
236 Speeialia EXPERIENTIA 33/2 

of the  u n i t a r y  d i scharge  in  61 .1% (22 uni ts )  of t h e  cells 
recorded  f rom the  r i g h t  l a t e ra l  v e s t i b u l a r  nuc leus  a n d  in 
t he  56 .7% (17 uni ts )  of those  of t h e  oppos i te  side. F igures  
2 a n d  3 show the  2 p a t t e r n s  of a c t i v i t y  w h i c h  were pre-  
v a l e n t l y  recorded  f rom t he  r i g h t  or lef t  Dei te rs  nuclei .  
F igure  2 A - D  i l lus t r a t e  t he  f ac i l i t a t ion  of a r i g h t  de i te r -  
s ian  u n i t  fol lowing t he  surgical  i n t e r r u p t i o n  of t he  sp ina l  
cord  in a h e m i l a b y r i n t h e c t o m i z e d  and  c o m p e n s a t e d  
an imal ,  whi le  f igure 3 A - D  r e p r e s e n t  t he  i n h i b i t i o n  in-  
duced  b y  sp ina l  cord  sec t ion  on  a lef t  de i t e r s i an  u n i t  of 
a n o t h e r  h e m i l a b y r i n t h e c t o m i z e d  a n d  c o m p e n s a t e d  ani-  
mal .  I n  fact ,  t h e  t r a n s e c t i o n  of t h e  sp ina l  cord  ac t s  in  a 
d i f fe ren t  m a n n e r  upon  t he  cells of b o t h  Dei te rs  nuclei .  
F igure  4 d isp lays  t he  f r ac t ion  of t h e  un i t s  of b o t h  sides 
r e s p o n d i n g  to t he  cord  t r a n s e c t i o n  w i t h  a c t i v a t i o n  or in- 
h ib i t ion .  R e g a r d i n g  t h e  22 cells of t he  r i g h t  side r e spond-  
ing d u r i n g  decompensa t ion ,  i t  can  be  seen t h a t  a c t i v a t i o n  

%8B 

70 

60 

50 

40 

30 

20 

10 

B 

i:i~i:iii~i!i!i 

i~ili~ili~ilili 

!~iiiii!)i!i!i 

A B 

Fig. 4. Fraction of the units of the right (A) and left (B) lateral vestib- 
ular nucleus with activation (dotted column) or inhibition (open 
column), following the spinalization. 

r ep re sen t s  64 .7% of these  cells a n d  i n h i b i t i o n  35.3%. A n  
oppos i te  p a t t e r n  was obse rved  for t he  17 lef t  de i t e r s i an  
un i t s  w h i c h  showed  a c t i v a t i o n  in 31.2% and  i n h i b i t i o n  in 
68 .8% of t he  cases. As far  as t h e  a c t i v a t i o n - i n h i b i t i o n  
p a t t e r n  is concerned ,  i t  m u s t  be  po in t ed  ou t  t h a t  these  2 
t ypes  of r esponses  show d i f fe ren t  cha rac te r i s t i c s  if t h e i r  
t i m e  course  is t a k e n  in to  account .  As a m a t t e r  of fact ,  t h e  
i n h i b i t i o n  is a long- las t ing  p h e n o m e n o n  h a v i n g  a d u r a t i o n  
of 30-40 m i n  or more .  Ac t iva t i on ,  on  the  o t h e r  h a n d ,  
usua l ly  d i sappears  w i t h i n  10-15 min.  
D a t a  of t h i s  p r e s e n t  i nves t iga t ion  show for t he  f i rs t  t i m e  
t h a t  t he  t r a n s e c t i o n  of t he  sp ina l  cord  in a h e m i l a b y r i n t h -  
ec tomized  and  c o m p e n s a t e d  a n i m a l  induces  cha rac t e r i s t i c  
modi f i ca t ions  of t h e  u n i t a r y  d ischarge  of v e s t i b u l a r  un i t s .  
Thus ,  t h e  concep t  t h a t  t he  i n p u t s  f rom the  sp ina l  cord  
are essen t ia l  for t he  cor rec t  ba l ance  of t he  v e s t i b u l a r  ou t -  
p u t  of t h e  2 sides is s t r e n g t h e n e d  2,a. F u r t h e r m o r e ,  in  t h e  
p r e sen t  research  i t  h a s  been  obse rved  t h a t  t he  i n t e r r u p -  
t ion  of sp ina l  a f fe ren t s  ac ts  in  a d i f fe ren t  m a n n e r  u p o n  
the  v e s t i b u l a r  cells of t he  2 s ides:  t h e  p r e d o m i n a n t  effect  
upon  t he  v e s t i b u l a r  cells of t h e  i n t a c t  side is a c t i v a t i o n  
whi le  cells of the  d i f i e r en ted  side are inh ib i t ed .  The  d a t a  
of t he  p r e s e n t  expe r imen t s ,  c o m p a r e d  w i t h  t he  resu l t s  of 
p rev ious  research  on  t he  effects of an  acu te  lesion of one  
l a b y r i n t h  on  the  u n i t a r y  d i scharge  of v e s t i b u l a r  un i t s  ~, s, 
d e m o n s t r a t e  conc lus ive ly  t h a t  t he  t r a n s e c t i o n  of t h e  
sp ina l  cord  rees tab l i shes  t he  same  p a t t e r n  of a c t i v i t y  of 
the  v e s t i b u l a r  un i t s  as d u r i n g  t he  acu te  per iod fol lowing 
the  lesion of t he  l a b y r i n t h .  
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Summary. The  inf luence  f rom ca ro t id  ba ro recep to r s  on  p o r t a l  i m m u n o - r e a c t i v e  g lucagon  a n d  insu l in  levels a n d  on  
a r t e r i a l  p l a s m a  glucose c o n c e n t r a t i o n  was  s tud ied  in v a g o t o m i z e d  ca t s  b y  sec t ion ing  of t h e  s inus  nerves .  Such  a 
comple te  e l im ina t i on  of t he  a f f e r en t  b a r o r e c e p t o r  d ischarge  caused  a p r o m p t  a n d  p r o n o u n c e d  increase  in t h e  glucose 
a n d  g lucagon  levels,  whereas  t h e  insu l in  c o n c e n t r a t i o n  s ign i f i can t ly  decreased.  The  role of vascu la r  ba ro recep to r s  in  
t h e  hype rg lycemic  response  to h e m o r r h a g e  is discussed. 

M a r k e d  changes  of t he  insu l in  a n d  g lucagon  secre t ion  
occur  in a v a r i e t y  of phys io logica l  a n d  pa thophys io log i ca l  
s t ress  s i t ua t i ons  such  as exercise, s t a r va t i on ,  t r a u m a  a n d  
h e m o r r h a g e  1-~. Severa l  s tud ies  h a v e  shown  t h a t  t h e  
a l t e red  p a n c r e a t i c  h o r m o n e  release in these  s i t ua t i ons  is 
caused  m a i n l y  b y  adrenerg ic  s t imul i  ac t ing  on  t he  ~- and  
fl-cellsT, 8, b u t  h i t h e r t o  t he re  is l i t t le  i n f o r m a t i o n  avai l -  
able  a b o u t  which  t y p e  of r ecep to r  t h a t  i n i t i a t e s  these  ad ren -  
ergic a d j u s t m e n t s  of t he  endocr ine  pancreas .  However ,  
in a r e c e n t  s t u d y  we found  t h a t  a decreased  a c t i v i t y  of 
t he  a r t e r i a l  ba ro recep to r s  caused  a c l ea rcu t  hyperg ly- -  
cemia,  whereas  t he  inf luence  f rom a r t e r i a l  chemorecep to r s  
on  t he  p l a s m a  glucose c o n c e n t r a t i o n  was m u c h  less 
p r o n o u n c e d  ( J~rhu l t ,  H o l m b e r g  and  Lundva l l ,  in press).  
The  p r e s e n t  e x p e r i m e n t s  were the re fo re  p e r f o r m e d  to 
i nves t i ga t e  w h e t h e r  a r t e r i a l  ba ro recep to r s  call  in f luence  
also t he  endoc r ine  p a n c r e a s  and ,  if so, if t h e  p a t t e r n  of 
sec re to ry  changes  is s imi la r  to  t h a t  seen in hemor rhage .  
Material and methods. 3 ca t s  were  a n e s t h e t i z e d  i .v .  w i t h  
chlora lose  (50 mg/kg)  a n d  u r e t h a n e  (50 mg/kg)  a f t e r  in- 

duc t i on  w i t h  e ther .  A t r a c h e a l  c a n n u l a  was in se r t ed  a n d  
the  vagus  a n d  s inus  ne rves  were freed b i l a t e r a l l y  in  t h e  
neck.  The  a b d o m e n  was opened  w i t h  a mid l ine  incision.  
Af te r  h e p a r i n i z a t i o n  (1000 I U / k g  b .wt . ) ,  a p o l y e t h y l e n e  
c a t h e t e r  was  inse r t ed  in to  a smal l  j e j u n a l  ve in  and  ad-  
v a n c e d  u n t i l  i ts  t i p  was  p laced  in t h e  p o r t a l  vein.  F r o m  
th i s  ca the t e r ,  b lood samples  were w i t h d r a w n  for de te r -  
m i n a t i o n  of p l a s m a  i m m u n o - r e a c t i v e  g lucagon  and  in-  
sul in  concen t r a t i on .  Ar t e r i a l  b lood  samples  were t a k e n  
f rom the  c a n n u l a t e d  r i gh t  ax i l l a ry  a r te ry .  Mean  a r t e r i a l  
b lood pressure  was  recorded  w i t h  a S t a t h a m  P23 AC 
t r a n s d u c e r  connec t ed  to t h e  ax i l l a ry  a r te ry .  H e a r t  r a t e  
was measured with a Grass tachograph triggered by the 
systolic pressure wave. 
Arterial plasma glucose concentration was measured 
with the conventional glucose-oxidase method. Portal 
plasma glucagon concentration was determined with a 
radioimmunoassay-technique described recently 9, using 
an antiserum which is highly specific for pancreatic 
glucagon. Portal plasma insulin concentration was mea- 
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sured  accord ing  to A l b a n o  e t  al. 1~ Our  resu l t s  w i t h  t h i s  
t e c h n i q u e  are s imi la r  to those  ob t a ined  w i t h  a d i f fe ren t  
t e c h n i q u e  p rev ious ly  r epo r t ed  f rom th i s  l a b o r a t o r y  i t  
Results. The  f igure shows t he  a r te r ia l  p l a s m a  glucose 
c o n c e n t r a t i o n  as well  as t he  po r t a l  p l a s m a  i m m u n o -  
r eac t ive  glucagon ( IRG) a n d  insu l in  ( IRI)  c o n c e n t r a t i o n  
before and  a f te r  b i l a t e ra l  sec t ioning  ot t he  s inus  ne rves  
in cats ,  wh ich  h a d  been  v a g o t o m i z e d  a b o u t  30 m i n  earlier.  
Such a s inus  ne rve  sect ion leads to  a comple te  e l i m ina t i on  
of the  n o r m a l  i n h i b i t o r y  d ischarge  f rom the  ca ro t id  baro-  
receptors ,  t h e r e b y  s t i m u l a t i n g  a blood pressure  d rop  in 
the  ca ro t id  a r te r ies  down  to 40-60 m m  Hg. I t  is c lear ly  
seen f rom the  figure t h a t  such  a b a r o r e c e p t o r  in te r fe rence  
caused m a r k e d  a l t e r a t i ons  in t he  p l a s m a  levels of glucose, 
I R G  and  I R I .  Thus ,  the  glucose c o n c e n t r a t i o n  was a l m o s t  
doubled ,  I R G  increased  3-4  t imes,  and  I R I  decreased  to 
a b o u t  hal f  t he  con t ro l  value.  All  these  changes  deve loped  
ve ry  r ap id ly  and  were m a i n t a i n e d  t h r o u g h o u t  t he  45 m i n  
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Changes of arterial plasma glucose concentration and of portal 
plasma glucagon and insulin concentrations evoked by bilateral 
cutting of the sinus nerves in vagotomized cats. Mean values i 
S. E. M. from 3 experiments are given. Such nerve sections cause 
complete elimination of the normal inhibitory discharge from the 
carotid baroreceptors, thereby mimicking the effects of carotid 
artery hypotension. 

of obse rva t ion .  Concomi t an t l y ,  t he re  occur red  large in- 
creases in  h e a r t  r a t e  and  in m e a n  a r t e r i a l  b lood pressure,  
i n d i c a t i n g  a rise in t he  a c t i v i t y  of t he  s y m p a t h o - a d r e n a l  
sys tem.  
Discussion. The  p r e sen t  e x p e r i m e n t a l  d a t a  c lear ly de-  
m o n s t r a t e  t h a t  d ras t i c  a d j u s t m e n t s  of the  panc rea t i c  
g lucagon  and  insu l in  release can  be  i n i t i a t ed  f rom a l te ra -  
t ions  in  t he  ca ro t id  ba ro r ecep to r  discharge.  I t  is ev iden t  
t h a t  t he  evoked  h o r m o n a l  changes  s ign i f i can t ly  m u s t  
h a v e  c o n t r i b u t e d  to t he  c o n c o m i t a n t l y  obse rved  hype r -  
g lycemia.  I t  is well k n o w n  t h a t  the  effects  of adrenerg ic  
s t imul i  on endocr ine  panc rea s  cons is t  of a r educ t ion  in 
t he  insu l in  release and  a n  increase  in t he  g lucagon 
release 7,1< The  presence  of a s imi lar  sec re to ry  p a t t e r n  
in t he  descr ibed e x p e r i m e n t s  therefore  s t rong ly  suggests  
t h a t  t he  ba ro recep to r  inf luence  on the  c~- and  /g-cells is 
m e d i a t e d  b y  adrenerg ic  mechan i sms .  I t  r ema ins  to  be 
shown  w h e t h e r  these  adrenerg ic  s t imul i  r each  t he  pan -  
creas v ia  ad rena l  ca techo lamines ,  or w h e t h e r  t h e y  are 
l inked  to t he  r ecen t ly  descr ibed  d i rec t  neurogen ic  p a t h -  
ways  is, 14. 

N u m e r o u s  s tud ies  h a v e  shown  t h a t  h e m o r r h a g e  leads to  
a hyperg lycemic  s t a t e  b o t h  in an ima l s  and  man~5. The  
benef i t  of th i s  h e m o r r h a g i c  h y p e r g l y c e m i a  is n o t  on ly  to 
supp ly  the  ischemic t i ssues  w i t h  e n e r g y  subs t ra t e ,  b u t  
also to  serve as an  i m p o r t a n t  e x p a n d e r  of t he  p l a s m a  
v o l u m e  b y  caus ing  a t r a n s c a p i l l a r y  osmot ic  abso rp t ion  
of f luid f rom the  e x t r a v a s c u l a r  to t he  i n t r a v a s c u l a r  com- 
par tment16 .  The  h y p e r g l y c e m i a  is m a i n l y  due  to an  in- 
c reased release of glucose f rom the  l iver  *~, in t u r n  caused 
b y  a mu l t i f ac to r i a l  n e n r o - h o r m o n a l  inf luence  on  t he  
hepa t i c  glycogenolysis  and  gluconeogenesis~% The  pan -  
crea t ic  h o r m o n e s  no  dour  p l ay  essent ia l  roles here,  since 
severa l  inves t iga to r s  h a v e  obse rved  a h y p e r g l u c a g o n e m i a  
and  h y p o i n s u l i n e m i a  to deve lop  d u r i n g  bleeding4,  5, is, 19 
i.e. t he  same h o r m o n a l  a d j u s t m e n t s  as r epo r t ed  m the  
p re sen t  s tudy .  Since, in add i t ion ,  the  ac t iv i ty  of the  
a r t e r i a l  ba ro recep to r s  is decreased (for abol ished)  du r ing  
h e m o r r h a g e  2~ i t  m i g h t  be  conc luded  t h a t  the  ca ro t id  
ba ro recep to r s  help  to in i t i a t e  the  a d j u s t m e n t s  of the  
g lucagon  and  insu l in  secre t ion du r ing  h e m o r r h a g i c  hypo-  
tens ion .  
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