation 
(Fig. 14, E) or by the return of spontaneous respiration, or a 
return of the comeal or pad withdrawal reflexes, or even 
twitching of the vibrissae. But in some cats in which the dose 
of picrotoxin was insufficient to cause any of these effects, and 
the animal was seemingly yet deeply anaesthetized, the amount of 
the drug given sufficed to restore the depressor effect.

(6) Failure to Regain the Depressor Response.
The one experiment in which a depressor response was not

observed can be discounted as the technique of administration 
of the picrotoxin was at fault. In this animal, 3 mg. of 
picrotoxin caused a rise in blood pressure from 75 mm. to 95 mm., 
but without conversion of the pressor response. Another 3 mg. 
given after 4 min. led to a further rise to 130 mm., and to such 
marked twitching that the animal had to be destroyed with 
chloroform without testing the reflex. Administration of the drug 
had been incautious. In later experiments smaller injections, 
usually 1 mg., were given, and a longer interval was allowed 
between injections.

(7) The Dosage of Picrotoxin.
Since/
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Since these experiments were not devoted to the study of 
the effects of picrotoxin alone, and other aspects of the 
nambutal ’reversal* were also being investigated, there was 
considerable variation in the technique. Thus, at the time of 
administration of the drug, the animals were at varying depths 
of anaesthesia, and at different intervals both from the 
induction and the 1 reversing* doses of nembutal (which varied in 
themselves) • In consequence they provided only a rough 
indication of the amount of picrotoxin required. A quantitative 
assay was outwith the scope of a series intended primarily to 
determine the qualitative effects. The amounts of picrotoxin 
injected in the eight animals (expressed as mg/Kg. body weight), 
and after which depressor responses appeared were as follows:
0 .9 ,  1 .1 , 1 .2 ,  1 .2 , 1 .2 , 1 .3 , 1 .5 , 1 .8 .

The interpretation of these findings will be discussed 
later in conjunction with evidence provided by other experiments.
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C H A P T E R  V.

DECEHEBRATIQN EXPERIMENTS.

In the light of evidence of participation of nervous 
structures above the medulla in vasomotor reflexes, it was 
decided to devote several animals to the study of the effect of 
nembutal overdosage upon the vagus and sinus nerve reflexes of 
the decerebrate preparation. In this way, it was hoped further 
to localise the site of action of nembutal.

It is customary to decerebrate animals under a volatile 
anaesthetic, and dosage must be very heavy to obviate the gross 
disturbances and failures which otherwise readily occur. Such 
a method, however, was felt to be unsuited to the purpose in 
view, for in addition to the complication of an additional 
anaesthetic, there had also to be reckoned with two other 
factors, firstly, that the animals were to be vagotomized, and 
section of the vagi increases the liability to failure (WRIGHT, 
1928), and secondly, that dissection of a long and extensive 
nature had to be carried out. The uncertainty of obtaining a 
preparation in sufficiently good condition to endure the 
fluctuations of blood pressure consequent on buffer nerve 
stimulation, or to survive over the period of time taken for 
the ‘reversed* response to develop, caused such a technique 
to be unfavourably viewed. It was realised that another line 
of approach might well be adopted. Mention has been made 
already/
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already of the stability of the profoundly nembutalized animal 
(Chap. Ill), and it was decided to utilise this state for the 
performance of the decerebrations. By this means it could be 
discovered whether or not the ‘pressor* responses were dependent 
or independent of the brain matter above the level of decerebr
ation.

Methods:
Six cats were employed in the study. Anaesthesia was 

obtained by injecting nembutal intraperitoneally (40 + mg/Kg.).
A tracheal cannula was inserted. Both vagi and both sinus 
nerves were exposed and the vagi cut. Bilateral open pneumo
thorax (rib resection) was performed and artificial respiration 
begun. Records of the arterial blood pressure were taken from 
the left carotid arteiy (citrate was used). The right carotid 
artery was tied.

When dissection had been completed, control responses to 
electrical stimulation of the vagus and sinus nerves were 
obtained. Stimuli were chosen which gave distinct depressor 
responses. Thereafter a ‘reversing* dose of nembutal was given, 
and if necessary, supplemented with further doses to produce an 
especially profound anaesthesia, so that buffer nerve stimulation 
showed the pressor response. This was allowed to develop until 
it was well marked, but as far as possible care was taken to 
prevent there being too great an interval between the ‘reversing* 
dose and the decerebratian, for such would allow the anaesthesia 
to lighten and increase the risk of the operation. When control 
’reversed*/



* reversed* responses had been obtained, the animal was rapidly 
decerebrated. This step was carried out by turning the animal 
spine up to expose the back of the head which was then firmly 
held. A mid line incision was made from the orbits to below 
the lambdoidal ridge. The skin was retracted laterally. The 
medial part of the floor of the left temporal fossa was stripped 
of m. temporalis and the bone cleared by separating this muscle 
laterally. A J'* trephine opening was made through the left 
parietal eminence and extended with bone-nibblers to the level of 
the bony tentorium caudally. The dura was cut with fine scissors 
and retracted. A blunt metal decerebrator was introduced below 
the occipital pole of the left cerebral hemisphere, care being 
taken to avoid stripping the dura off the skull, and the brain 
stem was sectioned with a single sweep of the instrument. This 
allowed all brain matter above the level of the section to be 
carefully scooped out. Again the dura was disturbed as little 
as possible. Special attention was paid to the hypophysis, this 
was carefully removed with forceps. Bone wax was now applied to 
the exposed cut bone to prevent bleeding and several layers of 
gauze moistened with Ringer-Locke placed over the opening in the 
skull. Finally the skin was closed over the swabs with clips.
The animal was now placed on its back so that the dorsum of 
the skull rested on a layer of cotton wool warned by the copper 
table top. There was remarkably little bleeding, and the 
vertebral arteries were manually occluded at the longest for 
3 min., and in two instances not at all. (Both carotids were
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of course tied early in the experiment). The reasons for the 
lack of haemorrhage were not hard to find. Firstly, decerebr
ation was always carried out at a low level of blood pressure 
due to the nembutal overdose, and secondly, tracings of the 
blood pressure taken throughout the operation showed that this 
level never rose by more than 40 mm, Hg., and usually by about 
20 mm, Hg., despite the irritant nature of the trauma involved, 
and the effect of occlusion of the vertebrals. This too must 
be ascribed to the nembutal, for it has been observed in several 
other decerebrations carried out under different anaesthetics 
that the rise in blood pressure, from trauma and asphyxia, 
accompanying the operation, was of a much greater order. Apart 
from the first experiment where the blood pressure fell from 
70 to 50 mm. Hg., the level after decerebration was found to 
have risen some millimetres in every animal.

Within a few minutes of completion of the operation, 
stimulation of the buffer nerves was repeated.

An especially careful watch was kept on the rectal 
temperature once decerebration had been performed.

Results:
(1) The First Experiments. The Method Justified.

The first animal showed that the ‘reversed* responses, 
sinus and vagua, persisted after decerebration was carried out 
at a level between the upper and lower corpora quadrigemina.
As has been mentioned, the blood pressure was low, due to 
haemorrhage from insufficiency of bone wax, but there was no 
doubt/
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doubt that in this animal removal of all brain matter above 
the inferior corpora had not caused the disappearance of the 
pressor responses. That being so,it was obvious that the 
effect of picrotoxin should be investigated. Accordingly,
1.0 cc. of this drug (3 mg.) were given intravenously. There 
was no appreciable effect on blood pressure four minutes later 
and responses to stimulation were doubtful. A further injection 
(1.0 cc.) caused the appearance of twitching but stimulation of 
the vagi and the right sinus nerve now caused a definite although 
feeble fall in blood pressure. Shortly thereafter the animal 
was killed. The skull and its contents were then placed in 
foimalin and after hardening the brain was removed and the level 
of section studied.

This experiment confirmed the belief that such an approach 
was practicable and would yield Satisfactory results.

(2) The Second Experiment. The Effects of Nembutal 
and Picrotoxin Persist.

A second animal was subjected to the same procedure 
(Fig. 15). The details of this experiment are as follows:- 
Time from induction.
0 hrs. Induction. 40 mg/Kg. nembutal I.P.
0 hr. 15 min. Began dissection.
1 h r .  35 m in. D isse c tio n  com pleted: (Trachea can n u la ted .

R. and L. vagi and R. sinus nerve prepared 
for stimulation. L. sinus nerve cut. R. 
carotid artery tied. L. carotid artery 
cannulatec/



THE REVERSED RESPONSES IN THE DECEREBRATE CAT

ig .  15« ( See text for  f u l l  d e scr ip tio n ).
Each s e r ie s  A, B, C and D shows the e f fe c t s  
o f stim ulation  o f the right vagus, l e f t  
vagus and r igh t sinus nerve ( l e f t  to  r ig h t) .  
Stim uli 40 V. 3 0 /sec . (W h itfie ld ).
A. 2 hr. a f te r  induction . Nembutal 52 mg/Kg.

( to ta l)
B. 3 hr. 15 min. a fter  induction . Nembutal

78 mg/Kg. ( to ta l)
Between B and C animal decerebrated.

C. 3 hr. 31 min. a fte r  induction . Nembutal
78 mg/Kg. ( to ta l)

Between C and D p icrotox in  1 .8  mg/Kg.

D. 4  hr. 4 min. a fte r  induction .
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1 hr* 40 min*

2 hr.

2 hr. 15 min.

3 hr. 15 min.

3 hr. 21 min,

3 hr. 27 min, 
3/

cannulated to record B.P. Bilateral open 
pneumothorax (artificial respiration). 
Anaesthesia too light. Further 12 mg/Kg. 
nembutal given.
Control stimulation (40 V. 30/sec. Whitfield). 
R. and L. vagi and R. sinus nerve (Series A, 
Fig. 15) several tests.
’Reversing* dose nembutal I.P.
25 mg/Kg. (to total 78 mg/Kg.).
'Reversed* responses obtained when control 
stimuli repeated (Series B, Fig. 15). (The 
responses are somewhat unusual, the effect 
lasting long after stimulation has ceased.
This is especially the case with the right 
vagus and light sinus nerves. Because of 
this, the responses were tested several times. 
The same kind of tracings were obtained. In 
some subsequent experiments somewhat similar 
responses have been observed).
Decerebration. B.P. rose 30 mm. during 
operation which took just under four minutes 
to complete,from incision to waxing of the 
bone after removal of brain matter. The 
vertebral arteries were occluded for 2 min. 
Animal on back.
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3 hr. 31 min. Repeated control series stimuli (Series C,
Fig. 15). B.P. now 10 mm. above pre- 
decerebration level,but the operation has 
had but little effect on the configuration 
of the responses.

3 hr. 46 min. 1 cc. picrotoxin intravenously. (0.9 mg./Kg.).
3 hr. 50 min. B.P. now 110 mm. Hg. pressor persists.
3 hr. 53 min. 1 cc. picrotoxin I.V. (total 1.8 mg/Kg.).
4 hr. 4 min. Repeated control series stimuli (Series D,

Fig. 15).
Examination of the brain stem after hardening revealed 

section just below the inferior corpora posteriorly and involving 
the superior edge of the pons arteriorly.

(3) Further Localization by Descending Section.
Pour subsequent experiments were carried out to further 

localise the effects of the two drugs.
The technique employed was similar to that just detailed 

but more extensive. After decerebration at or about the inferior 
corpora quadrigemina, and after the ‘reversed* responses had 
been obtained from buffer nerve stimulation as in experiment 2, 
the brain stem was sliced from above down. In order to do this, 
the opening in the skull was extended across the midline with 
bone nibbling forceps to the parietal of the other side. Then 
the caudal aspect of this enlarged opening was further nibbled 
away, removing the posterior part of the parietals, including 
the bony tentorium, the interparietal, and encroaching more or 
less/
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less on the lambdoidal ridge. Bone wax was again liberally 
applied. In this way the cerebellum was revealed, and adequate 
exposure was obtained allowing of further interference with the 
brain matter under direct vision. Sections were made with a 
single sweep of the blunt decerebrator. As each was remaved,it 
was transfixed with a needle in such a manner that the several 
sections were built up on it to reproduce the whole, thus 
giving additional guiding information on the level of section 
reached. After each sectioning the responses were again tested. 
The cerebellum was removed in all four animals to permit 
exposure for the lower sections to be made.

Findings.
Confirmation of previous experiments.

The initial ‘high* decerebrations, usually about the 
inferior colliculus, were performed without difficulty and the 
preparations obtained showed no evidence of mal effect. In 

* each, the level of blood pressure showed no deterioration from 
that found prior to the operation, and indeed was found to have 
risen. Stimulation of the buffer nerves in three animals gave 
pressor responses similar to those obtained before decerebration.

In  a fourth, the effects of electrical stimulation of both 
vagi and both sinus nerves, pressor before decerebration, were 
found to be feebly depressor after decerebration. After a few 
minutes they were more strongly depressor* This was possibly 
to be due to the fact that decerebration was carried out when 
the effects of the nembutal were wearing off, and perhaps the 
operative/



DECEREBRATION EXPERIMENTS.
DIAGRAM OP CAT BRAIN STEM TO SHOW LEVELS OP SECTIONS,

ICQ

PONS

VC

Pig. 16. Dotted lines indicate lowest levels of
sections reached in each of the 6 experi
ments. Shown also is the approximate 
extent of the pressor (P) and depressor

S centres according to Alexander, 
•esentation after Lumsden).

RESULTS.

Expt.
Pressor Responses 
after high 
decerebrati on

Pressor Responses 
after section 

shown
Nerves
Stimulated

Depressor
Responses
after

Picro
toxin

1 Obtained Obtained Both vagi. 
Right 
Sinus N.

Obtained

2 Do. Do. Do. Do.
3 Do. Do. Both vagi. 

Both
Sinus N*s. Do. ^

4 Do. Do. Both vagi. Do.
5 Do. Do. Both vagi. 

Right 
Sinus N.

Do.

6 Do. Absent
(Nerves
injured)

Both vagi. 
Both
Sinus N's.

—
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operative interference hastened the spontaneous reversion* 
which was taking place. Be this as it may, by injecting 
nembutal (10 mg/Kg. + 5 mg/Kg.) intraperitoneally the depressor 
responses obtained in this decerebrate proportion were converted 
to pressor.

All four animals then confirmed experiments 1 and 2.
(b) The more accurate localization.

In the four animals further section of the brain stem 
after the •reversed* responses had been obtained, showed that 
these pressor effects persisted almost unchanged as increasing 
amounts of the brain were removed.

In one instance, the 1 reversed* responses were present when 
the entire pons and brain matter above the level of the eighth 
nerve were removed (Fig. 16, Section 5)* In this animal, as in 
the others in which serial section stopped short of this poiiit 
(Pig. 16, Sections 3* 4)# it was found that picrotoxin caused 
much the same effect as in the intact animal, that is, a rise 
in blood pressure and a return of the depressor effects of 
buffer nerve stimulation.

In the last animal the pressor responses disappeared when 
lower section was attempted. It was found in this case that 
section had involved the point of origin of the ninth and tenth 
nerves (Pig. 16, Section 6).

The table accompanying Pig. 16 summarises the findings.
The extent of the medullary vasomotor centres is indicated in 
the figure, and it can be seen that no section encroached on the 
depressor/



NEMBUTAL PICROTOXIN ANTAGONISM IN THE DECEREBRATE CAT

C D E

P ig . 17. C at. A n aesth e tic  nem butal. Double vagotomy.
Left sinus nerve cu t. A r t i f ic ia l  r esp ira t
io n . B ila te r a l open pneumothorax.
A rter ia l B. P. ( l e f t  carotid  a r tery ).
Time 5 sec .
Each tracin g  shows the e f fe c t  of stim ulation  
of the right vagus (40 V. 3 0 /se c . W h itfie ld ).
A. C.N.S. i n t a c t .  Nembutal 60 mg/Kg.
B. C.N.S. in ta c t .  Nembutal 130 mg/Kg.

Animal decerebrated between B and C.
C. Brain stem section ed  below pons

(S ec tio n  4 , P ig . 1 6 ).
Between C and D P icrotoxin  6.9 mg/Kg. I.V .

D. A fter P icrotox in .
Between D and E nembutal 20 mg/Kg. I.V .

E. A fter Nembutal.
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depressor region (nor could do so without severing the 
connections of the buffer nerves with the brain). Sections 3,
4 and 5 remove some of the pressor area, yet as can be seen 
(Fig. 17) the pressor response is little affected. This might 
be explained by the small extent of the pressor area removed, 
or by ALEXANDERS (1946) finding that the upper limits of the 
pressor area are more poorly endowed with pressor points than1 
the lower and more significant areas.

(4) Picrotoxin-rNem butal Antagonism in  th e  

D ecerebrate  P rep a ra tio n .

The same antagonistic effects of these drugs, as have been 
described already as occurring in the intact animal, were also 
found in the decerebrate preparation. Thus, in each of two cats, 
the administration of nembutal re-established the pressor effect 
abolished by picrotoxin (Fig. 17).

(5) The Dosage o f  P ic ro to x in  in  th e  D ecerebrate  

P re p a ra tio n .

In the five animals to which picrotoxin was given, it was 
found that the following amounts (in mg/Kg. body weight) were 
required to convert the pressor effects of buffer nerve stimul
ation to depressor: 2.1, 1.8, 2.5, 6.9 and 3.8.

These values are certainly higher than those found 
necessary in the intact animal, but this difference between the 
two series is probably explained by the difference in depth of 
narcosis, the decerebrate preparations being especially heavily 
overdosed. This was certainly the case in animals four and five, 
particularly/
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particularly the former. In this instance, nembutal had been 
admiijistered to a total of 1J0 mg/Kg. Nevertheless it is 
remarkable that here the very massive dose of 6.9 mg/Kg. 
picrotoxin (5*75 cc.) was required.

Interpretati on:
The experiments clearly indicate that nervous structures 

above the known medullary vasomotor centres are not required for 
the ‘reversal' of the vasomotor effect of buffer nerve stimul
ation brought about by nembutal overdosage. Further, the 
similarity of the ‘reversed* responses obtained in the absence 
of such structures, with those found in their presence suggests 
that the nervous mechanisms above the medulla play no part 
whatsoever in their production.

The experiments have also shown that the site of action 
of both nembutal and picrotoxin must lie at or below the level 
of the medullary vasomotor' centres.

i
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C H A P T E R  VI.

PRESSOR. RESPONSES FROM THE SINUS NERVE IN THE NORMALLY 
ANAESTHETIZED ANIMAL.

It has been pointed out earlier (p. 48) that the normal 
expected response to electrical stimulation of the sinus nerve 
is vasodilation and a fall in blood pressure, and that a rise 
in blood pressure has been observed only rarely, and then under 
abnormal conditions where the depth of anaesthesia has been 
insufficient or the strength of stimulus used excessive. These 
'reflexes douloureux' have been observed frequently in this 
series of experiments, and familiarity with such responses and 
the conditions under which they manifest themselves has been 
acquired. It transpired, however, that pressor responses of a 
quite different nature were readily demonstrable.

Fran the very first experiment it was apparent that, in 
normal nembutal anaesthesia, a rise of blood pressure was much 
more readily obtained than a fall when either of the sinus 
nerves was stimulated with the Whitfield device. Indeed, so 
regularly did the pressor responses appear (in every animal) 
that doubt was cast on the identity of the structure stimulated. 
Consequently, steps were taken to verify its identity (these are 
detailed later - Chap XI), and it was proved to be the sinus 
nerve as described by BERING.

It will have been observed that where experiments involving 
electrical stimulation of the sinus nerve have been carried out, 
mention/



THE EFFECT OP STIMULUS STRENGTH ON THE SINUS NERVE

REFLEXES IN THE NORMALLY NEMBUTALIZED CAT.

A B

F ig . 18. Cat. Anaesthetic nembutal 2+0 mg/Kg. Double 
vagotomy. A r t i f ic ia l  resp ira tio n .
B ila te r a l open pneumothorax. A rter ia l blood  
pressure ( l e f t  carotid  a r tery ). Time 5 se c .

A. Stim ulation o f  right sinus nerve 8 V.
3 0 /sec . (W h itfie ld ).

B. ” " " sinus nerve 2+0 V.
3 0 /sec . (W h itfie ld )•



mention has been made of the fact that stimuli were 'selected* 
which gave depressor responses. Now it has just been stated 
that electrical stimulation of the sinus nerve caused a rise in 
blood pressure in every animal. This also is true, and the rises 
of blood pressure were often very considerable. The two 
statements become reconcilable when the character of the stimulus 
employed is examined, for after one or two experiments it became 
apparent that this was of the greatest importance. It was found 
that weak stimulation was responsible far the pressor responses, 
while depressor responses of the nature expected from the work 
of others were only obtained with much stronger stimuli, often 
of the maximum strength of which the Whitfield stimulator was 
capable (40 volts). It was for this reason that such stimuli 
were adopted to obtain normal responses before the effect of 
excess nembutal was assessed.

What, in fact, had been found,was that during light nembutal 
anaesthesia vasomotor responses of quite opposite sign could be 
regularly elicited from the sinus nerve by appropriate electrical 
stimulation.

Now the fact that such a phenomen had not previously been 
described, coupled with the finding that nembutal in excess 
converted the expected depressor response to a rise, hinted at 
this pressor effect observed in light nembutal anaesthesia being 
associated in some way with that particular anaesthetic. 
Nevertheless, it was considered possible that the two effects,
the rise and the fall, might be independent of the anaesthetic 
and be functions of the stimulus strength.
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C H A P T E R  VII.

THE EFFECTS OF SINUS NERVE STIMULATION IN THE 
NON-MAESTHETIZED (DECEREBRATE) PREPARATION.

Whether or not the pressor effects brought about by sinus 
nerve stimulation were independent of the anaesthetic might be 
shewn by experiment on the non-anaesthetized animal. To this 
end several such preparations were studied.

Methods:

Three cats were employed. They were anesthetized with 
volatile anaesthetic (1 part chloroform to 3 parts ether). A 
tracheal cannula was inserted and light anaesthesia was 
continued by a chlorofom-ether swab lightly applied to its 
opening. The vago-sympathetic trunk was exposed and cut, and 
the carotid arteries clipped. These steps were done as rapidly 
as possible and were completed in a few minutes. The animal was 
now turned back up and anaesthesia was deepened while exposure of 
the skull was taking place. This and the actual decerebration 
were carried out as described for the deeply nembutalized animal, 
except that the process was completed much more quickly. 
Anaesthetic was withdrawn immediately after section of the brain 
stem, and the brain matter above the section (at about the 
superior corpora) scooped out. During this, and for about a 
minute thereafter the vertebral arteries were manually occluded. 
The animal was now laid on its side, head raised, and the wound 
covered with swabs moistened with warn RingexvLocke. Bleeding 
was/
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was greater than with nembutal, but plugging with cotton wool 
was avoided. The animal was left undisturbed for one hour 
permitting the anaesthetic to be washed out. The head was then 
lowered by stages, a minute or so between each, until the animal 
was again lying on its back. The carotid arteries, which had 
been clipped throughout, were now tied off. The right sinus 
nerve was dissected out and made ready for stimulation. The left 
carotid artery was cannulated to record the blood pressure. 
Ventilation was recorded by a modified version of GAD&JM’s 
apparatus (described in Chap. XVIII).

When these stages had been completed, the silver-silver 
chloride electrodes were fixed in position and the effects of 
sinus nerve stimulation observed.

Results:
In two animals, stimulation of the right sinus nerve with 

many stimuli between 2V. 30/sec. and 20V. 30/sec. (Whitfield 
stimulator) caused marked rises in blood pressure. No depressor 
responses were obtained. At the lower voltages these pressor 
responses were unaccompanied by any signs of agitation or spread. 
At higher voltages there was marked agitation, twitching, 
convulsive movements and gasping respiration, so much so that 
the stronger stimuli found effective in producing depressor 
responses in the nembutalized cat could not be employed.

In the third animal, however, although powerful pressor 
responses were readily obtained with weak stimulation (4V. 30/ 
sec.), it was found that a stimulus of 40V. 30/sec. could be 
employed/



THE EFFECT OF STIMULUS STRENGTH ON THE SINUS NERVE

REFLEXES IN THE NON-ANAESTHETIZED (DECEREBRATE) CAT

A B C

F ig . 19* Cat. Decerebrate. Double vagotomy.
Spontaneous resp iration  (recorded m odified  
Gaddura apparatus). A rter ia l blood pressure  
( l e f t  carotid  a r tery ).  Right carotid  
artery t ie d .

A.  Stim ulation o f  right sinus nerve 4  V. 30/sec#

B.  11 w " A j O  V . 3 0 /se c .

C . 11 w m n « 4 v . 3 0 /s e c .
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employed -without such d is tu rb an ces  and th a t  t h i s  s tim ulus 

provoked only a  f a l l  (F ig . 1 9 ). The p re s so r  and dep resso r 

responses could  be re p e a te d . Furtherm ore, although the  anim al 

was no t be ing  a r t i f i c i a l l y  v e n t i la te d ,  th ese  e f f e c ts  could not 

be a sc r ib e d  to  m edullary  o r  sp in a l vasomotor a c t i v i ty  consequent 

on th e  a l t e r e d  q u a li ty  o f  th e  blood r e s u l t in g  from concom itant 

r e s p ir a to ry  changes. S a th e r  was th e  opposite  the  case , f o r  th e  

r i s e  in  b lood  p re ssu re  was accompanied by in c reased  v e n t i la t io n  

and th e  f a l l  by decreased  v e n t i la t io n .

I t  i s  o f  in t e r e s t  th a t  th i s  animal a ffo rd ed  the  only 

example o f  in h ib i t io n  o f r e s p ira t io n  brought about by e le c t r i c a l  

s tim u la tio n  o f th e  s inus nerve in  th e  la rg e  s e r ie s  o f anim als 

s tu d ie d .

I n t  e rp re t  a t i  on:

These experim ents s u ff ic e d  to  in d ic a te  th a t  the  p re s so r  

responses ob ta ined  w ith  th e  l e s s  pow erful s tim u la tio n s  of th e  

s in u s  nerve were not dependent on th e  presence o f  nem butal, and 

could re a d i ly  be  o b ta ined  in  th e  absence o f a n a e s th e tic .
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C H A P T E R  VIII.

ANALYSIS OF SINUS NERVE RESPONSES.

I t  was apparen t th a t  th e  dem onstration of a  re g u la r  

p re s so r  response to  e l e c t r i c a l  s tim u la tio n  o f th e  s inus n e rv e , 

in  a d d itio n  to  the  p re v io u s ly  d escribed  dep resso r a c t i v i t y ,  

was of th e  g re a te s t  s ig n if ic a n c e  in  th e  in te rp re ta t io n  o f th e  

rev e rsed  responses observed a f t e r  nembutal overdosage. F or 

t h i s  reaso n  i t  was e s s e n t ia l  th a t  th e  responses, e sp e c ia lly  th e  

p re s s o r ,  be tho rough ly  analysed  b efo re  the  problem of re v e rsa l 

o f th e  normal response be fu r th e r  pursued.

B esides t h i s  c o n s id e ra tio n  p e c u l ia r  to  th e  main theme of 

in v e s t ig a t io n ,  i t  was hoped th a t  such an a n a ly s is  would 

c o n tr ib u te  m a te r ia l ly  to  th e  knowledge o f th e  physiology of 

t h i s  h ig h ly  s p e c ia l is e d  sensory  nerve .

1 . experiments conducted under light nembutal anaesthesia.

In v e s tig a t io n s  c a r r ie d  out in  over a  score  o f c a ts ,  p r io r  

to  t h i s  immediate s tu d y , had shown th a t  weak s tim u la tio n  o f 

th e  s inus nerves caused a r i s e  in  blood p re s su re , w hile pow erful 

s tim u la tio n  was re q u ire d  to  e l i c i t  th e  ’normal* depresso r e f f e c t .  

These experim ents had been p rim arily  concerned w ith  even ts 

a p p e rta in in g  to  th e  normal depresso r response , and a p a r t from 

observing th e  p re s so r  responses and avo id ing  them by in c re a s in g  

th e  s tre n g th  o f s tim u la tio n , no d e ta i le d  a n a ly s is  c o r re la t in g  

stim ulus w ith  e f fe c t  was undertaken. In  th e  experim ents th a t  

fo llo w /
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fo llo w , a  c lo se  s tudy  was made o f th e  e f fe c ts  o f s tim u li o f 

d if f e r e n t  s t r e n g th s ,  during  which th re e  s tim u la to rs  o f 

d i f f e r e n t  c h a r a c te r i s t ic s  were employed.

(A).  A nalysis  w ith  th e  WHITFIELD S tim u la to r.

M ethods:

(a ) P rep a ra tio n  o f  th e  Animal.

C ats were u sed . They were a n ae s th e tize d  w ith  nembutal 

(40 mg/Kg. in t r a p e r i to n e a l ly ) , and t h i s  was supplemented, where 

n ecessa ry , by f u r th e r  doses (a  few mg/Kg.) u n t i l  an aes th es ia  

was s u f f ic ie n t ly  deep to  perm it o f operation* The tra ch ea  was 

cannu la ted , bo th  vag i were cu t low in  th e  neck, bo th  sinus 

nerves were c a re fu l ly  d is se c te d  out and one o r th e  o th e r was 

c u t .  A r t i f i c i a l  v e n t i la t io n  was begun and th e  chest was opened 

on each s id e .  The l e f t  c a ro tid  a r te ry  was cannulated , c i t r a t e  

being employed as  a n tic o a g u la n t. Records o f the  blood p re ssu re  

were taken by mercury manometer, and o f r e s p ira t io n  by a 

s te thog raph  a tta c h e d  round th e  lower r ib s  and h e ld  in  p o s it io n  

w ith  a  s to u t l i g a tu r e .  T racings as usual were made on a smoked 

paper.

The d is s e c t io n  was e x ten s iv e , bu t could be performed in  

most in s ta n c e s  in  under an hour, indeed in  some animals record ing  

was begun i n  le s s  th an  one hour from th e  in je c t io n  of the  

a n a e s th e tic . I t  was found th a t  th i s  ra p id  d is s e c tio n  u su a lly  

r e s u lte d  in  a  p re p a ra tio n  s t i l l  s u f f ic ie n t ly  a n ae s th e tize d  to  

perm it o f s tim u la tio n  a t  th e  commencement o f reco rd in g . In

some an im als, however, a d d itio n a l nembutal was g iven , again  a 

few/



THE WHITFIELD STIMULATOR

20. A s in g le  condenser d ischarge  from th e  
W h itfie ld  s tim u la to r . Photograph of 
a  h o r iz o n ta l sweep. (Cathode ray  
o sc il lo sc o p e ) .

1 la rg e  square = 0 .4  m il l i s e c .
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few mg/Kg. a t  a  tim e , u n t i l  a  s a t i s f a c to ry  p lane was reached . 

Pulmonary v e n t i la t io n  was a d ju s te d  to  th a t  which ju s t  p e rm itted  

spontaneous re s p ir a to ry  movements a t  the  beginning o f th e  

experim ent, th e r e a f te r  th e  S ta r l in g  pump was fix ed  and th e  

amount kept c o n s tan t throughout th e  experim ent.

(b) The S tim u la to r.

The instrum ent designed by WHITFIELD (1946) was employed. 

This prov ided  b r i e f  condenser d ischarges (F ig . 20) up to  40V., 

and a t  v a rio u s  freq u en c ie s . Both t h e  am plitude and frequency 

s c a le s  had been s p e c ia l ly  c a l ib ra te d  fo r  the  p re sen t s e r ie s  o f 

in v e s t ig a t io n s ,  b u t i t  was f e l t  th a t  i t  would be unwise to  r e ly  

on d ia l  read ings a lo n e , s in ce  i t  was p o ss ib le  th a t  in  t h i s  

e s s e n t ia l ly  'c l a s s  p u rposes ' in s tru m en t, c h a r a c te r is t ic s  might 

a l t e r  to  a  degree s u f f ic ie n t  to  u pset q u a n tita tiv e  e s tim a tio n s . 

In  consequence, th e  e l e c t r i c a l  technique was so a l te r e d  th a t  

every  stim ulus was checked fo r  frequency and am plitude b e fo re  

and during i t s  a p p lic a tio n  to  th e  nerve . This was done by 

m onitoring  th e  e lec tro d e  c i r c u i t  w ith  a  cathode ray o sc illo sc o p e .

F u r th e r , i t  had been found th a t  by employing the  ’make and 

break ' sw itch on th e  s tim u la to r , the  i n i t i a l  d ischarge from th e  

condenser was o f te n  very  much g re a te r  than  th a t  p re v a ilin g  

during th e  m ajor p a r t  o f any s tim u lu s . This c h a r a c te r is t ic  

was e lim in a ted  by having th e  s tim u la to r d ischarge  con tinuously  

a t  th e  d e s ired  s tre n g th  and frequency, and having an e x te rn a l 

sw itch a llow ing  s tim u li o f  su ita b le  d u ra tio n  to  be 'tap p ed  off* 

to  e x c ite  th e  nerve .

(o)/
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(c ) Conduct o f th e  Experim ent.

F ive  c a ts  were stud ied .. When d is s e c tio n  had been com pleted, 

th e  s in u s  nerve e le c tro d e s  were c h lo iid e d , p laced  under th e  

in ta c t  s inus nerve ( r ig h t  o r  l e f t ) ,  and firm ly  clamped in  

p o s i t io n .  The nerve was no t moved on the  e lec tro d e s  during  any 

s e r ie s  o f  t e s t s ,  b u t when th e re  was considerab le  delay between 

su ccess iv e  ru n s , th e  e lec tro d e s  were removed and the  nerve 

b a th ed  w ith  warm R inger—Locke. During t e s t s ,  ca re  was taken  to  

remove m o istu re  which might 'sh o rt*  th e  e le c tro d e s . This was 

done by mopping out th e  channel w ith t in y  wisps o f co tto n .

The e f f e c ts  o f s tim u li o f v a rio u s  s tre n g th s  were s tu d ie d .

In  each animal s tim u la tio n  was begun w ith  feeb le  d ischarges 

(about 1 V .) and in c reased  u n t i l  a  B. P . response was e l i c i t e d .  

T h e re a fte r  th e  e f fe c t  o f in c re a s in g  the  v o ltag e  by sm all s tep s  

was t r i e d  u n t i l  th e  maximum output was reached (2»j0 V .) .

R e s u lts :

The r ig h t  s inus nerve was s tim u la ted  in  th re e  c a ts  and 

th e  l e f t  i n  two. I t  was found th a t  in  each anim al, and in  both  

nerves th e  r e s u l t s  were q u a l i ta t iv e ly  s im ila r .  In  each , the  

f i r s t  response observed was a r i s e  in  blood p re s su re . This 

in c re a se d  in  magnitude as  th e  stim ulus s tre n g th  was in c reased  

u n t i l  a  s tag e  was reached when i t  began to  d im in ish . Decrement 

o f th e  p re s so r  component was accompanied in  every case by 

increm ent o f  th e  d ep resso r, th e  in c reased  dep resso r a c t iv i ty  

m an ifesting  i t s e l f  e i th e r  during th e  stim ulus (F ig . 22 B ), and

g iv ing  r i s e  to  a b ip h a s ic  response , o r fo llow ing upon th e  

s tim u lu s /



ANALYSIS OP SINTJS NERVE RESPONSES 
WITH THE WHITFIELD STIMULATOR.

THE EFFECT OF INCREASED VOLTAGE.

A B C
F ig . 21. Cat. Anaesthetic nembutal (40 mg/Kg.).

Double vagotomy. Left sinus nerve cu t.
A r t if ic ia l  resp ira tion . B ila te r a l open 
pneumothorax. A rter ia l B.P. ( l e f t  carotid  
artery ). Time 5 sec . Respiratory 
movements stethograph.
A. Stim ulation o f right sinus nerve 2 V. 30/ s e c .
B. " 11 11 " " 20 V. 30/ s e c .

. C. 11 M 11 " •* 40 V. 30 /sec.

A B C  
F ig . 22. Cat. Anaesthetic nembutal (43  mg/Kg.). Double 

vagotomy. Right sinus nerve cut. A r t if ic ia l  
resp iration . B ila tera l open pneumothorax. 
A rteria l B.P. ( l e f t  carotid  artery ). Time 5 sec. 
Respiratory movements stethograph.
A. Stimulation of l e f t  sinus nerve 5 V. 3 0 /sec* 
B« " " " " " 2 0  V. 30/ s e c .
c - " 11 " " 11 40  V. 30/ s e c .
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s tim u lu s , and r e s u l t in g  in  a f t e r  ffetll (F ig . 21 B ). As th e  

v o lta g e  was in c re a se d  th e re  was a fu r th e r  d im inution  o f  th e  

i n i t i a l  r i s e ,  and u l t im a te ly  an alm ost pure d ep resso r response 

was o b ta in ed .

To exclude th e  p o s s ib i l i ty  th a t  th e se  d if f e r e n t  responses 

were caused by some change in  th e  p re p a ra tio n , such as 

a l t e r a t i o n  i n  th e  degree of a n a e s th e s ia , o r some lo c a l change 

i n  th e  n e rv e , responses e l i c i t e d  in  one s e r ie s  were im m ediately 

rep ea ted  in  th e  re v e rse  o rder and a t  random. This technique 

was adopted throughout th e  p re sen t s e r ie s  o f  experim ents, and 

i n  a l l  th o se  en te red  upon l a t e r  in  which th e  e f fe c ts  of 

d i f f e r e n t  s t im u li  were to  be compared.

The i l l u s t r a t i o n s  chosen (F ig s . 21 and 22) show th e  u ltim a te  

development o f w e ll marked d ep resso r responses in  two o f th e  

an im als. In  a n o th e r , however, only a  feeb le  f a l l  (10 mm. Hg.) 

was o b ta ined  w ith  th e  most pow erful s tim u li (40 V. 3 0 /s e c . ) , 

a lthough  t h i s  anim al had ag a in  shown th e  change from r i s e  to  

f a l l  on in c re a s in g  th e  v o lta g e .

These, experiment s , c a r r ie d  out under c a re fu l ly  c o n tro lle d  

c o n d itio n s , served  to  confirm th e  r e s u l t s  observed in  e a r l i e r  

in v e s tig a tio n s*  There was no questio n  but th a t in c re a s in g  th e  

s tim ulus s tre n g th  caused a  t r a n s i t io n  from th e  p re s so r  to  th e  

d ep resso r response . There was, however, no evidence to  in d ic a te  

th a t th e  p ro cess  was complete when a s tre n g th  o f  40 V. was 

employed, r a th e r  was th e re  much a g a in s t i t *  In  s e v e ra l e a r l i e r

experim ents, th e  'normal* depresso r response could not be 

ach iev ed /
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ach ieved  d e sp ite  th e  u se  o f such a  s tim u lu s , and a lthough  such 

was no t th e  case i n  th e  p re sen t s e r ie s ,  one o f  th e  th re e  

anim als showed b u t a  fe eb le  response , w hile  even i n  th e  o th e r 

tw o, th e  slow d e c lin e  in  b lood  p re ssu re  (C Fig* 21) and th e  

p e rs is te n c e  o f a  sm all i n i t i a l  r i s e  (C F ig . 22) suggested th a t  

th e  t r a n s i t io n  was incom plete. I t  was decided to  continue th e  

in v e s t ig a t io n  w ith  a  device capab le  o f  s tim u la tio n  o f a h ig h e r 

i n t e n s i ty .

(B) . A nalysis  w ith  th e  T hyratron  S tim u la to r.

In  t h i s  next s e r i e s ,  th e  study was continued  using  a more 

pow erful s t im u la to r .

M ethods:

(a) P rep a ra tio n  o f th e  Animal.

T his was a s  d esc rib ed  fo r  th e  s e r ie s  ju s t  d iscu ssed ,

(*A* above).

(b) The S tim u la to r.

The only s t im u la to r  a v a ila b le  a t  th e  tim e which would be 

capable  o f p ro v id in g  a  more pow erful stim ulus than  th a t  o f th e  

WHITFIELD c i r c u i t ,  was a  T hyratron  valve  dev ice . This allow ed 

o f  s tim u la tio n  up to  100 V ., w ith  th e  usual condenser d ischarge  

o f  exponen tia l wave form s im ila r  to  those  shown in  F ig . 23.

The output c h a r a c te r i s t ic s  were dependent p a r t ly  on th e  use o f 

a  b a t te r y  of condensers o f d if f e r e n t  v a lu e s , and th i s  a rrange

ment proved to  be o f d i s t in c t  advantage, fo r  u n lik e  th e  

WHIthm h:i;d c i r c u i t ,  i t  provided  a  means o th e r than  a l t e r a t io n  of 

am plitude (peak to  base  v o lta g e ) , whereby th e  t o t a l  cu rren t 

d e liv e re d /



THYRATRON STIMULATOR.

I

\  N

0-4 0-6 I-2 2-0
MILU5EX0NDS

23. Pu lses o f d if f e r e n t  d u ra tio n .

G r id  Blaa 
(V olts)

P o ten tiom eter Condenser F requency  
e y e /s e e .

D uration 
m s e e s .

- 1 * 4 1 100 3 .4
-  3 ■5 1 10 3.2
-  3 8 2 30 '  2

-  3 8 4 100 0 .6
-  4 .5 7 2 10 2 .2

-  4 .5 .  9 3 30 1.2
-  4 .5 8 .5 5 100 0 .4
-  6 .0 6.5 3 10 1.2
-  6.0 7 4 30 0 .6

-  7 .5 5 4 10 0 .6

-  7 .5 9 5 30 0 .4

.  24. Table showing the various a ltera tio n s made 
to  the Stimulator c irc u it  in  order to  
obtain pulses o f d ifferent duration, but 
o f the same voltage and frequency. For 
each of three frequencies (1 0 , 30 and 
100/ s e c . )  several pulses were a v a ila b le . 
Those obtained at a frequency of 3 0 /sec . 
are il lu s tr a te d  in  F ig . 23.
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d e liv e re d  i n  any one p u lse  could be changed. In  f a c t ,  p u lse s  

o f th e  same v o ltag e  occu rrin g  a t  th e  same frequency could be 

made to  d i f f e r  w idely  in  t h e i r  e x c ita n t p ro p e r tie s  by vary ing  

th e i r  d u ra tio n . F o r example, a t  a frequency of 3 0 /sec . and a t  

any v o ltag e  between c e r ta in  wide l im i t s ,  p u lses  o f 0 .4 , 0 .6 ,

1 .2  and 2 msec, d u ra tio n  could re a d ily  be ob ta ined  (F ig . 2 3 ). 

The change from one v a lu e  to  an o th er was accom plished by making 

th re e  sim ultaneous a l t e r a t io n s  to  th e  s tim u la to r c i r c u i t ,  

in v o lv in g  condenser cap ac itan ce , charging re s is ta n c e  and g r id  

b ia s  o f th e  th y ra tro n  v a lv e . A ta b le  was co n stru c ted  (F ig . 24) 

from which th e  a p p ro p ria te  a l te r a t io n s  in  th e  c i r c u i t  could 

ra p id ly  be determ ined and brought in to  e f f e c t .  F ine adjustm ent 

was th e n  c a r r ie d  out w ith  th e  im pulse v is u a l is e d  on th e  

o sc il lo sc o p e , and th e  p u lse  d u ra tio n  m odified  as necessazy.

Amplitude and frequency were a ls o  checked befo re  and during 

each s tim ulus w ith  the  a id  o f th e  o sc illo sco p e  and o s c i l l a to r .

By 'm odelling* each and every s tim ulus in  t h i s  way, no c a l l  

was made on d ia l  re ad in g s .

(c) Conduct o f th e  Experim ent.

Experim ents were c a r r ie d  out w ith  t h i s  T hyratron s tim u la to r  

on fo u r  c a t s .  The techn ique was p re c is e ly  s im ila r  to  th a t 

adopted in  th e  a n a ly s is  c a r r ie d  out w ith  th e  WHITFIELD 

s t im u la to r , except th a t  th e  e f f e c ts  o f various p u lse  d u ra tio n s  

as  w e ll a s  v o ltag e  was in v e s t ig a te d , and th a t th e  upper l im it  

of stim ulus s tre n g th  was not determ ined by th e  outpu t o f the

s tim u la to r , bu t only by th e  n e c e s s ity  fo r  avoid ing  damage to  

th e /



ANALYSIS OF SINUS NERVE RESPONSES

WITH THE THYRATRON STIMULATOR.
THE EFFECT OF INCREASED VOLTAGE AND PULSE DURATION,

Pulse 0 .6  m .sec. 30 V. 6 V. 15 V.

Pulse 3 .4  m .sec. 3 V. 6 V. 15 V. 30 V.
F ig . 25. Cat. Anaesthetic nembutal. 45 mg/Kg.

Double vagotomy. Left sinus nerve cut. 
A r t if ic ia l  resp ira tion . B ila tera l open 
pneumothorax. A rterial B.P. ( l e f t  
carotid  a r tery ). Time 5 sec . Respiratory 
movements stethograph. Stimulation o f  
righ t sinus nerve throughout with constant 
frequency ( 30/ s e c . ) .  Voltages and pulse  
durations as shown.
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the  n e rv e .

F req u en tly  during  th e  course o f each o f th e  fo u r  

experim ents, th e  WHITFIELD device was s u b s t i tu te d  fo r  th e  

T hyratron  s t im u la to r .  I n  t h i s  way a  measure o f c o n tin u ity  

w ith  th e  p rev io u s  work was achieved and th e  e f f e c t s  o f th e  two 

s tim u la to rs  could be  compared.

R e s u lts :

The r ig h t  s in u s  nerve was s tim u la ted  in  th re e  anim als and 

th e  l e f t  i n  one. In  each experim ent th e  e f fe c ts  o f in c re a s in g  

the  v o ltag e  were e s s e n t ia l ly  th e  same as in  th e  anim als s tu d ie d  

w ith  th e  WHITFIELD s t im u la to r , th e  p re s so r  response appearing  

a t  low v a lu e s , and going through s im ila r  s tag e s  as the  v o ltag e  

was in c re a s e d ,w axing, waning and f in a l ly  y ie ld in g  to  a  depresso r 

e ffec t*

As was to  be expected , in c re a s in g  th e  p u lse  d u ra tio n  

in c reased  th e  e f f e c t iv e  s tre n g th  o f  any stim ulus and augmented 

the dep resso r component o f th e  response.

A s e r ie s  o f  t ra c in g s  (F ig . 25) from one o f th e  experim ents 

serves to  i l l u s t r a t e  th e se  p o in ts .  I t  shows how th e  response i s  

a f fe c te d  by in c re a se  of v o lta g e  o r p u lse  d u ra tio n . I t  w i l l  be 

seen th a t  w ith  p u lse s  o f  0 .6  m sec., s tim u la tio n  w ith  6 V. gave 

a r i s e  o f  over 50 mm., 15 V. gave a  r i s e  only  during s tim u la tio n  

but an a f t e r  f a l l ,  w h ile  30 V. gave a pure f a l l  on ly , which was, 

however, slow in  developing and com paratively fe e b le . When th e  

same th re e  v o lta g e s  were employed w ith  doubled p u lse

d u ra tio n , 6 V. gave a  r i s e  of le s s  than  50 mm. which was slow er

W



ANALYSIS OF SINUS NERVE RESPONSES

WITH THE THIRATRQN STIMULATOR.

REVERSAL OF THE RESPONSE BROUGHT ABOUT
BY ALTERATION OF VOLTAGE.

A B
26. L egend  as F ig . 25.

Stim ulation of righ t sinus nerve
A. 3 V.
B. 45 V.
Pulse duration and frequency constant

( 1 .2  m sec . 30/ s e c . ) .

REVERSAL OF THE RESPONSE BROUGHT ABOUT 
BY ALTERATION OF PULSE DURATION.

A B

27. Legend as F ig . 25.
Stimulation o f  right sinus nerve.
A. Pulse 0 .6  m sec .
B. Pulse 3 .4  m sec .
Voltage and frequency constant (3  V. 1 0 0 /s e c .) .
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in  develop ing , -while 15 V. now gave a f a l l  w ith  only a  sm all 

i n i t i a l  r i s e ,  and 30 V. gave a  depresso r response which 

developed more ra p id ly  and reached a  lower le v e l .  When th e  

p u lse  d u ra tio n  was f u r th e r  leng thened  to  3 .4  msec, a l l  th e se  

v o lta g e s  caused d ep resso r resp o n ses, w hile even 3 V. su f f ic e d  

to  low er th e  b lood  p re ssu re  some 15 mm.

The m arkedly d i f f e r in g  e x c ita n t p ro p e r tie s  o f the  v a rio u s  

p u lses  meant th a t  a  re v e rsa l  o f th e  blood p re ssu re  response 

could  be brought about by a l t e r in g  th e  pu lse  d u ra tio n  of th e  

stim ulus a lo n e . Thus by ap p ro p ria te  s e le c t io n  two s tim u li 

could be employed each o f th e  same v o lta g e , and occurring  w ith  

th e  sane frequency , th e  one o f  sh o rt p u lse  d u ra tio n  producing 

a  r i s e  in  b lood p re s su re  and th e  o th e r , o f longer d u ra tio n , a  

f a l l .  F ig s . 26 and 27 summarize th e  f in d in g s . They show th e  

re v e rsa l  from p re s so r  to  d ep re sso r, f i r s t l y  by in c re as in g  th e  

v o ltag e  a lo n e , and secondly by in c re a s in g  th e  p u lse  d u ra tio n  

a lo n e .

When th e  two s tim u la to rs  were compared, i t  was found th a t  

i f  th e  v o ltag e  and frequency o f each were th e  same, th e  b r ie f e s t  

p u lse  from th e  T hyratron  (0 .4  m sec.) had e f fe c ts  comparable to  

th e  WH-lth1 rrci.n s tim u lu s .

I f  th e  t r a n s i t io n  from th e  p re s so r  to  th e  dep resso r response 

were taken  a s  f a r  a s  th e  WHITFIELD s tim u la to r  would perm it w ith  

i t s  maximal s tim u lus (40 V .) ,  fu r th e r  in c re ase  in  the  depresso r 

component could always be brought about by employing more

pow erful s t im u li  from th e  T hyratron dev ice . This could be 

produced/
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produced e i t h e r  “by employing a  p u lse  o f approxim ately  th e  same 

d u ra tio n  (0 .4  m sec.) and tak ing  advantage o f  th e  h ig h e r v o ltag e  

range to  in c re a se  th e  am plitude , o r by employing lo n g e r p u lse s  

and using  a p p ro p ria te  v o lta g e s . For reasons which w il l  be 

given i n  th e  d iscu ss io n  l a t e r  in  t h i s  c h a p te r , th e  l a t t e r  was 

th e  method u s u a lly  employed, and by employing a pu lse  o f sev e ra l 

tim es th e  d u ra tio n  o f th e  WHITFIELD s tim u lu s , depresso r 

responses cou ld  be ob ta ined  w ith  s tim u li o f r e la t iv e ly  feeb le  

am plitude.

These experim ents confizmed th e  b e l i e f  th a t  th e  maximal 

s tim u la tio n  from th e  WHITFIELD device was in s u f f ic ie n t ly  strong  

re g u la r ly  to  e l i c i t  th e  most powerful dep resso r response which 

th e  nerve was capab le  o f producing , and w a s ,th e re fo re ,u n su ite d  

to  th e  s tu d y  o f s in u s  nerve r e f le x e s .  I t  was found, indeed , 

th a t  a  maximal d ep resso r response was not achieved u n t i l  s tim u li 

considerab ly  in  excess o f th e  WHITFIELD 40 V. 3 0 /sec . were 

employed

(C ). A nalysis  w ith  th e  Square Wave S tim u la to r.

Although th e  methods adopted during th e  experim ents w ith 

th e  T hyratron  s tim u la to r  were bo th  tim e and labour-consum ing, 

each s tim u lus be ing  ’t a i l o r  made* b e fo re  being  a p p lie d , and as  

many as  240 s tim u li  be ing  req u ire d  in  one experim ent, th ey  

prov ided , in  con junction  w ith  e a r l i e r  work, s u f f ic ie n t  evidence 

to  p e n a it o f c e r ta in  conclusions which a re  d iscu ssed  l a t e r  in  

th i s  c h a p te r .

At t h i s  tim e, however, a  s tim u la to r  was acqu ired  which d id  

away/
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away w ith  th e  n e c e s s i ty  fo r  such ted io u s  manoeuvring. P a r t ly  

to  p rov ide  a  l in k  between experim ents ye t to  be perform ed w ith  

t h i s  dev ice and th o se  a lre ad y  c a r r ie d  out w ith  o th e r  

s t im u la to rs ,  and p a r t ly  to  confirm  th e  l a t t e r ,  experim ents were 

c a r r ie d  out in  which th i s  t h i r d  s tim u la to r  was used in  co n d itio n s  

s im ila r  to  th o se  p re v a il in g  in  th e  WHITFIELD and Thyratron  

s e r ie s .

Methods ?

(a ) P re p a ra tio n  o f the  Animal.

This was a s  in  th e  two e a r l i e r  s e r ie s  (A and B ).

(b) The S tim u la to r.

The B .N .I. s t im u la to r  designed by WALTERS and RITCHIE 

was used* I t  provided  a means whereby p u lses  could be ob tained  

o f square (more p ro p e rly  re c tan g u la r)  form, o f d u ra tio n  from 

0.02  msec, to  10 m sec ., o f vo ltag e  0 -  100, and of various 

freq u e n c ie s . When employed i t  was s u b s t i tu te d  in  th e  e le c t r i c a l  

la y -o u t a lread y  d esc rib ed , in  p lace  o f th e  Thyratron dev ice , th e  

o sc illo sc o p e  being  re ta in e d  so th a t  in  every experiment each 

stim ulus was m onitored a s  b e fo re .

(c) Conduct o f th e  Experim ent.

Experim ents were c a r r ie d  out on two c a ts .  The e f f e c ts  o f 

weak and s tro n g  s tim u la tio n  o f th e  s in u s  nerve were s tu d ie d , and 

sp e c ia l 'a t te n t io n  was p a id  to  th e  e f fe c ts  o f  p u lse  d u ra tio n .

The responses to  square wave s tim u la tio n  were compared w ith those  

to  th e  T hyratron  and WHITFIELD s tim u la to rs  by s u b s t i tu t in g  one 

device fo r  th e  o th e r  a t  in te r v a ls  throughout th e  experim ents.

R e s u lts /



ANALYSIS OF SINUS NERVE RESPONSES

WITH THE SQUARE WAVE STIMULATOR.

REVERSAL OF THE RESPONSE BROUGHT ABOUT BY 

ALTERATION OF THE PULSE DURATION.

A B

F ig . 28. C at. A naesthetic  nembutal 45 mg/Kg.
Double vagotomy. Left sinus nerve cu t. 
A r t if ic ia l  resp iration . B ila tera l open 
pneumothorax. A rteria l B.P. ( l e f t  carotid  
artery ). Respiratory movements stethograph. 
Time 5 sec .
Stim ulation of right, sinus nerve 3 V. 7 0 /sec .
A. Pulse duration 0.02 m sec .
B. Pulse duration 10 m sec .
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R e s u lts :

The r ig h t  s in u s  nerve  was s tim u la te d  i n  one anim al and 

th e  l e f t  in  th e  o th e r .

The f in d in g s  reg a rd in g  th e  n a tu re  o f th e  s in u s  nerve 

response were i n  c lo se  agreem ent w ith  th o se  a lread y  o b ta in ed . 

Thus p re s so r  responses were e l i c i t e d  w ith  low in te n s i ty  

s tim u la tio n  and d ep re sso r e f f e c t s  w ith  s tro n g  s tim u la tio n , th e  

usual t r a n s i t i o n  s ta g e s  being encountered .

F u r th e r  emphasis was p laced  on th e  need f o r  adequate ly  

long p u lse s  in  e l i c i t i n g  th e  d ep resso r resp o n se , f o r ,  by 

employing a  p u lse  o f long d u ra tio n  (10 m sec.) a  f a l l  in  b lood 

p ressu re  could  r e a d i ly  be ob ta ined  w ith  s tim u li  o f low v o ltag e  

(= 3 V .) ,  w hile  much h ig h e r  v o lta g e s  30 -  60 had to  be used to  

o b ta in  a  d ep re sso r response  when p u lse s  of th e  s h o r te s t  

d u ra tio n  (0 .0 2  m sec.) were employed. Indeed , th e  d i f f i c u l ty  i n  

ob ta in ing  th e  expected response w ith  such b r i e f  shocks was i n  

d is t in c t  c o n tra s t  to  th e  ease w ith  which i t  could be e l i c i t e d  

w ith  p u lses  o f lo n g e r d u ra tio n .

The r e v e r s a l  o f  b lood  p re ssu re  response was e s p e c ia lly  

re a d ily  ob ta ined  u sin g  t h i s  s t im u la to r  w ith  i t s  wide range o f  

pu lse  d u ra tio n s  (F ig , 2 8 ).

B esides confirm ing p rev ious r e s u l t s ,  th e se  experim ents 

y ie ld e d  f u r th e r  infoxm ation on th e  i n t e n s i t i e s  o f  s tim u lus a t  

which th e  p re s s o r  response appeared, decreased , and was re p laced  

"by a  f a l l ,  and seme degree o f f a m il ia r i ty  was acq u ired  

regard ing  th e  v o lta g e s  needed to  e l i c i t  th e se  responses w ith  

■various/
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v a rio u s  s tim u li (p u ls e ^ . Indeed much o f  th e  value  o f th e se  

experim ents can he s a id  to  l i e  in  th e  in fo rm ation  o f t h i s  

n a tu re  o b ta in ed , and w ith  th e  comparison w ith  th e  o th e r  

s tim u la to rs  a f fo rd e d , f o r  in  t h i s  way th e  response o f th e  

sinus nerve e l i c i t e d  by square wave s tim u la tio n  could be 

a ssessed  a g a in s t th e  background o f work c a r r ie d  out by th e  

o th e r  s t im u la to rs ,  and th e  fu tu re  s tu d ie s  more c lo se ly  lin k e d  

w ith th o se  a lre ad y  undertaken .

I n te r p r e ta t io n  o f th e  Sinus Nerve Responses.

The E f fe c ts  A ttr ib u te d  to  D if f e re n t ia l  Response o f  the  Nerve.

I t  i s  f e l t  th a t  th e  r e s u l t s  ob tained  and r e la te d  so f a r  

migjit w e ll be d iscu ssed  a t  t h i s  p o in t ,  f o r  although th e  

experim ental a n a ly s is  o f s in u s  nerve vasomotor re f le x e s  has 

been to ld  only  in  p a r t ,  th e  purpose o f  the experim ents y e t to  

be d esc rib ed  w i l l  be b e t t e r  understood i f  th e  p r in c ip le s  under

ly in g  them a re  o u tlin e d  a t  th i s  s ta g e .

I t  has been shown th a t  in  c a ts  noim ally a n ae s th e tiz e d  w ith  

nembutal ( i . e .  not profoundly), two d i s t in c t  responses a re  

u su a lly  e l i c i t e d  by e l e c t r i c a l  s tim u la tio n  o f e i th e r  s inus 

nerve , a r i s e  in  b lo o d  p re s su re , and a f a l l ,  th e  p re s so r  e f fe c t  

being achieved  w ith  r e l a t iv e ly  fe e b le  s tim u la tio n  and th e  

dep resso r e f f e c t  w ith  pow erful s tim u la tio n . The p re s so r  response 

has been shown in  th e  non -an aesth e tized  d ece reb ra te  p re p a ra tio n  

and/
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and cannot th e re fo re  he due s o le ly  to  any e f f e c t  o f th e  

a n a e s th e tic .

The few p re s s o r  e f f e c t s  a ffo rd ed  by th e  l i t e r a t u r e  have 

been o b ta in ed  in  abnormal co n d itio n s  where an aes th es ia  has 

been in s u f f i c i e n t ly  deep and where ex cessiv e ly  pow erful s t im u li 

have been u sed . The p re s so r  responses ob ta ined  in  th i s  in v e s t ig 

a tio n  have occurred  in  anim als adequate ly  an ae s th e tiz e d  and 

showing no s ig n s  o f p a in . Furtherm ore, they  tended  to  d im inish 

and become d ep resso r a s  th e  s tre n g th  o f stim ulus was in c re ase d , 

which i s  c e r ta in ly  no t th e  case w ith  th e  * re f le x e s  douloureux*.
f

Nor cou ld  th e  e f fe c t  be a t t r ib u te d  to  spread  to  surrounding 

t i s s u e s ,  fo r  no t on ly  d id  c lo se  in sp e c tio n  f a i l  to  rev ea l a iy  

such happening, b u t s t im u li  o f many tim es th e  s tre n g th  could 

be employed s t i l l  w ithou t evidence o f  sp read , and indeed , 

brought about d im inution  o f  the  p re s so r  response . Moreover, 

feeb le  s t im u li  which e l i c i t e d  marked r i s e s  o f blood p ressu re  

when a p p lie d  to  th e  s in u s  n e rv e , f a i l e d  to  give any such 

response when a p p lie d  to  any o f th e  im m ediately surrounding 

t i s s u e s .  The r e g u la r i ty  w ith  which th e  response was ob ta ined  

in  a  la rg e  number o f an im als bore f u r th e r  w itness ag a in s t th e  

l ik e lih o o d  o f such a chance happening. Some o th e r ex p lan a tio n  

had to  be fo rthccm ing , and obviously had to  account fo r  th e  

blood p re s su re  e f f e c t s  o f  opposite  s ign  on the  b a s is  o f 

d i f f e r e n t ia l  response by th e  s in u s  nerve to  vary ing  s tre n g th s  

of s tim u lu s .

The D if f e r e n t ia l  Response A scribed to  P re sso r and D epressor 

F ib re  Groups.
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I t  has long  been known th a t  mammalian nerves a re  composed 

o f f ib r e s  o f  d i f f e r e n t  i r r i t a b i l i t i e s  (LAPIQTJE & LEGENDRE,

1913), and s in c e  GASSER & ERLANGER (1922) adopted th e  cathode 

ray  o sc illo sc o p e  f o r  th e  s tudy  o f  nerve fu n c tio n , th i s  and 

o th e r  p ro p e r t ie s  o f th e  f ib r e s  have been c a re fu l ly  s tu d ie d  and 

re la te d  to  t h e i r  morphology. The nerve f ib r e s  have been found 

to  be d iv id ed  in to  th re e  groups, each c h a ra c te r iz e d  by i t s  

a c tio n  p o te n t ia l  and c a l le d  A, B, and C (ERLANGER and GASSER 

1937)» th e  A group being  f u r th e r  d iv ided  in to  ^  and & 

subgroups. A lthough th e re  i s  a  c e r ta in  amount o f  ov erlap , 

th e se  groups dem onstrate  a  g ra d a tio n  o f  c e r ta in  p ro p e r t ie s .

Thus, th rough  th e  A and B to  th e  C groups, f ib r e  d iam eter, 

conduction r a t e ,  a c t io n  p o te n t ia l  and e x c i t a b i l i ty  a l l  d im in ish , 

from th e  la rg e  f a s t  conducting A f ib r e s  o f  la rg e  a c tio n  

p o te n t ia l  and low th re s h o ld , to  th e  sm all slow conducting 0 

f ib r e s  o f  sm all a c t io n  p o te n t ia l  and h igh  th re sh o ld . Both th e  

conduction v e lo c i ty  and th e  a c t io n  p o te n t ia l  have been shown 

to  be in  l i n e a r  r e la t io n  to  th e  d iam eter of th e  fibre-(GASSER 

and GHDNDEEST 1939). The r e la t io n  of e x c i t a b i l i ty  to  f ib r e  

d iam eter i s  more complex, bu t ag a in , th e  sm alle r th e  f ib r e  th e  

le s s  th e  e x c i t a b i l i t y  (BLAIR and ERLANGER 1933). The 

s ig n if ic a n c e  o f t h i s  may be judged from th e  statem ent made by 

ERLANGER and GASSER (1930) to  th e  e f fe c t  th a t  " th e  d iffe re n c e s  

in  i r r i t a b i l i t y  o f th e  th re e  ty p es  o f  f ib r e s  a re  such th a t  by 

in c re a s in g  th e  s tre n g th  o f  s tim ulus i t  i s  p o ss ib le  to  e l i c i t

i n  su ccess io n , w ith  in te rv e n in g  gaps, th e  A e le v a tio n  o f th e  

a c t io n /
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a c tio n  p o te n t i a l ,  th e  B e le v a tio n  and th e  C e le v a tio n " . In  

th e  same p ap er th e se  au th o rs  p o in t out th a t  a f t e r  a l l  A f ib r e s  

have been a c t iv a te d  th e  s tre n g th  o f s tim ulus (v o ltag e ) must 

be in c re a se d  seven tim es to  o b ta in  th e  f i r s t  appearance o f  th e

C e le v a tio n , and in c re a se d  one hundred tim es b e fo re  a l l  C

f ib r e s  a re  s tim u la te d . The same e f fe c t  may be shown among th e  

subgroups o f  th e  A component. Thus, LEKSELL (1945) s ta t e s ,  fa t  

a stim u lus s tre n g th  n ecessa iy  fo r  in c lu d in g  th e  whole OC complex 

th e re  i s  never more than  a sm all f r a c t io n  o f th e  f ib r e s  

engaged -  a  su ccess iv e  in c re a se  of s tim ulus s tre n g th  w il l  

th e re fo re  engage a l l  th e  f ib r e s  o f th e  (X group b e fo re  a

s ig n if ic a n t  p a r t  o f th e  Y f ib r e s  has become m o lilise d * .

I f  th e  responses ob ta ined  from sinus nerve s tim u la tio n  in  

the  p resen t in v e s t ig a t io n  be in te rp re te d  in  th e  l ig h t  o f  t h i s  

fundamental work, they  might w ell be a sc r ib e d  to  two groups o f  

f ib r e s  o f  d i f f e r e n t  th re sh o ld s  having d i r e c t ly  opposite  e f fe c ts  

on th e  le v e l  o f  th e  b lood  p re s su re . There i s  ample p recedent 

fo r  such an  in te r p r e ta t io n  i n  th e  l i t e r a t u r e  ap p erta in in g  to  

vasomotor a f f e r e n ts .  S trong e le c t r i c a l  s tim u la tio n  o f th e  cu t 

end o f a  sensory  nerve has long been known to  cause a r e f le x  

r i s e  in  b lood  p re s su re , and a f t e r  LATSCHENBERGER and DEANHA 

(1876) and o th e rs  had found th a t weak s tim u la tio n  had th e  

opposite  e f f e c t ,  HUNT (1895) in te rp re te d  th e  e f fe c ts  on a 

f ib r e  b a s i s .  He m ain tained  th a t  th e  p re s so r  and depresso r 

re f le x e s  were served  by two d if fe re n t  ty p es  o f a f fe re n t f ib r e s ,  

the  p re s so r  having a la r g e r  th re sh o ld , and t h i s ,  th e  c la s s ic a l  

view /
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view , has been commonly accep ted . I t  h a s , however, had i t s  

c r i t i c s ,  among whom have been RANSON and BILLINGSLEY (1916) 

and RANSON (1921), who favoured th e  hypo thesis  th a t  th e re  was 

but a s in g le  type of a f fe re n t  f ib r e ,  each f ib r e  making such 

connections i n  the  c e n tr a l  nervous system th a t  th e  im pulses 

which i t  c a r r ie d ,  cou ld , under a p p ro p ria te  co n d itio n s  each c a l l  

f o r th  one o r o th e r  vasomotor response . This view w i l l  be 

considered  l a t e r  in  g re a te r  d e ta i l  a s  i t  a f f e c t s  th e  r e s u l t s  o f  

t h i s  p re sen t in v e s t ig a t io n  (Chap. XVI). I t  w i l l  s u f f ic e  h e re  

to  p o in t out th a t  RANSON’ s h y p o thesis  was p a r t ly  a t t r ib u ta b le  

to  th e  f a c t  th a t  he found i t  d i f f i c u l t  to  b e lie v e  th a t  th e  

e x c i t a b i l i ty  o f in d iv id u a l neurones v a r ie d  to  the  enormous 

degree n ecessa ry  f o r  th e  ex p lan a tio n  o f th e  vasomotor e f fe c ts  

on a  d i f f e r e n t  f ib r e  b a s is .  T his o b je c tio n  has been met w ith . 

The th re sh o ld s  o f  th e  le a s t  i r r i t a b l e  f ib r e s  have been shown 

to  be two hundred o r more tim es as  g re a t a s  fo r  th e  la rg e s t  

and most e a s i ly  e x c ita b le .  More recen t work does not favour 

RANSQN's in te r p r e ta t io n .  For in s ta n c e , by a  technique invo lv ing  

sim ultaneous e l e c t r i c a l  s tim u la tio n  o f  an a f fe re n t  nerve , 

record ing  o f  th e  a c t io n  p o te n t ia ls  produced, and de term ination  

o f th e  r e s u l t in g  changes in  b lood p re s su re , 0*LEARY, HEINBECKER 

and BISHOP (1934) showed th a t  weak s tim u la tio n  ex c ited  la rg e  

f ib r e s  and caused a  f a l l  in  b lood  p re s su re , w hile s tro n g e r 

s tim u la tio n "ex c ite d  in  a d d itio n  sm all f ib r e s  and re s u l te d  in  a

f  __ b lood  p re s su re . While t h i s  c e r ta in ly  dem onstrates th a t  

the d i f f e r e n t  vasomotor responses appear synchronously w ith  th e  

a c t iv a t io n /
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a c t iv a t io n  o f d i f f e r e n t  f ib r e s ,  i t  might o f course be argued  

th a t th e  sm all f ib r e s  were i n  no way re sp o n sib le  fo r  th e  change 

in  vasom otor a c t i v i t y ,  which might be a t t r ib u te d  to  th e  e f f e c ts  

o f  th e  s tro n g e r  stim u lus on the  la rg e  f ib r e s .  Such, however, 

has been d isproved  by CLARK, HUGHES and GASSER (1935), and by 

GORDON (1943), who have shown, by s e le c t iv e ly  knocking out one 

o r o th e r s e t  o f  f i b r e s ,  th a t  the  p re s so r  response in  the  

mammalian senso ry  nerve i s  m ediated by th e  sm all f ib r e s ,  and th e  

dep resso r by th e  la rg e . T h e ir r e s u l t s  confirm  th e  time honoured 

view o f  HUNT, showing th a t in  the  *unspecific  a ffe ren t*  

s tim u la tio n , th e  r e v e rs a l  from dep resso r to  p re s so r  i s  brought 

about by th e  su ccessive  m o b iliz a tio n  o f a f fe re n t groups o f low 

and h igh  e x c i t a b i l i ty  th re sh o ld . I t  would be reasenab le  to  

assume th a t  where a  nerve i s  composed o f la rg e  p re s so r  f ib r e s  

and sm all d ep re sso r f ib r e s ,  s tim u la tio n  w ith  in c reas in g  s tre n g th s  

of c u rren t would e l i c i t  f i r s t  a r i s e  and th en  a f a l l ;  in  o th e r
/

words a  r e v e r s a l  o f  a  d i f f e r e n t  s o r t ,  bu t one more in  keeping 

w ith  the  r e s u l t s  o f th e  p re sen t in v e s t ig a tio n . Such a re v e rsa l  

has been shown sometimes to  occur in  th e  ca t vagus by WRIGHT 

(1928), and a lso  in  th e  ra b b it  d ep resso r by O’LEAET, HEINBECKER 

and BISHOP (1934) who have found, again  by record ing  th e  a c tio n  

p o te n t ia ls  a s  th e  nerve i s  s tim u la te d , th a t  th e  p re sso r 

response i s  due to  the  a c t iv a t io n  o f la rg e  p re s so r  f ib r e s  which 

a re  o cca s io n a lly  p re s e n t , bu t th a t  th e  e f fe c t  o f th e se  i s  

ra p id ly  overcome a s  th e  s tim ulus s tre n g th  i s  in c reased  to  

inc lude  th e  sm a lle r , s p e c i f ic ,  dep resso r f ib r e s .

A g a in s t/
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A gainst such a  background, th e  dual response from th e  

s in u s  nerve was considered  to  be due to  s tim u la tio n  o f two 

groups o f f ib r e s ,  th e  f i r s t  o f low th re sh o ld  causing a  r i s e  

in  b lood  p re s su re , and th e  second o f  considerab ly  h ig h e r 

th re s h o ld  causing  a  f a l l  in  b lood  p re s su re . That i s  to  say , 

p re s so r  and dep resso r f ib r e s ,  th e  form er being  th e  la rg e r .

The F ind ings R ela ted  to  Sinus Nerve F unction .

I t  was apparent th a t  one p o ss ib le  source o f p re s so r  

a c t i v i ty  to  be reckoned w ith  in  th e  s inus nerve was th e  cherao- 

sensory  f ib r e  c o n te n t. The ex is ten ce  and fu n c tio n  o f th e se  

f ib r e s  were w ell known a t  th e  tim e when HEYMANS (1933) w rote 

o f f  a l l  s in u s  nerve p re s so r  responses to  e l e c t r i c a l  s tim u la tio n  

a s  u n p h y s io lo g ica l, and no t in d ic a t iv e  o f th e  t ru e  fu n c tio n  o f 

the  nerv e . N ev erth e le ss , i t  seemed a  p r io r i  th a t  the  

ex p lan a tio n  o f th e  c le a r  cu t p re s so r  responses ob ta ined  in  t h i s

s e r ie s  demanded a fu n c tio n a l b a s is ,  and when i t  was borne in

/*mind th a t  th e  r i s e  in  b lood p re ssu re  was accompanied byj very  

marked in c re a se  in  r e s p ira to ry  a c t i v i ty ,  i t  seemed reasonab le  

to  adopt as  a working hypo thesis  th e  exp lanation  th a t  the  

p re s so r  responses ob ta ined  were due to  e x c ita tio n  o f chemo- 

sensory  f ib r e s .  On fu r th e r  r e la t in g  th e  e f f e c ts  o f e l e c t r i c a l  

s tim u la tio n  to  th e  known fu n c tio n  o f th e  nerve , i t  follow ed 

th a t  th e  dep resso r e f f e c t  must be a t t r ib u te d  to  e x c ita t io n  o f 

th e  s p e c if ic  d ep resso r neurone c o n ten t, th e  barosensory  f ib r e s .

Now a t  once th e re  appeared an obvious d iscrepancy between 

th i s  te n ta t iv e  conclusion , and th e  cu rren t concepts o f th e  

f i b r e /
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f ib r e  co n ten t o f th e  s in u s  n e rv e , fo r  a lthough  no attem pt has 

been made s p e c i f ic a l ly  to  c o r re la te  chemosensory and baro— 

sensory  a c t i v i t y  w ith  th e  morphology o f s in u s  nerve f ib r e s ,  i t  

has been assumed from th e  e a r l i e s t  e lec tro p h y s io lo g ic a l s tu d ie s  

o f th e  n e rv e , th a t  th e  barosensory  f ib re s  a re  la rg e  w hile  th e  

chemosensory a re  sm all. Thus th e  f i r s t  s tudy  by BRONK (1931) 

had shown th e  presence  o f la rg e  a c tio n  p o te n t ia ls  d e riv in g  from 

la rg e  f ib r e s  a c t iv a te d  by p re ssu re  s e n s it iv e  endings, w hile 

l a t e r  work by BRONK and STELLA (1932) dem onstrated sm aller 

im pulses, which ag a in  were to  be a t t r ib u te d  to  sm all f ib r e s ,  

and which th ey  suggested  were due to  d ischarge  by chem osensitive 

endings. T h e ir  fin d in g s  were confirm ed by HEYMANS and RULANT 

(1933), BOGUE and STELLA (1934 and 1935) and by ZOTTEKMAN (1935). 

The l a s t  named au th o r s t a t e s  th a t  th e  , chemospikes* a re  bu t 10 -  

2Qffo o f  th e  am plitude o f  th e  la rg e s t  p re ssu re  sp ik es . Now i f  

such p o te n t ia l  d iffe re n c e s  be t r a n s la te d  in to  term s o f axon 

d iam eters (w hether by th e  newer formula P oc d (GASSER and 

GRDNDFEST 1939) o r by th e  o ld e r  P o c  D2 (GASSER and ERLANGER 

1927), i t  i s  apparent th a t  th e  chemosensory f ib r e s  should be 

co n sid erab ly  sm a lle r than  th e  barosensory , and should be le s s  

i r r i t a b l e .  T his i s  a t  marked variance  w ith  th e  hypothesis 

adopted . The d iscrepancy  was emphasised when an attem pt was 

made to  c o r re la te  th e  s tre n g th  of stim ulus req u ired  to  e l i c i t  

the d ep resso r response , w ith  the  expected s tre n g th  on th e  b a s is  

of th e  a c tio n  p o te n t ia l  s tu d ie s , assuming th e  la rg e  f ib r e s  to  

be re sp o n sib le  fo r  th e  d e p re sso r  e f f e c t .  I t  was a t  once 

a p p a ren t/
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apparen t th a t  th e  s tim u lus s tre n g th s  (v o ltag e  a t  a  given 

p u lse  d u ra tio n ) re q u ire d  to  m ob ilize  th e  dep resso r f ib r e s  were 

co n sid erab ly  in  excess o f  th o se  estim ated  to  a c t iv a te  th e  la rg e  

f ib r e s ,  a s  c a lc u la te d  from th e  d a ta  of BLAIR and ERLANGER (1933). 

W ithout re ly in g  on a b so lu te  v a lu e s , th e  same conclusion  may be 

drawn from th e  fa c t  th a t  th e  in te n s i ty  re q u ire d  to  e l i c i t  the  

d ep resso r response was found to  be t h i r t y  tim es or more th a t  

which ju s t  caused th e  appearance o f th e  p re s so r  response, 

w hereas, belong ing  to  th e  A group th ese  la rg e  f ib r e s  would be 

expected to  be com pletely  m obilized  a t  a stim ulus s tre n g th  

approxim ating much more c lo se ly  to  th e  minimal o r th re sh o ld  

s tim ulus (ERLANGER and GASSER 1930). This fin d in g  c a lle d  fo r  

a  re c o n s id e ra tio n  o f th e  p o s it io n . F i r s t l y ,  i t  suggested  th a t  

th e  dep resso r response observed in  th i s  s e r ie s ,  and taken  as 

be ing  th e  ty p ic a l  response o f th e  s in u s  n e rv e , was being ob ta ined  

by a c t iv a t in g  f ib r e s  much sm alle r th an  those  re sp o n sib le  fo r  

th e  la rg e  a c t io n  p o te n t ia ls  on the  electroneurogram s, and 

secondly , i f  t h i s  were so th e re  was no need as ye t to  abandon 

th e  h ypo thesis  th a t  th e  p re s so r  response was due to  e x c ita t io n  

o f chemosensory f ib r e s .  But what then  o f th e  la rg e  f ib r e s  

shown to  convey im pulses s e t up by p ressu re  s e n s i t iv e  endings? 

Before carry in g  out any fu r th e r  experim ents to  d e tec t any 

e f fe c t  a t t r ib u ta b le  t o  th e se  f ib r e s ,  a search  was made o f  th e  

reco rd s  a lread y  o b ta in ed . T racings were se le c te d  which showed 

the  e f fe c t  o f  s tim u la tio n  o f th e  s in u s  nerve w ith  c u rre n ts  

in s u f f ic ie n t ly  s tro n g  to  evoke th e  p re s so r  response. In  n ine 

an im als/



ANALYSIS OF SINUS NERVE RESPONSES

THE FEEBLE DEPRESSOR RESPONSE OBSERVED 

WITH WEAK STIMULATION•

■ ■ B
A B C D

29* Cat. Anaesthetic nembutal AO mg/Kg.
Double vagotomy. Left sinus nerve cu t. 
A r t if ic ia l  resp iration . B ila te r a l open 
pneumothorax. A rteria l B.P. ( l e f t  
carotid  a r te iy ) . Time 5 sec .
Stimulation of right sinus nerve at each 
signal (W hitfield ).
A. 14 V. 30 /sec .
B. 1 .5  V. 30 /sec .
C. 4 V. 30 /sec .
D. 40 V. 30 /sec .
Tracing cut at arrow.



an im als, th a t  i s  in  about a q u a r te r  o f th e  re le v a n t experim ents, 

i t  -was found th a t  such s tim u la tio n  had been c a r r ie d  o u t. In  

th re e  of th e se  n in e  experim ents, i t  was found th a t  th e  f i r s t  

response observed as  th e  stim ulus s tre n g th  was in c reased  from 

zero , was a  f a in t  f a l l  o f  blood p re ssu re  (P ig . 29) but th i s  

ra p id ly  y ie ld e d  to  a  p re s so r  response as th e  stim ulus s tre n g th  

in c re a se d , and became dep resso r again  when more powerful 

s tim u la tio n  was employed. I t  was decided th a t  the a n a ly s is  be 

con tinued , sp e c ia l a t te n t io n  being  given to  th e  e f fe c t  o f  weak 

s tim u la tio n .

11. EXPERIMENTS CONDUCTED UNDER URETHANE ANAESTHESIA.

In  co n tin u in g  th e  a n a ly s is  o f s in u s  nerve responses a  

c e r ta in  m o d if ica tio n  o f th e  technique was adopted. I t  i s  w e ll 

known th a t  conclusions based on experim ents c a r r ie d  out under 

any one a n a e s th e tic  may be b ia se d , i f  not fran k ly  erroneous. 

R eference to  th e  monographs o f BAYLISS (1923) and McDOWALL 

(1937) y ie ld s  many such in s ta n c e s  in  the  general vasomotor 

f i e l d ,  w hile  HEYMANS (1933) has in d ic a te d  in  some d e ta i l  th e  

v a r ia t io n  in  r e s u l t s  observed in  s inus nerve and a o r t ic  nerve 

re f le x e s  under d if f e r e n t  a n a e s th e tic s . This a p a r t ,  th e  

profoundly  a l te r e d  n a tu re  o f th e  b u f f e r  re f le x e s  during deep 

nembutal a n a e s th e s ia , was s u f f ic ie n t  to  h in t a t  th e  p o s s ib i l i ty  

o f some ’colouring* o f th e  r e s u l t s  obtained  w ith  normal dosage, 

a lthough experim ents on the  u n anaesthetized  p re p a ra tio n  

p recluded  th e  p re s so r  e f fe c ts  being  e n t i r e ly  due to  th a t  drug.
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I t  was decided  to  ^continue th e  study w ith  u re th an e , f o r  th e  

m ajor p o in t o f  d if fe re n c e  between th e  r e s u l t s  of t h i s  in v e s t ig 

a t io n  and th o se  ob ta ined  by o th e rs  was th e  dem onstration o f  

a pow erful p re s s o r  response and evidence has been le d  to  th e  

e f fe c t  t h a t  u re th an e ’ favours d ep resso r re f le x e s  (FLORET and 

MARVIN 1928). The p e rs is te n c e  o f  the response under t h i s  

a n a e s th e tic  would th e re fo re  be e sp e c ia lly  s ig n if ic a n t .

Apart from a id in g  th e  study o f th e  s inus nerve responses, 

i t  was hoped to  o b ta in  in fo rm ation  on th e  n a tu re  of th e  s inus 

and vagus responses a f t e r  u re thane  overdosage. I t  was o f 

in te r e s t  to  determ ine w hether t h i s  a n a e s th e tic  would have th e  

same e f fe c t  a s  nembutal and convert the  d ep resso r responses 

in to  p re s so r . I f  i t  d id , then  a p a rt from any o th e r  s ig n if ic a n c e , 

i t  might w e ll be argued, as  w ith  nem butal, th a t  th e  responses 

ob ta ined  in  l i g h t  an ae s th e s ia  were a lready  b ia se d . I t  was 

decided , th e re fo re , to  study  th e  e f f e c t s  o f u re thane  overdosage 

a t th e  o u tse t so th a t  th e  responses in  l ig h t  an aes th es ia  could 

be b e t t e r  ev a lu a ted .

(A).  B u ffe r Nerve Responses in  Urethane Overdosage. 

Methods:

(a ) P rep a ra tio n  o f th e  Animal.

C ats were employed. They were an ae s th e tiz e d  by in je c t in g

ure thane  ( 23$ in  w ater) in t r a p e r i to n e a l ly  (1 grr/Kg. body

w eig h t). As w ith  th o se  a n ae s th e tiz e d  w ith  nem butal, no o th e r

a n a e s th e tic  was employed during t h i s  o p e ra tio n  which, a lthough

invo lv ing  lazge  amounts o f  f lu id  (4  cc /K g .) , caused no d is t r e s s  

t o /
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to  th e  an im al. In d u c tio n  was ra p id . In  a few in s ta n c e s  too  

much so , fo r  r e s p ir a t io n s  tended to  cease and th e  anim als had 

to  be a r t i f i c i a l l y  v e n t i la te d  fo r  a  few m inu tes. Recovery to  

a nonnal a n a e s th e s ia  o f  s a t i s f a c to r y  depth was ra p id , however, 

and th e  com plication  was o f  l i t t l e  consequence.

D isse c tio n  was along th e  u sual l in e s .  The trach ea  was 

can n u la ted , b o th  vag i were cu t in  th e  neck, and th e  c e rv ic a l 

sym pathetic s tr ip p e d  o f f  each. Both s inus nerves were exposed 

and one o r  o th e r  was c u t .  A r t i f i c i a l  v e n t i la t io n  was i n s t i t u t e d  

and the  ch es t opened on each s id e . Records o f b lood p re ssu re  

and re s p ira to ry  movements were taken by mercury manometer and 

s te th o g rap h .

(b) S tim u la tio n .

The s in u s  nerve was s tim u la ted  w ith  th e  s i lv e r - s i lv e r  

ch lo rid e  e le c tro d e s  a lread y  d esc rib ed , and the  vagus w ith  

p latinum  e le c tro d e s  o f conventional design* The B .N .I. 

s tim u la to r  was employed*

(c) Conduct o f th e  Experim ent.

F ive  experim ents were c a r r ie d  out as  fo llow s: F i r s t  the

e f fe c t  o f  s tim u la tio n  o f th e  b u f f e r  nerves was s tu d ie d  under 

l ig b t  a n ae s th e s ia  (u su a lly  th e  in d u c tio n  dose, but in  two 

animals supplemented w ith  0.25  gm/Kg. to  give s u f f ic ie n t  d ep th ). 

T h e re a fte r  fu r th e r  amounts o f u re thane  were given in trav en o u sly  

and th e  n erves again  s tim u la te d . This process was continued  

u n t i l  th e  anim al d ied  from overdosage.

R e s u l ts /
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R e s u lts :

Four anim als y ie ld e d  th e  fo llow ing  r e s u l t s :

(1) In  each , s tim u la tio n  o f th e  r ig h t  o r leffc vagus during  

l ig h t  a n ae s th e s ia  e l i c i t e d  th e  noimal expected depresso r 

response w ith  m oderate and s tro n g  s tim u la tio n  (no attem pt was 

made to  o b ta in  vagal p re s so r  re sp o n ses) .

(2) S tim u la tio n  o f th e  s inus nerve ( in  th re e  animals the  

rig g it, in  th e  fo u r th  th e  l e f t )  e l i c i t e d  e i th e r  a  p re s so r  o r a  

dep resso r response during l ig h t  a n a e s th e s ia . The p re s so r  

responses were of co n sid erab le  magnitude (25 -  50 o r more 

mm.Hg.), and were ob ta ined  w ith  a wide range o f stim ulus 

s tre n g th s , in c re a s in g  in  magnitude as  the  s tre n g th  o f stim ulus 

was in c re a se d , and then  f a l l in g  away and becoming rep laced  by 

dep resso r e f f e c t s  when pow erful s tim u la tio n  was employed.

(3) The e f f e c t s  of rep ea ted  in travenous in je c t io n s  o f 

urethane showed s t r ik in g  d if fe re n c e s  from a d m in is tra tio n  o f  

equ ivalen t amounts of nem butal. To procure  overdosage, th e  

drug was g iven  in  doses eq u iv a len t to  one q u a rte r  the  amount 

req u ire d  to  a n a e s th e tiz e  th e  anim al, and although th e  blood 

p re ssu re  f e l l  during each slow in je c t io n  i t  ra p id ly  recovered , 

in  some in s ta n c e s  a t ta in in g  a le v e l  h ig h e r than  th a t  p re v a ilin g  

b e fo re  in je c t io n .  (T his was no tab ly  the  case w ith  in je c t io n s  

made a f t e r  a  s e r ie s  o f s tim u la tio n s , during which th e re  had 

occurred a  p ro g ress iv e  d ec lin e  in  th e  blood p re s su re , as i s

ap t to  occur e s p e c ia l ly  a f t e r  repeated  sinus nerve s t im u la tio n ) . 

When th e  anim al had been considerab ly  overdosed, however, th e  

b lo o d /



VAGUS AND SINUS NERVE RESPONSES UNDER URETHANE,

B

"M tf.W .J

D E F
P ig . 30. C at. A naesthetic  u re thane  1 gm/Kg. ( i n t r a -  

p e r i to n e a l ly ) .  Double vagotomy. L eft s inus 
nerve c u t .  A r t i f i c i a l  r e s p ir a t io n .  B i la te r a l  
open pneumothorax. A r te r ia l  B .P . ( l e f t  
c a ro tid  a r te r y ) .  Time 5 sec .
Tracings ob tained  1 h r .  50 min. a f t e r  in d u c t
ion  and a f t e r  overdosage -with u re thane  ( t o t a l  
2 gm/Kg.). Square wave s tim u la to r .
Upper tra c in g : A. R ight vagus 20 V. 7 0 /sec .

p u lse  1 nv^sec.
B. L eft " 20 V. 7 0 /sec .

p u lse  1 m /sec. 
Lower tra c in g : C. Right s inus nerve 20 V.

70/ s e c .  p u lse  0.02  n /sec ,
D. " s in u s  nerve 20 V.

70/ s e c .  p u lse  1 m /sec.
E. Repeat C.
P . Repeat D.

m a n

IU 1U U ,

Fig* 31* The same experim ent: S tim uli rep eated  2 h r .  10 min. 
a f t e r  in duc tion  and a f t e r  a d d itio n a l urethane 
to  t o t a l  2.75 gm/Kg. (A ddition o f 0 .25  gny^Kg. 
caused th e  B .P. to  f a l l  away ra p id ly  and th e  
animal d ied .)
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blood p re s su re  always f e l l  away a f t e r  in je c t io n  o f more 

u re th an e . In  two in s ta n c e s  t h i s  d ec lin e  was p ro g re ss iv e , in  

th e  o th e rs  i t  developed slow ly and then ra p id ly  worsened* 

T ran sien t a r e f le x ia ,  which would c e r ta in ly  have occurred  w ith  

in je c t io n  o f eq u iv a len t doses o f nem butal, was no t found. Only 

when the b lood p re ssu re  had f a l le n  to  a very low le v e l ,  a f t e r  

about th re e  tim es th e  a n a e s th e tic  dose, was t h i s  unresponsive

ness observed . U su a lly , s tim u la tio n  o f th e  b u f fe r  nerves 

w ith in  a  m inute o r  two o f in je c t io n  e l i c i t e d  responses showing 

rem arkably l i t t l e  evidence o f im pairm ent.

(4) In  each o f th e se  experim ents on overdosage, u re thane  

was given in  amount s u f f ic ie n t  to  cause th e  death o f th e  an im al, 

and o b serv a tio n s  were made to  th e  end. The t o t a l  a n a e s th e tic  

given to  th e  sev e ra l anim als was 2 .5  ga/K g ., 2.75 gs/Kg. ,

3 and 5 .25  gm/Kg. These amounts were reached w ith in

th re e  hours o f in d u c tio n .

(5) Overdosage w ith  u re thane  d id  not cause re v e rsa l  o f th e  

responses. In  each animal the  th re e  responses e l i c i t e d  ( th e  

vagus d ep re sso r, the  s in u s  dep resso r and the  s inus p re sso r)  a l l  

p e r s is te d  as  th e  depth of an aes th es ia  in c reased . Each tended  

to  show a d im inution in  term s o f percen tage  change in  b lood 

p re s su re , b u t t h i s  was r e s i s te d  in  some anim als u n t i l  the  blood 

p re ssu re  had f a l le n  very co n sid e rab ly .

P ig . 50 shows the  p e rs is te n c e  o f  th e  vagus and s in u s  

responses a f t e r  tw ice  th e  a n a e s th e tic  dose o f u re th an e . (The 

responses have a l l  become markedly d im inished, b u t a re  

q u a li t a t  i  v e ly /



MALTS IS  OP VAGUS M D  SINUS NERVE RESPONSES

UNDER URETHANE.

A B C  D

.  32.  C at. A naesthe tic  u re thane  1.25 gm/Kg. ( i n t r a -  
p e r i to n e a l ly ) .  Double vagotomy. L eft s inus 
nerve c u t. A r t i f i c i a l  r e s p i r a t io n .
B i la te r a l  open pneumothorax. A r te r ia l  B .P.
( l e f t  c a ro tid  a r te r y ) .  Time 5 sec .
T racings ob tained  1 h r .  15 min. a f t e r  in d u c tio n . 
Square -wave s tim u la to r .
A. Right vagus nerve 20 V. 7 0 /sec .

p u lse  1 .0  m/sec.
B. Right s in u s  nerve 20 V. 7 0 /sec .

p u lse  0.02  m /sec.
C. Right sinus nerve 50 V. 7 0 /sec .

p u lse  0.02  m /sec.
D. R ight sinus nerve 3 V. 7 0 /sec .

p u lse  10 m /sec.

A B e  D

;. 33. The same experim ent. S tim uli repeated
2 h r .  a f t e r  in d u c tio n  and a f t e r  a d d itio n a l 
urethane to  t o t a l  2.25  gtr/Kg.
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q u a l i ta t iv e ly  s im i la r  to  th o se  ob ta ined  w ith  id e n t ic a l  s tim u li  

e a r l i e r  in  th e  experiment during  l i g h t e r  a n a e s th e s ia ) . While 

from P ig . 3*1 i t  may be seen th a t  a d d itio n  o f  a fu r th e r  f  

a n a e s th e tic  dose o f u re th an e  ( th re e  in je c t io n s  o f 0 .25  gn/Kg. 

given in  l e s s  th an  20 m in .) has had l i t t l e  e f fe c t  on th e  

responses, y e t t h i s  amount o f  a n a e s th e tic  was alm ost th e  maximum 

which th e  anim al would t o le r a te  ( f u r th e r  0 .25  gm/Kg. causing 

d e a th ) .

A f i f t h  experim ent, th e  t h i r d  o f th e  p resen t s e r ie s ,  

produced r e s u l t s  o f  a  somewhat d if f e r e n t  n a tu re  in  th a t  th e re  

d id  occur a  •re v e rsa l*  o f th e  response to  s in u s  nerve 

s tim u la tio n , a lthough  not to  vagal s tim u la tio n . In  th i s  an im al, 

s tim u la tio n  o f  th e  vagus in  l ig h t  u re thane  an aes th es ia  gave th e  

normal d e p re sso r resp o n se , and s tim u la tio n  o f  th e  sinus nerve 

gave e i th e r  a  r i s e  o r a f a l l  depending on th e  s tre n g th  o f 

stim ulus (P ig . 3 2 ). I t  can be seen, however, th a t  the s inus 

nerve d ep resso r e f fe c t  was somewhat fe eb le  d e sp ite  th e  s trong  

s tim u lu s . B u ffe r  nerve s tim u la tio n  a f t e r  a d d itio n a l u re thane  

( to  a  t o t a l  o f 2.25  gm/Kg.) produced very  s im ila r  changes 

(F ig . 3 3 ) . Thus f a r  th e re  i s  q u a li ta t iv e  agreement w ith  th e  

o th e r  experim ents. I t  was found in  th i s  anim al, however, th a t  

fo r  a sh o rt p e rio d  fo llow ing  upon a fu r th e r  in travenous 

in je c t io n  o f u re th a n e , s tim u la tio n  o f th e  s in u s  nerve w ith  a  

s tim ulus p re v io u s ly  * depressor* produced a d e f in i te  r i s e  in  

blood p re s su re  (P ig . 34 A, B ). The e f fe c t  o f vagal s tim u la tio n  

a t  t h i s  s tag e  was s t i l l  d ep resso r, and indeed , when th e  s in u s  

n e rv e /



ANALYSIS OP VAGUS AND SINUS NERVE RESPONSES

UNDER URETHANE.

1 ■ ■HI i■H■Hi
A B c D E

P ig . 34. The same animal as in  P ig s . 32 and 33. The 
experiment con tinued . More urethane 
in je c te d  to  t o t a l  3 gm/Kg. 2 h r .  30 min. 
a f t e r  in d u c tio n .
A ob ta ined  1 min. and B 2 min. 10 se c . a f t e r  
l a s t  dose u re th an e .
A. S tim u la tio n  o f r ig h t  s inus nerve 3 V.

70/ s e c .  p u lse  10 m /sec.
B. " 11 " s inus nerve 50 V.

70/ s e c .  p u lse  0.02  m /sec.
C. Two min. l a t e r ,  s tim u la tio n  o f r ig h t  vagus

20 V. 7 0 /sec . p u lse  1 m /sec.
D. and E. Two min a f t e r  C.
D. S tim u lation  o f r ig h t s inus nerve 3 V.

70/ s e c .  p u lse  10 m /sec.
E. 11 " " s inus nerve 50 V.

70/ s e c .  p u lse  0.02  m /sec.

A B C D
F ig . 33* The same experiment as above con tinued . More 

u re thane  in je c te d .
A and B. obtained  2 h r .  45 min. a f t e r  in d u c tio n , 
and 4 min a f t e r  in je c t io n  u rethane to  t o t a l

3.25 gm/Kg.
A. S tim u lation  o f r ig h t s inus nerve 3 V.

70/ s e c .  pu lse  10 m /sec.
” 11 ” vagus nerve 20 V.

7 0 /sec . pu lse  1 m/sec.
C and D obtained  2 h r .  58 min. a f t e r  in duction  
and a f t e r  0.25 gm/Kg. urethane to  t o t a l  3 .5  gm/Kg.
C. S tim ulation  o f r ig h t sinus nerve 3 V.

7 0 /sec . pu lse  10 n /s e c .
T) tt n  ii• vagus nerve 20 V.

7 0 /sec . p u lse  1 n /s e c .
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nerve s tim u la tio n  was rep ea ted  fo u r m inutes l a t e r  a  fe e b le  

f a l l  in  b lood  p re s  su re  was ob ta ined  (P ig . 34 D, E ) . Another 

dose of u re th an e  le d  to  th e  reappearance o f a  f a in t  r i s e  in  

b lood  p r e s s u r e  w hile th e  vagus response was s t i l l  a f a l l  

(P ig . 35 A, B .) .  F in a lly  no response a t a l l  could be e l i c i t e d  

(F ig . 35 C, D).

I n te r p r e ta t io n :

Out o f f iv e  experim ents designed s p e c i f ic a l ly  to  b rin g  to

l ig h t  any abnorm ality  o f th e  b u f fe r  nerve re f le x e s  in  profound

ure th an e  a n a e s th e s ia , only one animal showed any tendency

w hatsoever to  a *reversed* response . This s in g le  in s tan ce  was

observed in  th e  s in u s  nerve on ly , was o f l i t t l e  magnitude, was

tr a n s ie n t  and moreover appeared only a f t e r  ad m in is tra tio n  o f

th re e  tim es th e  a n a e s th e tic  dose. I t  i s  worthy o f note th a t

th e  s in u s  nerve in  t h i s  anim al gave but a feeb le  depresso r

e f f e c t  in  l ig h t  u re thane  an aes th es ia  even w ith  very  powerful

s t im u li .  In  every anim al, in c lu d in g  th a t  ju s t  d iscu ssed , over

2 gn/Kg. u re th an e  could  be given w ith  no q u a li ta t iv e  change in

any o f  th e  b u f f e r  nerve re f le x e s ,  and in  four o f these

co n siderab ly  more had as l i t t l e  e f f e c t .

I t  was apparen t th a t  u re th an e , u n lik e  nembutal, in te r f e r e s

l i t t l e  w ith  the  vasomotor responses e l i c i t e d  from s tim u la tio n

o f  th e  b u f fe r  n e rv es . This fin d in g  ju s t i f i e d  the  adoption of

the  drug fo r  th e  fu r th e r  study o f such responses.

The f a c t  th a t  successive  doses o f urethane can be given

w ithout favouring  e i th e r  th e  p re sso r o r  depresso r responses 

e l i c i t e d /
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e l i c i t e d  from the  s in u s  n e rv e , renders  i t  u n lik e ly  th a t  th e  

one o r  th e  o th e r  occurring  in  l ig h t  u re thane  a n ae s th es ia  i s  due 

to  any e f f e c t  o f  t h i s  d rug . This im p lies  th a t  such e f f e c t s  a re  

independent o f th e  a n a e s th e tic , a fin d in g  which ag rees w ith  th e  

conclusions a r r iv e d  a t  from th e  experim ents in  th e  non

a n a e s th e tiz e d  d ece reb ra te  p re p a ra tio n , and which supports th e  

view th a t  th e  p re s s o r  e f f e c t s  obtained  under l ig h t  nembutal 

a n ae s th e s ia  a re  no t dependent on th a t  drug d e sp ite  any e f fe c t  

i t  may have in  overdosage.

(B) • A nalysis  o f Sinus Nerve Responses in  Light 

U rethane A naesthesia  w ith  S p ec ia l Reference 

to  th e  E f fe c ts  o f Feeble S tim u la tio n .

The p reced ing  s e r ie s  o f  experim ents, a lthough p rim arily

concerned w ith  th e  e f f e c t s  o f u re thane  overdosage, had y ie ld ed

much usefU l d a ta  on the  e f f e c ts  of e l e c t r i c a l  s tim u la tio n  of

the  s inus nerve w ith  d if f e r e n t  in te n s i t i e s  during l ig h t

u re thane  a n a e s th e s ia . The immediate purpose o f th e se

experim ents, however, demanded th a t a d d itio n a l doses o f

u rethane be given as  qu ick ly  as  p o ss ib le  a f t e r  in d u c tio n  so

th a t  a h igh  c o n cen tra tio n  o f th e  drug was reached w ith th e

s h o r te s t  d e lay . This was necessary  l e s t  through d e te r io ra tio n

th e re  was a  d im inution  of th e  ab so lu te  q u an tity  o f th e  drug

which th e  p re p a ra tio n  could to le r a te .  Xn consequence the

leng thy  p rocedures a sso c ia te d  w ith  estim atio n  of th e  e f f e c ts

of d if f e r e n t  stim ulus s tre n g th s , such as repeated  a p p lic a tio n

of one s tim u lu s  o r th e  r e p e t i t io n  o f a s e r ie s  o f s tim u li in  th e  

r e v e rs e /



ANALYSIS OF SINUS NERVE RESPONSES UNDER URETHANE,

THE EFFECT OF VOLTAGE,

■
A B

F ig , 36. C at, A naesth e tic  u re thane  (1 .25  gm/Kg.), 
Double vagotomy. L eft s inus nerve c u t .  
A r t i f i c i a l  r e s p i r a t io n .  B i la te r a l  open 
pneumothorax. A r te r ia l  B .P . ( l e f t  c a ro tid  
a r t e r y ) .  Time 3 se c .
A. S tim u la tio n  o f r ig h t  s inus nerve 20 V. 
■g n m i» it n 2 V,

(p u lse  d u ra tio n  (1 msec.) and frequency
( 70/ s e c . )  c o n s ta n t.)

THE EFFECT OF PULSE DURATION.

A B
F ig . 37. C at. P repared  and a n ae s th e tiz e d  as above (F ig .

A. S tim u la tio n  o f r ig h t  sinus n e rv e . P u lse  10 msec.
B. 11 " M 11 ” P u lse  1 msec.

(V o ltage(1 V.) and frequency (7 0 /s e c ,)  co n stan t).
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re v e rse  o rd e r , cou ld  no t be c a r r ie d  o u t. N e ith e r could  any- 

d e ta i le d  s tudy  o f th e  e f f e c t s  o f feeb le  s tim u la tio n  be c a r r ie d  

ou t.

I t  was th e  purpose o f  th e  p re sen t s e r ie s  to  perform  such 

in v e s t ig a t io n s .

M ethods:

(a ) P rep a ra tio n  o f  th e  Animal.

C ats were a n a e s th e tiz e d  and prepared  as in  th e  im m ediately 

preceding  ure thane  s e r ie s .  S u f f ic ie n t depth of an aes th es ia  was 

m ain ta ined  by in trav en o u s  in je c t io n  of sm all amounts o f 

urethane a s  n ecessa ry .

(b) S tim u la tio n .

The B .N .I. s tim u la to r  and th e  sinus nerve e lec tro d e s  were 

employed. The l a t t e r  were ch lo rid ed  b e fo re  use*

(c ) Conduct o f th e  Experim ent.

S ix  anim als were s tu d ie d . Experiments were confined to  

s tim u la tio n  o f  th e  s in u s  nerve w ith  a  wide range o f s tim ulus 

s tre n g th s , from subminimal to  supramaximal v a lu es .

R e s u lts :

(1) In  each anim al pow erful p re s so r  responses were ob ta ined  

over a wide range o f s tim ulus s tre n g th s .

(2) In  every  in s ta n ce  th e se  p re s so r  responses dim inished 

and became rep laced  by dep resso r e f fe c ts  when more powerful 

s tim u la tio n  was employed.

(3) R eversal o f th e  vasomotor e f fe c ts  could be e a s i ly

a f fe c te d  by s e le c t in g  s tim u li o f ap p ro p ria te  in te n s i ty .  Thus 

b y /



ANALYSIS OF SINUS NERVE RESPONSES UNDER URETHANE.

THE INITIAL DEPRESSOR RESPONSE OBTAINED WITH WEAK STIMULATION.

A B C D E F
F ig . 38. C at. A naesthe tic  u re thane  (1 gm/Kg.). Double 

vagotomy. L eft s inus nerve c u t. A r t i f i c i a l  
re s p i r a t io n . B i la te r a l  open pneumothorax. 
A r te r ia l  B .P. ( l e f t  c a ro tid  a r te r y ) .  Time 5 sec .
A.
B.

it it tt n it
it it w n n

S tim ulation  o f r ig h t sinus nerve 0 .5  V.
it n n n it

C.
D.

1 V.
2 V. 
5 V.

(P u lse  d u ra tion  (0.02 msec.) and frequency
(70/ s e c . )  c o n s ta n t.)

E. S tim ulation  o f r ig h t sinus nerve 0 .5  V.
II It II it n i  y

(P ulse d u ra tion  ( 1 m sec.) and frequency
( 70/ s e c . )  c o n s ta n t) .

A B C D
F ig . 39. Cat (ano ther animal prepared as F ig . 38) .

T o tal urethane 1.5  gm/Kg.
A and C. S timulat io n  of r ig h t s inus nerve 3 V. 
B and D. » " i t  » " 1 0  V.
(Pulse duration  (0.02) and frequency

(7 0 /se c .)  c o n s ta n t) .
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by adop ting  a s u i ta b le  p u lse  d u ra tio n  a r i s e  could be converted  

to  a  f a l l  by in c re a s in g  the  v o ltag e  a lo n e , w hile by s e le c tin g  

an a p p ro p ria te  v o lta g e  th e  same e f fe c ts  could be achieved by 

s u i ta b le  a l t e r a t io n  in  th e  p u lse  d u ra tio n . To i l l u s t r a t e  th a t  

th e  p ro cess  i s  r e v e r s ib le  and may be c a r r ie d  out in  e i th e r  

d ire c t io n  tra c in g s  have been s e le c te d  in  which a f a l l  in  blood 

p re ssu re  has been converted  to  a r i s e  by a dim inution o f  

stim ulus s tre n g th  (F ig s . 36 and 37 ).

(4) By c a r e fu l ly  t e s t in g  the  e f fe c ts  o f  feeb le  s tim u la tio n  

in  each an im al, i t  was found, in  th re e  out o f s ix ,  th a t  a 

d ep resso r response could be e l i c i t e d  w ith  s tim u li weaker than 

those  re q u ire d  to  b r in g  about the  f i r s t  appearance o f th e  

p re s so r  response . The s tim ulus range over which t h i s  response 

appeared was rem arkably narrow , any s l ig h t  in c re ase  tend ing  

im m ediately to  evoke a p re s so r  e f fe c t  w hile decrease caused 

i t s  d isappearance and indeed was w ithout d e tec tab le  e f fe c t  on 

th e  b lood  p re s su re . Once found, however, th e  e f fe c t  could be 

rep ea ted ly  ob ta ined  (F ig s . 38 and 39 ). D espite  th e  fa c t th a t  

the  p re p a ra tio n  had the  th re e  o th e r b u ffe r  nerves c u t, th e  

response was fe e b le  and was q u ite  d if f e r e n t  from th a t  ob tained  

by pow erful s tim u la tio n  no t only as  regards magnitude, but a lso  

in  th a t  th e  f a l l  was o ften  tr a n s ie n t  and tended to  d im inish  

markedly w hile  th e  stim ulus was yet being  a p p lied .

In  th e se  anim als th e n , as had been found in  c e r ta in  o f

the nembutal experim ents, th e  s inus nerve dem onstrated th re e

d is t in c t  responses to  e l e c t r i c a l  s tim u la tio n , f i r s t l y  a fe eb le  

f a l l /



ANALYSIS OF SINUS NERVE RESPONSES UNDER URETHANE.

THE EFFECT OF INCREASING VOLTAGES.

A B C  D

F ig . b0 . C at. A naesthetic  urethane ( t o t a l  1 .5  @n/Kg.). 
Double vagotomy. Left s inus nerve c u t. 
A r t i f i c i a l  r e s p ira t io n .  B i la te r a l  open 
pneumothorax. A r te r ia l  B.P. ( l e f t  c a ro tid  
a r te r y ) .  Time 5 sec .

A. S t imula t io n  o f r ig h t s inus nerve 3 V.
B. w it n n n q y .
C. M « it it ti

D. M n it it it 20 V.

(Pulse du ra tion  (0.02 m sec.) and frequency
(70/ sec . )  c o n s ta n t)•



131.

f a l l  appearing  w ith  lim in a l s tim u la tio n , secondly a r i s e  

o b ta in ed  w ith  s tim u la tio n  o f  somewhat g re a te r  s tre n g th  and 

p e r s is t in g  over a  considerab le  in te n s i ty  range, and th i r d ly  a  

marked d ep re sso r response ob ta ined  by powerful s tim u la tio n  

(P ig . w ) .

In  the  o th e r  anim als i t  was not found p o ss ib le  to  e l i c i t  

t h i s  i n i t i a l  d ep resso r e f f e c t ,  th e  f i r s t  response observed, a s  

th e  stim u lus s tre n g th  was in c reased  from sub lim inal v a lu e s , 

b e ing  p re s so r .

A DISCUSSION AND INTERPRETATION OF SINUS NERVE 

RESPONSES TO ELECTRICAL STIMULATION.

Evidence has been p resen ted  to  show th a t  e le c t r i c a l  , 

s tim u la tio n  o f e i th e r  sinus nerve , in  unanaesthetized  

(d e c e re b ra te ) , nem butalized or u re th an ized  c a ts ,  g ives r i s e  to  

e f f e c t s  on th e  b lood  p re ssu re  which a re  dependent on th e  

in te n s i ty  o f stim ulus employed. In  anim als prepared  by any o f 

th e se  methods i t  has been found th a t  b esid es  the normal 

expected d ep resso r response , which i s  ob ta ined  only w ith  

s tim u li o f co n sid erab le  in te n s i ty ,  th e re  can a lso  be e l i c i t e d ,  

in  every c ase , marked p re s so r  responses when weaker s tim u li 

a re  employed. F u r th e r , i t  has been found th a t  in  c e r ta in  

in s ta n c e s  v e ry  fe e b le  s tim u la tio n  causes a s l ig h t  f a l l  in  

blood p re s su re , and in  anim als showing th i s  e f fe c t  th re e  

responses a re  th e n  observed, the  i n i t i a l  feeb le  dep resso r 

e f fe c t  w ith  lin v i.n a l s tim u la tio n , the  te rm in a l c h a r a c te r is t ic

d e p re sso r/
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d ep resso r e f f e c t  only ob ta ined  w ith  vezy pow erful s tim u la tio n , 

and an in t© m e d ia te  p re s so r  response obtained  w ith  s tim u li 

which l i e  between those  re sp o n sib le  fo r  th e  two d ep resso r 

e f f e c t s .  Thus, in  most an im als, a s  th e  s inus nerve was 

s tim u la te d  w ith  in c re a s in g  in te n s i t i e s  from values below 

th re sh o ld , th e  f i r s t  observed response was a r i s e  in  b lood 

p re ssu re  which y ie ld e d  and became depresso r when very pow erful 

s tim u li  were a p p lie d . In  th e  o th e rs , the  f i r s t  observed 

response was a f a l l  i n  blood p re s su re , fe e b le  and t r a n s ie n t ,  

and ra p id ly  being  converted  to  a p re s so r  e f fe c t  as the s tim ulus 

in te n s i ty  in c re a se d , th e r e a f te r ,  however, th e  course o f even ts 

in  th e se  anim als was s im ila r  to  th a t  in  the  m a jo rity . In  

experim ents fo llow ing  e i th e r  p a t te rn ,  once the  depresso r e f fe c t  

w ith  s tro n g  s tim u la tio n  had been ob ta ined , fu r th e r  in c re a se  in  

th e  s tim ulus s tre n g th  caused the  f a l l  to  be of g re a te r  ex ten t 

u n t i l  a  maximum was reached . A fte r  t h i s ,  in c reas in g  th e  

stim ulus s tre n g th  caused n e i th e r  in c rease  ,o r decrease in  th e  

magnitude o f  th e  d ep resso r e f f e c t .

I f  th e se  r e s u l t s  be in te rp re te d  as  due to  the  e f fe c ts  o f  

p re s so r  o r  d ep resso r f ib r e s  o f d if f e r in g  e x c i t a b i l i t i e s ,  and 

co n sid e rab le  evidence has alreac|y been le d  in  j u s t i f i c a t io n  o f 

such a  p rocedure , they perm it of a n a ly s is  o f th e  f ib r e  

c o n s t i tu t io n  o f th e  s in u s  n erves.

F i r s t l y ,  co n sid er th e  i n i t i a l  depresso r response. This 

must c e r ta in ly  be  due to  la rg e  f ib r e s  of low th re sh o ld . The 

experim ents/



experim ents, however, n e i th e r  prove nor d isprove th e  presence 

o f such d ep re sso r f ib r e s  in  every s inus ne rv e , fo r  they  have 

been dem onstrated  in  bu t s ix  anim als from r a th e r  le s s  than  

tw enty in  which a p p ro p ria te  low in te n s i ty  s tim u la tio n  was 

c a r r ie d  o u t. At f i r s t  s ig h t  th is  would appear to  suggest th a t  

they  were p re sen t only i r r e g u la r ly ,  and th e  v a r ia t io n  in  

r e s u l t s  might be a t t r ib u te d  to  a v a r ia t io n  in  th e  f ib re  content 

o f th e  nerve such a s  0*LEARY, HEINBECKER and BISHOP (1934) have 

shown to  occur in  th e  ra b b it  a o r t ic  nerv e . On c lo se r  exam ination 

and a n a ly s is  of th e  experim ental evidence, however, th e se  la rg e  

dep resso r f ib r e s  assume a g re a te r  s ig n if ic a n c e , fo r  when th e  

te c h n ic a l  d i f f i c u l t i e s  invo lved  in  t h e i r  dem onstration a re  

considered  i t  i s  s u rp r is in g  th a t  they  can be shown a t  a l l .  To 

dwell fo r  th e  moment on th e  question  o f e x c i t a b i l i ty ,  bo th  th e  

f ib r e s  re sp o n sib le  fo r  th e  i n i t i a l  depresso r e f fe c t  and th e  

p re s so r  f ib r e s  o f  neighbouring th re sh o ld  a re  h ig h ly  e x c ita b le . 

They are  m o b ilized  by feeb le  s tim u li (one o r two v o l t s ,  o f 

b r i e f  exponen tia l condenser d ischarge  of 0 .3  -  0 .4  msec, o r o f 

re c ta n g u la r  p u lse  o f 0 .02  m sec .), and are th e re fo re  A f ib r e s .

Now i t  i s  w e ll known th a t  over a la rg e  range o f f ib r e  s iz e s  

(which in c lu d es  th e  A group), th e  th re sh o ld  of e x c i t a b i l i ty  

r i s e s  bu t l i t t l e ,  b e fo re  ra p id ly  in c reas in g  fo r  th e  small 

f ib r e s  (BLAIR and ERLANGER 1934). F or example, ERLANGER and 

GASSER (1930) found th a t  th e  le a s t  ex c itab le  of th e  A f ib re s  

are  a c t iv a te d  w ith  s t im u li  which a re  l i t t l e  over tw ice th e  

s tre n g th  needed to  m obilize  th e  most h ig h ly  e x c itab le  f ib re s
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of th e  same group. Now apply ing  t h i s  to  th e  problem i,n hand, 

i t  i s  apparen t th a t  th e  e x c i t a b i l i ty  th re sh o ld s  o f th e se  

d ep resso r and p re s s o r  f ib r e s  m ob ilized  w ith  th e  weaker s t im u li ,  

approxim ate so c lo se ly  one to  th e  o th e r as  to  ren d e r improbable 

any re g u la r  dem onstration  o f t h e i r  opposite  e f f e c ts  by s e le c t iv e  

s t im u la tio n . From an o th er p o in t o f view, when the two f ib r e  

groups a re  m o b ilized  in  succession  w ith  in c re a s in g  v o lta g e s , 

they  b r in g  about a  change o f th e  vasomotor response, from a 

dep resso r to  a  p re s so r  e f f e c t ,  in  much th e  same way as  e l e c t r i c a l  

s tim u la tio n  o f many mixed nerves y ie ld s  f i r s t  a f a l l  and then  a 

r i s e  in  b lood p re ssu re  as  the  s tre n g th  o f  stim ulus i s  in c re a se d . 

This l a t t e r  phenomenon, th e  f a m il ia r  •rev ersa l*  ob ta ined  in  such 

nerves a s  th e  p o p l i te a l  o r t i b i a l  and many o th e rs , i s  caused, 

however, n o t by e x c ita t io n  o f f ib r e s  w ith in  th e  same group, but 

by successiv e  m o b iliz a tio n  o f d ep resso r f ib re s  o f th e  A group 

and p re s so r  f ib r e s  o f  th e  G group (GORDON 1943) • Now ERLANGER 

and GASSER (1930) have shown th a t  a stim ulus which i s  adequate 

to  a c t iv a te  a l l  th e  A f ib r e s  must be in c reased  seven tim es to  

m obilize  th e  most h ig h ly  e x c ita b le  o f th e  C f ib r e s ,  and over 

one hundred tim es to  in c lu d e  a l l  th e  C f ib r e s .  That being  so , 

nerves o f t h i s  type would appear to  be id e a l ly  c o n s ti tu te d  to  

perm it o f th e  dem onstration of a f fe re n ts  o f  d ir e c t ly  opposite  

e ffe c t-  by th e  method o f  e le c t r i c a l  s tim u la tio n  w ith  in c re a s in g  

in t e n s i t i e s ,  f o r  th e  two groups o f a f fe re n ts  resp o n sib le  f o r  

th e  e f f e c t  o f opposite  s ig n  a re  o f w idely d if f e r in g  th re sh o ld s .

Not so th e  s inus nerve , however, f o r  the  s im ila r  re v e rsa l has 
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no t th e  same mechanism. No C f ib r e s  a re  in v o lv ed . I t  has 

a lread y  been p o in ted  out t h a t  th e  c u rre n t i n t e n s i t i e s  employed 

to  e l i c i t  b o th  e f f e c t s  a re  such as would be expected to  

a c t iv a te  only  la rg e  f ib r e s  o f low th re s h o ld , and th e  argument 

may be f u r th e r  supported  by co n s id e ra tio n  o f th e  fo llow ing  

f a c t s .  In  a ttem p tin g  to  dem onstrate th e  presence of th e  la rg e  

d ep resso r f ib r e s  i n  th e  s inus n e rv e , advantage had been taken  

of th e  fa c t th a t  th e  r e la t iv e  i r r i t a b i l i t i e s  o f f ib r e s  of 

d if f e r e n t  s iz e  a re  fu n c tio n s  o f th e  tim e co n stan t o f  th e  s tim u lu s , 

and th a t  th e  g r e a te r  i r r i t a b i l i t y  o f th e  coarse  f ib r e s  i s  most 

prominent w ith  s tim u la tin g  c u rre n ts  o f sh o rt d u ra tio n . Care 

was taken  to  employ b r i e f  shocks, e i th e r  th e  sh o rt (0 .3  m sec.) 

p u lses  from the  WHITFIELD s tim u la to r  or th e  s h o r te s t  (0 .02  m sec.) 

from the  B .N .I . d ev ice . The very fa c t th a t  such b r i e f  s tim u li  

were employed p rec luded  th e  re v e rs a l  being  due to  the m ob iliz 

a tio n  of C f ib r e s .  To e x c ite  th ese  w ith  such sh o rt s tim u li 

much h ig h e r v o lta g e s  would have to  be employed, te n  tim es o r 

mare th e  va lu e  o f th o se  found e f fe c t iv e  in  b rin g in g  about a 
t r a n s i t io n  from the  dep resso r to  th e  p re s so r  response . T his 

may be c a lc u la te d  from th e  da ta  g iven  by BIAIR and ERLANGER 

(1934) • F u r th e r , from th e  s tandpo in t o f d i f f e r e n t i a l  s tim u l

a tio n  o f vasom otor a f f e r e n ts ,  GORDON (1943) has s tre s s e d  th e  

d i f f i c u l ty  o f e x c it in g  C f ib r e s  w ith  b r i e f  shocks. Thus w ith  

a s tim ulus o f  sh o rt tim e constan t (0.1 msec, condenser 

d isch a rg e ), t h i s  au th o r found i t  im possible to  produce any 

p re s so r  re f le x e s  from sensory  n e rv es , such as  th e  m edial 
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p o p l i te a l  o f th e  c a t ,  even w ith  60 -  80 v o l t s .  The s in u s  

nerve r e v e r s a l ,  d ep re sso r to  p re s so r , i s  not then  to  be 

considered  in  th e  same l ig h t  a s  th e  s im ila r  e f f e c t  occu rring  

in  a g re a t number o f o th e r  nerves o f le s s  s p e c if ic  vasomotor 

fu n c tio n , bu t can be seen to  depend on successive  m o b iliz a tio n  

o f f ib r e s  o f d ep resso r and p re s so r  fu n c tio n , which l i e  w ith in  

th e  same A group. I t  would, th e re fo re , be u n ju s t i f ia b le  to  

expect i t  to  be  dem onstrable w ith  anything l ik e  th e  r e g u la r i ty  

w ith  which i t s  c o u n te rp a rt may be e l i c i t e d  in  th e se  o th e r  

n e rv es . Where th e  two b lood  p re ssu re  responses o f opposite  

s ign  a re  dependent upon s e le c t iv e  s tim u la tio n  o f a f fe re n ts  o f 

such c lo se ly  approxim ated th re sh o ld s  o f  e x c i t a b i l i ty ,  i t  i s  

probable th a t  th e  la rg e  d ep resso r f ib re s  w il l  make them selves 

m anifest only under favourab le  c ircum stances, p o ss ib ly  where 

the  nerve i s  so d isposed  on th e  e lec tro d e s  as  to  favour t h e i r  

e x c ita t io n . When i t  i s  fu r th e r  borne in  mind th a t  the index 

o f  s e le c t iv e  s tim u la tio n  of th e  f ib r e s  i s  not th e  s e n s i t iv e  

method o f  reco rd in g  th e  a c tio n  p o te n t ia ls  s e t  up in  th e  nerv e , 

b u t i s  th e  n a tu re  o f th e  b lood  p re ssu re  e f fe c ts  brought about 

in  th e  anim al i t s e l f ,  i t  i s  rem arkable th a t  th e  depressor 

f ib r e s  o f  low th re sh o ld  have been observed in  even as many as  

s ix  out o f tw enty experim ents.

From such arguments i t  fo llow s th a t  th e  absence of an

i n i t i a l  dep resso r response to  feeb le  s tim u la tio n  does not

n e c e s sa r ily  imply th e  non-ex istence  o f la rg e  depressor f ib r e s .

The absence o f  th e  e f f e c t  might ju s t i f i a b ly  be a t t r ib u te d  to  
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a f a i l u r e ,  a lthough  an understandab le  one, o f th e  techn ique 

employed in  dem onstrating  them. I t  i s  th e re fo re  p o s s ib le  th a t  

la rg e  d ep resso r f ib r e s  a re  a  normal con ten t o f th e  s inus nerves* 

On th e  o th e r  hand i t  i s  p o ss ib le  th a t  th e y  a re  no t re g u la r ly  

p re s e n t.

Extending th e  a n a ly s is  to  th e  c o n sid e ra tio n  o f the  p re s so r  

and d ep re sso r responses o b ta ined  w ith  h ig h e r in te n s i ty  s tim u l

a t io n ,  i t  i s  a t  once ap p aren t th a t  th e  experim ental r e s u l t s  

perm it o f much more d e f in i te  conclu sio n s . I t  can be s a id  a t  

the  o u tse t th a t  a l l  th e  nerves s tim u la ted  showed evidence of 

p re s so r  f ib r e s  o f a wide range o f e x c i t a b i l i ty  and o f depresso r 

f ib r e s  of h ig h e r  th re s h o ld . T his statem ent h o ld s , d e sp ite  th e  

f a c t  th a t  in  some anim als a  dep resso r response was not ob ta ined  

a t  a l l ,  fo r  in  th e s e , d ep resso r f ib r e s  were making them selves 

m anifest a s  a  d im inution  o f th e  p re s so r  e f fe c t  as th e  stim ulus 

was in c re ase d ,an d  f u r th e r ,  th e  s tren g th  o f stim ulus used was 

l a t e r  shown to  be in s u f f ic ie n t  to  m ob ilize  enough sm all f ib r e s  

to  b rin g  about th e  maximum f a l l  o f blood p re ssu re . What i s  o f 

e sp e c ia l i n t e r e s t  i s  th e  very h igh  in t e n s i t i e s  req u ired  to  

cause th e  noimal d ep resso r e f f e c t .  At once they  po in t to  th e  

dep resso r f ib r e s  be in g  very  sm all, c e r ta in ly  sm alle r than the  

p re sso r f ib r e s .  There a re  sev e ra l in d ic a tio n s  th a t some a t  

le a s t  o f th e  d ep resso r f ib r e s  may belong to  the C group. For 

example, th e  Tnaxj.nTMm stim ulus o f which th e  WHITFIELD device was 

capable (40 V. 0 .3  m sec .) , was e a r ly  abandoned a s  being 

in s u f f ic ie n t ly  s tro n g  re g u la r ly  to  b rin g  about the expected 
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d ep resso r re sp o n se . T his s tim u lus sometimes m obilized  th e

d ep resso r f ib r e s  only  in  s u f f ic ie n t  number to  b r in g  about a

decrement i n  an e s ta b lis h e d  p re s so r  e f f e c t .  U su a lly , however,

i t  b rought about a f a l l  i n  b lood p re s su re , bu t in  th e se

in s ta n ce s  th e  e f f e c t  was nev er shown to  be maximal, and in  each

o f  th e  experim ents where th e  e f fe c t  was compared w ith  that
brought about by s tro n g e r  s tim u la tio n  from an o th er s tim u la to r ,

an in c re a se d  dep resso r component t e s t i f i e d  to  th e  f ib r e s  i t  l e f t

in a c t iv a te d . S im ila r ly  w ith  th e  B .N .I. s tim u la to r  i t  was found

th a t although  a d ep resso r e f fe c t  could be achieved w ith p u lses

o f 0.02 msec, when 40 - 5 0  v o l t s ,  were u sed , i t  was u su a lly

feeb le  and could  always be augmented by in c re a s in g  the  time
co n stan t. These a b so lu te  va lues in  them selves speak in  support

o f  the  dep resso r f ib r e s  belonging to  the  C group (BLAIR and
ERLANGER 1934). The same conclusion  may be reached in  a

d if fe re n t  way, however, w ithout re fe ren ce  to  ab so lu te  v a lu e s .

For in s ta n c e , an e f f e c t  on th e  b lood p re s su re , r i s e  o r f a l l ,

i s  always observed in  response to  s tim u la tio n  o f the s inus

nerve w ith  a  few v o l t s ,  o f e i th e r  o f th e  two s tim u li m entioned,

and o ften  w ith  le s s  than  one v o l t .  Yet in  some in s ta n ce s  t h i s

must c e r ta in ly  be in c re ase d  over one hundred tim es b e fo re

depressor f ib r e s  a re  m obilized  in  any s ig n if ic a n t  amount.

Again, th e  d i f f i c u l ty  w ith  which the  sm all f ib r e  response i s

obtained w ith  th e  sh o rt p u ls e s , and th e  com parative ease o f

i t s  dem onstration w ith  p u lses  o f 10 msec, d u ra tio n , po in t to  a

s im ila r i ty  between t h i s  s e r ie s  o f  experim ents and those  c a r r ie d  
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out by GORDON (1943)> to  which re fe ren ce  has a lread y  been made," 

and where th e  sm all f ib r e s  o f th e  •unspecific*  nerves were 

considered  to  belong to  the  C group.

I t  i s  c e r ta in  th a t  th e  f ib r e s  resp o n sib le  fo r  th e  c la s s ic a l  

depresso r response a re  very sm all, and co n sid erab le  evidence has 

been adduced in  fav o u r o f  t h e i r  belong ing , a t  le a s t  in  p a r t ,  to  

th e  C group. T his l a t t e r  conclusion , however, cannot be 

considered  as  proved in  the  absence o f such o th e r  evidence as  

might be d e riv ed  from d i f f e r e n t i a l  f ib r e  b lo ck in g , or 

sim ultaneous reco rd in g  o f a c tio n  p o te n t ia ls ,  bo th  o f which a re  

outw ith th e  scope o f th e  p re sen t work.

With reg a l’d to  th e  p re s so r  f ib r e s .  The g rea t m ajo rity  o f 

th e se  c e r ta in ly  belong to  th e  A group. T h e ir i r r i t a b i l i t y ,  

however, ex tends over a very  la rg e  range, and the masking o f 

t h e i r  e f f e c t  a s  d ep resso r f ib r e s  a re  m obilized  p rec ludes any 

estim ate  o f  th e  v a lu es  req u ire d  to  s tim u la te  th e  le a s t  e x c ita b le . 

They may extend  down to  the  sm alles t A f ib r e s  o r  even in to  th e  

C group.

F in a l ly ,  q u a n ti ta t iv e  d iffe re n c e s  in  the  t o t a l  p re sso r o r 

depresso r p o t e n t i a l i t i e s  in  th e  nerves would suggest considerab le  

v a r ia t io n  in  th e  p re s s o r  and depresso r f ib r e  co n ten t.

Such th en  a re  th e  conclusions a rr iv e d  a t in  th e  a n a ly s is  

o f th e  f ib r e  con ten t o f th e  s in u s  n e rv e . I t  remains to  r e l a t e  

th ese  to  th e  known fu n c tio n s  o f the  nerve .

F i r s t ,  co n sid e r th e  known p re s so r  f ib re  co n ten t, the chemo—

sensory f ib r e s .  P re s so r  responses from e le c t r i c a l  s tim u la tio n  
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of th e  s in u s  nerve have no t p rev io u s ly  been a sc rib e d  to  

a c t iv a t io n  o f  th e se  f ib r e s ,  bu t where s tim u la tio n  i s  c a r r ie d  

out over a wide range o f i n t e n s i t i e s ,  from lim in a l to  supra

maximal v a lu e s , i t  i s  obvious th a t  th e se  f ib r e s  must be e x c ite d  

a t  some s ta g e . In  th e  p re sen t s tudy , no evidence of p re s so r  

a c t i v i ty  has been found, except in  th e  range o f f ib r e s  w ith  

th re sh o ld s  in te rm e d ia te  between th e  i n i t i a l  and te rm in a l 

depresso r f ib r e s .  Such evidence has been d e lib e ra te ly  sought 

in  view o f  th e  fa c t  th a t  in  a l lo c a tin g  th e  chemosensoiy f ib r e s  

to  a group o f h ig h e r e x c i t a b i l i ty  than  th e  powerful d ep resso r 

f ib r e s ,  a  conclusion  d i r e c t ly  a t  variance  w ith  the w ell known 

a c tio n  p o te n t ia l  s tu d ie s  o f BRONK (1932) and o th e rs  has been 

a r r iv e d  a t .  In c re a se  o f th e  in te n s i ty  o f s tim u la tio n  in  the 

depresso r ran g e , even w ith  th e  most pow erful s tim u li of 10 msec, 

and to  th e  d e s tru c tio n  o f th e  nerve , f a i l e d  to  dem onstrate any 

decrement in  th e  dep resso r response o r o th e r evidence o f p re s so r  ' 

fib re , a c t i v i t y .  The s ig n if ic a n t  p re s so r  con ten t had thus been 

m obilized b e fo re  a l l  th e  depressor f ib r e s  had been a c tiv a te d .

The chemosensoiy f ib r e s  must th e re fo re  be assigned  to  th e  

in te rm ed ia te  p re s so r  group. Whether o r not they  form th e  whole 

group i s  a  d i f f e r e n t  m a tte r , f o r  th e  range o f th re sh o ld s  has 

been shown to  be la rg e ,  and i t  i s  p o ss ib le  th a t p re sso r f ib r e s

o th e r  th an  chemosensory f ib r e s  are  invo lved .

As to  d ep resso r a c t i v i t y ,  th e  s in u s  nerve has a known

complement o f d ep resso r f ib r e s ,  the  barosensory  f ib r e s ,  and th e

p resen t s e r ie s  o f experim ents have shown th a t  two q u ite  d is t in c t  
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d ep resso r a f f e r e n t  groups e x i s t .  The f i r s t  group o f low”

th re sh o ld  i s  in  agreement w ith  th e  a c tio n  p o te n t ia l  s tu d ie s ,

hut produces only  a feeb le  f a l l  in  blood p re ssu re  and indeed

may not be re g u la r ly  p re s e n t. The second group d isag rees  w ith

the e s ta b lis h e d  te a c h in g s , bu t i s  resp o n sib le  fo r  producing th e

c la s s ic a l  d ep re sso r response and must be assumed to  in c lu d e  th e

barosensory  f i b r e s .  I t  might be he ld  th a t  the sm all f ib r e s

causing th e  d ep re sso r response a re  not b arosenso iy , but th e

argument h e re  i s  th e  same as  w ith th e  chemosensoiy group, simply

th a t the  d ep resso r barosenso iy  con ten t of th e  nerve has to  be

accounted fo r  somewhere over the  comprehensive range o f e l e c t r i c a l

s tim u la tio n , and t h i s  has f a i le d  to  show powerful depresso r

a c t iv i ty  o th e r  th a n  in  th e  sm all f ib r e  group. As fo r  th e  la ig e

depressor f ib r e s ,  i t  may w e ll be th a t  they  a re  those  re sp o n sib le

fo r  th e  la rg e  sp ik es  of th e  s in u s  nerve neurograms shown to  be

s e t up in  ba ro sen so ry  f ib r e s .  The feeb le  e f fe c t  they  have been

found to  produce on th e  blood p ressu re  does not p reclude t h i s ,

fo r  th e  arguments th a t  such la rg e  f ib r e s  a re  resp o n sib le  fo r  th e

re f le x  f a l l  i n  b lood  p re ssu re  follow ing s tim u la tio n  o f the  baro—

recep to rs  a re  in d i r e c t ,  the  conclusions being derived  from two

is o la te d  f a c t s .  F i r s t l y ,  th a t  a  r i s e  in  in tr a s in u s a l  p re ssu re

causes such sp ik es  to  appear, and secondly, th a t  th e  same change

i s  accompanied by a  r e f le x  f a l l  in  system ic blood p re s su re .

Such an argument would be sound only i f  th e  la rg e  f ib r e s  a lone

could be  shown to  be a c tiv e  during the  r e f le x .  This i s  not th e

case , however. Indeed sin ce  BRONK1 s (1932) study th e re  has been 
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known to  be a  continuous background o f sm all f ib r e  a c t i v i t y .

This has been a sc rib e d  to  th e  chemosensoiy f ib r e s  on th e  b a s is  

th a t e x c i ta t io n  o f  th e  chem oreceptars produces ju s t  such a c t i v i ty  

as i s  seen  between th e  showers o f  la rg e  p o te n t ia ls .  There i s  

no ev idence, however, th a t  th e  chemoreceptors account fo r  a l l  

such sm all f ib r e  a c t i v i t y ,  or th a t  during a barosenso iy  r e f le x  

th e re  i s  not indeed  an in c re a se  in  th e  number o f  sm all f ib r e s  

a c t iv e .  These might w e ll e x is t  behind a masking barrage  o f 

la rg e  p re s su re  s e n s i t iv e  f ib r e s .  There i s  th en  no proof th a t  

th e  la rg e  sp ik es  a re  re sp o n sib le  f a r  a l l ,  o r  even p a r t ,  o f th e  

re f le x  v a s o d ila t io n  in  th e  s inus r e f le x .  The p resen t s e r ie s  o f 

experim ents c e r ta in ly  would deny t h i s ,  and a t t r ib u te  th e  e f fe c t  

t o  barosensory  f ib r e s  o f much sm aller s iz e , th e  veiy  sm allness 

o f th e  f ib r e s  be ing  perhaps a  reason  f o r  t h e i r  not being  e a s i ly  

seen on elec troneurogram s. I t  i s  p o ss ib le  then  th a t  th e  la rg e  

f ib re s  p icked  out by feeb le  s tim u li a re  th e se  barosenso iy  f ib r e s  

producing th e  la rg e  a c tio n  p o te n t ia ls .  I f  so , they  a re  o f 

l i t t l e  im portance i n  th e  p roduction  o f th e  r e f le x  f a l l  o f blood 

p ressu re  in  th e  vagotoraized an im als, a lthough  they may w ell be 

subserving seme o th e r  fu n c tio n . On the  o th e r  hand, .th e se  la ig e  

depressor f ib r e s  may be a f f e r e n ts  o th e r than  ’barosenso iy* .

Such conclusions a re  opposed to  th e  c la s s ic a l  conceptions

of th e  f ib r e  c o n s t i tu t io n  o f th e  s inus nerve , but do not s tan d

alone in  th i s  re sp ec t f o r  EULER, LIUESTRMD and ZOTTEEMAN

(1939), 1941) have a lso  le d  evidence which n e c e s s i ta te s  a

re c o n s id e ra tio n  o f  th e  o ld e r  view s. Working from th e  

complement a r y /
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complementary s ta n d p o in t, th e  record ing  o f a c tio n  p o te n t ia l s ,  

they have found th a t  in  a d d itio n  to  th e  la rg e  sp ik e s , th e re  

a re  a ls o  sm a lle r  sp ik es  in  th e  s in u s  nerve electroneurogram  

which respond to  v a r ia t io n s  in  endosinusal p re s su re , and a re  

moreover, in s e n s i t iv e  to  chemical s t im u li .  F u rth e r , s e le c t iv e  

a b o l i t io n  o f  th e se  sm all im pulses w ith n ic o tin e  or lo b e lin e  in  

h igh  co n ce n tra tio n  ab o lish e s  th e  dep resso r re f le x  a lthough  i t  

le av es  th e  la rg e  sp ik es  a c t iv e .  For th e se  reaso n s, and a ls o  

because th e  la rg e  p re s su re  im pulses a re  few in  number compared 

w ith  th e  sm all ones, th ey  considered  *the l a t t e r  to  be of g re a te r  

im portance in  th e  s in u s  p re ssu re  re f le x e s* . They do not draw 

any d i s t in c t io n  in  s iz e  between th e  chemosensoiy and sm all baro 

senso iy  f ib r e s .  The p re sen t work suggests th a t  th e  barosenso iy  

a re  th e  sm a lle r . The r e s u l t s  a re  re c o n c ila b le , however, fo r  

owing to  th e  ra p id  in c re a se  in  e x c i t a b i l i ty  th re sh o ld s  amongst 

th e  v e ry  sm all f ib r e s  an exceedingly sm all decrease in  d iam eter 

may w e ll r e f l e c t  i t s e l f  as  a  marked r i s e  o f th re sh o ld  and th u s  

peim it o f  e a s ie r  d e term ina tion  o f r e la t iv e  s iz e  by e stim atio n  

o f  th re sh o ld s  th an  by d iffe re n c e  in  a c tio n  p o te n tia ls  

c h a r a c te r i s t ic s .

To summarize, th e  experim ents in d ic a te  th a t  th e  s inus nerve 

of th e  ca t i s  re g u la r ly  composed o f two groups o f  vasomotor 

a f f e r e n ts ,  the  f i r s t  o f  veiy  sm all depressor f ib r e s  probably of 

the C group, and th e  second o f  somewhat la rg e r  p re sso r f ib r e s .

I t ' i s  considered  th a t  the  barosensory  f ib re s  re sp o n sib le  fo r  th e  . 

c h a r a c te r is t ic  dep resso r vasomotor e f f e c ts  belong to  th e  f i r s t  

g roup/
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group, w h ile  th e  second group o f la rg e r  f ib r e s  in c lu d es  those  

having t h e i r  o r ig in  in  chem oreceptors. A th i r d  and le s s  e a s i ly  

dem onstrable component, which may o r may not be re g u la r ly  p re s e n t , 

i s  made up o f  y e t l a r g e r  f ib r e s  o f feeb le  depresso r fu n c tio n .
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C H A P T E R  IX.

THE EFFECT OF NEMBUTAL OVERDO SAJSE ON THE SINUS 

NERVE REFLEX CONSIDERED IN THE LIGHT OF THE 

FIBRE CONSTITUTION OF THE NERVE.

I t  was thought th a t  th e  p re s so r  response to  pow erful s in u s  

nerve s tim u la tio n  in  th e  c a t overdosed w ith  nembutal ( th e  

* reversed* response) m ight be due, no t so much to  a  rev e rsed  

e ffe c t o f th e  d e p re sso r component, bu t r a th e r  to  the  p re s s o r  

co n ten t. Such a  h y p o th esis  r e s t s  on two p rem ises, f i r s t l y  

th a t  th e  nerves co n ta in  p re s so r  f ib r e s  capable o f producing 

th e  r i s e s  o f  b lood  p re s su re  observed, and secondly th a t  th e se  

f ib re s  a re  a c t iv a te d  w ith  the  stim ulus s tre n g th s  used to  e l i c i t  

bo th  th e  * normal* d ep resso r and abnormal p re s so r  o r  ‘reversed* 

responses. Both th e se  co n d itio n s  p r e v a i l ,  f o r  i t  has been shown 

th a t  th e  s in u s  nerve re g u la r ly  co n ta in s  p re s so r  a f fe re n ts  o f  

considerab le  power and th a t  th e se  a re  c e r ta in ly  m ob ilized  a t  & 

stim ulus s tre n g th  n ecessa ry  to  b r in g  about th e  c la s s ic a l  

depresso r re sp o n se . The same s tim u lu s , i t  w i l l  be remembered, 

was a ls o  u sed  to  e l i c i t  th e  ‘ reversed* r e s p o n s e  a f t e r  excess 

nem butal, and must th e re fo re  be expected to  s tim u la te  th e  same 

f ib r e s .

The r e la t io n  o f  th e  ‘reversed* response to  the  p re s so r  

f ib r e  con ten t o f th e  nerves was e a r ly  ap p aren t. I f  i t  be assumed 

th a t  th e  vasom otor response i s  th e  a lg e b ra ic  sum o f th e  e f f e c t s  

o f th e  d i f f e r e n t  a f f e r e n ts  (BATLISS 1893)* then  i t  may be s a id  

t o /
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to  depend upon th e  p re s s o r  and dep resso r f ib r e  content o f th e  

nerve i f  th e  s tim u lus be s u f f ic ie n t  to  e x c ite  a l l  th e  f ib r e s ,  

and upon th e  r e l a t i v e  a c t iv a t io n  o f d ep resso r and p re s so r  

components i f  i t  i s  n o t .  In  a  s inus nerve y ie ld in g  feeb le  

dep resso r re sp o n ses , th e  d ep resso r f ib r e s  a re  obviously being 

m obilized  i n  le s s  e f fe c t iv e  p ro p o rtio n  to  th e  p re s so r  f ib r e s  

than  where th e  nerve i s  causing  a pow erful d ep resso r response . 

Now, i f  th e  phenomenon o f ’rev e rsa l*  were brought about by th e  

former i t  would be p o o res t in  such n e rv es, whereas the  converse 

i s  th e  case . A gain, th e  s inus nerves g iv in g  th e  g re a te s t  

p re sso r responses i n  l ig h t  a n a e s th e s ia , when the  normal 

dep resso r responses could a lso  be e l i c i t e d ,  tended to  g ive th e  

more pow erful p re s s o r  e f f e c t s  when overdosed w ith nem butal.

In  th e  norm ally  a n a e s th e tiz e d  anim al th e  p re sso r 

p o te n t i a l i t i e s  o f  th e  s inus nerve a re  always s t r ik in g ,  indeed 

i t  i s  sometimes d i f f i c u l t  to  o b ta in  a marked depresso r response . 

Such i s  not th e  case  in  th e  vagus which u su a lly  m an ifests  very  

much g re a te r  dep resso r a c t i v i t y  over a  wide range o f stim ulus 

s tre n g th s . But th e  s in u s  nerve ’rev e rsa l*  always appears b e fo re  

i t s  v agal c o u n te rp a r t, which fu r th e r  supports the  h y p o th esis .

Assuming th e  ’rev e rsa l*  to  invo lve th e  two a f fe re n t  groups,

i t  was con sid e red  th a t  th e  phenomenon might be th e  r e s u l t  o f a

s h i f t  i n  th e  th re sh o ld  i n t e n s i t i e s  o f s tim ulus re q u ired  to

convert a  r i s e  in to  a  f a l l .  In  o th e r  words an a c tio n  o f  th e

excess nembutal ten d in g  to  augment th e  e ff ic a c y  of the  p re s so r

component o r d im in ish  th a t  o f  th e  d ep resso r component. There 

w as/
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was no o p p o rtu n ity  to  pursue t h i s  in  th e  e a r ly  experim ents, 

fo r  th e  nerve was s tim u la ted  w ith  th e  m a r im u m  s tre n g th  o f 

stim ulus o f which th e  WHITFIELD device was capab le , b u t in  

l a t e r  experim ents where a g re a te r  amount o f  th e  d ep resso r 

component could be m obilized  w ith  more powerful s t im u li ,  i t  was 

found th a t  th e re  was indeed  a s h i f t  in  th re sh o ld . In  some 

in s ta n c e s  where a  submaximal s tim ulus had caused a depresso r 

response in  l ig h t  a n ae s th e s ia  and then  a p re sso r e f fe c t  a f t e r  

excess nem butal, a  d ep resso r response could be regained  by 

in c re a s in g  th e  s tim ulus s tre n g th . As the  nembutal was in c re a se d , 

however, t h i s  manoeuvre f a i l e d ,  so th a t  a depresso r e f fe c t  could 

not be o b ta ined  no m a tte r  how strong  th e  stim ulus ( in  sev e ra l 

anim als c u rre n ts  were a p p lie d  o f s u f f ic ie n t  s tre n g th  to  destroy  

th e  n e rv e ) . Here again  th e  s ig n if ic a n t  fe a tu re  i s  th a t  s tim u li 

g re a te r  than  th e  c o n tro l s tre n g th s  fo r  normal depresso r and 

’reversed* a f f e c t s  served  to  decrease th e  p re s so r  e f f e c t .  I f  

th e  ’reversed* response were due to  a t ru e  re v e rs a l  of th e  e f fe c t  

of norm ally d ep resso r f ib r e s  then  i t  would be augmented.

These f in d in g s  suggested th a t  th e  re v e rs a l  was brought about 

by an a l t e r a t io n  in  th e  r e la t iv e  e ff ic a c y  o f th e  p re sso r and 

depresso r components, in  such a way th a t  the  form er became p re 

p o te n t, Now nembutal i s  e s s e n t ia l ly  a depressan t drug and a f t e r  

m assive overdosage ab o lish es  no t only th e  dep resso r but a lso  th e  

p re s so r  e f f e c t s  o f s in u s  nerve s tim u la tio n  (Chap. I I I ) .  I t  

cannot re a d i ly  be conceived th e re fo re  th a t  a t  a  somewhat l i g h t e r

phase o f  a n ae s th e s ia  th e  drug causes a ’reversa l*  o f th e  e f fe c ts  

o f /
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of pow erful s t im u la tio n  by in c re a s in g  th e  a b so lu te  potency o f  

th e  p re s so r  f i b r e s .  I t  would be much more reasonab le  to  view 

th e i r  enhanced e f f e c t  be in g  r e la t iv e  and due to  more markedly 

dim inished e f fe c t iv e n e s s  o f  th e  d ep resso r f ib r e s .

I f  th e  1 re v e r s a l  * be regarded  th u s , a s  a s e le c t iv e  

a b o lit io n  o f  th e  e f f ic a c y  o f th e  dep resso r r e f le x ,  th e  response 

should no t be  g re a t ly  a l t e r e d  i f  th e  d ep resso r f ib r e s  a re  not 

s tim u la ted  a t  a l l ,  and indeed  t h i s  has been found to  be th e  case  

(F ig . 4 0 a ). In  t h i s  an im al, during  l ig h t  nembutal a n a e s th e s ia , 

s tim u la tio n  w ith  3 V. caused a marked p re s so r  response in d ic a t in g  

i f  no t s tim u la tio n  o f th e  p re s s o r  f ib r e s  a lo n e , a t  le a s t  a p re -  

potence of th e se  over any d ep re sso r f ib r e s  th a t  had been 

a c tiv a te d . When th e  s tim u lus had been in c re a se d  to  15 V. th e  

p re sso r f ib r e s  had been overcome by th e  a c t iv a t io n  of a 

su ffic ie n cy  o f sm all d ep re sso r f ib r e s ,  w h ile  i t  w il l  be seen 

th a t 45 V. f u r th e r  in c re a se d  th e  f a l l ,  presumably by m ob iliz ing  

y e t more d ep resso r f ib r e s .  T his l a s t  s tim ulus gave th e  maximal 

e f f e c t .  A fte r  a ’reversing*  dose o f nem butal, however, i t  can 

be seen th a t  each stim u lus causes much th e  same e f f e c t .  The 

sim plest ex p lan a tio n  i s  th a t  th e se  p re s so r  responses a re  

dependent on th e  p re s so r  f ib r e  con ten t a lo n e , f o r  s tim u li shown 

to  m obilize  th e  d ep resso r co n ten t n e i th e r  in c re a se  n o r decrease  

the  response. In  t h i s  animal a t  the  tim e o f o b ta in in g  th e se  

reversed  responses th e  d ep resso r mechanism must have been 

com pletely in a c t iv a te d .

I t  i s  concluded th a t  th e  rev e rsed  response to  s tim u la tio n

o f /
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of th e  s inus nerve a f t e r  nembutal overdosage i s  brought about 

by a  s e le c t iv e  d ep ressan t e f fe c t  o f th a t  drug on th e  e f f e c t iv e 

ness o f th e  sm all f ib r e  d ep re sso r r e f le x  leav in g  th e  la r g e r  

f ib r e  p re s s o r  r e f le x  com paratively  v ig o ro u s.
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C H A P T E R  X.

PERFUSION OF THE ISOLATED CAROTID SINUS.

I t  has been  argued th a t  the  normal d ep resso r e f f e c t  o f  

e l e c t r i c a l  s tim u la tio n  o f  th e  sinus nerve i s  brought about by 

s tim u la tio n  o f  b o th  p re s so r  and d ep resso r a f f e r e n ts ,  th e  e f f e c t  

of th e  l a t t e r  predom inating (Chap. V I I I ) ,  and th a t  th e  re v e rs a l  

o f th e  e f f e c t  observed a f t e r  nembutal overdosage i s  caused by 

a s e le c t iv e  d ep re ss io n  o f th e  potency o f th e  l a t t e r  (Chap. IX ). 

Reasons have a lso  been given f o r  considering  th a t  the  p re s so r  

a f fe re n ts  s tim u la te d  a re ,  o r a t  le a s t  in c lu d e  th o se  subserving 

chemosensoiy fu n c tio n , and th a t  th e  dep resso r a f fe re n ts  a re  

th e  barosensory  f ib r e s  invo lved  in  th e  noimal s inus dep resso r 

r e f le x  (Chap. V I I I ) .

I t  i s  a p p a ren t, th e re fo re , th a t  th e  degree o f a c t i v i ty  o f 

barosenso iy  and chemosensoiy re f le x e s  during  profound nembutal 

an aes th es ia  has a  most im portan t b earin g  on th e se  view s.

Experim ents were c a r r ie d  out to  estim ate  th e se  fu n c tio n s  

by a c t iv a t in g  th e  two f ib r e  groups s e le c t iv e ly  through t h e i r  

p e c u lia r  re c e p to r  mechanisms.

Methods;

C ats were u sed . They were a n ae s th e tiz e d  w ith  nembutal 

(40 mg/Kg. in tr a p e r i to n e a l ly )  • One anim al req u ire d  an o th er 

10 mg/Kg. b e fo re  d is s e c t io n  could be c a r r ie d  o u t. When 

an aes th es ia  had been e s ta b lis h e d , th e  tra ch ea  was cannu la ted  

and th e  l e f t  vagus c u t .  The l e f t  s inus nerve was then  exposed 

and/
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and c a r e fu l ly  d is s e c te d  out to  as  n e a r i t s  o r ig in  as  p o s s ib le ,  

whereupon i t  was t i e d  w ith  f in e  co tto n  and cu t d i s t a l  to  th e  

l ig a tu r e .  Care was tak en  to  o b ta in  a good len g th  o f  n e rv e , 

and a c le a r  approach was ensured in  each in s ta n ce  by removing 

th e  la rg e  neighbouring  lymph g land . Having cu t the  b u f f e r  

nerves on th e  l e f t  s id e  and p repared  th e  way fo r  s tim u la tio n  o f 

th e  l e f t  s in u s  n e rv e , a t te n t io n  was tu rn ed  to  t h e  r ig h t  s id e . 

F i r s t  the  vagus was cu t and t i e d .  Then th e  r ig h t  common c a ro t id  

a r te ry  was sep a ra ted  o f f  from a l l  th e  neighbouring t i s s u e s  from 

below up , a l l  th e  sm all branches being  t i e d  between l ig a tu r e s .  

This p ro cess  was con tinued  to  w ith in  about 5 nim. of  th e  

b ifu rc a t io n  o f th e  v e s s e l .  Next th e  hypoglossal nerve was cu t 

and s tr ip p e d  o f f  the  l in g u a l a r te r y  and the  sinus reg io n . The 

lin g u a l a r te r y  was th e n  t i e d  and c u t, and th e  g lossopharyngeal 

nerve was sough t, no t by th e  u su a l l a t e r a l  approach, b u t by 

g en tly  r e t r a c t in g  th e  l in g u a l  a r te r y  away from th e  m id line and 

approaching from the  m edial s id e . When found, i t  was t i e d  w e ll 

d i s t a l ly  and th e  s inus nerve id e n t i f ie d  and d is se c te d  out* The 

o th e r branches o f th e  e x te rn a l c a ro tid  a r te r y  were then  t i e d  

and about one cen tim etre  of t h i s  v e sse l exposed by removing th e  

r ig h t d ig a s t r ic  m uscle. The blood flow  through th e  e x te rn a l 

c a ro tid  i t s e l f  was l e f t  i n t a c t .  Now th e  s inus reg io n  was 

c a re fu lly  d is s e c te d  f r e e  from th e  c lo se ly  adherent su p e r io r  

c e rv ic a l gang lion  o f th e  sym pathetic chain  and th e  ganglion  

nodosum o f th e  vagus. The f a t ty  and nervous t i s s u e s  b ind ing  

th ese  s t ru c tu re s  to g e th e r  were c a re fu l ly  removed, u n t i l  th e re  

rem ained/
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remained only  th e  s in u s  nerve and the  o c c ip i ta l  and in te r n a l  

c a ro tid  a r t e r i e s .  These two v e s s e ls  were double looped as  f a r  

d o rsa lly  to  th e  s in u s  reg io n  as p o s s ib le , bu t l e f t  u n tie d .

W ithin a  few m inutes t h i s  p repared  s inus could be i s o la te d  and 

perfu sed , b u t meanwhile i t  remained nourished  in  c o n tin u ity  w ith  

the b lood stream .

The l e f t  fem oral a r te r y  was now cannu la ted . Heparin was 

employed as  a n tic o a g u la n t. A ste thog raph  was f ix e d  in  p o s i t io n  

and reco rd in g  begun.

The d is s e c t io n  req u ire d  about two and a h a l f  hours to  

complete.

The s inus nerve e le c tro d e s  were now clamped in  p o s it io n  

on the l e f t  s id e ,  and th e  cu t l e f t  s in u s  nerve l a id  across  them. 

C ontrol d ep re sso r responses were ob ta ined  from t h i s  nerve . The 

animal was th e n  given a d d itio n a l nembutal in t r a p e r i to n e a l ly  

(■j a n a e s th e tic  dose in  two an im als, r a th e r  more in  th e  o ther) 

u n t i l  the  c o n tro l s tim ulus caused a r i s e  in  blood p re s su re . Now 

the  p repared  r ig h t  s inus reg io n  was i s o la te d  and p e rfu sed . F i r s t  

th e  in te r n a l  c a r o t id  a r te r y  and th e  o c c ip i ta l  a r te ry  were t i e d  

o ff  and d iv id e d . Next th e  common c a ro tid  was c lip p ed  low down 

and th e  e x te rn a l  c a r o t id  cannulated  as f a r  from th e  s inus as 

p o ssib le  and d iv id ed . F in a lly  th e  p e rfu s in g  cannula was in s e r te d  

in to  th e  low er end o f th e  p re p a ra tio n  through the  common c a ro tid  

a r te ry ,  which was then  cu t caudal to  th e  cannula. Both cannulae 

were firm ly  clamped to  m ain ta in  th e  is o la te d  a r t e r i a l  tube in  

proper r e la t io n s h ip  to  th e  anim al, fo r  i t  was connected th e re to  

only /
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only by th e  m inute s inus n e rv e . At once p e rfu s io n  was begun 

w ith  oxygenated Ringer-Locke s a l in e ,  th e  tem perature being 

kept a t  38°C. (a  thermometer was inco rpo ra ted  in  th e  p e rfu s io n  

can n u la ). The p e rfu s io n  f lu id  was composed o f w ater 100,

NaCl 0 .9 ,  KOI 0 .0 4 2 , CaClg 0 .024 , glucose 0 .2  and NaHCO .̂ The 

amount o f  b ica rb o n a te  added was much le s s  than  u su a l, being 

about 1 c c . 0.3$> NaHCO  ̂ to  th e  l i t r e  o f f lu id ,  th e  exact amount 

be in g  c o n tro lle d  by t i t r a t i  on w ith  brcmothymol b lue  to  g ive a 

pH o f 7 .4 . The f lu id  was su p p lied  by a DAIiE-SCHUSTER pump (th e  

method o r ig in a l ly  used by HEYMANS and B0UCKAERT 1929 in  t h e i r  

experim ents on the  dog). A f a i r l y  w ell marked but not over 

v igorous p u ls a t io n  o f th e  perfused  f lu id  was obtained  by damping 

th e  output w ith  a v a r ia b le  a i r  b u ffe r  (STRAUSS (1940) m ain tains 

th a t  s tim u la tio n  o f th e  b a ro recep to rs  i s  more e f fe c t iv e  i f  

p u l s a t i l e  p re ssu re  i s  employed, although BARANI (1943) denies 

t h i s ) .  The ra te  o f flow could be re a d ily  determ ined a s  drops 

is su in g  from th e  re tu rn  cannula to  the  oxygenating re s e rv o ir ,  

and was kept c lo se  to  10 cc . p e r  m inute.

The conversion from the  normal blood c irc u la t io n  to  t h i s  

a r t i f i c i a l  s a l in e  p e rfu s io n  took bu t a few m inutes. This 

’delayed p e rfu s io n 1 technique provided a p rep a ra tio n  in  which 

th e  re f le x e s  from a fre sh ly  prepared s inus could be te s te d  a t  

a  tim e when c o n tro l s tim u la tio n  of th e  o th e r s inus nerve showed 

a re v e rsa l of th e  normal e f f e c t .

Barosensory re f le x e s  were te s te d  by ra is in g  o r lowering 

th e  p e rfu s io n  p re s su re . To do t h i s ,  th e  pump r a te  (about 

160/



PERFUSION OF THE ISOLATED CAROTID SINUS. 

RESPONSES OBTAINED IN LIGHT NEMBUTAL ANAESTHESIA. 

1 .  STIMULATION OF THE CHEMORECEPTORS.

A B

F i g .  4 1 .  C a t .  A n a e s th e t i c  n o n b u ta l  (4 0  m g /K g .) .  D ouble 
v ag o to m y . L e f t  s in u s  n e r v e  c u t .  S p o n ta n e o u s  
r e s p i r a t i o n  r e c o r d e d  b y  s t e t h o g r a p h .  A r t e r i a l  

B .P .  ( l e f t  f e m o ra l  a r t e r y )  a n d  s in u s  p e r f u s i o n  p r e s s u r e  
( p . p . )  i n  mm. H g. Tim e 5 s e c .

A. I n j e c t i o n  o f  a c e t y l c h o l i n e  ( 2 5  y  ) i n t o  p e r f u s e d  s in u s .

B . 11 " l o b e l i n e  HC1. (2 0  y  ) H 11 "

1 1 . STIMULATION OF THE BARORECEPTORS.

N ' I J  JVr l\ l \M  -

F i g .  4 2 .  T ra c in g s  from  tw o  a n im a ls  ( p r e p a r a t i o n  an d  
r e c o r d s  a s  F i g .  41 ) show ing  t h e  t y p i c a l  
r e s p o n s e s  b ro u g h t  a b o u t b y  c h a n g e s  i n  t h e  
p e r f u s i o n  p r e s s u r e .
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160/m in.) was not in te r f e re d  w ith , bu t the s tro k e  volume and 

th e  r e s is ta n c e  on th e  re tu rn  tube  were sim ultaneously  a l te r e d  

to  b r in g  about th e  d e s ired  change in  p ressu re  w hile keeping 

th e  flow  through th e  sinus co n stan t.

Chemosensory re f le x e s  were te s te d  by in je c t in g  a ce ty lch o lin e  

in to  the  p e rfu sed  s in u s . This drug was f i r s t  shown to  e x c ite  

th e  chemosensory f ib r e s  by HEYMANS, BOUCKAERT and HANDOVSKY 

(1935)* and t h i s  has been amply confirmed since  (HEYMANS 1935* 

HEYMANS, BOUCKAERT, FARBER and HSU 1936, COMROE and SCHMIDT 

1938, EULER 1938, WINDER 1938, SCHWEITZER and WRIGHT 1938), bo th  

in  dogs and c a t s ,  w hile  EULER, LIUESTRAND and ZOTTEEMAN (1941) 

have shown th a t in tr a s in u s a l  in je c t io n  of ace ty lch o lin e  in  the  

c a t causes th e  appearance o f  a shower o f ’chemical* im pulses.

(The mechanism o f i t s  a c tio n  has been d iscussed  in  P a rt 1 ) . 

A ce ty lcho line  was favoured, not only because i t  was found to  be 

ju s t  a s  e f fe c t iv e  as th e  more commonly used lo b e lin e  (see 

F ig . 4 1 ), bu t because i t s  use was unattended by th e  dangers o f 

d e te r io ra t io n  o r even p a ra ly s is  o f th e  recep to r mechanisms 

which may accompany the  use o f th a t  drug (EULER, LIUESTRAND 

and ZOTTEEMAN 1941). To make a t e s t ,  th e  ace ty lch o lin e  

(100 / g /c c . i n  normal sa lin e )  was in je c te d  through a u r e te r ic  

c a th e te r  th read ed  in to  the pe rfu sio n  cannula, so th a t  th e  drug 

was in tro d u ced  d ir e c t ly  in to  th e  lower end o f the  is o la te d  

a r te ry  said c a r r ie d  through i t  by the  perfu sing  s a l in e . The 

f lu id  is su in g  from th e  sinus a f t e r  such a t e s t  was shunted o f f  

mom entarily so th a t  no contam ination of th e  re s e rv o ir  should 

ta k e /
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tak e  p la c e .

S ev e ra l t e s t s  of barosensory  and chemosensory fu nc tion  

were made in  each animal and a t  th e  same tim e co n tro l responses 

to  e l e c t r i c a l  s tim u la tio n  o f th e  l e f t  sinus nerve ob ta ined .

In  one anim al e l e c t r i c a l  s tim u la tio n  o f th e  vagus was a lso  

c a r r ie d  o u t. P ic ro to x in  was then  given in travenously  and 

fu r th e r  t e s t s  made.

I t  w i l l  be observed th a t  pe rfu sio n  was c a r r ie d  out only 

when th e  anim al was profoundly an aes th e tized , and the  baro

sensory  and chemosensoiy re f le x e s  te s te d  during th a t s ta te  

a lo n e , o r a f t e r  p ic ro to x in . For t h i s  reason co n tro ls  were not 

ob ta ined  during  l ig h t  a n ae s th e s ia . Such indeed would have 

n e c e s s i ta te d  th e  estab lishm ent of pe rfu sio n  an hour o r so 

e a r l i e r ,  b e fo re  th e  excess nembutal was given, and would have 

e n ta i le d  th e  c ru c ia l  t e s t s  in  the  overdosed animal being c a r r ie d  

out in  a  s inus p re p a ra tio n  sub jec ted  to  g ro ssly  a r t i f i c i a l  

co n d itio n s  over t h i s  prolonged p e rio d  of tim e. The inadv isa

b i l i t y  o f  such a procedure had been c le a r ly  in d ic a ted  in  four 

p re lim in a ry  experim ents, in  which a p rog ressive  lo ss  o f 

s e n s i t iv i ty  o f th e  re c ep to r mechanisms had rendered t e s t s  a f t e r  

a d d itio n a l nembutal v a lu e le s s . These fo u r experim ents, however, 

b e s id e s  in d ic a tin g  the course to  be taken in  the  l a t e r  

experim ents, p rovided a va luab le  background which c le a r ly  

in d ic a te d  the  adequacy o f th e  sinus p rep a ra tio n  and the  methods 

adopted to  provoke th e  two re f le x e s . For in  th ese  anim als, 

where the  s inus was prepared as fo r  th e  th re e  l a t e r  experim ents, 

pow erfu l/



PERFUSION OF THE ISOLATED CAROTID SINUS.

RESPONSES OBTAINED IN DEEP NEMBUTAL ANAESTHESIA.
First Animal.

E F
F i g .  4 3 . C a t .  F o r  p r e p a r a t i o n ,  s e e  t e x t .  R e c o rd s  a s  F i g .  4 1 .

A . C o n t r o l  s t i m u l a t i o n  o f  t h e  l e f t  s i n u s  n e r v e
(10 V .70 /sec . 1 .0  m sec .) .

B . A c e ty lc h o l in e  (1 0 0  y  ) i n j e c t e d  i n t o  p e r f u s e d
r i g h t  s i n u s .

C . P e r f u s io n  p r e s s u r e  lo w e re d  an d  r a i s e d .
D. S t im u la t io n  o f  l e f t  s in u s  n e r v e

(1 0  V . 7 0 / s e c .  1 .0  m s e c . ) .
E . A f t e r  p i c r o t o x i n  D r e p e a t e d .
F .  A f t e r  p i c r o t o x i n  C r e p e a t e d .
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pow erful chemosensory responses could  he e l i c i t e d  by chemical 

e x c ita n ts  such as lo b e lin e  and a ce ty lc h o lin e  (F ig . 41) and 

marked baro sen so iy  responses by varying th e  endosinusal 

p re s su re  (Fig* 4 2 ). The dem onstration of b r is k  barosenso iy  

re f le x e s  i s  o f  much value  as a c o n tro l, e sp e c ia lly  as in  every 

case th e re  was b u t l i t t l e  decrease in  e ff ic a c y  a f t e r  t h i r t y  

minutes* p e rfu s io n , and as in  each o f two experiments in  which 

o b serv a tio n s  were made over a longer p e rio d  the responses were 

s t i l l  w e ll marked, i f  somewhat d im inished, a f t e r  an hour’s 

p e rfu s io n .

R esu lt s ;

Three c a ts  were s tu d ied  by th e  ’delayed perfusion* 

tech n iq u e . In  th e  f i r s t  animal (F ig . 45) the  fo llow ing r e s u l t s  

were o b ta in ed :

(1) C on tro l s tim u la tio n  o f th e  l e f t  s inus nerve during l ig h t  

nembutal a n ae s th e s ia  (50 mg/Kg.) produced powerful depressor 

e f f e c ts  (F ig . 43 A ).

(2) One hour l a t e r ,  a f t e r  nembutal had been given to  a t o t a l  

o f 80 mg/Kg* and th e  blood p ressu re  had fa l le n  to  below 100 mm. 

H g., th e  c o n tro l stim ulus now evoked feeb le  (5 mm.) p re sso r 

re sp o n ses. The r ig h t s inus was now perfused  and i t  was found 

th a t  in je c t io n  o f 100 g . ace ty lch o lin e  caused a veiy  feeb le  

r i s e  in  p re s su re  (4  mm.) w hile g ross changes in  th e  p e rfu s io n  

p re ssu re  (o f  more than  200 mm. Hg.) had no e f fe c t  on th e  

system ic b lood p re s su re .

(3) Ten m inutes l a t e r  system ic blood p ressu re  had r is e n  a  

few /



PERFUSION OP THE ISOLATED CAROTID SINUS* 

RESPONSES OBTAINED IN DEEP NEMBUTAL ANAESTHESIA.

S e c o n d  A n im a l.

A B C D E

P G H

P i g .  2*4. C a t .  A n a e s th e t i c  n e m b u ta l .  D oub le  v ag o to m y . L e f t  
s in u s  n e rv e  c u t .  R ig h t  s in u s  p e r f u s e d .  R e s p i r a t o r y  
m ovem ents ( s t e t h o g r a p h ) .  A r t e r i a l  B .P .  ( l e f t  f e m o ra l  
a r t e r y )  a n d  s in u s  p e r f u s i o n  p r e s s u r e  i n  mm. Hg.
Tim e 5 s e c .
U p p e r t r a c i n g :  n e m b u ta l  4 0  m g/K g. S p o n ta n e o u s  
r e s p i r a t i o n .  S t i m u l a t i o n  o f  l e f t  s in u s  n e r v e .
A a n d  C . 10V. 7 0 / s e c .  0 .0 2  m sec .
B an d  D. 50V. 7 0 / s e c .  0 .0 2  m sec .
E . 10V. 7 0 / s e c .  1 .0  m sec .
Low er t r a c i n g :  n e m b u ta l 60 m g/Kg. A r t i f i c i a l  

R e s p i r a t i o n .
P .  S t im u la t io n  o f  l e f t  s in u s  n e r v e  1 0 V .  7 0 / s e c .

1 .0  m sec .
G. I n j e c t i o n  o f  a c e t y l c h o l i n e  ( l0 0 y )  i n t o  p e r f u s e d

r i g h t  s i n u s .
H. P e r f u s io n  p r e s s u r e  lo w e re d  a n d  r a i s e d .

W
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few mm. and th e  p re s so r  e f f e c t s  o f  b o th  e l e c t r i c a l  s tim u la tio n  

and o f a c e ty lc h o lin e  had in c re a se d . A lte ra t io n  o f th e  p e rfu s io n  

p re s su re  was again  w ithou t any v i s ib le  e f fe c t  w hatsoever.

(4 ) Three subsequent s e r ie s  o f t e s t s  rep ea ted  a t in te r v a ls  

o f te n  m inutes gave s im ila r  r e s u l t s ;  a p ro g ress iv e  slow r i s e  in  

b lood  p re ssu re  and in c re a se  in  th e  p re s so r  e f f e c t s  o f  e l e c t r i c a l  

s tim u la tio n  and a c e ty lc h o lin e  be ing  observed. The l a s t  o f th e se  

t e s t s  i s  i l l u s t r a t e d  (P ig . 45 B, C and D).

(5) At t h i s  p o in t ,  1 h r .  a f t e r  s in u s  p e rfu s io n  had begun,

1 cc . o f  p ic ro to x in  was g iven  in trav e n o u sly  (0 .9  mg/Kg. body 

w e ig h t) . S inus nerve  s tim u la tio n  was s t i l l  p re s so r  5 min. l a t e r .  

A nother 1 c c . was g iv en . A fte r  a few m inutes th e  response was 

d ep resso r (P ig . 43 E ) , and th e re  was now a response to  a l t e r a t io n  

o f th e  endosinusal p re s su re  (P ig . 43 P ) . As th e  a n ae s th es ia

was now becoming l ig h t  th e  anim al was k i l l e d .

The second anim al gave e s s e n t ia l ly  th e  same r e s u l t s  (P ig . A4).

C on tro l s tim u la tio n s  during  l ig h t  a n a e s th e s ia  gave th e  u su a l

re sp o n ses , a  p re s so r  e f f e c t  w ith  weak s tim u la tio n  and a pow erful

f a l l  w ith  s tro n g  s tim u la tio n . A f te r  a f u r th e r  h a l f  a n a e s th e tic

dose o f nembutal th e  c h a r a c te r i s t ic  dep resso r response was

’rev e rsed * , endosinusal in je c t io n  of a c e ty lc h o lin e  causing a  r i s e

in  b lood  p re s su re  ( in  th e  l a s t  t e s t  a r i s e  o f  46 mm. H g., n e a r ly

a 50$ in c re a s e , from in je c t io n  o f  100 j^-g.) and g ro ss  changes in

th e  p e rfu s io n  p re ssu re  were w ithout e f f e c t .  Three s e r ie s  o f

t e s t s  gave s im ila r  r e s u l t s .  Again, a f t e r  p ic ro to x in  (1 .3  mg/Kg.)

th e re  was a reappearance , in  some m easure, o f th e  s in u s  p re ssu re  

r e f l e x : /



PERFUSION OP THE ISOLATED CAROTID SINUS.

RESPONSES OBTAINED IN DEEP NEMBUTAL ANAESTHESIA. 
T h i r d  A n im a l,

A B

C D E P

P i g .  45« C a t .  A n a e s t h e t i c  n e m b u ta l .  D o u b le  v a g o to m y . L e f t  
s i n u s  n e r v e  c u t .  R ig h t  s i n u s  p e r f u s e d .  R e s p i r a t o r y  
m ovem ents ( s t e t h o g r a p h ) .  A r t e r i a l  B .P .  ( l e f t  f e m o ra l  
a r t e r y )  a n d  s i n u s  p e r f u s i o n  p r e s s u r e  i n  mm.Hg.
Tim e 5 s e c .
U p p e r  t r a c i n g :  N em b u ta l 40  m g/K g. S p o n ta n e o u s  
r e s p i r a t i o n .
A. S t i m u l a t i o n  o f  l e f t  s i n u s  n e r v e  10 V . 7 0 / s e c .

1 .0  m s e c .
B . " " r i g h t  v a g u s  11 " ”
Low er t r a c i n g :  N e m b u ta l 60 m g/K g. A r t i f i c i a l

r e s p i r a t i o n .
C . I n j e c t i o n  o f  a c e t y l c h o l i n e  (1 0 0  ) i n t o

p e r f u s e d  r i g h t  s i n u s .
D. P e r f u s i o n  p r e s s u r e  lo w e re d  a n d  r a i s e d .
E . S t i m u l a t i o n  o f  l e f t  s i n u s  n e r v e  10 V . 7 0 / s e c .

1 .0  m se c .
P .  11 11 r i g h t  v a g u s  ” ” M

- • M JĴ



r e f le x :  a  f a l l  o f  20 mm. in  th e  system ic "blood p re s su re  being  

brought about by a r i s e  in  th e  endosinusal p e rfu s io n  p re ssu re  

from 40 to  280 ram. Hg.

In  th e  l a s t  an im al, c o n tro l d ep resso r responses fo r  b o th  

th e  l e f t  s in u s  nerve o f th e  l i g h t  vagus were o b ta ined  in  l ig h t  

a n a e s th e s ia  (F ig . 45 A and B ). A fte r  a d d itio n  o f nembutal to  

a  t o t a l  o f 60 mg/Kg. i t  was found th a t bo th  th e  s in u s  nerve and 

th e  vagus response was 're v e rse d * , and th a t  as  in  th e  o th e r  two 

an im als, change in  th e  p e rfu s io n  p re ssu re  was w ithou t e f fe c t  

w hile  in t r a s in u s a l  a c e ty lc h o lin e  gave a p re s so r  response . Three 

t r i a l s  gave s im ila r  r e s u l t s  (F ig . 45 C, D, E and F ) .  A fte r  

p ic ro to x in  (1 .2  mg/Kg.) endosinusal p re ssu re  changes produced 

v i s ib le  e f f e c t s  on the  blood p re s su re , a f a l l  o f 12 mm. occu rring  

in  response to  a r i s e  in  th e  p e rfu s io n  p re ssu re  from 30 to  230 

ram. Hg.

In t  e rp re t  a t i  on:

In  a l l  th re e  anim als overdosed w ith  nem butal, and shoving 

'reversed*  responses to  e l e c t r i c a l  s tim u la tio n  o f th e  l e f t  s in u s  

nerve (and in  one in s ta n ce  a ls o  th e  r ig h t  v agus), i t  has been 

found th a t  in fe c t io n  of a c e ty lc h o lin e  in to  th e  is o la te d  and 

p erfu sed  r ig h t  s in u s  causes a w e ll de fin ed  p re s so r  response , 

w hile  a l t e r a t i o n  o f th e  p e rfu s io n  p re ssu re  i s  w ithout any e f f e c t  

on th e  system ic b lood  p re ssu re  w hatsoever.

A cety lch o lin e  can only have i t s  e f fe c t  over th e  s inus n e rv e , 

th e re  being  no o th e r  connection  w ith  th e  anim al, and evidence 

has been le d  to  th e  e f f e c t  th a t  i t  a c t iv a te s  th e  chemosensoiy 

f ib r e s /
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f ib r e s  (se e  'm ethods*). C e r ta in ly  a ty p ic a l  chem oreceptor 

response has been o b ta in ed  in  th e  c o n tro l anim als (F ig . 41 )> 

and th e  response in  deep nembutal a n a e s th e s ia  i s  q u a l i ta t iv e ly  

th e  same, th e re  being  in c re a se d  re s p ir a to ry  a c t i v i t y  and a r i s e  

in  system ic b lood  p re s su re . Two o th e r p o s s i b i l i t i e s  rem ain, 

f i r s t l y  th a t  th e  e f f e c t s  a re  due to  s tim u la tio n  o f b a ro re ce p to rs  

o r  secondly  th a t  a  h y p o th e tic a l t h i r d  group o f f ib r e s ,  n e i th e r  

chemosensory pr  b a ro sen so ry , i s  in v o lv ed . With reg ard  to  th e  

f i r s t ,  i t  has been shown th a t  barosensory  re f le x e s  cannot be 

e l i c i t e d  by chem ical s t im u li  (BOUCKAERT, DAUTREBANDE and 

HETMANS 1931 and COMROE and SCHMIDT 1938) and EULER, LIUESTRAND 

and ZOTTEEMAN (1941) have found th a t  sy n ap to tro p ic  substances 

a re  w ithou t e f f e c t  on th e  im pulse frequency in  e i th e r  th e  la rg e  

o r th e  sm all barosensory  f ib r e s .  I t  has a lso  been shown th a t  a t  

t h i s  dep th  o f a n ae s th e s ia  e x c i ta t io n  of th e  barosensory  f ib r e s  

by in c re a s in g  th e  p e rfu s io n  p re ssu re  i s  w ithout any e f f e c t  

w hatsoever. As to  th e  e f f e c t s  being  due to  a t h i r d  group o f 

f ib r e s ,  i t  can only  be s a id  th a t  no a f f e re n ts  in  th e  s inus n e rv e , 

o th e r  than  th o se  from th e  chem oreceptors, have been dem onstrated 

to  possess such fu n c tio n s , n o r has a c e ty lc h o lin e  been shown to  

e x c ite  any a f f e r e n t  nerve f ib r e s  w hatsoever b e s id e s  th o se  o f 

chemosensory fu n c tio n  (ZOTTEEMAN 1944). I t  must be concluded 

th a t  th e  chemosensoiy f ib r e s  and th e  c e n tra l  and p e r ip h e ra l 

mechanisms in v o lved  in  th e  chemosensoiy r e f le x  a re  a c t iv e ,  a t  

l e a s t  in  some m easure, during deep nembutal a n a e s th e s ia .

With reg a rd  to  th e  e f f e c t s  o f  g ross a l t e r a t io n  o f th e  
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p e rfu s io n  p re s su re , a n a ly s is  f a i l s  to  account f o r  th e  absence 

o f response on th e  b a s is  o f f a u l ty  tech n iq u e , e i th e r  through 

an inadequate  s tim u lus o r  through damage to  th e  barosensory  

mechanism. The barosenso ry  re f le x e s  a re  easy to  dem onstrate , 

much more so th an  th e  chemosensory. I f  damage were done to  th e  

p re p a ra tio n  i t  would be more l ik e ly  to  in v o lv e  th e  l a t t e r .  

F u r th e r ,  th e  method adopted i s  r e l ia b le  and w e ll e s ta b lis h e d  

being  alm ost as o ld  as  s in u s  p e rfu s io n  i t s e l f  (HEYMANS and 

BOUCKAEET 1929), and indeed  in  th e  co n tro l anim als i t  has 

proved e n t i r e ly  s a t i s f a c to r y ,  allow ing  o f th e  dem onstration  o f  

b aro sen so iy  re f le x e s  fo r  upwards o f  an h ou r. When i t  i s  

remembered th a t  th e  d is s e c tio n  was p re c is e ly  th e  same, and th a t  

the  t e s t s  were f i r s t  made w ith in  a few m inutes of i s o la t io n  and 

in te r ru p t io n  o f  a normal c i r c u la t io n  through th e  s inus reg io n  

in  th e  deeply  a n a e s th e tiz e d  anim als ju s t  as in  th e  c o n tro ls ,  th e  

p o s s ib i l i ty  o f a  te c h n ic a l  b a s is  fo r  th e  f a i lu r e  becomes more 

rem ote. The f i n a l  p ro o f i s  provided  by th e  p o s i t iv e  r e s u l t s  

o f th e  same stim u lus rep ea ted  a f t e r  th e  in je c t io n  o f  p ic ro to x in  

in to  th e  an im al. In  every case th e re  was dem onstrable d ep resso r 

a c t i v i t y ,  c e r ta in ly  not o f th e  magnitude o f th e  c o n tro ls ,  b u t 

a l l  th e  more s ig n if ic a n t  co n sid erin g  th e  d e te r io ra t io n  in  th e  

p re ssu re  r e f le x  which was found to  occur in  th e se  p re lim in a ry  

experim ents a f t e r  eq u iv a len t p e rio d s  o f tim e . The appearance 

o f d ep resso r a c t i v i t y  in  th e  s inus connected to  th e  anim al 

only by a m inute nerve in d ic a te s  th a t  the e f fe c t  o f  p ic ro to x in ' 

i s  not on th e  d ep resso r re c e p to r  mechanisms. I t  f u r th e r  im p lie s  
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th a t  th e se  s t ru c tu re s  have been a c t iv a te d  during  th e  e a r l i e r  

t e s t s  when th e  same stim ulus was a p p lie d . The ah sense o f 

response cannot th e re fo re  he a sc r ib e d  to  inadequacy o f th e  

s tim u lu s . Nor can th e  d ep resso r e f fe c t  a f t e r  p ic ro to x in  be 

a sc r ib e d  to  f ib r e s  o th e r  th an  from b a ro re c e p to rs . Chemo- 

re c e p to rs  a re  u n a ffe c te d  by p re ssu re  (COMROE and SCHMIDT 1938), 

and indeed  t h e i r  a c t iv a t io n  by a c e ty lc h o lin e  o r lo b e lin e  a f t e r  

th e  in je c t io n  o f p ic ro to x in  has been found to  cause a  p re s so r  

e f f e c t .  Moreover, no d ep resso r f ib r e s  a c t iv a te d  by in c re a se d  

endosinusal p re s su re  o th e r  th an  from b a ro re ce p to rs  a re  known to  

e x is t  in  the  s inus n e rv e . I t  must be concluded th a t  th e  

barosenso ry  re f le x e s  from th e  c a r o t id  s inus a re  absen t in  th e  

anim al overdosed w ith  nem butal, and f u r th e r ,  th a t  th e  e f f e c t  o f 

p ic ro to x in  i s  to  r e s to re  th e  fu n c tio n  o f th e se  r e f le x e s .

C e r ta in  o th e r  f in d in g s  a re  o f im portance. In  each anim al 

r e p e t i t io n  o f  th e  same dose o f a c e ty lc h o lin e  in  successiv e  

t e s t s  has caused in c re a s in g ly  marked p re s so r  responses and more 

pow erful e f f e c t s  on r e s p i r a t io n .  T his has corresponded w ith  a 

recovery  o f system ic b lood  p re ssu re  and tendency to  spontaneous 

r e s p i r a t io n ,  so th a t  th e  maximum response has always been 

ob ta in ed  in  th e  l a s t  t e s t ,  th a t  i s  a t  th e  lo n g est in te rv a l  a f t e r  

in je c t io n  o f excess nem butal. No such phenomenon was observed 

in  th e  c o n tro l an im als, th e  converse being  th e  case . F u r th e r , 

th e  p re s s o r  e f f e c t s  ob ta in ed  in  th e  overdosed c a ts  have been 

co n sid erab ly  sm a lle r th an  th o se  o b ta ined  in  th e  c o n tro ls .  The 

r e la t io n s h ip  between th e  dep th  o f a n ae s th e s ia  and magnitude o f
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th e  response i s  s t r ik in g ,  e s p e c ia l ly  in  th e  f i r s t  anim al which 

was g ro ss ly  overdosed, and in  which th e  i n i t i a l  chemosensory 

r e f le x  was very  fe e b le  a lthough  becoming s tro n g e r  as  a n a e s th e s ia  

l ig h te n e d . The chemosensory a c t i v i t y  i s  th en  not u n a ffe c te d  

by th e  nem butal, b u t i s  a lso  d im in ished , a lthough  not to  th e  

same ex ten t as  th e  barosensory  r e f le x e s .  I t  w il l  be r e c a l le d  

th a t  in  th e  second anim al a chemosensory response o f c o n sid e r

a b le  magnitude (46 mm. Hg.) was una ttended  by any evidence o f  

b arosenso ry  a c t i v i t y  w hatsoever. I t  i s  p o s s ib le  th a t  had th e  

a n a e s th e s ia  been allow ed to  l ig h te n  s t i l l  f u r th e r  th e  c o n tra s t 

would have been even more s t r ik in g .  T his o f course was 

u n d e s ira b le  fo r  i t  would have jeo p ard ized  th e  subsequent course 

o f th e  experim ent. The d if fe re n c e  in  th e  a c tio n  o f nembutal 

on th e  two mechanisms i s  th e n  q u a n t i ta t iv e ,  and markedly so .

In  every  experim ent, and in  each t e s t ,  i t  was found th a t  

e l e c t r i c a l  s tim u la tio n  o f th e  c o n tr a la te r a l  s inus nerve had 

e f f e c t s  q u a l i ta t iv e ly  th e  same as  th e  chemosensory re f le x e s  

i n i t i a t e d  in  th e  o th e r  s in u s . When the  l a t t e r  caused a r i s e  

in  b lood  p re s su re , so d id  th e  form er, and where r e s p ir a to ry  

a c t i v i t y  was brought about by one, i t  r e s u l te d  a lso  from th e  

o th e r .  There was, however, an obvious and constan t d iffe re n c e  

i n  th e  q u a n ti ta t iv e  r e s u l t s .  In  each in s ta n c e  th e  e f f e c ts  

brought about by a c e ty lc h o lin e  were g r e a te r  th an  th o se  brought 

about by e l e c t r i c a l  s tim u la tio n . Now i t  has been e a r l i e r  

argued (Chap V III)  th a t  a stim u lus o f th e  s tre n g th  employed to

e x c ite  th e  s in u s  nerve in  th e se  experim ents would be expected 

to /



163.
to  m o b ilize  a l l  th e  chem oreceptor f ib r e s .  A p r i o r i ,  th e  

d if fe re n c e  might be a sc r ib e d  to  a g re a te r  p re s so r  con ten t in  

th e  r ig h t  s in u s  ne rv e , b u t during  deep nembutal a n ae s th e s ia  

bo th  nerves ten d  to  g iv e  s im ila r  responses to  e l e c t r i c a l  

s tim u la tio n *  Id e a l ly  th e  comparison o f  th e  e f f e c ts  o f 

e l e c t r i c a l  s tim u la tio n  and a c e ty lc h o lin e  should be made on th e  

same side* Such a p rocedure  was not re g u la r ly  adopted, fo r  i t  

endangered th e  p re p a ra t io n . In  one in s ta n c e , however, ( th e  

t h i r d  anim al) i t  was found th a t  when th e  r ig h t  s in u s  nerve was 

e l e c t r i c a l l y  s tim u la te d  i t  gave a s im ila r  response to  the  l e f t ,  

and a l e s s e r  e f fe c t  th an  a c e ty lc h o lin e . I t  would appear th a t  

th e  form er i s  le s s  e f f ic a c io u s  than  th e  l a t t e r ,  bu t th i s  does 

not im ply th a t  e l e c t r i c a l  s tim u la tio n  of th e  in te n s i ty  employed 

does not m ob ilize  a l l  chem oreceptor f ib r e s ,  th e  d if fe re n c e  may 

l i e  in  th e  frequency of d ischarge  induced by th e  two methods. 

The more s ig n if ic a n t  v a lu e  o f th e  d if fe re n c e s  d isco v ered , l i e s  

in  th e  fa c t  th a t  i t  has been found th a t  th e  rev e rsed  e f fe c t  

brought about by e l e c t r i c a l  s tim u la tio n  o f th e  sinus nerve in  

th e  c a t overdosed w ith  nem butal, can re a d i ly  be accounted fo r  

by chemosensory f ib r e  a c t i v i t y  a lo n e . Likewise th e  pow erful 

p re s so r  e f f e c t s  which can be e l i c i t e d  from th e  s in u s  nerve by 

a p p ro p ria te  e l e c t r i c a l  s tim u la tio n  in  l i g h t  nembutal o r 

u re th an e  a n a e s th e s ia  o r in  th e  d ece reb ra te  p re p a ra tio n  have 

never exceeded th e  enoimous responses ob ta ined  in  th e  c o n tro l 

anim als (F ig . 41) and c e r ta in ly  do not re q u ire  ex p lan a tio n  on

a b a s is  o f h y p o th e tic a l p re s so r  f ib r e s  o th e r  than  chemosensoxy.

The/
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The r e s u l t s  c le a r ly  in d ic a te  th a t  th e  sinus nerve 

’rev e rsa l*  i s  not a t t r ib u ta b le  to  a t r u e  re v e rs a l  o f  th e  baro 

sensory  r e f le x  which i s  t o t a l l y  absent in  nembutal overdosage, 

bu t th a t  th e  e f f e c t  may re a d i ly  be accounted fo r  by a c t iv a t io n  

o f  th e  y e t fu n c tio n in g  chemosensory mechanism. I f  in  th e  p lace  

o f ’ba ro sen so ry  re flex *  one s u b s t i tu te s  ’sm all f ib r e  d ep resso r 

r e f l e x ’ , and in  p lace  o f  ’chemosensory r e f l e x ’ , ’ la r g e r  f ib r e  

p re s so r  re flex *  th e  in te r p r e ta t io n  becomes in  e f fe c t  p re c is e ly  

s im ila r  to  th a t  a r r iv e d  a t  in  Chap. IX, and i t  i s  th e re fo re  

considered  th a t  b e s id e s  throw ing l ig h t  on th e  mechanism o f th e  

a c t io n  o f  nem butal, th e se  p e rfu s io n  experim ents have te s te d  

and supported  th e  assum ptions which allow ed o f t h i s  e a r l i e r  

in te r p r e ta t io n ,  th a t  i s  to  say , th e  a n a ly s is  o f th e  s inus nerve 

f ib r e  co n ten t achieved  in  Chap. V II I .

During th e  p re sen t in v e s t ig a t io n  NEIL, REDWOOD and 

SCHWEITZER (1948) re p o rte d  th a t  e l e c t r i c a l  s tim u la tio n  o f th e  

s in u s  nerve in  th e  c h lo ra lo se d  c a t y ie ld e d  p re s so r  responses.

I t  i s  p o ss ib le  th a t  c h lo ra lo se  may a c t in  a  s im ila r  fash io n  to  

nem butal. These a u th o rs , however, employed stim ulus in t e n s i t i e s  

which have been found in  th e  p re se n t s e r ie s  to  be q u ite  

inadequate  to  o b ta in  th e  c la s s ic a l  dep resso r response , and i t  

i s  th e re fo re  no t c le a r  to  what ex ten t th e  e f f e c ts  a re  due to  

th a t  a n a e s th e t ic .
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C H A P T E R  XI.

CERTAIN CAROTID SINUS REFLEXES AND THE EFFECT 

OP NEMBUTAL.

In  t h i s  c h ap te r  an account w i l l  he g iven  o f a v a r ie ty  o f  

experim ents which were c a r r ie d  out fo r  two main reaso n s , f i r s t l y ,  

to  prove th a t  th e  s tru c tu re  tak en  as be ing  th e  s in u s  n e rv e , and 

which y ie ld e d  such unexpected responses to  e l e c t r i c a l  

s t im u la tio n , was indeed  th a t  nerve and no o th e r , and secondly , 

to  determ ine th e  s ta t e  of th e  c a ro tid  s in u s  re f le x e s  in  r e la t io n  

to  th e  e f f e c t s  of e l e c t r i c a l  s tim u la tio n  o f th e  s in u s  n e rv e , 

b o th  in  th e  norm ally and in  th e  profoundly  nem butalized c a t .

(1) EXPERIMENTS TO CONFIRM THE IDENTITY OF THE SINUS NERVE.

In  an e a r l i e r  c h ap te r  (Chap. I I )  re fe re n ce  has been made 

to  such experim ents, and they  w i l l  be in d ic a te d  b r i e f ly  h e re .

Methods:

C ats were employed. A f te r  th e  e f f e c ts  o f  ’ sinus* nerve 

s tim u la tio n  had been s tu d ie d , th e  nerve was ’proved* by methods 

s im i l a r  to  those  f i r s t  adopted by HERING- (1927) • F i r s t l y  th e  

common c a ro t id  a r te r y  was c lip p e d . T h is caused th e  u su a l r e f le x  

r i s e  in  b lood  p re s su re . Secondly, th e  e f f e c t  o f o cc lu sio n  was 

rep ea ted  a f t e r  s e c tio n  o r coo ling  o f th e  s tru c tu re  i n  q u e s tio n . 

And t h i r d ly ,  i n  th e  cooled n e rv e , th e  t e s t  was rep ea ted  a f t e r  

w arning.

R e s u l ts :
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THE OCCLUSION AND TRACTION TESTS IN

LIGHT NEMBUTAL ANAESTHESIA.

C a t .  A n a e s t h e t i c  n e m b u ta l  (4 0  m g /K g .) .
D o u b le  v a g o to m y . A r t i f i c i a l  r e s p i r a t i o n .
B i l a t e r a l  o p e n  p n e u m o th o ra x . A r t e r i a l  B .P .
( l e f t  f e m o r a l  a r t e r y ) .  T im e 5 s e c .

Two t e s t s  a r e  show n . I n  e a c h  t h e  s i g n a l s ,  
f rc m  l e f t  t o  r i g h t ,  d e n o te  a p p l i c a t i o n  o f  
o c c l u s i o n ,  t r a c t i o n  a n d  r e l e a s e  o f  o c c lu s i o n .

A . T he t e s t s  a p p l i e d  t o  L o th  common c a r o t i d  a r t e r i e s .

B . 11 ” 11 w t h e  r i g h t  common carotid
a r t e r y  a l o n e .
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In  f iv e  anim als i t  was found th a t  e i th e r  c u tt in g  o r  

coo ling  a b o lish ed  th e  r e f le x  r i s e  o f b lood  p re ssu re  consequent 

on o cc lu s io n , w hile  in  th e  th re e  anim als in  which th e  nerve 

had been coo led , th e  r e f le x  was reg a in ed  by warming th e  n e rv e .

I n t e r p r e t a t i  on :

These experim ents proved th a t  th e  s t ru c tu re  s tim u la te d  

was, in  f a c t ,  th e  s inus n e rv e . The p e rfu s io n  experim ents put 

th e  m a tte r  beyond a l l  doubt.

(2) EXPERIMENTS TO DETERMINE THE STATE OP THE CAROTID SINUS 

REFLEXES IN NEMBUTAL ANAESTHESIA.

(a ) C aro tid  S inus R eflexes in  L ight Nembutal 

A n aesth esia .

M ethods:

The c a r o t id  s in u s  re f le x e s  were s tu d ie d  in  more than  

tw enty l i g h t l y  a n a e s th e tiz e d  c a ts  in  which th e  e f fe c ts  o f 

s inus nerve s tim u la tio n  were being  in v e s t ig a te d . The re f le x e s  

were t e s t e d  by o cc lu sio n  o r  t r a c t io n ,  th e  form er by c lip p in g  

th e  common c a r o t id  a r te r y  low in  th e  neck w ith  a bu lldog  c l i p ,  

and th e  l a t t e r  by loop ing  th e  occluded v e s s e l and p u llin g  

m anually in  a  caudal d ir e c t io n .

R esu lt s :

In  every an im al, r e s u l t s  s im ila r  to  those  o f P ig . 4-6 A 

were o b ta in ed , th a t  i s  to  say th e  c h a r a c te r i s t ic  r i s e  o f 

system ic b lood  p re s su re  on o cclu sion  and f a l l  on t r a c t io n .

Q u a n tita tiv e  d if fe re n c e s  were observed, however, th e  

response a s  u su a l be ing  g re a te s t  when b o th  s id e s  were te s t e d ,  
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o r  when th e  o p p osite  s inus nerve was c u t ,  o r had i t s  b u ffe r in g  

power o therw ise  le sse n ed , and le a s t  when such co n d itio n s  d id  

n o t h o ld  (F ig . 4-6 B ).

V a ria tio n  in  th e  m agnitude o f th e  responses was observed 

from causes o th e r  th an  te c h n ic a l ,  and appeared to  be r e la te d  to  

th e  depth o f a n a e s th e s ia  o r  dosage o f nem butal, in c re a se  in  

depth o r dosage showing a d i s t in c t  tendency to  d im inish  th e  

resp o n se .

In t  e rp r  e t a t  i  on:

E le c t r ic a l  s tim u la tio n  of th e  sinus n e rv e , c a r r ie d  out a t  

th e  same tim e as  th e  above-m entioned t e s t s ,  showed a l l  th e  

e f f e c t s  a lread y  d esc rib ed  (Chap. V IIl)  i . e .  pow erful p re s so r  

responses in  each animal becoming d ep resso r in  most in s ta n c e s  

w ith  in c re a se  in  stim ulus i n t e n s i ty ,  b u t in  a few anim als 

rem aining p re s s o r ,  a lthough  d im in ished , d e sp ite  th e  maximum 

stim u lus from the WHITFIELD d ev ice .

Now in  every anim al th e  e f f e c ts  of occ lu sio n  and t r a c t io n  

dem onstrated an a c t iv e  d ep re sso r barosensory  pathway, even in  

th o se  where maximal s tim u la tio n  w ith  th e  WHITFIELD device 

y ie ld e d  only a  p re s so r  resp o n se . I t  was apparen t th a t  e l e c t r i c a l  

s tim u la tio n  was f a i l in g  to  reproduce th e  d ep resso r fu n c tio n  o f 

th e  n e rv e , and t h a t ,  u n le ss  such s tim u la tio n  o f th e  barosensory  

f ib r e s  were c re d ite d  w ith  having an e f f e c t  q u ite  th e  opposite  

from a c t iv a t io n  o f th e  f ib r e s  through t h e i r  re c e p to r  mechanisms, 

th e  p re s so r  e f f e c ts  were not to  be a t t r ib u te d  to  any a l te r e d  

e f f e c t  o f th e  barosensory  f ib r e s  caused by th e  a n a e s th e tic .  The 

ev idence /
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evidence in d ic a te d  th a t  t ru e  p re s so r  f ib r e s  were in v o lv ed , and 

th a t  th e  p re s so r  response in  l ig h t  nembutal a n ae s th e s ia  was not 

due to  th e  a n a e s th e tic ,  bu t was a fu n c tio n  o f th e  s tim u lu s . 

Arguments a re  advanced elsew here th a t  the  p re s so r  f ib r e s  in c lu d e  

th o se  from th e  chem oreceptors (Chaps. V III and X ).

The va lue  o f th e se  experim ents d id  not r e s t  s o le ly ,  however, 

i n  th e  in d ic a t io n  o f  th e  mechanism of th e  p re s so r  response .

The normal n a tu re  o f th e  s inus re f le x e s  in  th e  l i g h t ly  

neaabutalized anim al allow ed th e  a n a ly s is  o f th e  s in u s  nerve 

responses to  be made under t h i s  drug. T his was of d is t in c t  

advan tage, in  th a t  th e  e f f e c t s  of nembutal overdosage could  

a lso  be s tu d ie d  in  th e  same anim als a t  a  l a t e r  s tag e  in  th e  

experim ents. The adop tion  o f t h i s  course was l a t e r  j u s t i f i e d  

by th e  u re th an e  s e r ie s .

F in a l ly ,  th e  experim ents prov ided  v a lu ab le  c o n tro ls  fo r  

th e  s im ila r  t e s t s  c a r r ie d  out a f t e r  excess nembutal which may 

now be d e ta i le d .

(b) C aro tid  Sinus R eflexes in  Deep Nembutal 

A n aesth esia .

M ethods:

The c a r o t id  s in u s  re f le x e s  e l i c i t e d  by occlusion  and 

t r a c t io n  were s tu d ie d  in  more th an  a dozen c a ts  a f t e r  excess 

nem butal. In  most o f th e s e ,  c o n tro ls  had been ob ta ined  in  

l ig h t  nembutal a n a e s th e s ia .

R esu lt s :

Whereas th e  t e s t s  had y ie ld e d  s tra ig h tfo rw a rd  c la s s ic a l  

re sp o n ses/



THE OCCLUSION AND TRACTION TESTS IN

DEEP NEMBUTAL ANAESTHESIA.
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P ig . 47* C a t. A n aes th e tic  nem butal. Double vagotomy.
L eft s in u s  nerve c u t .  A r t i f i c i a l  r e s p i r a t io n .  
B i l a t e r a l  open pneumothorax. A r te r ia l  B .P .
( l e f t  c a ro tid  a r t e r y ) .  Time 5 sec .
A. L ight a n a e s th e s ia . T o ta l nembutal 45 mg/Kg. 

C on tro l s tim u la tio n  o f r ig h t  s in u s  n e rv e .
B. Deep a n a e s th e s ia . T o ta l nembutal 70 mg/Kg. 

C on tro l s tim u la tio n  of r ig h t  s in u s  nerve
re p e a te d .

C. A few m inutes a f t e r  B.
The o cc lu sio n  and t r a c t io n  t e s t s  a p p lie d  to  
th e  r ig h t  common c a ro t id  a r te r y  as  in  P ig . 46.
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responses in  l ig h t  nembutal a n a e s th e s ia , they  produced very  

d i f f e r e n t  e f f e c t s  a f t e r  excess of th e  drug.

The o cc lu sio n  t e s t  became le s s  e f fe c t iv e  as successiv e  

doses o f nem butal were ad m in is te red , in  sane anim als a few 

mg/Kg. causing marked d im inu tion  o f th e  normal p re s so r  response. 
This e f fe c t  was e sp e c ia l ly  w e ll marked a few m inutes a f t e r  

in t r a p e r i to n e a l  in je c t io n .  When nembutal had been given in 
s u f f ic ie n t  amount to  cause a fr e v e r s a l f o f th e  e f f e c ts  o f 

e l e c t r i c a l  s tim u la tio n  o f  th e  s inus n e rv e , occlu sio n  in  most 
in s ta n c e s  was q u ite  w ithout e f f e c t  on th e  b lood p re s su re . In 
fo u r an im als, however, fe e b le  b u t d i s t in c t  p re s so r  e f f e c ts  

were observed.

The e f f e c t  of nembutal on th e  t r a c t io n  t e s t  was much more 

rem arkable. In  every  case a d i s t in c t  and u su a lly  pow erful 

r i s e  i n  b lood  p re ssu re  re s u l te d  (P ig . 47) •
I n te r p r e ta t io n :

The dep ressan t e f fe c t  o f nembutal on th e  barosensory  

mechanisms a c t iv a te d  by occlu sio n  would appear to  be s im ila r  

to  th a t  o f o th e r  b a rb i tu ra te s  te s te d  by VERGAUTERAN (1932) and 
NOWAK (1934).

The re v e r s a l  o f  th e  e f f e c t s  o f  t r a c t io n ,  a t  a  tim e when 

th e  response to  e l e c t r i c a l  s tim u la tio n  o f th e  s in u s  nerve was 

a lso  re v e rse d , suggested  a t  f i r s t  s ig h t th a t  th e  l a t t e r  response 

•was due to  a  t ru e  r e v e rs a l  o f  barosensory  f ib r e s ,  s in ce  th e se  

a re  th e  a f f e r e n ts  commonly accep ted  as  being  a c t iv a te d  by 

t r a c t io n .  Now b o th  t e s t s  a re  g e n e ra lly  regarded  a s  te s t in g  

b a ro recep t o r /
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b a ro re c e p to r  r e f le x e s ,  o cc lu sio n  decreasing  th e  number o f  

s t r e tc h  re c e p to rs  a c tiv e  and t r a c t io n  having p re c is e ly  th e  

op p o site  e f f e c t .  In  fo u r an im als, however, bo th  occlu sio n  and 

t r a c t io n  caused p re s so r  e f f e c t s  (P ig . 4 7 ). The form er t e s t ,  

th e n , im p lied  th a t  b a ro re ce p to rs  a c t iv a te d  by th e  b lood p re ssu re  

in  th e  s inus were having a normal d ep resso r e f f e c t ,  w hile  th e  

b a ro re ce p to rs  a c t iv a te d  by t r a c t io n  were having a p re s so r  e f f e c t .  

T h is  appeared to  be im probable. The need fo r  some o th e r  

ex p lan a tio n  was fu r th e r  s t r e s s e d  by th e  f in d in g  th a t  se c tio n  o f 

th e  s inus nerve  d id  not cause a r i s e  in  b lood  p re ssu re  in  th e  

profoundly  nem butalized anim als in  which occlu sio n  had th i s  

e f f e c t  (such  as  th a t  i l l u s t r a t e d  in  P ig . 47)• Nerve s e c tio n  in  

th e se  in s ta n c e s , a s  in  th e  o th e rs  where occ lu sio n  was in e f f e c tu a l ,  

r e s u l te d  in  no change in  th e  system ic blood p re s su re  w hatsoever, 

and th e re fo re  in f e r r e d  th a t  th e  p re s so r  e f fe c t  o f occlu sion  

was a c t iv e  and no t due to  decrease  in  to n ic  in h ib i t in g  baro 

sensory  a c t i v i t y .

I t  was decided  th a t  f u r th e r  in v e s t ig a t io n  in to  th e  mechanism 

o f th e  two t e s t s  was necessary  b e fo re  t h e i r  e f f e c t s  in  profound 

nembutal a n ae s th e s ia  could be analy sed .

(c ) The Occlusion and Traction T ests More 

C losely  Examined.

The O cclusion T e s t ;

O cclusion o f  th e  common c a r o t id  a r te r y  has long  been known 

to  cause a  r i s e  o f system ic b lood  p re s su re . The e a r ly

in te r p r e ta t io n s  o f th e  phenomen have a lread y  been d iscu ssed  

( P a r t /
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(P a r t 1 ) ,  and need no f u r th e r  m ention. S u ffic e  i t  to  say th a t  

th e  experim ents o f HERING- (1927) proved th a t  th e  p re s so r  e f fe c t  

was r e f le x ,  and due to  a lo s s  o f to n ic  d ep resso r a c t i v i t y  

p a ss in g  over th e  s in u s  n e rv e , and th a t  o cclu sion  i s  commonly 

regarded  as  ab o lish in g  th e  b u ffe r in g  power o f  the s inus nerve 

(McDOWALL 1935). C e rta in  f in d in g s  in  th e  p re sen t s e r i e s ,  however, 

suggest th a t  th e  e f fe c t  on th e  barosensory  mechanism i s  more 

complex and th e se  a re  d isc u sse d  below. Apart a l to g e th e r  from 

th e  p re ssu re  r e f le x e s ,  which a re  th o se  most obviously  concerned 

in  th e  t e s t ,  th e re  would appear to  be a concom itant e f fe c t  on 

th e  chemosensoiy mechanisms. Thus, EULER and LIUESTRAND 

( 1943) m ain ta in  th a t  th e  in c re ase d  re s p ira to ry  a c t i v i t y  

consequent on common c a ro tid  occlu sio n  i s  la rg e ly  due to  

s tim u la tio n  o f chem oreceptors caused by th e  a l te r e d  b lood supply 

to  th e  c a ro tid  brody.

I t  was o f  in t e r e s t  to  determ ine th e  change in  s in u s  nerve 

a c t i v i t y  fo llow ing  on o cc lu s io n .

M ethods:

Animals were not s p e c ia l ly  s e t  a s id e  fo r  th e  s tu d y , bu t 

experim ents were made on. vagotomized c a ts  l i g h t ly  a n a e s th e tiz e d  

w ith  nem butal, in  which th e  e f f e c ts  o f  b u f f e r  nerve s tim u la tio n  

were be ing  in v e s t ig a te d . The e f f e c t  o f o cc lu sio n  o f th e  common 

c a ro t id  a r te r y  on th e  to n ic  a c t i v i t y  of th e  s in u s  nerve was 

e s tim a ted  by sec tio n in g  o r  coo ling  th e  nerve a f t e r  th e  v e sse l 

had been c lip p ed  o r  t i e d .  The nerve was cu t w ith  sharp  s c is s o r s  

o r cooled w ith  a  device s p e c ia l ly  c o n stru c ted  fo r  th e  purpose. 

T h is /



THE OCCLUSION TEST.

1 .  BUFFER ACTIVITY PERSISTING AFTER OCCLUSION.

A B

F ig . 48 . C a t. A n aes th e tic  nan b u ta l (45 m g/K g.). Double 
vagotomy. A r t i f i c i a l  r e s p i r a t io n .  B i l a t e r a l  
open pneumothorax. A r te r ia l  B .P . ( l e f t  c a ro tid  
a r te ry ) ..  Time 5 se c . The l e f t  c a ro tid  a r te ry  
has been t i e d  and sec tio n ed  w e ll helow th e  s in u s  
re g io n . The l e f t  and r ig h t  s inus nerves a re  
i n t a c t .

A. O cclusion o f  r ig h t  common c a ro tid  a r te r y .

B. The l e f t  s in u s  nerve coo led .

2 .  THE COLLATERAL CIRCULATION IN THE OCCLUDED SINUS.

F ig . 49* The same anim al as in  F ig . 48.
Upper reco rd : Systemic B .P . (c a rd ia c  end l e f t  common

c a ro t id  artery)*

Lower reco rd : E ndosinusal B .P .(c e p h a lic  M " M )•
The r ig h t  s inus nerve was s tim u la ted  a t  th e  s ig n a l.
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T his ap p ara tu s  c o n s is te d  o f a  sm all copper channel, in to  which

th e  s in u s  nerve could  he f i t t e d ,  b razed  to  th e  loop  o f a  narrow

gauge copper tu b e  doubled a c u te ly  on i t s e l f  and th rough which 

a stream  of ic e d  b r in e  could be pumped from a p re s su re  b o t t l e . , 

In  a l l  th e  experim ents b u ffe r in g  by th e  o th e r  s in u s  was 

m inim ized by occlud ing  th e  v e sse l on th a t  s id e  ( th e  nerve was 

not cu t as i t  was to  be s tim u la te d  l a t e r ) .

R e s u l ts :

S ec tio n  (2 c a ts )  o r coo ling  (3 c a ts )  o f th e  s in u s  nerve 

se rv in g  th e  occluded c a ro t id  s inus caused a marked r i s e  in  

system ic b lood p re s su re  in  each in s ta n c e . One experim ent i s

i l l u s t r a t e d  in  F ig . 4S. In  t h i s  anim al th e  l e f t  common c a r o t id

a r te r y  was t i e d ,  and w ith  th e  r ig h t  p a te n t th e  b lood  p re ssu re  

ran  about 160 mm. Bg. When th e  r ig h t  common c a ro t id  was a ls o  

Occluded th e re  was th e  u su a l marked p re s so r  resp o n se , in  t h i s  

case accompanied by marked c a rd iac  i r r e g u la r i t y .  A f te r  a  few 

m inutes th e  system ic p re ssu re  had f a l le n  co n sid e rab ly  and normal 

c a rd ia c  rhythm had been r e - e s ta b l is h e d . At t h i s  s ta g e , however, 

co o lin g  th e  l e f t  s in u s  nerve caused a fu r th e r  p re s so r  e f fe c t  

and reappearance o f c a rd iac  i r r e g u la r i t y ,  b o th  o f which were 

a b o lish ed  by warning th e  s in u s  nerve (w ith  a  stream  o f  R in g e r- 

Locke a t  3 8 °C .).

I n te r p r e ta t io n :

The r e s u l t s  in d ic a te d  th a t  o cc lu sio n  o f  th e  common 

c a r o t id  a r te r y  d id  not a b o lish  th e  to n ic  d ep resso r fu n c tio n  o f

th e  s in u s  n e rv e , and suggested  th a t  th e  endosinusa l b lood  

p re s s u re /
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p re s su re  under th e se  c ircum stances was o f  s u f f ic ie n t  magnitude 

to  m ain ta in  a  s ig n if ic a n t  degree o f  barosenso ry  a c t i v i t y .  

C e r ta in ly  th e  s in u s  reg io n  has a w ell-m arked c o l l a t e r a l  

c i r c u la t io n  by way o f th e  o c c ip i ta l  and in te r n a l  c a r o t id  

a r t e r i e s  which i s  r e a d i ly  dem onstrable on d isse c tio n *  The 

in f lu e n c e  o f  t h i s  c o l l a t e r a l  c i r c u la t io n  on th e  chem oreceptor 

e f f e c t s  o f o cc lu s io n  have a lread y  been in d ic a te d  by EULER and 

LUJESTRAND (1943). In  one anim al th e  p re ssu re  w ith in  th e  

•occluded* s in u s  was m easured. I t  was found to  be o f  a 

magnitude s u f f ic ie n t  to  account fo r  co n sid erab le  barosenso iy  

a c t i v i t y ,  and m oreover, was found c lo se ly  to  fo llow  co in c id en t 

changes in  system ic b lood  p re ssu re  (F ig . 49).
I t  was apparen t th a t  common c a r o t id  o cc lu s io n , b e s id e s  

s e t t in g  up chemosensory re f le x e s  as  suggested  by EULER and 

o th e rs  (see  page 3 7 ), might le av e  a co n sid e rab le  degree o f 

b a ro sen so iy  a c t i v i t y  and b u ffe r in g  power. These f in d in g s  made 

i t  d e s ira b le  to  denervate  th e  occluded s inus where such e f f e c ts  

were to  be avo ided , a s  i n  many o f  th e  p re se n t s e r i e s ,  and 

fu rth erm o re , had to  be borne in  mind in  in te r p r e t in g  any r e s u l t s  

brought about by th e  t e s t .

The T ra c tio n  T est s

SOILMAN and BROWN (1912), who d isco v ered  th e  d ep resso r 

e f f e c t  o f t r a c t io n  on th e  common c a r o t id  a r t e r y ,  a t t r ib u te d  th e  

response  to  m echanical e x c i ta t io n  o f  th e  nervous p lexus in  th e  

s in u s  re g io n . T his view was abandoned when HERING^s (1927) 
s tu d ie s  rev ea led  th e  p re ssu re  s e n s i t iv e  fu n c tio n s  o f  th e  s inus 

n e rv e , and i t  i s  commonly b e lie v e d  th a t  th e  e f f e c t  i s  brought 

a b o u t/



THE TRACTION TEST.

THE DEPRESSOR EFFECT PERSISTING WHEN THE 

SINUS NERVE IS  FROZEN.

A B C D  E

50. C at. A n aesth e tic  nem butal (AO m g/K g.).
Double vagotomy. A r t i f i c i a l  r e s p i r a t io n .
B i l a te r a l  open pneumothorax. A r te r ia l  B .P . ( l e f t  
c a ro tid  a r t e r y ) .  R esp ira to ry  movements 
s te th o g rap h . Time 5 s e c .

A. R ight common c a r o t id  a r te r y  t i e d .
B. T rac tio n  on t h i s  v e s s e l .
C. The r ig h t  s in u s  nerve fro ze n .
D. T rac tio n  re p e a te d .

-E. T rac tio n  rep ea ted  a f t e r  s e c tio n  o f th e  s i n u s  nerve.



about by e x c i ta t io n  o f th e  s t r e tc h  re c e p to rs  in  th e  w a lls  o f  

th e  c a r o t id  s in u s . D uring th e  p re sen t s e r ie s  t r a c t io n  was 

c a r r ie d  out in  anim als in  most o f  which th e  s inus reg io n  had 

been d is s e c te d  to  expose the  n e rv e , e i th e r  fo r  s tim u la tio n  o r 

s e c t io n , and i t  was e a r ly  seen th a t  th e  t e s t  caused co n sid e rab le  

d i s to r t io n  o f  th e  sinus reg io n  and some te n s io n  on th e  s in u s  

nerve i t s e l f .  So much so , th a t  s inus nerve responses were no t 

s tu d ie d  in  n erves which had been th u s  t r e a te d .  T his f in d in g , 

m oreover, suggested  th a t  th e se  m echanical changes might p lay  

some p a r t  in  th e  t r a c t io n  r e f le x  and th e  m a tte r  was put to  

experim ental t e s t .

M ethods:

L igh tly  nembutalized ca ts  w ith both vagi cut were employed. 

One carotid  artery  was occluded throughout the t e s t s .  The 

other was t ie d  o f f  w e ll below the sinus region and the 

lig a tu red  v e s s e l tugged firm ly in  a caudal d irec tio n . The 

sinus nerve on t h is  s id e  was then frozen s o lid  and tra c tio n  

repeated. F in a lly , the sinus nerve was cut and the t e s t  again  

performed.

R e s u l ts : Three anim als were s tu d ie d . S im ila r  r e s u l t s  were 

o b ta in ed  in  each in s ta n c e . T rac tio n  b e fo re  free z in g  gave th e  

expected  pow erful d ep re sso r resp o n se . During th e  tim e when th e  

s in u s  nerve  was fro zen  s o l id ,  t r a c t io n  gave a d i s t in c t  b u t 

l e s s  pronounced f a l l .  A f te r  s e c tio n  o f th e  nerve no e f fe c t  

w hatsoever was o b ta in ed  on re p e a tin g  th e  t e s t  (F ig . 5 0 ). The 

b u ffe r in g  a c t io n  o f th e  occluded s in u s  i s  ag a in  n o tic e a b le  

(pig/
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(F ig . 50 C ).

I n t e r p r e t a t i  on :

Any e f fe c t  o f t r a c t io n  brought about when th e  s in u s  nerve 

was frozen  could  n o t be a t t r ib u te d  to  a c t iv a t io n  o f th e  

re c e p to r  mechanisms, o r  indeed  to  any e f f e c t  on th a t  p a r t  o f 

th e  s in u s  nerve p e r ip h e ra l  to  th e  co ld  b lo c k . The a b o l i t io n  

o f th e  e f f e c t  by  s in u s  nerve s e c tio n  in d ic a te d  th a t  i t  was 

dependent on th e  anatom ical i n t e g r i t y  o f th e  n e rv e . I t  i s  

concluded th a t  t r a c t io n  e x e r ts  i t s  e f f e c t ,  no t only by e x c it in g  

th e  re c e p to r  mechanisms, bu t by m echanical s tim u la tio n  o f  th e  

s inus nerve i t s e l f .

(d) The C aro tid  S inus R eflexes in  Deep Nembutal 

A n aes th esia . An A n a ly sis .

O cclusion ;

The g rad u a l d im inu tion  in  th e  e f f ic a c y  o f  the  t e s t  

w itn e sse s  th e  dep ressan t a c tio n  o f nembutal on th e  baro sen so iy  

mechanisms. The pronounced b u t t r a n s ie n t  e f fe c t  which fo llow s 

a  sh o rt tim e a f t e r  in t r a p e r i to n e a l  in je c t io n  would appear to  

be analogous to  th e  •a re f le x ia *  seen a f t e r  h e a v ie r  dosage.

The complete absence o f  th e  r e f le x  a f t e r  nembutal overdosage 

s u f f ic ie n t  to  cause * re v e rs a l  * o f th e  e f fe c ts  o f s in u s  nerve 

s tim u la tio n  i s  i n  accord  w ith  th e  e f f e c t  o f  th e  drug on th e  

b arosenso ry  mechanism a s  dem onstrated in  th e  p e rfu s io n  

experim en ts. On th e  o th e r  hand, th e  p e rs is te n c e  o f a  p re s so r  

e f f e c t  on o cc lu s io n  i s  n o t .  Reasons have been given  (3 above)

f o r  co n sid e rin g  th i s  e f f e c t  a s  in d ic a t iv e  o f  e x c ita to ry  

a c t i v i t y /
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a c t i v i t y  s e t  up in  th e  s in u s  n e rv e . I f  t h i s  i s  so , th en  one 

p o s s ib le  ex p lan a tio n  i s  i n  the  t e s t  g iv in g  r i s e  to  chem oreceptor 

a c t i v i t y  (4  above). T his view would re c e iv e  support from th e  

r e s u l t s  o f p e rfu s io n , and i s  o f  co n sid e rab le  im portance, f o r  

i n  th e  p e rfu s io n  experim ents th e  chemosensory re f le x e s  were 

e l i c i t e d  w ith  a  sy n ap to tro p ic  agent (a c e ty lc h o lin e )  which, o f  

co u rse , by a c tin g  on a p o in t on th e  a f f e re n t  pathway does no t 

t e s t  th e  in te g r i t y  o f th e  t ru e  re c e p to r  mechanism. I f  th e  

p re s s o r  e f f e c t  o f  occ lu sio n  be accep ted  a s  caused by cherao- 

sensory  a c t i v i t y ,  i t  im p lie s  th a t  th e  chem oreceptor c e l l s  a re  

resp o n siv e  to  t h e i r  normal e x c i ta n t ,  th a t  i s  change in  th e  

chem ical com position o f  th e  b lo o d . The fa c t  th a t  th e  p re s so r  

e f f e c t  was no t observed in  e ig h t an im als out o f tw elve in  

which th e  t e s t  was made does n o t in d ic a te  a b o l i t io n  o f  th e  

chemosensory mechanisms e f fe c t iv e n e s s . EULER and LIUESTRAND 

(1943) found th e y  could a b o lish  th e  chem oexcitant e f f e c ts  

of o cc lu s io n  by ad m in is te rin g  oxygen, and i t  i s  p o s s ib le  th a t  

in  th e s e  an im als th e  com bination o f w e ll oxygenated b lood  ( th e  

an im als were a r t i f i c i a l l y  v e n t i la te d )  and adequate c o l l a t e r a l  

c i r c u la t io n  p rev en ted  any s ig n if ic a n t  lo c a l  asphyxia and 

consequently  no e f f e c t iv e  s tim u lu s .

T raction:

The ’reversed* e f fe c t  o f tra c tio n  must be in terpreted  in  

the l ig h t  o f the fin d in gs la id  out in  sec tio n  C. Two fa c ts  

are o f  obvious importance, f i r s t  the mechanical e ffe c t  on the

s in u s  nerve i t s e l f ,  and second th e  d i s to r t io n  o f th e  s inus 

re g io n /



THE TRACTION TEST IN DEEP NEMBUTAL ANAESTHESIA.

EXPERIMENTAL ANALYSIS.

C. D.

F i g .  51 • C a t .  A n a e s t h e t i c  n e m b u ta l .  ( T o t a l  65  m g /K g .) .  
D o u b le  v a g o to m y . L e f t  s i n u s  n e r v e  c u t .
A r t i f i c i a l  r e s p i r a t i o n .  B i l a t e r a l  op en  pneum o
t h o r a x .  A r t e r i a l  B .P .  ( l e f t  c a r o t i d  a r t e r y ) .
Tim e 5 s e c .  The r i g h t  comnon c a r o t i d  a r t e r y  i s  
o c c lu d e d  th r o u g h o u t .

A . T r a c t i o n  o n  t h e  r i g h t  common c a r o t i d  a r t e r y .
B . The t e s t  r e p e a t e d  when t h e  r i g h t  s i n u s  n e r v e

i s  f r o z e n .
B e tw een  B an d  C t h e  r i g h t  s i n u s  n e r v e  h a s  b e e n  c u t .
C . M e c h a n ic a l  s t i m u l a t i o n  o f  t h e  c e n t r a l  en d  o f  

t h e  c u t  r i g h t  s i n u s  n e r v e .
D . T r a c t i o n  r e p e a t e d  a f t e r  s i n u s  n e r v e  s e c t i o n .
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re g io n . The f i r s t  p o in t len d s  i t s e l f  to  in v e s t ig a t io n  in  

overdosage ju s t  as in  l ig h t  a n a e s th e s ia , and s im i la r  experim ents 

in v o lv in g  nerve fre e z in g  and t r a c t io n  were c a r r ie d  out in  two 

an im als. In  b o th , s im ila r  r e s u l t s  were o b ta in ed , th e  p re s so r  

response p e r s is t in g  d e sp ite  th e  s inus nerve being  fro zen  s o l id ,  

b e in g  ab sen t when th e  t e s t  was re p ea ted  a f t e r  nerve s e c t io n , 

and being  caused by m echanical s tim u la tio n  of th e  s inus nerve 

(p in ch in g  and t r a c t io n )  (F ig . 51) • P a rt o f th e  e f f e c t  o f  

t r a c t i o n ,  th e re fo re ,  a s  in  th e  l i g h t ly  a n a e s th e tiz e d  an im al, 

can be a t t r ib u te d  to  i t s  m echanical s tim u la tio n  o f th e  s in u s  

nerve i t s e l f .  I t  i s  o f in te r e s t  th a t  th e  maximum p re s so r  

e f f e c t  in  b o th  anim als was o b ta ined  when c a ro t id  t r a c t io n  was 

c a r r ie d  out w ithou t excluding th e  re c e p to r  mechanisms. A 

p o s s ib le  ex p lan a tio n  l i e s  in  th e  second e f f e c t  o f t r a c t io n ,  

th e  g ross d is to r t io n  o f th e  s inus re g io n . T h is , w ithout doubt, 

must markedly d im in ish , i f  no t a b o lish  e n t i r e ly ,  th e  c o l l a t e r a l  

c i r c u la t io n ,  and might w e ll le a d  to  e x c i ta t io n  o f th e  chemo- 

re c e p to r s .

I t  i s  ap p aren t th a t  th e  p re s s o r  e f f e c t  o f t r a c t io n  does 

not n e c e s s a r i ly  im ply a 1 reversed* a c tio n  o f b a ro re c e p to rs , 

b u t can w e ll be exp la in ed  on a b a s is  of p e r s is t in g  p re s so r  

f ib r e  a c t i v i t y  in  th e  s in u s  nerve i t s e l f .  C e r ta in ly  th e  

p e rfu s io n  experim ents p rec lu d e  th e  e f f e c t  being  due to  the  

f o m e r ,  and support th e  view th a t  i t  i s  due r a th e r  to  an 

unmasking o f  chemosensory a c t i v i t y  by the  s e le c t iv e  dep ressan t 

a c tio n  o f th e  nembutal on th e  barosensory  mechanisms.
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C H A P T E R  XII.

VAGUS AND SINUS NERVE REFLEXES AT 

LOW BLOOD PRESSURE.

P re s so r  a c t i v i t y  in  th e  b u f f e r  nerves a s so c ia te d  w ith  low 

system ic o r  in t r a s in u s a l  b lood p re s su re , has been observed by 

se v e ra l w orkers, among them McDOWALL (1925), HEYMANS, BOUCKAERT 

and HEGNIERS (1933) and WRIGHT (1932). In  many o f th e  e a r ly  

experim ents on th e  ‘b u ffer*  nerve re f le x e s  in  deep nembutal 

a n a e s th e s ia , th e  ‘reversed* response was observed only  a t  th e  

low p re s su re s  a s s o c ia te d  w ith  g ro ss  overdosage. S teps were 

th e re fo re  tak en  to  a s c e r ta in  th e  e f f e c t  of b u f f e r  nerve 

s tim u la tio n  in  th e  norm ally  a n a e s th e tiz e d  anim al when th e  b lood 

p re s su re  was low.

M ethods:

Animals were n o t s p e c ia l ly  s e t a s id e  fo r  th e  s tu d y , bu t use  

was made o f nem butalized  c a ts  which had been employed in  o th e r  

in v e s t ig a t io n s .  In  two o f th e s e ,  th e  b lood  p re ssu re  had f a l le n  

markedly o f i t s  own accord  a s  a r e s u l t  o f leng thy  experim ental 

p ro ced u res . In  an o th er two, th e  p re ssu re  was low ered by 

rep ea ted  b le e d in g s . Two more anim als cou p le ted  th e  group, th e se  

were under u re th an e  a n a e s th e s ia , th e  low p re s su re  being  

consequent upon the  combined e f f e c t s  o f o p e ra tiv e  in te r fe re n c e  

on th e  s k u ll  and b le ed in g .

R e s u l t s ; /



THE EFFECTS OF ELECTRICAL STIMULATION OF THE VAG-US 

AND SINUS NERVES AT LOW BLOOD PRESSURE.

1 .  AFTER PROLONGED EXPERIMENT.

IH ■ 1

3

■ n N n m n n

A B

F i g .  5 2 . C a t .  A n a e s t h e t i c  n e m b u ta l .  D o u b le  v a g o tc m y . L e f t  
s i n u s  n e r v e  c u t .  A r t i f i c i a l  r e s p i r a t i o n .  B i l a t e r a l  
op en  p n e u m o th o ra x . A r t e r i a l  B .P .  ( l e f t  c a r o t i d  
a r t e r y ) .  T im e 5 s e c .
A . S t i m u l a t i o n  o f  r i g h t  v a g u s  n e r v e  40 V . 3 0 / s e c .

( W h i t f i e l d ) .
B . ” 11 " s i n u s  n e r v e  40 V . 3 0 / s e c .

( W h i t f i e l d ) .
T r a c in g s  o b t a i n e d  8 h r .  10 m in .  a f t e r  i n d u c t i o n .  
R e p e a te d  s m a l l  d o s e s  o f  n e m b u ta l  h a d  b e e n  a d m in i s t e r e d  
t o  m a i n t a i n  a n a e s t h e s i a .

2 .  AFTER REPEATED BLEEDINGS.

A B

F i g .  53* C a t .  A n a e s t h e t i c  n e m b u ta l  (4-0 m g /K g .) .  D o u b le
v a g o to m y . L e f t  s i n u s  n e r v e  c u t .  A r t i f i c i a l  r e s p i r 
a t i o n .  B i l a t e r a l  op en  p n e u m o th o ra x . A r t e r i a l  B .P .  
( l e f t  c a r o t i d  a r t e r y ) .  R e s p i r a t o r y  m ovem ents 
s t e t h o g r a p h .  T im e 5 s e c .

A . S t i m u l a t i o n  o f  r i g h t  v a g u s  n e r v e  40  V . 3 0 / s e c .
( W h i t f i e l d ) •

B . " M ,f s i n u s  n e r v e  40  V . 3 0 / s e c .
( W h i t f i e l d ) .

T r a c in g s  o b t a in e d  2 h r .  35 m in .  a f t e r  i n d u c t i o n ,  and 
a f t e r  r e p e a t e d  b l e e d i n g s  t o  lo w e r  B .P .



R e s u lts ;

In  a l l  th e se  an im als, b u f f e r  nerve s tim u la tio n  y ie ld e d  

marked d ep resso r responses (F ig s . 52 and 5 3 ).

I n t  e rp re t  a t i  on;

The experim ents in d ic a te d  th a t  th e  ’r e v e r s a l1 seen in  

nembutal overdosage was n o t due to  low b lood  p re s su re . This 

view found ample support from th e  l a t e r  experim ents in  which 

th e  re v e rsed  response was ach ieved  when th e  b lood  p re ssu re  was 

much h ig h e r , e i th e r  a s  a r e s u l t  o f  l i g h t e r  nembutal dosage o r 

from the  a c t io n  o f p ic ro to x in .
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C H A P T E R  XIII.

THE AORTIC NERVES.

In the an a ly sis  o f  th e  e f f e c t s  o f nembutal and p icro tox in  

on the response to  sinus nerve stim u lation , i t  has been shown 

that th e  phenomenon o f R eversal* i s  concerned w ith the chemo- 

sensoxy and barosensoxy a fferen ts  o f th at nerve (Chap. X ).

The vagus cer ta in ly  contains sim ilar  pressor and depressor 

a fferen ts  from the baroreceptors and chemoreceptors o f  the  

a o r tic  arch reg ion , and indeed LIDEELL and SHERRINGTON (1929) 

m aintain th at e le c tr ic a l  stim ulation  o f the cat vagus y ie ld s  

r e su lts  much the same as from the depressor nerve i t s e l f  which 

i s  the chosen pathway fo r  th ese  two groups o f a ffe r e n ts , b u t, 

n ev erth e less , th e vagus does contain known pressor a fferen ts  

from other sources, and t h is  ve iy  fa c t d etracts from the value  

o f any comparison between th at nerve and the sinus nerve. More 

s ig n if ic a n t  would be a comparison o f the e f fe c t s  o f the two 

drugs on the sinus and a o r tic  nerves, each o f which i s  composed 

e s s e n t ia l ly  o f  barosensoxy and chemosensoiy f ib r e s . This was 

done in  a few anim als.

Methods:

(a) Preparation o f the Animal.

The a o r tic  nerve r e f lex e s  were studied in  th ree c a ts . In 

each, the trachea was cannulat ed, the l e f t  sinus nex*ve d ivided  

and both vagi cut low in  the neck. The lig h t  sinus nerve and 

th e /



ELECTRICAL STIMULATION OP THE AORTIC NERVE. 

THE EFFECTS OF NEMBUTAL AND PICROTOXIN.

A B C  
F i g .  5 4 .  C a t .  A n a e s t h e t i c  n e m b u ta l .  D o u b le  v ag o to m y . L e f t  

s i n u s  n e r v e  c u t .  A r t i f i c i a l  r e s p i r a t i o n .  B i l a t e r a l  
o p en  p n e u m o th o ra x . A r t e r i a l  B .P .  ( l e f t  f e m o r a l  
a r t e r y ) .  R e s p i r a t o r y  m ovem ents s t e t h o g r a p h .  Tim e 5 s e c .

A . N e m b u ta l 45  m g/K g. C o n t r o l  s t i m u l a t i o n  o f  l e f t
a o r t i c  n e r v e  (1 0  V . 7 0 / s e c .  1 .0  m s e c . ) .

B . N o n b u ta l  70 m g/K g. C o n t r o l  s t i m u l u s  r e p e a t e d .

C . T w enty  m in u te s  a f t e r  B . T h re e  i n j e c t i o n s  o f  
p i c r o t o x i n  h a v e  b e e n  g iv e n  ( 2 . 4  m g /K g .) .  C o n t r o l  
s t i m u l u s  r e p e a t e d .

ELECTRICAL STIMULATION OF THE SINUS AND AORTIC NERVES.

THE RESPONSES CONTRASTED.

2V. 5V. 20V. 3V. 5V. 0 .5 V . 20V.

Fig* 55* T he same a n i ma l  as  i n  F i g .  54 ( d u r in g  l i g h t  anaesthesia ).
S e r i e s  A. S t i m u l a t i o n  o f  t h e  r i g h t  s i n u s  n e r v e .
S e r i e s  B. ” “ '» l e f t  a o r t i c  "
S t i m u l a t i o n  th r o u g h o u t  w i th  0 .0 2  m s e c , p u l s e s  a t  ~ lo /s e c ,  

v o l t a g e s  a s  show n. (B .N .I. s t i m u l a t o r ) .
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th e  l e f t  a o r t i c  nerve were p rep ared  fo r  s t im u la tio n . (The 

a o r t i c  nerve was more e a s i ly  de fin ed  on th e  l e f t  s id e  in  each 

o f th e se  an im a ls , and was id e n t i f i e d  h ig h  up as i t  l e f t  th e  

su p e r io r  la ry n g e a l nerve to  jo in  th e  vagus. I t  was sep a ra te d  

from th e  l a t t e r  fo r  a few m ill im e tre s ) .

(b) S tim u la tio n .

The sinus nerve e le c tro d e s  and th e  B .N .I. s t im u la to r  were 

employed fo r  b o th  n e rv es .

(c ) Conduct o f th e  Experim ent.

Both nerves were s tim u la te d  in  normal nembutal a n a e s th e s ia , 

ag a in  a f t e r  excess o f th e  drug and f i n a l ly ,  in  two o f th e  

an im als , a f t e r  p ic ro to x in .

R e s u l ts :

(1) In  each o f  th e  th re e  anim als i t  was found th a t  th e  

pow erful dep resso r responses to  a o r t i c  nerve s tim u la tio n  could  

be  converted  to  p re s s o r  e f f e c t s  by in je c t in g  excess nembutal 

( in  two anim als h a l f  th e  a n a e s th e tic  dose, in  th e  t h i r d ,  th r e e -  

q u a rte rs )  .

(2) P ic ro to x in  was g iven  to  two o f  th e  anim als when

1 reversed* responses were e s ta b lis h e d . In  b o th , i t  caused a 

prompt reappearance o f  th e  d ep resso r e f f e c t .  (1.1 mg/Kg. body 

weight in  one an im al, 2 .4  mg/Kg. in  th e  o th e r , which was th a t  

most h e a v ily  overdosed).

These e f f e c t s  a re  i l l u s t r a t e d  in  P ig . 54. The a o r t i c  nerve 

has th u s  shown th e  same phenomena as  have been re p e a te d ly  found 

in  th e  vagus, and would appear to  be a f fe c te d  by nembutal and 

p ic r o to x i r /
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p ic ro to x in  ju s t  as  i s  th a t  n e rv e , o r  indeed  th e  s inus n e rv e .

I t  must be p o in ted  o u t, however, th a t  a lthough  th e re  i s  

c lo se  agreem ent between th e  s in u s  and a o r t ic  nerves a s  reg a rd s  

th e  changes brought about by th e  two d rugs, th e re  a re  s t r ik in g  

d if fe re n c e s  i n  th e  e f f e c t s  o f  e l e c t r i c a l  s tim u la tio n  during  

l i g h t  nem butal a n a e s th e s ia . In  a l l  th re e  an im als, p re s so r  

responses were e a s i ly  e l i c i t e d  from th e  s inus nerve w ith  th e  

l e s s  pow erful s t im u li  (F ig . 55 A ), bu t in  none was t h i s  the  

case  w ith  th e  a o r t i c  n e rv e , in  which th e  f i r s t  response to  

l im in a l s tim u la tio n  was in v a r ia b ly  a f a l l  in  b lood p re s su re , 

which in c re a se d  in  ex ten t as  th e  in te n s i ty  of th e  s tim ulus was 

r a is e d  (F ig . 55 B ).

■ In t  e r p r e ta t io n :

The dem onstration  th a t  the  a o r t i c  nerve component o f th e  

vagus i s  a f fe c te d  by nembutal and p ic ro to x in  in  a  s im ila r  

fa sh io n  to  th e  whole n e rv e , opens up th e  way fo r  an in te r p r e ta t io n  

o f th e  e f f e c t s  o f th e se  drugs by analogy w ith  t h e i r  known e f f e c t s  

on th e  s in u s  mechanism. Comparisons a re  c e r ta in ly  j u s t i f i e d  on 

a  fu n c tio n a l b a s i s ,  fo r  th e  re c en t work o f GEHNANET (194-6) has 

c le a r ly  in d ic a te d  th e  s im i la r i ty  between th e  two n e rv es , as 

reg ard s  b o th  barosenso ry  and chemosensory c o n ten t. I t  may be 

th e n , th a t  th e  e f f e c t s  o f  nembutal and p ic ro to x in  on th e  a o r t i c  

nerve re f le x e s  a re  brought about by a s e le c t iv e  a b o l i t io n  and 

r e s to r a t io n  o f th e  barosensory  mechanism r e la t iv e  to  th e  ehemo— 

sen so ry . The m a tte r  has no t been put to  experim ental p ro o f , 

and no arguments o th e r  than  analogy may be o ffe re d .

W hatever/
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W hatever th e  fu n c tio n a l s im i la r i ty  between th e  s inus and 

a o r t i c  n e rv e s , and GERNANUT (1946) has shown th a t  b o th  la rg e  

and sm all baro sen so ry  f ib r e s  e x is t  in  th e  l a t t e r  as they  do in  

th e  form er, i t  i s  rem arkable th a t  the  two should y ie ld  such 

w idely  d if f e r in g  r e s u l t s  on s tim u la tio n  in  the  norm ally 

a n a e s th e tiz e d  an im al. I t  i s  p o s s ib le  th a t  th e re  a re  la rg e  

d ep re sso r f ib r e s  in  th e  a o r t i c  n e rv e , o f such power th a t  th ey  

e f f e c t iv e ly  mask th e  chemosensory p re s so r  component, which 

moreover appears to  be r e l a t iv e ly  weak in  th e  a o r t i c  nerve as  

compared w ith  th e  s in u s  nerve (GERNANIT, 1946).

: > - r  ■ v . 'S ir  ;
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C H A P T E R  X IV .

RESPIRATORY REFLEXES AND THE EFFECT OP NEMBUTAL.

A lthough th e  p re se n t in v e s t ig a t io n  was p r im a rily  concerned 

w ith  th e  e f f e c t  o f nembutal on th e  vasomotor responses to  

b u f f e r  nerve s tim u la tio n , one o r two experim ents s u f f ic e d  to  

show th a t  th e  drug a lso  a f f e c t s  th e  c h a ra c te r  of the  r e s p ir a to ry  

r e f le x e s .  C lose a t te n t io n  was th e r e a f te r  p a id  to  t h i s  a sp ec t 

of th e  problem .

M ethods:

Except in  a  few o f th e  e a r ly  experim ents, r e s p ira to ry  

movements b o th  in  l ig h t  and deep nembutal a n ae s th e s ia  were 

reco rded  by ch est s te th o g rap h  throughout any in v e s t ig a t io n  

in v o lv in g  s tim u la tio n  o f th e  s in u s  o r vagus n e rv es . In  t h i s  

way o b serv a tio n s  were made in  t h i r ty - f o u r  c a ts .

R e s u l ts :

(a ) Vagus N erve.

In  l ig h t  (norm al) nembutal a n ae s th e s ia  the  s tro n g  stim u lus 

employed to  o b ta in  th e  c o n tro l dep resso r e f f e c t  u su a lly  

in h ib i te d  b re a th in g . The d u ra tio n  o f in h ib i t io n  seemed to  

depend on the  degree o f  spontaneous r e s p ir a to ry  a c t i v i ty  

p re se n t ( a l l  anim als were being  a r t i f i c i a l l y  v e n t i la te d ) .

Where b re a th in g  was b r i s k ,  th e  e f f e c t  tended  to  be confined  

more o r l e s s  to  the d u ra tio n  o f  s tim u la tio n  (P ig . 56 A ), w hile 

a  much more prolonged e f fe c t  was th e  ru le  where b re a th in g  was 

s lu g g ish  (P ig . 57 A ).

When/



RESPIRATOR REFLEXES 

AND THE EFFECT OF NEMBUTAL. 

ELECTRICAL STIMULATION OF THE VAGUS NERVE.

j

B

F ig . 56. Cat. A naesthetic nembutal. Double vagotomy. Left 
sinus nerve cu t. A r t i f ic ia l  resp ira tio n . B ila te r a l  
open pneumothorax. A rter ia l B .P . ( l e f t  carotid  artery). 
Respiratory movements stethograph. Time 5 se c .

A. Stim ulation of right vagus (20 V. 7 0 /se c . 1 m sec.).
Nembutal 40 mg/Kg.

B. (20 V. 7 0 /se c . 1 m sec.). 
Nembutal 65 mg/Kg.

A B
Fig* 57* Another anim al. Preparation and records as F ig . 5 »̂

A. Stim ulation of right vagus (20 V. 7 0 /se c . 1 msec.).
Nembutal 45 mg/Kg.

B. " " M 11 (20 V. 7 0 /sec . 1 msec.).
Nembutal 75 mg/Kg.
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When nem butal had been added in  excess to  1 reverse*  th e  

vasom otor re sp o n se , spontaneous re s p ir a to ry  a c t i v i ty  was a b se n t, 

presum ably due to  th e  w e ll known dep ressan t e f f e c t  on th e  

m edullary  c e n tre s  which were o f  course deprived  o f th e  de fen siv e  

c e n tr a l  and r e f le x  e x c ita to ry  s tim u li  -  CÔ  excess and 0  ̂ la c k  — 

by v i r tu e  o f  th e  a r t i f i c i a l  v e n t i la t io n .  In  th i r t e e n  an im als, 

however, c o n tro l  s tim u la tio n  o f th e  vagus caused a b u rs t  of 

r e s p ir a to ry  a c t i v i t y  in  a d d itio n  to  th e  p re s so r  e f f e c t  (F ig . 56 B ). 

In  the  o th e rs  i t  d id  n o t ,  and th e  p re s so r  e f f e c t  was unaccompanied 

by any r e s p ir a to ry  a c t i v i t y .  This was n o tab ly  th e  case where 

overdosage was pronounced o r where b re a th in g  had been s lu g g ish  

in  l ig h t  a n a e s th e s ia  (F ig . 57 B ).

(b) S inus Nerve.

In  normal a n a e s th e s ia , a wide range o f s tim u lus s tre n g th s  

caused only  re s p ira to ry  s tim u la tio n . In  no l i g h t ly  nem butalized  

anim al was th e re  observed any o th e r  e f f e c t .  I t  i s  o f in te r e s t  

to  n o te  th a t  in  most anim als very  pow erful r e s p ira to ry  e f f e c t s  

could  be o b ta in ed  w ith  s tim ulus i n t e n s i t i e s  in s u f f ic ie n t  to  

evoke th e  d ep resso r response , and th a t  fu r th e r  in c re a se  in  

in te n s i ty  u s u a lly , a lthough  no t alw ays, served  to  augment th e  

e f f e c t s .  Where spontaneous re s p ira to ry  movement was a b se n t, 

from somewhat excessive  pulmonary v e n t i la t io n  a id ed  in  some 

in s ta n c e s  by s l ig h t ly  g re a te r  depth o f a n ae s th e s ia  th an  u s u a l ,  

i t  could  be re -e s ta b l is h e d  r e a d i ly  by s tim u la tio n  o f th e  s in u s  

nerve a t  lo n g e r o r  s h o r te r  in te r v a l s .  In  such in s ta n c e s , th e  

marked e x c ita n t  e f f e c t s  during  each stim u lus became le s s  on 

c e s s a t io n /



RSSPIRATOHI REFLEXES 

AND THE EFFECTS OF NEMBUTAL.

THE EFFECTS OF ELECTRICAL STL.iULATION OF THE 

SINUS AND VAGUS NERVES COMPARED.

A B

F ig . 58. Cat. A naesthetic nembutal (45 m g/K g.). Double 
vagotomy. Left sinus nerve cu t. A r t i f ic ia l  
resp ira tio n . B ila te r a l open pneumothorax.
A rter ia l B .P. ( l e f t  carotid  a r te r y ) . Respiratory 
movements stethograph. Time 5 sec .
Upper two trac in gs during lig h t  an aesthesia .
A. Stim ulation o f th e r ight sinus nerve. (30 V. 30/s e c .

1 .2  msec.).
B . " " " " vagus " (30 V. 30/sec.

' 1 .2  msec.)
Lower two trac in gs during deep anaesthesia  (70 mg/Kg.)*
C. Stim ulation o f the r igh t sinus nerve (30 V. 30/sec.

1.2  msec.)
D. 11 " " " vagus n (30 V. 30/s e c .

1.2  msec.).

(Thyratron stim ulator employed).
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c e s s a tio n  o f s t im u la tio n , b u t p e r s i s te d ,  a lthough  g ra d u a lly  

d e c lin in g , u n t i l  th e  nex t stim ulus was a p p lie d . Again i t  must 

he emphasized th a t  th i s  pronounced s tim u la to ry  e f f e c t  on 

b re a th in g  was re a d ily  o b ta in ab le  w ith  th e  m oderate v o lta g e s  

y ie ld in g  p re s so r  re sp o n ses.

When re v e r s a l  of th e  vasomotor response had been ach ieved  

by nembutal overdosage, th e  c o n tro l s tim u lus in  tw enty-one o f 

th e  anim als showed a p e rs is te n c e  o f th e  r e s p ir a to ry  s tim u lan t 

e f f e c t ,  a lthough  to  a d im inished e x te n t . The e f f e c t  was much 

more re a d i ly  observed th an  in  the  vagus (F ig . 5 8 ). Again i t  

tended  to  be ab sen t in  th o se  anim als in  which overdosage w ith  

nembutal was ex cessiv e , o r  where spontaneous re s p ira to ry  

a c t i v i t y  in  l i g h t  a n ae s th e s ia  had been fe e b le .

I n te r p r e ta t io n :

(a ) Sinus Nerve.

During l ig h t  a n a e s th e s ia , th e  pow erfu l, re g u la r ,  su s ta in e d  

re s p ir a to r y  e f f o r t s  r e s u l t in g  from e le c t r i c a l  s t im u la tio n , and 

th e  p ro longed s tim u lan t e f fe c t  on th e  qu iescen t re s p ira to ry  

c e n tr e , s tro n g ly  suggest chemosensory e x c i ta t io n .  The fa c t  

th a t  such e f f e c t s  a re  sometimes maximal and u su a lly  very  

pow erful w ith  s t im u li  in s u f f ic ie n t ly  s tro n g  to  m obilize  th e  

d ep resso r f ib r e s  in  s ig n if ic a n t  number, lends fu r th e r  support 

to  th e  view th a t  chemosensory a f f e re n ts  a re  in c lu d ed  in  the  

* p resso r*  group o f f ib r e s  a c t iv a te d  w ith  th e se  l e s s  pow erful 

s t im u l i .  More pow erful ’depressor* s tim u la tio n  o f th e  nerve

may be regarded  as  causing i t s  augmented re s p ira to ry  e f fe c ts  

b y /
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by m o b iliz in g  more chemosensory f ib r e s  w ith in  th e  e x c i t a b i l i t y  

range o f th e  d ep resso r a f f e r e n ts .  Such an ov erlap  has been 

suggested  elsew here (Chap. V I I I ,  P . 106).

I t  i s  o f  i n t e r e s t  to  n o te , in  th e  l ig h t  o f doubt c a s t by 

th e  Scandinavian w orkers (v id e  P a rt 1 , page 37) on th e  

r e s p ira to ry  d ep ressan t a c tio n  o f barosensory  f ib r e s ,  th a t  in c re a se  

in  s tim u lus in te n s i ty  to  in c lu d e  th e  sm all dep resso r f ib r e s  

in  no in s ta n c e  dim inished th e  in c re a se d  b re a th in g  consequent on 

s tim u la tio n .

In  th e  overdosed anim al, th e  b u rs ts  o f r e s p ir a to ry  a c t i v i t y  

accompanying e l e c t r i c a l  s tim u la tio n  a re  s im ila r  to  th o se  

observed in  th e  p e rfu s io n  experim ents in  response to  chemo— 

re c e p to r  s tim u la tio n  (Chap. X, P ig s . 43 > 44* 45) > *nd may be 

in te rp re te d  as  due to  e x c i ta t io n  o f th e  y e t fu n c tio n in g  chemo- 

senso iy  mechanism.

(b) Vagus N erve.

During l i g h t e r  nembutal an ae s th e s ia  th e  in h ib i t io n  o f 

spontaneous re s p ira to ry  a c t i v i ty  caused by s tro n g  s tim u la tio n  

of th e  vagus p re se n ts  no unusual f e a tu re . I t  does m erit 1 

d is c u s s io n , however, fo r  i t  r a i s e s  two co n sid e ra tio n s  e s s e n t ia l  

to  any a n a ly s is  o f th e  e f f e c t s  observed during profound 

a n a e s th e s ia . P i r s t l y ,  i t  must be borne in  mind th a t  th e  

in h ib i t io n  d e riv e s  from a  complex a f fe re n t  d isch a rg e , f o r  as has 

been p o in te d  out elsew here (Chap. X I I I ) ,  pow erful vagus s tim u l

a t io n  as  employed in  th e  p re sen t s e r ie s  must a c t iv a te  a o r t i c  

chemosensory f ib r e s ,  so th a t  the  r e s u l t in g  in h ib i t io n  must be 

re g a rd ed /
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regarded  as  th e  consequence o f  th e  a lg e b ra ic  sum o f th e  e x c i to r  

a c t i v i t y  o f  th e se , and th e  i n h ib i to r  a c t i v i t y  of o th e r  vagus 

a f f e r e n ts ,  th e  l a t t e r  p redom inating . PARTRIDGE (1939) has 

indeed  shown t h i s  to  be th e  case . Secondly, due reg a rd  must 

be g iven  to  th e  e s s e n t ia l ly  dep ressan t n a tu re  o f th e  a c tio n  

o f nembutal on the re s p ira to ry  mechanism, an a c tio n  which i s  

w e ll known and which th e  p re sen t s e r ie s  o f experim ents has 

emphasized, th e  drug having been found c o n s is te n tly  to  d im in ish  

spontaneous re s p ira to ry  a c t i v i t y  and to  re n d e r i t  in c re a s in g ly  

su sc e p tib le  to  the  in h ib i to r y  e f fe c t  of vagus s t im u la tio n .

During profound a n a e s th e s ia , th e  absence o f any r e s p ir a to r y  

response to  vagus s t im u la tio n , a s  in  th e  anim als i l l u s t r a t e d  

by F ig . 57* re q u ire s  l i t t l e  comment, be ing  as  i t  were th e  

expected  response b earin g  in  mind th e  in h ib i to r y  e f f e c t  o f th e  

procedure in  l ig h t  a n ae s th e s ia  and i t s  augm entation by nem butal. 

What does demand c a re fu l a n a ly s is ,  however, i s  th e  phenomenon 

observed in  the group o f anim als i l l u s t r a t e d  by F ig . $6 i n  which 

vagus s tim u la tio n  causes a  b u rs t  o f re s p ira to ry  a c t i v i t y .  In  

th e se  in s ta n c e s , th e re  e x is t s  th e  s i tu a t io n  in  which th e  ’normal* 

in h ib i t io n  has become re p laced  by ’abnormal* e x c i ta t io n .  In  

o th e r  w ords, a  ’rev e rsa l*  o f th e  re s p ira to ry  response analogous 

to  th e  ’r e v e r s a l ’ o f th e  vasomotor response s im ultaneously  

observed . I t  i s  c le a r  th a t  any ex p lan a tio n  o f the  form er i s  

no t only  o f i n te r e s t  in  i t s  own r ig h t ,  b u t has a co n sid erab le  

b e a rin g  on th e  mechanism of th e  l a t t e r ,  which i s  th e  main p o in t

o f  in v e s t ig a t io n .  In  an a ly sin g  th e  re s p ira to ry  phenomenon 

advan tage /
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advantage i s  taken  o f th e  f a c t  th a t  i t  does no t in v o lv e  th e  

com plexity of e f fe re n ts  th a t  does th e  vasom otor. Thus th e  

a c t iv e  r e s p ir a to ry  movements in  response to  vagus s tim u la tio n  

in  th e  overdosed animal must he a t t r ib u te d  to  rhy thm ical 

a c t i v i t y  o f th e  ap p ro p ria te  m otor c e l l s  in  th e  grey  m a tte r  o f  

th e  co rd . T h is , in  tu r n ,  im p lie s  an in te rm it te n t  e x c ita to ry  

d ischarge  from th e  m edullary  neurone pool forming th e  r e s p ira to ry  

c e n tre . Such behav iou r o f th e  cen tre  i s  p re c is e ly  opposed to  

th a t  observed in  l i g h t e r  a n a e s th e s ia , and i t  i s  th u s  apparen t 

th a t  th e  ’rev e rsa l*  must be caused by an a c tio n  o f  nembutal on 

th e  c e n tre  i t s e l f  o r on th e  a f fe re n t  pathway. T his much seems 

c le a r ,  and i s  in  i t s e l f  a conclusion  o f co n sid e rab le  im portance.

A more a ccu ra te  lo c a l i s a t io n  o f  th e  s i t e  o f a c tio n  of th e  drug 

cannot be made w ith  any c e r ta in ty ,  n e v e r th e le s s , co n s id e ra tio n  

o f th e  f a c to r s  in v o lv ed  le ad s  to  c e r ta in  te n ta t iv e  co n c lu sio n s . 

The problem i s  b e s t  viewed from two a n g le s , c e n tr a l  and a f f e r e n t ,  

in  each o f which co n sid e ra tio n  must be g iven to  th e  com plexity 

o f th e  a f f e r e n t  d ischarge  s e t  up in  th e  vagus. From th e  form er 

v iew po in t, th e  r e s p ir a to ry  ’rev e rsa l*  may be regarded  as  an 

a l t e r e d  response on th e  p a r t  of th e  c en tre  i t s e l f  to  a f fe re n t  

bombardment o f s im ila r  p a t te rn  to  th a t  o b ta in in g  in  l i g h t  

a n a e s th e s ia , and from th e  l a t t e r ,  as due to  a normal response 

o f th e  c e n tre  to  an a l te r e d  a f fe re n t  d ischarge  o r  p a t te r n .

I f  th e  nembutal be conceived as a c tin g  on the  c e n tre ,  th e n  

a  ’reversed* response might be accounted f o r  e i th e r  by th e  drug

ren d erin g  th e  neurone pool in s e n s i t iv e  to  th e  in h ib i to r  element 
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of th e  compound a f fe re n t  d isch a rg e , w hile  in te r f e r in g  l i t t l e  

w ith  th e  e x c ito r  component, th a t  i s  to  say ren d erin g  th e  c en tre  

more su sc e p tib le  to  e x c i ta t io n  and le s s  s u sc e p tib le  to  

in h ib i t io n ,  o r by i t  a c tu a l ly  causing th e  a f fe re n t  d isch arg e  

o f norm al in h ib i to r y  q u a li ty  o r p a t te r n ,  to  have e x c ito r  e f f e c t ,  

i n  f a c t  an a c tio n  s im ila r  to  th a t  p o s tu la te d  fo r  s try ch n in e  by 

SHERRINGTON (1905) and BAYLISS (1908). Both th e se  hypo theses, 

however, a t t r i b u t e  to  nembutal an e x c ita n t p ro p e rty  co n tra ry  

t o  i t s  w e ll known dep ressan t a c t io n s , and indeed  a t  v a rian ce  

w ith  i t s  a c tio n  in  l i g h t e r  a n a e s th e s ia , which has been found 

in  th e  p re sen t s e r ie s  e s s e n t ia l ly  to  favour in h ib i t io n .

A s im p ler ex p lan a tio n  i s  forthcom ing i f  th e  nembutal be 

co n sid ered  as  a c tin g  on the  a f f e r e n t  s id e  o f th e  c e n tre , 

co n v ertin g  th e  vagus d ischarge  from in h ib ito ry  to  e x c ita to ry .

In  t h i s  c ase , u n le ss  the  a c tio n  of th e  drug i s  to  in c re a se  th e  

a b so lu te  potency  o f  th e  e x c ito r  component o f th e  d isch a rg e , o r  

to  a l t e r  th e  c h a ra c te r  o f th e  norm ally in h ib i to r  component so 

th a t  i t  becomes e x c i to r ,  and here  ag a in  such mechanisms a re  

out o f keeping w ith  i t s  known pharm acological a c t io n s , th en  i t  

only  rem ains to  ex p la in  th e  e x c ita n t n a tu re  o f  th e  a f f e r e n t  

d ischarge  a s  b e in g  due to  s e le c t iv e  suppression  o f i t s  

in h ib i to r y  component. No m a tte r  th e  s i t e ,  w hether on th e  

a f f e re n t  neurone i t s e l f  o r some synapse on i t s  pathway, such a 
mechanism a sc r ib e s  to  nembutal a more accep tab le  r o le .

M oreover, a  p a te n t e x c i to r  pathway, a s in e  qua non o f t h i s  l a s t  

h y p o th e s is , would appear to  e x is t  in  th e  form o f a o r t ic  chemo
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sensory f ib r e s . Although the in te g r ity  o f th ese  vagal 

a ffer en ts  has not been proved experim entally, i t  would seem 

probable in  view o f the p ersisten ce  o f  a c t iv ity  in  the  

analogous f ib re s  o f the sinus nerve under sim ila r  conditions  

(Chap. X ). F in a lly , the mechanism p ostu la ted , which has been 

arrived  at by argument, cannot be discounted on the score o f  

im probability , fo r  i t  i s  that which has been found to  obtain  

in  somewhat d ifferen t circum stances. For instance PARTRIDGE 

(1939) has shown that a s im ila r  ’reversal* of the resp iratory  

e f f e c t s  of vagus stim u lation  can be accomplished by cooling  

the nerve to  a temperature which in a c tiv a tes  the in h ib ito r  

f ib re s  but in te r fe r e s  l i t t l e  w ith the function  of the ex c ito r  

f ib r e s  from the a o r tic  body.
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C H A P T E R  XV.

REFLEXES DOULQUREDX.

I t  has long been known th a t  s tim u la tio n  o f th e  vagus, 

a o r t i c  o r s in u s  n e rv e s , under c e r ta in  c o n d itio n s ,u su a lly  

where a n a e s th e s ia  i s  l ig h t  o r th e  stim ulus e x ce ss iv e , may cause 

s ig n s  o f p a in  a s so c ia te d  w ith  hypertension  (LANG-LEY, 1912, 

TOUHNADE and MAIMEJAC, 1930, and o th e r s ) .  These R e f le x e s  

douloureux* have b e a i s a id  to  be o f no p h y s io lo g ic a l s ig n if ic a n c e , 

and to  rank  among th e  abnoim&l, a c c id e n ta l o r even p a th o lo g ic a l 

re f le x e s  such a s  may be s e t up in  angina p e c to r is  (HETMANS, 

BOUCKAEET and REG-NIERS, 1933).

In  the p re se n t s e r ie s ,  re f le x e s  o f t h i s  type have been 

observed in  se v e ra l experim ents. In  each in s ta n c e , but 

e s p e c ia l ly  in  th e  vagal r e f le x e s ,  th e  depth  o f a n ae s th e s ia  

has been in s u f f i c i e n t .  A lthough p re sen tin g  th e  same p a t te rn  

in  a l l  th e  b u f f e r  n e rv es , th e  phenomenon was much more fre q u e n tly  

observed on s in u s  nerve s tim u la tio n , so th a t  th e  e f fe c t  o f  

pow erful vagus s tim u la tio n  in  th e  same animal was o fte n  q u ite  

noim al. U sua lly  w ith  fe eb le  s tim u la tio n  th e  h y p erten sio n  was 

m ild , a s so c ia te d  w ith  m oderately  in c reased  b re a th in g  and w ithout 

s ig n  o f a g i ta t io n ,  in  o th e r  words, an e f fe c t  l i t t l e  d i f f e r e n t  

from th a t  a lre ad y  d esc rib ed  fo r  adequate ly  a n a e s th e tiz e d  an im als. 

But a s  th e  s tim u lu s  s tre n g th  was in c re a se d , th e  hy p erten sio n  

became more pronounced, v io le n t  gasping r e s p ira to iy  movements 

occurred  and th ese  e f f e c ts  were accompanied by tro n o rs , 

a g i t a t io n /
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a g i ta t io n  and sometimes con v u lsio n s. A ll t h i s  occu rred  when 

th e  s tim u lus was c a lc u la te d  to  he y e t in s u f f i c i e n t ly  s tro n g  

to  m ob ilize  a s ig n if ic a n t  number o f d ep resso r f ib r e s .  R aisin g  

th e  s tim u lu s  in te n s i ty  fu r th e r ,  to  the  v a lu es  re q u ire d  to  

e l i c i t  th e  normal dep resso r e f f e c t ,  worsened the  p ic tu r e ,  so 

t h a t  in  fa c t  no d ep resso r response a t  a l l  could  be obtained* 

When a d d it io n a l  amounts o f nembutal o r  u re th an e  were in je c te d ,  

th e se  1p a in fu l  r e f le x e s 1 d isappeared . The s in u s  nerve th en  

y ie ld e d  p re s so r  or dep resso r e f f e c ts  accord ing  to  th e  in te n s i ty  

of th e  s tim u lu s , o r  where vagal responses had been a f fe c te d  th e  

normal d ep resso r e f fe c t  was re s to re d  (F ig . 59) .

These r e s u l t s  emphasize th e  need fo r  a f a i r  depth o f 

a n a e s th e s ia  in  th e  study o f th e  s inus nerve d ep resso r r e f le x  

which in v o lv es  f ib r e s  of h ig h  th re sh o ld  and th e re fo re  demands 

pow erful s t im u la tio n . Moreover, they  make i t  q u ite  c le a r  th a t  

the p re s so r  e f f e c t s  o b ta in ed  from sinus nerve s tim u la tio n  in  

adequate a n a e s th e s ia  a re  n o t ’re f le x e s  douloureux*.

F in a l ly ,  i t  i s  of in te r e s t  to  n o te  th a t  th e se  ’abnormal* 

re f le x e s  can be ob ta ined  from th e  s in u s  nerve w ith  s tim ulus 

s tre n g th s  which e x c ite  chemosensory f ib r e s ,  f o r  recen t work 

in d ic a te s  th a t  th e se  po ssess  fu n c tio n s  re le v an t to  th e  m a tte r  

under d is c u s s io n . For in s ta n c e , SCHMIDT and COMRQE (1940) have 

found, in  l i g h t l y  n a rc o tiz e d  o r u n an aes th e tized  d ece reb ra te  

dogs and c a ts ,  th a t  s tim u la tio n  o f  th e  c a ro tid  chem oreceptors 

(by an o x ia , cyan ide , lo b e lin e , e tc . )  may cause very  marked 

d is tu rb an ces  in  th e  c e n tra l  nervous system in c lu d in g  g ross 

hypert e n s io n /



h y p erten sio n  and r e s p ir a to r y  a c t i v i t y ,  g e n e ra liz e d  m uscular 

a c t i v i t y ,  m ic tu r i t io n ,  d e fa ec a tio n  and conv u lsio n s, which th ey  

s ta t e  p o in ts  to  a fa r- re a c h in g  and pow erful d is t r ib u t io n  o f 

e f f e c t s  from chem oreceptors. SCHMIDT (194-1) who re p o r ts  

convulsions from a o r t i c  body s tim u la tio n , p o s tu la te s  a 

p h y s io lo g ic a l ro le  f o r  th e  pow erful C.N.S. e f f e c t s ,  suggesting  

th a t  chemosensory e x c i ta t io n  o f t h i s  n a tu re  might a s s i s t  in  

m a in ta in in g  th e  a c t i v i t y  o f th e  system in  th e  face  o f d ep ress io n  

by an o x ia .

T he s i m i l a r i t y  b e tw e e n  t h e s e  tw o p henom ena , t h e  one caused 

b y  e l e c t r i c a l  s t i m u l a t i o n  a n d  t h e  o t h e r  b y  c h e m o se n so ry  

m e c h a n ism s , s u g g e s t s  a  common b a s i s .  C e r t a i n l y  e x c i t a t i o n  o f 

t h e  c h e m o re c e p to r s  m u s t b e  r e g a r d e d  a s  c a p a b le  o f  e l i c i t i n g  

t h e  s i g n s  o f  p a i n  a f t e r  w h ic h  t h e  a b n o rm a l r e f l e x e s  h a v e  been 

nam ed , a n d  i n  t h i s  r e s p e c t  ADRIAN’ S (1932) d ic tu m  -  ’ t h e r e  i s  

n o  s i n g l e  a f f e r e n t  sy s te m  e i t h e r  f o r  p a i n  r e a c t i o n s  o r  fo r  p a in  

i t s e l f ’ -  i s  b r o u g h t  t o  m in d .

Might no t th e  ex p lan a tio n  o f ’re f le x e s  douloureux’ l i e  

in  e l e c t r i c a l  s tim u la tio n  of th e  chemosensory a f f e r e n ts ,  a 

known conten t o f  th e  s inus nerve? And m ight not e l e c t r i c a l  

s tim u la tio n  in  th e se  l i g h t ly  a n a e s th e tiz e d  anim als have a  

fu n c tio n a l b a s is  a s  suggested  by SCHMIDT (1941)> and i n  a  

sense reproduce one asp ec t o f th e  physiology o f th e  chemo

sensory  a f f e r e n ts ,  an a sp ec t which i s  re a d ily  masked by 

’ad eq u a te ’ an aes th es ia?
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C H A P T E R  XVI.

THE EFFECT OF FREQUENCY OF STIMULATION
OP THE SINUS NERVE.

In an earlier chapter (Chap* VIII), in discussing the 
interpretation to be placed on the phenomena associated with 
increased intensity of electrical stimulation of the sinus 
nerve, it has been pointed out that the great mass of evidence 
demands that these be explained by the stronger stimulus 
activating afferents of higher threshold. From time to time, 
however, it has been suggested that the effects of the increase 
are due not so much to the more powerful stimulus calling into 
play an additional group of afferents, but to its altering the 
effectiveness of the discharge set up in those already involved 
at the lower intensity. This it has been held to do by 
increasing the frequency of their transmitted impulses, the 
greater central summation in some manner sufficing to alter 
the response. This view, favoured by RANSON (1921) after a 
study of the vasomotor reversal effected either by increase in 
the intensity or rate of application of a given stimulus to 
sensoxy nerves, has found little support from subseqjient work 
on similar structures. Nevertheless, it has gained interest 
more recently through the finding that in direct electrical 
stimulation of the hypothalamus (HARE and GEOHEGAN 1939 5 
PITTS, T.apwA'REE and BRONK 1941) or medulla (BERHI, McKINLEI
and H033ES 1942), the frequency of stimulation determines the 
sign/
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sign of the vasomotor response.

GORDON (1943)9 however, has re-examined the mechanism of 
the vasomotor responses to various strengths of stimulus in 
the light of HANSON* s theory, and has been unable to find any 
evidence in its support. He concluded, as did BISHOP,
HEINBECKER and 0* LEAHY (1934)9 that the reversal observed an 
increasing the intensity was dependent upon mobilization of 
fibres of higher threshold.

Although a similar study involving exhaustive investigation 
of the effects of frequency on the sinus nerve response would 
be of interest, the weight of argument against the repetitive 
theory would appear to obviate the necessity for excluding such 
a mechanism in explanation of the intensity reversal observed 
in the present series, which is essentially similar to those 
discussed by the opponents of the theory. In any event, time 
did not allow of such study being undertaken. This being so, 
the interpretation of the phenomenon on the basis of successive 
mobilization of afferents of increasing thresholds, such as 
has been offered in Chap. VILE, stands or falls by the classioal 
conceptions set out in that chapter and by the findings of 
GORDON and others. Nevertheless, certain observations have been 
made regarding the effect of frequency upon the sinus nerve 
response which support the interpretation. These may now be 
detailed.

Methods:
Throughout the investigation, both in cats anaesthetized 

with/
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with nembutal and with urethane, opportunities arose which 
permitted observation of the responses to different rates of 
stimulations in addition, one cat was devoted entirely to such 
a study. It was anaesthetized with nembutal and prepared in 
the usual way (see legend Fig. 60), the light sinus nerve being 
placed on the silver—silver chloride electrodes and stimulated 
with rectangular pulses of short duration (0.02 msec.) calculated 
to favour differential stimulation. The B.N.I. stimulator 
employed was modified to give a selection of eleven frequencies 
between 1.5/sec. and 350/sec.

R e su lts :

In th is  la s t  experiment i t  was found th a ts -

(1) With a stimulus intensity of seven volts., marked pressor 
effects were obtained with each of the frequencies over the 
whole range tested (between 1.5/sec. and 300/sec.). Two of the 
responses may be seen in the uppermost photograph in Fig. 60.

(2) When the stimulus intensity was increased, however, to 
a value (30 V.) that was just sufficient to produce an 
unequivocal fall in blood pressure at a frequency of 70/sec., 
it was found that by increasing the rate of stimulation to 
100/sec. the depressor effect was enhanced, but that by lowering

I
the frequency to 10/sec. the effect was reversed and a rise of 
blood pressure resulted. This is illustrated in the middle 
photograph in Fig. 60.

I t  seemed th at the e ffe c t iv en ess  o f frequency change was 

dependent on the in te n s ity  o f  the stim ulus, and th is  hypothesis 

w as/
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was next subjected to test.
(3) The intensity threshold was first determined, at which, 

at a frequency of 70/sec., a 'pressor* stimulus became 
•depressor*. It was found to lie between 25 and 30 V. Thus 
25 V. 70/sec. elicited a rise in blood pressure and 30 V.
70/sec. a fall. Thereafter each of the two intensities was 
subjected to a series of variations in frequency, each series, 
the 25 V. and the 30 V., being intermingled with, and running 
parallel to, the other. By this means, the effects of widely 
varying frequencies on these neighbouring voltages could be 
readily compared, and a possible misinterpretation due to change 
in intensity threshold obviated. It was found that 25 V. 
caused only a rise in blood pressure whether the frequency was 
low (15/sec.), or high (350/sec.), or indeed of any intermediate 
value. On the other hand 30 V. regularly had pressor effects 
at frequencies below 30/sec., but depressor effects when the 
rate was 70/sec. or more. Between these two frequencies the 
vasomotor response at 30 V. was indeterminate. These results 
could be obtained repeatedly and in mixed order. Part of the 
series is shown in Pig. 60 lower photograph.

This last experiment did no more than to assemble and 
subject to examination, phenomena which had already revealed 
themselves in other animals. For instance, it had been found 
on several occasions that altering the frequency of stimulation 
when the stimulus was supraminimal (pressor) left unaltered the 
sign of the vasomotor response, but that around the intermediate 
intensities/
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intensities, the sign could be changed and reversals brought 
about by altering the frequency alone, a depressor response 
being favoured by the higher frequencies and vice versa.

Int erpret at ion:
Any argument which attributes the effects of increased 

intensity of stimulation of a nerve to an altered effectiveness 
of the same fibres as activated at lower intensities, must 
necessarily, in the light of the fundamental concepts of 
neurone behaviour, hold the effect as due to the more powerful 
stimulus setting up an increased frequency of afferent discharge 
in these fibres. Where the frequency of the stimulus is the 
same at low and high intensity, this can result only from the 
latter setting up repetitive discharge in the nerve fibres. In 
accord therefore, with RANSON and BILLINGSLEY*s (1916) view, 
it would be expected that increase in stimulus intensity or 
frequency, each by contributing to the number of afferent 
impulses in a temporal sense, would have the same effect. For 
the sinus nerve this implies that either manoeuvre might be 
expected to effect a reversal from the pressor to the depressor 
response. Under certain conditions, however,, it has been found 
that gross alterations in stimulus frequency fail to do so, 
whereas a relatively minor increase in intensity is successful. 
The disparity in effectiveness between the two manoeuvres may 
be illustrated by an example from the experiment cited. Here, 
with a 25 V. stimulus, a five-fold increase in frequency 
(from 70 to 350/sec.) had little effect upon the response, 
whereas/
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whereas an increase of intensity of hut a fifth (frcm 25 to 
30 V.) led to a reversal. In this same experiment a two 
hundred-fold increase in the rate of application of a 7 V. 
stimulus (from 1.5 to 300/sec.) was effected without altering 
the quality of the response. It is extremely difficult to 
reconcile such findings with the repetitive theory, for to do 
so, it must be assumed that the intensity increases bring about 
an even greater rate of afferent discharge in the nerve than do 
these large increases of stimulus frequency. The improbability 
of such a hypothesis is apparent when consideration is given 
to the fact that each stimulus lasts but 0.02 msec., that is to 
say about one twentieth of the duration of the absolute 
refractory period (even assuming the fibres to belong to the 
group of shortest refractory period). In brief, it would appear 
that the sinus nerve reversal, effected by an increase of 
intensity, is no more to be attributed to a 'frequency1 effect 
than are the similar phenomena examined by GORDON (1943) and 
others, and that it is most readily explained in the alternative 
and classical manner as being caused by successive mobilization 
of pressor and depressor afferents.

Now, in the present series it has been found that under 
certain circumstances an increase in frequency, far from being 
without effect, alters markedly the excitant properties of the 
stimulus, causing the vasomotor response to be increased where 
it is already depressor, or on the other hand to be diminished,
or even converted to a fall, where it is pressor. The clue to 
the/
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the e ff ic a c y  o f the manoeuvre in  each o f th ese  in stan ces l i e s  

w ith the strength of stim u lation . Above a cer ta in  minimal 

in te n s ity , r e la t iv e ly  sm all in creases in  frequency acquire a 

depressor e ffe c t iv en ess  absent below th is  value (v id e  the  

25 and 30 V. se r ie s  referred  to  above). Consideration o f  th is  

fa c t renders compatible w ith the conclusion arrived  a t in  the  

preceding paragraph, fin d in gs which at f i r s t  s ig h t appear to  

contradict th at view , for  i f  the stronger stim ulus be regarded 

as a c tiv a tin g  a s ig n ifica n t number o f small depressor a fferen ts  

whether the resu ltan t a fferen t discharge causes a r i s e ,  a f a l l  

or an equivocal response -  i t  i s  only necessary to  o ffe r  in  

explanation a phenomenon long recognized by workers in  th is  

f i e ld  which i s  in  e f f e c t ,  that 'th e small f ib re s  respond b e tte r  

to  high frequency' (GRUBER 1917), or as BISHOP, HEINBECKER and 

O'LEARY (1934) have sa id , that 'th e  optimum frequency for  the  

sm all f ib r e s  i s  greater than the la r g e ' . Upon such a b a s is ,  

the depressor e ffe c t iv en ess  o f increased rate o f sinus nerve 

stim u lation  may be ascribed to  a d isproportion ally  increased  

e ffe c t iv e n e ss  o f the small depressor f ib r e s . Presumably th is  

i s  due to  a greater cen tra l summation o f th e ir  impulses over 

those carried  by the large pressor f ib r e s . The greater power 

of cen tra l summation, seemingly possessed by the small f ib re s  

over th e ir  la rg er  fe llo w s , i s  a property not p ecu liar  to  

vasomotor a ffe r e n ts , both ADRIAN (1932) and ZOTTERMAN (1939) 
have d iscussed  i t s  ex isten ce  and s ig n ifica n ce  in  other sensoxy 

system s.



203.

C H A P T E R  XVII.

THE MECHANISM OF THE REVERSED VASOMOTOR RESPONSE.

Analysis of the 'reversed* response to sinus nerve 
stimulation brought about by nembutal, either by methods 
depending on the relative excitabilities of the two major 
afferent groups (Chap. IX), or by methods involving selective 
stimulation of their peculiar receptor mechanisms (Chap. X), 
has indicated that the phenomenon is probably due to persistence 
of the chemosensory reflex at depths of anaesthesia at which 
the barosensoiy reflex is abolished. No indication has been 
given of the manner in which the drug may bring about this 
effect. Consideration is given to that aspect of the problem 
in the present chapter.

In showing that the reversed response may readily be 
accounted for by the normal pressor component of the nerve, and 
that it cannot be attributed to any action of the barosensoiy 
depressor fibres whatsoever, the problem is certainly simplified 
and resolves itself to a determination of the site of the 
nembutal block of the depressor mechanism. Despite this, the 
complexity of the nervous pathways involved in vasodilation 
precludes any one site of action being claimed without 
experimental proof. Especially is this so when it is considered 
that, besides their more obvious actions on the neurones and 
synapses of the central nervous system, barbiturates, including 
nembutal, have been shown to have an effect on various 
peripheral/
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p e r ip h e ra l  s t r u c tu r e s ,  th e  autonomic nervous system  in  

p a r t i c u la r .

The p re c is e  lo c a tio n  o f th e  s i t e  o f a c t io n  by experim ent 

proved beyond th e  scope o f  the  p re sen t work. S evera l 

experim ental approaches were made, however, and a  c e r ta in  amount 

o f  in fo rm atio n  gained .

(1) THE AFFERENT DEERESSOR MECHANISM.

The p e rfu s io n  experim ents c le a r ly  in d ic a te  th a t  th e  

s ig n if ic a n t  d ep ressan t e f fe c t  o f nembutal i s  n o t on th e  baro— 

re c e p to r s .  M oreover, th e  e f fe c t  o f th e  drug on th e  response 

to  e l e c t r i c a l  s tim u la tio n  dem onstrates th a t  i t s  a c tio n  i s  

c e n tr a l  to  th e  po in t o f e x c i ta t io n .  The f i r s t  ex p lan a tio n  to  

be co n sid ered  th e re fo re , i s  an e f f e c t  on the  dep resso r f ib r e s  

as  th e y  course in  th e  n e rv e . Such an a c t io n , however, does 

no t seem l ik e ly ,  fo r  under th e  co n d itio n s  o f th e  experiment th e  

nerve i s  sep a ra te d  from th e  in v e s tin g  t i s s u e s  and rep ea ted ly  

washed w ith  s a l in e ,  which must considerab ly  reduce i t s  exposure 

to  c irc u la t in g  nem butal. Moreover, the  in flu en ce  o f  c i r c u la t in g  

drugs on th e  exposed nerve f ib r e s  has been fu r th e r  dim inished 

by p e rfu s in g  th e  c a r o t id  s in u s  during l ig h t  nembutal a n ae s th e s ia  

(c o n tro l an im als Chap. X ), and in  th e se  anim als a lso  th e  e f fe c t  

o f  e l e c t r i c a l  s tim u la tio n  o f  th e  s inus nerve has been 'reversed*  

and re s to re d  by system ic in je c t io n  o f nembutal and p ic ro to x in  

re s p e c t iv e ly .  N ev e rth e le ss , a b lock ing  a c tio n  o f nembutal on 

th e  d ep re sso r f ib r e s  as they course w ith in  th e  s k u ll  o r 

m edullary substance may w ell occur.

(2)/



(2) THE DEPRESSOR MECHANISMS OP THE CENTRAL NERVOUS SYSTEM.
A depressant action on the medullary mechanisms concerned 

in the barosensoiy reflex is the next explanation which must 
be entertained. Several experiments were carried out to 
investigate this possibility.

(a) Application of Nembutal to the Floor of 
the Fourth Ventricle.

Methods:
Vagotomized cats under urethane anaesthesia were employed. 

In most of the animals the effects of buffer nerve stimulation 
were being studied as part of another series. All were 
artificially ventilated with bilateral open pneumothorax. When 
the effect of nembutal was to be studied, additional urethane 
was injected intravenously (0.25 gm/Kg. body weight per dose) 
in two or more doses until profound anaesthesia had been 
achieved. The animal was then turned nose down, and the back 
of the skull around and below the external occipital tubercle 
exposed. The skull was trephined through the tubercle and much 
of the bone forming the dorsal aspect of the cerebellar fossa 
(occipital and interparietal bones) removed with nibbling 
forceps. The cut bone was then waxed. When bleeding had thus 
been controlled the cerebellum was removed by sectioning the 
peduncles. Fresh bleeding was stemmed by inserting cotton wool 
pledgets into the antero—lateral angles of the fossa. In this 
way the entire floor of the fourth ventricle was exposed along 
with the medulla to 3 nm. or more below the obex. The opening
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APPLICATION OP NEMBUTAL TO THE FLOOR OP THE 

FOURTH VENTRICLE.

F i r s t  A n im a l.

A B D
61. C a t. A n aesth e tic  u re th an e  (1 .75  g /K g .) . Double 

vagotomy. L e ft s in u s  nerve  c u t. A r t i f i c i a l  
r e s p i r a t io n .  B i l a t e r a l  open pneumothorax. A r te r ia l  
B .P . ( l e f t  c a ro t id  a r te ry ) .  Time 5 sec .
The cerebellum  has been removed and th e  f lo o r  o f  th e  
fo u r th  v e n t r ic le  exposed.
A. C o n tro l s tim u la tio n  o f th e  r ig h t  vagus nerve

(20 V. 7 0 /se c . 1 m sec .) .
B. " M re p ea ted  a f t e r  app ly ing  2

nem butal p le d g e ts .
C. ” " re p e a te d  a f t e r  app ly ing  3

nem butal p le d g e ts .
D. ” " re p e a te d  some m inutes

a f t e r  C.

Second Animal. T h i r d  A n im a l.

F ig . 62.
A • B 

F ig . 63.
C a ts . P re p a ra tio n  and re c o rd s  as  in  F ig . 61. U r e t h a n e

1 . 5  a n d  1 . 7 5  g / f c g .  r e s p e c t i v e l y .

A . C on tro l s tim u la tio n  o f th e  l ig h t  vagus nerve.
B. n n re p ea ted  a f t e r  applying 3 (Fig. 62)

and 2 (F ig . 63) nem butal p le d g e ts .
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in the skull was covered with gauze moistened with warn 
saline. The animal was now turned on its side so that both 
the right vagus and the exposed brain were accessible. The 
head was elevated and fixed in this position. The right vagus 
was laid across the electrodes and left untouched throughout 
the experiment. It was now stimulated and control depressor 
responses obtained. A flat cotton wool pledget of sufficient 
size to cover the floor of the fourth ventricle and dorsum 
of the medulla around the obex was saturated with 0.25 cc. of 
warmed nembutal solution (40 mg. nembutal per 1 cc. normal 
saline) and placed in position. Thereafter the vagus reflexes 
were tested at intervals and the pledget replaced with a 
fresh one as necessary.

Results:
Five successful experiments were made. In each animal 

the depressor effect of vagal stimulation was abolished by 
successive applications of nembutal.

In three animals a 'reversal* of the effect of control 
vagal stimulation was observed at some time after the application 
of nembutal. In the first of these the control depressor 
response became biphasic (several tests) after the second 
application (Fig. 61 B). After a third pledget six successive 
pressor responses were obtained (Fig. 61 C). These were 
somewhat feeble but quite definite. Ten minutes later without 
there being any interference whatsoever, only depressor 
responses could be obtained (Fig. 61 D). The two other animals 
provided/
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provided between them only four unequivocal reversals.
These were observed during short periods between the nonnal 
depressor effect and a complete absence of response, in the 
one case before a third pledget had abolished all effect 
(Fig. 62 B), and in the other as the effect of a second pledget 
was wearing off (Fig. 63 B). In neither of these two animals 
could the effect be repeated. Subsequent application of 
nembutal served only to abolish the response completely.

In the two remaining cats, no pressor effects were 
observed whatsoever despite resort being had to weaker and 
stronger concentrations of the drug.

Int erpr et ation:
The experiments are somewhat similar to those carried out 

by SCOTT (1925). That author sought to elucidate the site of 
action of strychnine, which also caused a 'reversal' of the 
normal depressor effect of vagus stimulation in the cat, by 
applying that drug in high concentration in a tiny pledget to 
the ' depressor point *, which he regarded as a point on the 
afferent vagal depressor path. Having shown that strychnine 
so applied caused vagal stimulation to yield a pressor response, 
he concluded that this then was the site of action of the drug, 
and that the strychnine 'reversal' was due to the selective 
paralysis of the depressor vagal afferents leaving the pressor 
afferents active. But any manoeuvre which is calculated to 
destroy the function of depressor afferents would be expected 
to have just such a result, and indeed the author himself 
(SCOTT/
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(SCOTT 1925) b&s shown that by cauterizing the depressor point, 
a similar 'reversal1 can be brought about. He makes no 
mention of any experiment in which the pressor afferents were 
exposed selectively to the same concentrations of strychnine.

In the present series this objection was met, as far as 
possible, by applying the drug over the dorsal projection of 
the entire pressor and depressor areas of ALEXANDER (1946), 
which includes both the pressor and depressor points. 
Nevertheless it may still be argued that the depressor mechanism, 
even under these conditions, is that exposed to the greatest 
concentration of the drug, and that the persistence of the 
pressor response is indicative of a selective exposure rather 
than selective effect. This apart, in the absence of evidence 
to the effect that nembutal cannot cause a reversal by action 
at another site, it must be concluded that the experiments 
merely indicate one possible explanation of the phenomenon.
That is to say, an action on the vasomotor region of the medulla,

(b) Application of Picrotoxin to the Floor 
of the Fourth V e n tr ic le .

This, the complementary experiment to those just described, 
would certainly have provided more significant evidence were 
it shown that by such a manoeuvre a normal response could be 
re-established in the overdosed animal, providing of course 
that the amount applied was insufficient to allow of other 
int erpretat ion.

In two profoundly nembutalized cats the brain stem was 
exposed/
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exposed a s  above and p ic ro to x in  in  v a rio u s  d i lu t io n s ,  0.Q3 — 

0 .3 $ , a p p lie d  d i r e c t ly  to  th e  vasomotor a re a s .  The weaker 

co n ce n tra tio n s  were w ithou t e f f e c t .  The s tro n g e r  s o lu tio n s  

ab o lish ed  a l l  response e n t i r e ly .  No u se fu l in fo rm atio n  was 

th e re fo re  g a in ed , a lthough  th e  method might be worthy o f 

f u r th e r  t r i a l .

(c ) S tim u la tio n  o f th e  Vasomotor Areas in  the 

P rofoundly  Nembutalized C at.

AI£XAN32ER (1946) and o th e rs  have claim ed th a t  r e f le x  

v a s o d ila t io n  comes about by th e  ‘d e p re sso r1 a f fe re n ts  e x c it in g  

th e  m edullary  d i l a t o r  c e n tr e ,  which then  a c t iv e ly  in h ib i t s  th e  

tonus -of th e  sp in a l vasomotor ( c o n s tr ic to r )  c e n tr e s .  O thers 

such a s  BACH (1945) p o s tu la te  an e x c ita to ry  d ischarge  from th e  

m edulla a c t iv a t in g  th e  sp in a l d i l a to r  c e l l s .  I t  i s  p o ss ib le  

th en  th a t  th e  nembutal d i l a to r  b lock  i s  s p in a l .  An experim ental 

approach was designed to  t e s t  th i s  h y p o th esis .

Methods t

Both au th o rs  m entioned consider th e  re sp e c tiv e  c e l l  groups 

to  be a p p ro p r ia te ly  a f fe c te d  by d ischarge frcm a  fu n c tio n a l 

d ep re sso r c en tre  in  th e  m edulla . The method adopted th e re fo re , 

was to  s tim u la te  th e  d ep resso r a rea  in  th e  ca t showing th e  

‘reversed* response . The b ra in  stem was exposed as above 

( s e r ie s  ‘a 1) .  S tim u la tio n  o f  th e  vasomotor reg io n s in  th e  

substance  o f  th e  m edulla (ALEXANDER 1946) was e f fe c te d  b y  

u n ip o la r  e x c ita t io n  u sing  p u lses  (5 V. 100/sec . 0 .02 m sec.) 

from th e  B .N .I. d ev ice . A f in e  s i lv e r  w ire  e lec tro d e  sh ie ld ed

b y /

I



ELECTRICAL STIMULATION OF THE MEDULLA,

F ig . 64. C a t. P re p a ra tio n  and reco rd s  as  in  F ig . 61. The responses 
to  u n ip o la r  s tim u la tio n  o f th re e  reg io n s  in  th e  substance 
o f th e  m edulla w ith  s t im u li  o f 5 V. 1 0 0 /sec . 0 .02  msec.

(B .N .I. s t im u la to r ) .

THE RESPONSE TO ACETYLCHOLINE IN DEEP NEMBUTAL ANAESTHESIA.

A B

C D
F ig . 65r C a t. A naesth e tic  nem butal. Double vagotomy. L eft sinus 

nerve c u t. A r t i f i c i a l  r e s p i r a t io n .  B i l a t e r a l  open 
pneumothorax. A r te r ia l  B .P . ( l e f t  c a r o t id  a r t e r y ) .  Time 5 sec* 
Upper two tra c in g s  during  l ig h t  a n a e s th e s ia . Nembutal

40 mg/Kg.
A. C ontro l s tim u la tio n  o f r ig h t  vagus (5 V. 7 0 /sec . 1 msec.)*
B. w in je c t io n  a c e ty lc h o lin e  (10 f tg .)  in to  righ t

femoral vein.
Lower tra c in g  during  deep a n a e s th e s ia . Nembutal 70 mg/Kg.
C. S tim u la tio n  o f r ig h t  vagus re p e a te d .
D. In je c tio n  o f a c e ty lc h o lin e  (10 g .)  re p e a te d .



by drawn c a p i l la r y  g la s s  was u sed .

R e s u lts :

In  th re e  c o n tro l experim ents on u re th a n ize d  d e c e re b e lla te  

p re p a ra tio n s  e x p lo ra tio n  o f th e  m edullary  t i s s u e  y ie ld e d  

p re s so r  and d ep resso r e f f e c t s  (F ig . 64)* The form er were 

r e a d i ly  o b ta in a b le  w hile  th e  l a t t e r  were more e lu s iv e , indeed  

t h i s  d i f f i c u l ty  rendered  any n eg a tiv e  r e s u l t  in  the  overdosed 

anim al obviously  v a lu e le s s .  One nem butalized d e c e re b e lla te  

p re p a ra tio n  only  was in v e s t ig a te d . P re sso r responses only  

could  be o b ta in ed . In  th e  in t e r e s t  o f more prom ising in v e s t ig 

a t io n s  th e  m a tte r  was not fu r th e r  pursued.

(3) THE PERIPHERAL DEPRESSOR MECHANISMS.

I f ,  a s  i s  g e n e ra lly  h e ld  (GEKNANDT, LIUESTRAND and 

ZOTTEEMAN 1946), b o th  chemosensory p re s so r  re f le x e s  and baro 

sen so iy  d ep resso r re f le x e s  a re  m ediated by v a r ia t io n s  in  

sym pathetic  to n u s , i t  i s  c le a r  th a t  bo th  cannot have sim ultaneous 

e f fe re n t  re p re se n ta tio n  in  t h i s  common pathway. When they  a re  

a c t iv a te d  a t  th e  same tim e , th e  sym pathetic e f fe re n t  outflow  

does no t c a r ry  b o th  d i l a to r  and c o n s t r ic to r  in flu en c es  bu t 

r a th e r  a  c o n s t r ic to r  tonus which re p re se n ts  th e  end r e s u l t  o f  

th e  a lg e b ra ic  summation o f th e  two e f fe c ts  o f some e a r l i e r  

s tag e  in  th e  r e f le x  a rc .  Pow erful s inus nerve s tim u la tio n , 

th e re fo re ,  a lthough  e x c it in g  bo th  chemosensory and barosensory  

a f f e r e n t s ,  causes a  dep resso r e f fe c t  in  th e  norm ally 

a n a e s th e tiz e d  anim al only  by a d im inution  o f sym pathetic 

c o n s t r ic to r  to n u s . Even i f  th e  nembutal in  excess were assumed
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to  re n d e r th e  v e s s e ls  in s e n s i t iv e  to  th i s  le s se n in g  o f  to n u s , 

i t  i s  q u ite  c le a r  th a t  such an a c tio n  would f a i l  to  account 

f o r  th e  re v e rse d  re sp o n se , fo r  th e re  e x is t s  under such 

co n d itio n s  no contemporaneous p re s so r  a c t i v i t y  which can a s s e r t  

i t s e l f .

On th e  o th e r hand, i f  th e re  i s  no canmon pathway, h u t th e  

b a ro senso ry  d ep re sso r in f lu e n c e s  a re  re la y ed  by d ep re sso r 

c e n tre s  and d i l a to r  n erves and th e  chemosensory p re s so r  e f f e c t s  

by s e p a ra te  p re s so r  c e n tre s  and c o n s tr ic to r  n e rv es , e x c i ta t io n  

o f  b o th  mechanisms sim ultaneously  can then  be regarded  as  

e f fe c t in g  a vasomotor response which i s  th e  r e s u l ta n t  o f th e  

two opposing in f lu e n c e s . A b o litio n  o f  th e  p rep o ten t d ep re sso r 

component by excess nem butal could  r e a d i ly  e f fe c t  a  1 r e v e r s a l1 

under th e se  c o n d itio n s . Two p o in ts  considered  to g e th e r  lend  

i n t e r e s t  to  th i s  h y p o th e s is . In  th e  f i r s t  p la c e , th e  d i l a to r  

f ib r e s  a re  h e ld  to  be c h o lin e rg ic , and indeed  BACH (1945) 

m a in ta in s  th a t  such f ib r e s  a re  e n t i r e ly  re sp o n sib le  f o r  th e  

d e p re sso r r e f l e x .  In  th e  second p la c e , th e re  i s  a  w ealth  o f  

evidence to  th e  e f fe c t  th a t  b a rb i tu ra te s  b lock  p e r ip h e ra l 

c h o lin e rg ic  s t r u c tu r e s .

In  1925 De WAELE found th a t  somnifene a f fe c te d  th e  vagal 

in h ib i to r y  mechanism o f  th e  h e a r t .  LIEB and MULINOS (1929) 

fo llow ed  w ith  th e  demons t  r a t i  on th a t  am ytal a lso  depressed  o r  

p a ra ly se d  th e  ca rd iac  vagus, and GARRY (1930) found th e  e f fe c t  

even w ith  nonnal a n ae s th es ic  doses. S ince th e n , nembutal 

(KOEPANII, LINBGAR and DILEE 1936), evipan (EMMELIN 1941) and 

a/
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a  h o s t o f o th e r  b a r b i tu r a te s  have been found to  behave 

s im ila r ly  (GRUBER and GRUBER 1941)* Nor a re  th e  e f f e c t s  

co n fined  to  th e  h e a r t ,  f o r  a  d im inished  o r ab o lish ed  e f f e c t iv e 

n ess  o f th e  c h o lin e rg ic  nerves has been found in  a  la rg e  number 

o f  organs in c lu d in g  th e  subm axillary  g land  (STAVRAKY 1931), 

som atic neuromyal ju n c tio n s  (HUSTON, MARTIN and DILIE 1947) 

and th e  p u p i l ,  g u t ,  u te ru s ,  b ronch i and sweat g lands (EMMELIN 

1941). The l a s t  m entioned au th o r has shown th a t  'th e  a tro p in e 

l ik e  a c t io n  o f evipan on the  stomach i s  even s tro n g e r th a n  th a t  

o f  a tro p in e  i t s e l f *  and concludes w ith  the  statem ent t h a t ,

‘ th e re  i s  n o th ing  to  c o n tra d ic t th e  assum ption th a t  th e  

b a rb i tu ra te  a c ts  on the  s p e c if ic  re c e p to r  system which t r a n s f e r s  

th e  im pulse in  autonomic nerves to  th e  e f f e c to r  c e l l s * .  To 

e x p la in  th e  ‘ re v e rs a l* , i t  need only  be p o s tu la te d  th a t  th e  

a c t io n  o f nembutal i s  to  cause f a i lu r e  o f th e  * s p e c if ic  re c e p to r  

system* o f  th e  b lood  v e sse ls  (? p lexus o f C a ja l)  to  respond to  

c h o lin e rg ic  in f lu e n c e . The fa c t  th a t  p ic ro to x in  a b o lish es  th e  

re v e rse d  response cannot be h e ld  as  evidence a g a in s t th e  nembutal 

b lo ck  be ing  p e r ip h e ra l ,  fo r  GRUBER, GRUBER and COLOSI (1938) 

have shown th a t  th e  form er drug an tagonizes th e  depressan t a f f e c t  

o f  th e  l a t t e r  on th e  c a rd iac  vagus.

Faced w ith  such evidence, and th e  la ck  o f in fo rm ation  on 

a  p o s s ib le  e f fe c t  of nembutal on th e  c h o lin e rg ic  d i l a to r  

m echanian, th e  m a tte r  was put to  experim ent.

M ethods;

In  b r i e f ,  th e  method adopted c o n s is te d  o f a sse ss in g  th e  

e f f e c t  iv enes s /
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e ffe c tiv e n e s s  o f  a c e ty lc h o lin e  in je c te d  in to  th e  in t a c t  c a t 

manif e s t in g  th e  re v e rsed  response to  b u f f e r  nerve s tim u la tio n . 

Four c a ts  were s tu d ie d . They were l ig h t ly  a n a e s th e tiz e d  w ith  

nembutal (} 40 mg/Kg. I .P . )  and c o n tro l d ep resso r responses to  

b u f f e r  nerve s tim u la tio n  and a c e ty lc h o lin e  in je c t io n  o b ta in ed . 

A fte r  nembutal overdosage th e se  manoeuvres were re p e a te d . To 

minimize c a rd iac  e f fe c ts  d i r e c t  in t r a - a o r t i c  in je c t io n  by 

ind w ellin g  u r e te r ic  c a th e te r  was co n sid ered , bu t proved 

unnecessary  s in ce  v i r t u a l ly  no c a rd io in h ib it io n  occurred  in  th e  

overdosed anim al when th e  drug was adm in is te red  by th e  fem oral 

v e in , and t h i s  ro u te  was th e re fo re  used th roughou t. A ce ty l

ch o lin e  was f r e s h ly  p repared  f o r  each experim ent and made up 

in  norm al s a l in e .  For each t e s t  1 cc . was employed, th e  amount 

o f a c tiv e  p r in c ip le  being  v a rie d  where n ecessa ry .

R e s u l ts :

E igh teen  in je c t io n s  were made in  a l l .  The ta b le  below 

c o n ta in s  th e  d a ta  o f  im portance in  each experim ent, dosage o f 

nem butal, vasomotor response to  pow erful e l e c t r i c a l  s tim u la tio n  

o f th e  b u f f e r  n e rv es , dosage of a ce ty lc h o lin e  and th e  f a l l  o f 

b lood  p re ssu re  produced by th a t  drug (expressed  as  a percen tage 

o f  th e  b lood  p re ssu re  p re v a ilin g  b e fo re  th e  t e s t ,  e .g .  B. P . 

b e fo re  in je c t io n  150 asm. Hg. -  a ce ty lc h o lin e  in je c te d  -  B. P . 

f e l l  to  51 nun. Hg. F a l l  in  B. P . = 66$).



THE RESPONSE TO ACETYLCHOLINE IN DEEP NEMBUTAL ANAESTHESIA
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P ig . 66. C a t. A n aes th e tic  nem butal. Double vagotomy. L eft 
s inus nerve c u t .  A r t i f i c i a l  r e s p i r a t io n .  B i la te r a l  
open pneumothorax. A r te r ia l  B .P . ( l e f t  c a ro tid  
a r t e r y ) .  Time 5 s e c .
T racings a l l  o b ta ined  in  deep a n a e s th e s ia . Nembutal

65 mg/Kg.
A. S tim u la tio n  of c e n tr a l  end of r ig h t  vagus

(10 V. 7 0 /se c . 1 msec
B. ” w c a rd ia c  M o f r ig h t  vagus

(10 V. 7 0 /sec . 1 msec
C. In je c t io n  o f a c e ty lc h o lin e  (100 fLg.) in to  r ig h t

. fem oral vein .



Cat
Number HIRING LIGHT ANAESTHESIA DURING PROFOUND ANAESTHESIA

Sinus n . Sinus n .
Nembutal and A cety l B .P . Nembutal and A cety l B .F .

mg/Kg. Vagus cho line f a l l mg/Kg. Vagus cho line f a l l
S tim . Hg. % Stim . Hg. %

86 40 Both 10 54 65 Both 10 41
d ep resso r p re s so r

87 40 Do. 10 69 70 Do. 10 32
(P ig .65)

89 45 Db. 10 49 65 Do* 10 37
10 57 10 31

( P ig .66) 50 62 50 48
50 67 50 40

100 75 100 55

90 40 Do. 10 41 68 Do. 10 33

.
50 79 50 64

i

The b lood p re ssu re s  during  normal an aes th es ia  in  th e  fo u r  

anim als ranged from 140 to  170 mm. Hg. and dialing profound 

a n a e s th e s ia  from 55 to  75 mm. Hg. Although ca rd iac  slowing was 

q u ite  a  prominent fe a tu re  fo llow ing  a ce ty lc h o lin e  in je c t io n  in  

two o f th e  anim als (86 and 87) i t  was le s s  marked in  th e  others*  

During nembutal overdosage no s ig n if ic a n t  degree o f b rad y card ia  

w hatsoever occurred  in  any o f th e  anim als (F ig . 66 C . ) ,  a lthough  

in  such in s ta n c e s  pow erful s tim u la tio n  o f the  p e r ip h e ra l 

( c a rd ia c /
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(c a rd ia c )  end o f  th e  cu t vagus ( th r e e  anim als) produced a 

f a i r  degree o f slowing (F ig . 66 B ).

I n te r p r e ta t io n :

Be th e  absence o f  c a rd io in h ib it io n  as i t  may, th e  fa c t  

th a t  a c e ty lc h o lin e  causes a  s u b s ta n t ia l  f a l l  in  b lood  p re ssu re  

in  th e  p resence of excess nembutal and th e  ‘reversed* vasom otor 

e f f e c t ,  which cannot be a sc r ib e d  to  c a rd iac  slow ing, c le a r ly  

in d ic a te s  th a t  th e  v a sc u la r  response to  a c e ty lc h o lin e  i s  d i l a t o r ,  

and would imply th a t  th e  b lo ck  on th e  d ep resso r pathway i s  n o t 

due to  th e  a b o l i t io n  o f  th e  response o f th e  v e s s e ls  to  

a c e ty lc h o lin e .

CONCLUSION.

No s a t i s f a c to r y  experim ental dem onstration  o f  th e  s i t e  o f  

a c t io n  o f nembutal fo r  th e  re v e rs a l  o f the  vasomotor response 

h as been made. I t  i s  tem pting  to  adopt th e  ex p lan a tio n  th a t  

th e  e f f e c t  i s  due to  a  'depresso r*  b lock  on th e  a f fe re n t  s id e  

o f  th e  'vasom otor c e n tre * . This view has th e  m erit o f  

s im p lic i ty ,  i s  in  accord  w ith  th e  commonly accep ted  b e l i e f  in  

a  to n ic  v a so c o n s tr ic to r  c e n tre  and e ffe re n t sym pathetic common 

to  d i la t io n  and c o n s tr ic t io n ,  and allow s fo r  th e  w e ll e s ta b lis h e d  

presence  o f  p re s so r  and d ep resso r a f fe re n t  f ib r e s .  Furtherm ore 

i t  i s  th e  ex p lan a tio n  which would appear to  hold  f o r  th e  

'r e s p ira to ry *  re v e rs a l  (Chap. XIV). There th e  m a tte r  must r e s t .
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C H A P T E R  XVIII.

EXPERIMENTS ON THE RABBIT.

T h is  c h a p te r  i s  concerned w ith  experim ents which were 

c a r r ie d  ou t e a r ly  in  th e  in v e s t ig a t io n  in  an a ttem pt to  

e lu c id a te  th e  mechanism o f th e  * reversing*  e f fe c t  o f  nem butal 

on th e  c a t  vagus r e f le x e s .  I t  had been recognized  from th e  

beg inn ing  th a t th e  ’r e v e r s a l1 might depend on vag al a f f e r e n ts  

o th e r  th an  th o se  c o n s t i tu t in g  th e  a o r t i c  nex*ve p ro p e r, and to  

g a in  in fo rm atio n  on t h i s  p o in t i t  was d e s ira b le  to  study th e  

response  o f  th e  a o r t i c  nerve f r e e  from o th e r  a f f e r e n ts .  At a  

l a t e r  p e rio d  t h i s  was done in  th e  c a t ,  and th e  r e s u l t s  have 

a lre ad y  been given  (Chap. X I I I ) .  As a f i r s t  approach, however, 

reco u rse  was had to  t h e  r a b b it  where th e  a o r t i c  nerve i s  a  

sep a ra te  and w e ll d e fin ed  s t r u c tu r e .  The r e s u l t s  a re  w orth 

reco rd in g  fo r  they  d i f f e r  from those  o b ta ined  in  th e  c a t .

M ethods:

The ra b b i t  s were a n a e s th e tiz e d  w ith  nembutal g iven in t r a 

pe r i to n e a l ly  in  40 m g/cc. s o lu t io n . In  two anim als th e  drug 

was in je c te d ,  a s  was th e  p ra c t ic e  w ith  c a t s ,  w ithout in d u c tio n  

by v o la t i l e  a n a e s th e t ic .  This method was abandoned as th e  gut 

was r e a d i ly  punctured  and ab so rp tio n  th e reb y  h in d ered . The 

d i f f i c u l ty  was overcome by inducing  w ith  l ig h t  e th e r  and ty in g  

a  g la s s  cannula  in to  th e  peritoneum  through which a l l  nembutal 

was subsequen tly  in je c te d .  This was done in  an o th er two 

an im als .

When/
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When th e  ra b b i t  was a n a e s th e tiz e d , th e  tra c h e a  was can n u la ted , 

b o th  v ag i and a o r t i c  nerves exposed and d iv id ed  low in  th e  neck 

and the  fem oral a r te r y  can n u la ted  to  reco rd  b lood  p re s su re . 

R esp ira tio n s  were th e n  recorded  by a tta c h in g  to  the  tr a c h e a l  

cannula a  m odified  GADHJM flow m eter. T his device reco rded  

in d iv id u a l b re a th s  and r a te  o f b re a th in g  and i s  i l l u s t r a t e d  in  

P ig s .  67 and 68. ( i t  was a lso  used  in  experim ents on the  

d ece reb ra te  c a t and has been r e fe r re d  to  in  Chap. V II) .

The experim ent was conducted along th e  u su a l l i n e s .  The 

c e n tr a l  ends o f  th e  cut a o r t i c  nerves and v ag i were s tim u la te d  

in  l i g h t  a n a e s th e s ia  and c o n tro l responses o b ta in ed . T h e re a f te r  

f a i r l y  la rg e  amounts o f nembutal ( 2 0 - 4 0  mg/Kg. p e r  in je c t io n )  

were g iven  in  se v e ra l doses and c o n tro l s t im u li  re p e a te d . T his 

p ro cess  was continued  u n t i l  th e  animal was k i l l e d .  The 

WHITFIELD s tim u la to r  was employed. The conven tional p latinum  

e le c tro d e s  were used  fo r  v agal s tim u la tio n , and th e  s in u s  nerve 

e le c tro d e s  f o r  th e  a o r t ic  n e rv e .

R e s u l ts :

(a )  In  th e  L ig h tly  A naesthe tized  Animal.

S tim u la tio n  o f th e  vagus in  each anim al y ie ld e d  p re s so r  

e f f e c t s  a lo n e , w ith  i n t e n s i t i e s  from 2 V. -  40 V. and frequency 

20 -  40/sec*  The re s p ira to ry  response v a r ie d . With weak 

s tim u la tio n  th e  e f f e c ts  were in d e te rm in a te , bu t w ith  s tro n g e r  

s tim u la tio n  in h ib i t io n  was the  ru le  (Fig# 69) .  S t imul a t io n  o f 

th e  a o r t i c  nerve in  each animal caused b r i s k  d ep resso r e f f e c ts  

only  o v er th e  range o f  s t im u li  l a s t  m entioned. Powerful 

s t im u la t io n /
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s tim u la tio n  in  th re e  o f  th e  anim als r e s u l te d  in  markedly- 

in c re a se d  re s p ir a to ry  a c t i v i t y  (F ig . 6 9 ).

(b) In the Heavily Overdosed Animal.
A fte r  in je c t io n  o f  excess nem butal, th e  marked d ep ressan t 

e f f e c t  o f  nembutal on th e  b lood  p re ssu re  and spontaneous 

v e n t i la t io n  was soon m a n ife s t . A re flex ic  p e rio d s  such a s  th o se  

which fo llow  m assive dosage in  th e  ca t were no t observed , r a th e r  

was th e re  a  p ro g ress iv e  d e c lin e  in  th e  e ffe c t iv e n e s s  o f  

s tim u la tio n  o f  th e  a o r t i c  and vagus n e rv e s . A d d itio n a l doses o f 

nem butal f u r th e r  dep ressed  th e  b lood p re s su re , r e s p i r a t io n ,  and 

the  response to  nerve s tim u la tio n . E v en tu a lly , when co n sid e rab le  

amounts o f  nembutal (>110m g/Kg.) had been g iv en , th e re  was a 

sudden f a i l u r e  o f b re a th in g  and d e sp ite  a r t i f i c i a l  v e n t i la t io n  

th e  h e a r t  f a i l e d  and th e  anim al d ied . In  no in s ta n c e  was a  

•reversed* response observed , a lthough  te rm in a lly  th e re  was 

alm ost complete a b o l i t io n  o f th e  vagal and a o r t i c  r e f le x e s .  The 

form er appeared to  be th e  more r e s i s t a n t  and th e  vagal p re s so r  

e f f e c t  cou ld  y e t be  achieved  when th e  a o r t i c  d ep resso r .r e f le x  

was a b se n t. As a r e s u l t  o f  t h i s ,  s tim u la tio n  o f b o th  nerves 

sim u ltaneously  (by la y in g  bo th  a c ro ss  th e  same e le c tro d e s )  

r e s u l te d  in  a  p re s so r  e f f e c t  a lthough  a s im ila r  manoeuvre in  

normal a n a e s th e s ia  y ie ld e d  a f a l l  in  b lood p re ssu re  (F ig . 7 0 ).

I n t  e r p r e ta t io n :

Although re p e a t experim ents a re  n ecessary  b e fo re  i t  can 

be concluded f in a l ly  th a t  nembutal does no t b r in g  about a  

r e v e r s a l  o f th e  d ep resso r e f f e c t  of a o r t i c  nerve s tim u la tio n  in  

t h e /
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th e  r a b b i t ,  i t  i s  apparen t th a t  th e  phenomenon -  i f  i t  does 

e x is t  -  i s  much le s s  r e a d i ly  obtained, in  th a t  anim al th a n  in  

th e  c a t .  Indeed, th e  p ic tu re  produced by nem butal excess in  

th e  two sp ec ie s  d i f f e r s  w idely  not only  in  re sp e c t o f th e  

vasom otor re sp o n se , b u t w ith  reg a rd  to  th e  a r e f le x ic  p e r io d , 

s t a b i l i t y  o f b lood  p re ssu re  and onset o f c o lla p s e .

The dem onstration  th a t  nembutal can b r in g  about a  r e v e r s a l  

o f  th e  vasom otor response to  compound a f f e r e n t  s tim u la tio n  by 

d i f f e r e n t i a l  d ep ress io n  o f one component, i s  in  agreement w ith  

th e  mechanism which has been advanced in  ex p lan a tio n  o f  th e  

s in u s  nerve r e v e r s a l .

The a o r t i c  nerve re v e rs a l  in  th e  c a t having been a t t r ib u te d  

to  p e r s i s te n t  a c t i v i t y  o f th e  a o r t ic  chemosensoiy r e f le x e s ,  i t  

i s  o f i n t e r e s t  to  n o te  in  connection  w ith  th e  f a i lu r e  o f  nfcmbutal 

t o  e f fe c t  r e v e r s a l  in  th e  homologous s t ru c tu re  o f  th e  ra b b i t  

th a t  GEERANBT (1946) has been unab le  to  d e te c t  any chemosensoiy 

f ib r e s  in  th e  a o r t i c  nerve o f  th e  l a t t e r .
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S U M M A R Y .

Follow ing upon th e  o b serv a tio n  th a t  e l e c t r i c a l  s tim u la tio n  

o f th e  c e n tr a l  end o f th e  vagus nerve caused a r i s e  o f  b lood 

p re ssu re  in  a c a t  overdosed w ith  nem butal, experim ents have 

been c a r r ie d  out to  an a ly se  th e  phenomenon, which i s  r e fe r re d  

to  as  th e  ‘reversed* resp o n se .

P a r t  1 . The anatom ical and fu n c tio n a l c o n s id e ra tio n s  a re  f i r s t  

p re sen te d  in  some d e t a i l  and t h e i r  com plexity in d ic a te d .

The au thor*s work i s  then  s e t  out in  two s e c t io n s .

In  th e  f i r s t  a re  d e sc rib ed  th e  experim ents form ing th e  main 

theme o f th e  in v e s t ig a t io n  which culm inate in  a  broad  in t e r 

p re ta t io n  o f th e  ‘reversed* re sp o n se . In  th e  second a re  d iscu ssed  

v a rio u s  o th e r  a sp e c ts  of th e  b u f f e r  nerve re f le x e s  which have 

been s tu d ie d , in c lu d in g  a  more d e ta i le d  c o n s id e ra tio n  o f th e  

mechanism o f th e  ‘ reversed* response .

P a r t  11. The o r ig in a l  o b se rv a tio n  i s  confirm ed by experim ent, 

and ‘reversed* responses to  vag a l s tim u la tio n
Chap. 1 .

ach ieved  by a d m in is tra tio n  o f excess nem butal.

I t  i s  found th a t  th e  drug has a  s im ila r  e f f e c t  on th e  normal 

d ep re sso r response  to  s tim u la tio n  o f  th e  more p u re ly  ‘moderator* 

s inus n e rv e . The e f fe c t  o f  nembutal on th e se
Chap. II.

two b u f f e r  nerve re f le x e s  i s  th e n  d iscu ssed  

in  g re a te r  d e t a i l ,  and th e  t r a n s i t io n  from th e  normal to  th e  

abnormal response i s  shown to  inv o lv e
Chap. I I I .

in te rm ed ia te  s tag e s  which a re  dependent on th e

metho<V
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method o f  dosage. S in g le  m assive doses cause p e rio d s  o f  

complete absence o f  any response  w hatsoever, d e sp ite  th e  f a c t  

th a t  during  t h i s  a r e f le x ic  s tag e  th e  a f f e re n t  sym pathetic 

mechanism i s  a c t iv e .  T his mode o f  a d m in is tra tio n  most re a d i ly  

e f f e c t s  a  ‘r e v e rs a l* , and th e  t o t a l  nem butal re q u ire d  (in c lu d in g  

th e  a n a e s th e tiz in g  dose) i s  th en  about 60 mg/Kg. body w eigh t, 

a lth o u g h  le s s  may be re q u ire d  in  th e  case o f  th e  s in u s  n e rv e .

When s im ila r ,  o r  even g re a te r  amounts a re  g iven  slow ly -  e i t h e r  

in trav e n o u s ly  o r  by rep ea ted  sm all in t r a p e r i to n e a l  in je c t io n s  -  

b ip h a s ic  e f f e c t s  appear and ‘reversed* responses a re  le s s  

r e a d i ly  g a in ed . The abnormal b u f f e r  nerve responses re v e r t  

spontaneously  to  normal a f t e r  some tim e , b u t can be  re a d i ly  

reg a in ed  by a d d it io n a l  nem butal.

Having f irm ly  e s ta b lis h e d  th e  e f f e c t  o f  nem butal, th e  

Chap. IV. b a rb i tu ra te  a n tid o te  p ic ro to x in  i s  th en  s tu d ie d .

I t  i s  found ra p id ly  to  r e s to r e  th e  d ep resso r response i n  th e  

overdosed an im al, th e  t r a n s i t io n  responses being  s im ila r  to  

th o se  encountered  in  spontaneous re v e rs io n . The antagonism  i s  

re c ip ro c a l., fo r  th e  ‘reversed* response  can be reg a in ed  by 

subsequent a d m in is tra tio n  o f  nem butal, and again  a b o lish ed  by 

p ic ro to x in . The a n t id o ta l  e f f e c t  o f  p ic ro to x in  on th e  b u f f e r  

nerve re f le x e s  may occur w ithout any o th e r  evidence o f  i t s  

a n a le p tic  a c t io n s .  The mechanism o f a c t io n  o f  th e  two drugs 

Chap. Y. i s  f u r th e r  pursued by s tu d ie s  in v o lv in g

s e r i a l  s e c tio n  o f  th e  b ra in  stem in  th e  d ece re b ra te  p re p a ra t io n , 

and th ey  a re  shown to  be e f fe c t iv e  even when a l l  b ra in  m a tte r  

above/



above th e  e ig h th  nerve  i s  removed. I t  i s  concluded th a t  th e  

lo cu s  o f a c t io n  o f bo th  nembutal and p ic ro to x in  re sp o n sib le  

f o r  th e  vasom otor phenomena under d is c u s s io n , l i e s  a t  o r  below 

th e  known m edullary  vasom otor c e n tre s . With t h i s  e s ta b lis h e d , 

a t te n t io n  i s  focussed  on th e  a f fe re n t  s inus nerve mechanisms, 

Chap. V I. fo r  i t  i s  found th a t  in  a d d itio n  to  th e

c la s s ic a l  d ep resso r response , s tim u la tio n  o f th a t  nerve r e a d i ly  

e l i c i t s  a p re s so r  e f f e c t  in  th e  cat norm ally  ( l i g h t ly )  

a n a e s th e tiz e d  w ith  nem butal. No such e f fe c t  lias been p re v io u s ly  

d e sc rib e d , and t h i s  f a c t ,  coupled w ith  the  knowledge th a t  

nembutal in  excess re v e rse s  th e  normal response , su g g ests  th a t  

i t  m ight be due to  the  a n a e s th e t ic .  N e v e rth e le ss , s in ce  t h i s  

p re s s o r  response i s  ob ta ined  re g u la r ly  w ith  s tim u lus i n t e n s i t i e s  

l e s s  than  th o se  e f f e c t iv e  in  low ering th e  b lood p re s su re , i t  i s  

considered  as  p o ss ib ly  a  fu n c tio n  o f th e  s tim u lu s . Experim ents 

on th e  u n an aes th e tized  d ece reb ra te  p re p a ra tio n  confirm  th e  

Chap. V II. l a t t e r  view , p re s so r  e f f e c t s  be ing  very

prom inent w ith  le s s  pow erful s t im u li .  I t  i s  e s s e n t ia l ,  

th e re fo re ,  th a t  an a n a ly s is  o f  the  s in u s  nerve responses be 

made b e fo re  th e  r e s u l t s  observed in  nembutal overdosage can be 

Chap. V I I I . in te r p r e te d .  T his i s  done in  a  s e r ie s  o f

anim als l i g h t ly  a n a e s th e tiz e d  w ith  nem butal, u sing  th re e  

s tim u la to rs  o f d i f f e r e n t  output c h a r a c te r i s t i c s ,  and th e  e a r l i e r  

f in d in g s  amply confirm ed. Pow erful s tim u la tio n  i s  re q u ire d  to  

e l i c i t  t h e  'n o rm a l*  r e f le x  f a l l  in  b lo o d  p re s su re , w hile weaker 

s t i m u l a t i o n  has t h e  opposite  e f f e c t .  When, however, an a ttem pt
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i s  made to  r e l a t e  th e se  two responses to  th e  known fu n c tio n a l 

co n ten t o f th e  nerve an obvious d iscrepancy  a r i s e s ,  fo r  th e  

ba ro sen so ry  d e p re sso r f ib r e s  a re  g e n e ra lly  considered  to  be 

la r g e r  th an  th e  chemosensory p re s so r  a f f e r e n ts  and th e re fo re  

more e x c i ta b le .  In  th e  l ig h t  o f t h i s ,  th e  a n a ly s is  i s  continued  

using  u re th a n e , which i s  f i r s t  shown to  have no s ig n if ic a n t  

d is to r t in g  e f f e c t  on th e  b u f f e r  nerve r e f le x e s .  Search over a 

wide range of stim u lus i n t e n s i t i e s ,  however, f a i l s  to  re v e a l any 

s ig n if ic a n t  p re s so r  o r  d ep re sso r a c t i v i t y  o th e r  th an  in  th e  

ranges a lre ad y  determ ined under nem butal, a lthough  a d d it io n a l  

fe e b le  d ep re sso r a c t i v i t y  i s  m an ifest in  some anim als when very  

weak c u rre n ts  a re  u sed . The r e s u l t s  a re  in te rp re te d  as  

in d ic a tin g  th a t  th e  s in u s  nerve o f th e  c a t re g u la r ly  co n ta in s  a 

p re s so r  a f f e r e n t  group, to  which th e  chemosensory f ib r e s  must 

be a ss ig n e d , and a  d ep resso r a f fe re n t  group composed o f ve ry  

sm all f ib r e s  (p robably  o f  th e  *C' group) which must in c lu d e  th e  

b arosenso ry  f ib r e s  re sp o n s ib le  fo r  th e  c h a r a c te r i s t i c  d e p re sso r 

re fle x *  The th i r d  element d e te c te d  -  th e  la rg e  d ep resso r f ib r e s  -  

may o r may no t be re g u la r ly  p re sen t in  th e  n e rv e . When t h i s  

a n a ly s is  o f th e  f ib r e  c o n s t i tu t io n  o f th e  s inus nerve i s  adopted 

a s  a  b a s is  f o r  th e  in te r p r e ta t io n  o f th e  ’reversed* response 

Chap. IX. observed in  nembutal overdosage, i t  i s

concluded th a t  th e  phenomenon i s  not due t o  any 'reversed*  

e f fe c tiv e n e s s  o f  th e  d ep resso r mechanism, bu t r a th e r  to  a  

s e le c t iv e  d ep ress io n  o f  th a t  r e f le x  le av in g  th e  la r g e r  f ib r e  

p re s so r  r e f le x  com paratively  v ig o ro u s. Now the  form er i s  

e a r l i e r /



e a r l i e r  id e n t i f i e d  w ith  th e  barosenso ry  r e f le x  and th e  l a t t e r  

w ith  the  chemosensory. I t  i s  th e re fo re  decided to  determ ine 

ex p erim en ta lly  w hether th e  s inus nerve r e v e r s a l  can , in  f a c t ,  

b e  in te r p r e te d  in  term s o f th e se  two mechanisms. Using th e  

i s o la te d  p e rfu sed  c a r o t id  s in u s , and a c t iv a t in g  th e  two re f le x e s  

th rough  t h e i r  re c e p to r s ,  i t  i s  shown th a t  i t  can , fo r  th e  chemo

sen so iy  r e f le x  has been found to  r e t a in  a  c o n sid e rab le  measure 

o f  p re s so r  a c t i v i t y  a t  dep ths o f  nembutal a n a e s th e s ia  which 

a b o lish  th e  ba ro sen so ry  r e f le x  e n t i r e ly .  M oreover, th e  p re s s o r  

e f fe c t iv e n e s s  o f th e  chemosensory mechanism under such 

c o n d itio n s  i s  s u f f ic ie n t  in  i t s e l f  to  account fo r  th e  e n t i r e  

’reversed* resp o n se . The p e rfu s io n  experim ents lend  co n s id e rab le  

support to  th e  in te r p r e ta t io n  o f th e  s inus nerve f ib r e  

c o n s t i tu t io n  a r r iv e d  a t  e a r l i e r  in  th e  in v e s t ig a t io n .

P a r t  I I I .  The f i r s t  s e r ie s  o f experiment s . d iscu ssed  in  the  

second s e c tio n  o f  th e  a u th o r’ s work, i s  th a t  concerned w ith  

•proving* th e  id e n t i ty  o f th e  s in u s  n e rv e , and w ith  th e  responses 

Chap. X I. to  th e  f a m il ia r  o cc lu sio n  and t r a c t io n  t e s t s .

Both t e s t s  a re  normal during  l ig h t  nembutal a n a e s th e s ia , and t h i s  

fin d in g  s u b s ta n tia te s  th e  conclusion  th a t  th e  p re s so r  e f fe c t  o f  

s in u s  nerve 's t im u la tio n  under th e  same circum stances i s  a  

fu n c tio n  o f  th e  s tim u lu s , no t th e  d rug . During profound 

nembutal a n a e s th e s ia , however, o cc lu sio n  causes l i t t l e  o r no 

r e f le x  r i s e  in  b lood  p re s su re  and th e  response to  t r a c t io n  i s  

re v e rse d , being  s tro n g ly  p re s s o r .  Both t e s t s  a re  shown to  be 

more complex th an  i s  g e n e ra lly  b e lie v e d . The form er, b e s id e s  

d e c re a s in g /
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d ecreasin g  b arosenso ry  a c t i v i t y ,  e x c ite s  chem oreceptors and 

a llow s o f co n sid e rab le  b u ffe r in g  (d ep re sso r) power by v i r tu e  

o f th e  c o l l a t e r a l  c i r c u la t io n ,  and th e  l a t t e r  no t m erely 

in v o lv e s  s t r e tc h  re c e p to r s ,  b u t e x c ite s  th e  f ib r e s  in  th e  

s in u s  nerve i t s e l f  by d i s to r t io n ,  and probably  s tim u la te s  

chem oreceptors by f u r th e r  d e p le tin g  th e  b lood  supp ly . The 

p re s so r  e f f e c t s  observed in  profound nembutal a n a e s th e s ia  on 

o cc lu s io n  o r t r a c t io n  a re  th e re fo re  considered  to  be due to  

a c t iv a t io n  o f  th e  y e t p a ten t chemosensory r e f le x .  In  view o f 

re p o rte d  p re s so r  a c t i v i t y  o f th e  s inus and vagus nerves a t  low 

Chap. X II. b lood  p re s su re s , c o n s id e ra tio n  i s  g iven  to

t h i s  as a  p o ss ib le  ex p lan a tio n  o f  th e  ‘reversed* re sp o n ses . 

Experim ental evidence does no t support such a mechanism, however.

E le c t r ic a l  s tim u la tio n  shows th e  a o r t i c  (d ep resso r) 

component o f  th e  vagus to  be in flu en c ed  by nem butal and 

Chap. X I I I .  p ic ro to x in  ju s t  a s  i s  th e  whole n e rv e . I t  i s

considered  th e re fo re ,  th a t  an ex p lan a tio n  o f th e  vagal 

•reversed* response in  term s o f i t s  barosensory  and chemosensory 

con ten t may ho ld  f o r  th a t  nerve as  fo r  th e  s inus n e rv e .

Although th e  p re sen t in v e s t ig a t io n  i s  p r im a rily  

concerned w ith  th e  e f fe c t  o f  nembutal on th e  vasom otor response 

to  vagus o r  s in u s  nerve s tim u la tio n , a  study o f th e  concom itant 

Chap. XIV. e f f e c t s  on re s p ir a to ry  a c t i v i ty  p rov ides r e s u l t s

o f  co n sid e rab le  s ig n if ic a n c e . They a re  in  c lo se  agreement w ith  

th e  view th a t  th e  ‘reversed* vasom otor e f f e c t s  a re  due to

p e r s is te n t  chemosensory a c t i v i t y ,  f o r  b o th  th e  vagus and s in u s  

n e rv e /
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nerve ‘reversed* responses are in many instances accompanied 
by increased respiratory activity. Since the effect of vagal 
stimulation during light anaesthesia is to diminish breathing, 
the respiratory response may also be considered as * reversed*. 
This is of especial interest, for it would appear that the 
effect must be ascribed to a selective depression of the 
respiratory inhibitory fibres on the afferent side of the 
medullary respiratory centre, an interpretation which is 
pertinent to the vasomotor phenomena.

During the course of the investigation ‘reflexes 
Chap. XV. douloureux* have been elicited from time to
time. A hypothesis is advanced which attributes the effects to 
chemosensory excitation, rather than to some ill defined pain 
pathway.

A study is made of the effect of frequency of 
stimulation on the sinus nerve response. Although a transition 
Chap. XVI. from a rise in blood pressure to a fall is
effected under certain conditions by increasing the rate, the 
evidence fails to support SANSON* s theory, but favours the 
assumption that the different intensities of stimulation cause 
their various effects by exciting afferent groups of higher 
or lower threshold.

Detailed consideration is given to the mechanism of 
the ’reversed* vasomotor responses. The accumulated evidence 
Chap. XVII. is discussed, along with the results of
experiments on the afferent, central and efferent mechanisms 
thought/
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thought to he involved. Although experiment has resolved the 
problem to a determination of the site of the nembutal block on 
the barosensory mechanism, it is not found possible to 
demonstrate the site with any certainty. A tentative conclusion 
that it lies on the afferent side of the medullary vasomotor 
centre is largely inspired by the interpretation of the vagal 
respiratory reversal.

Finally, attempts to reverse the aortic nerve 
responses in the rabbit, by administration of large doses of 
nembutal, meet with no success, and a possible explanation of 
Chap. XVIII. the failure is considered.
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