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m a i n t a i n e d .  Trac ings  3, d, 5 and  6 i l lu s t r a t e  t h a t  t he  
occurrence  of Spontaneous  a c t i v i t y  of t he  coll icular  cell is 
assoc ia ted  w i t h  a decrease  in a c t i v i t y  of t he  genicula te  
neuron .  I n  t r ac ings  d a n d  6 (Figure 1, B, C), i t  is shown  
t h a t  occas ional ly  the  col l icular  n e u r o n  p re sen t ed  a spike 
a t  70 msec wh ich  coinc ided  w i t h  a de layed  d ischarge  
( t rac ing  3) or  a comple t e  absence  of a c t i v i t y  ( t rac ing  5) 
in  t he  gen icu la te  neuron .  
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Fig. 2. Simultaneous recordings from L. G. N., P cell (tracings 1, 8, 
5) and S. C. (tracings 2, d, 6). Following an 'ON' step, the geniculate 
neuron presented a transient i~lterruption of its activity. The burst 
of the eollieular cell occurred while the geniculate cell was prevented 
from firing. All tracings were obtained from 4 to 5 superimposed 
sweeps. The polarity of the eollicular evoked potentials to the 'ON' 
stimulus (tracings 2, 4) and the absence of a distinguishable 'OFF' 
response (tracing 6) confirm that the collicular unit is located very 
superficially in the S.C. 

The  example  in F igure  2 p rov ides  a d d i t i o n a l  ins igh t  
in to  t he  m e c h a n i s m  u n d e r l y i n g  th i s  a l t e r n a t i n g  t y p e  of 
a c t i v i t y  be tween  t he  L.G.N. a n d  S.C. The  gen icu la te  un i t  
s h o w n  in F igure  2 ( t rac ings  J, 3, 5) r e sponded  r a t h e r  
weak ly  to 'ON '  and  ' O F F '  s t imul i  b u t  was capab le  of 
f i r ing  a t  a n y  m o m e n t  for 1 sec fol lowing t he  'ON '  s t imu-  
lus, excep t  for  a s h o r t  per iod  of t i m e  be tween  195 and  
240 msec. I n  compar i son ,  t he  col l icular  cell (Figure  2, 
t r ac ings  2-4),  recorded  s imul taneous ly ,  e x h i b i t e d  a ve ry  
slow r a t e  of firing. I t s  h ighes t  per iod  of e x c i t a t i o n  oc- 
cu r red  w i th  a long l a t ency  (195 msec) a n d  thus ,  precisely 
d u r i n g  t he  s i lent  per iod  of t h e  gen icu la te  neuron .  No such 
a l t e r n a t i n g  effects  were obse rved  f rom t h e  oppos i te  (OFF) 
s t imu lus  ( t racings  5 a n d  6). 

Discussion. Appl i ca t ion  of an  ' O F F '  s t imu lus  shows 
t h a t  t he  cessa t ion  of a c t i v i t y  of t h e  gen icu la te  cell is no t  
assoc ia ted  w i t h  a n  increase  of exc i t ab i l i t y  of a coll icular  
cell and  vice versa .  Thus ,  i t  seems t h a t  d i rec t  m u t u a l l y  
i n h i b i t o r y  r e l a t ionsh ips  be tween  t he  L.G.N. a n d  S.C. 
c a n n o t  be involved ,  a l t h o u g h  such  connec t ions  m a y  
exis t  is. F u r t h e r m o r e ,  e lectr ical  s t i m u l a t i o n  t h r o u g h  the  
record ing  e lect rodes  fails to  el ici ted a response  in the  
c o m p l e m e n t a r y  uni t .  The  2 r e m a i n i n g  m o s t  l ike ly  sites 
to  w h i c h  these  a l t e r n a t i n g  effects m a y  be  a t t r i b u t e d  are : 
t h e  r e t i n a  a n d  t he  v i sua l  cor tex.  A l t h o u g h  t h e  r e t i na  
c a n n o t  be  d is regarded,  i t  is i n t e re s t ing  to  p o i n t  o u t  in 
th i s  respec t  t h a t  t h e  response  in F igure  1 ( t rac ings  6 and  
8) as well as F igure  2 are n o t  t yp i ca l  of r e t i na l  gangl ion  
cells, and  t h a t  abo l i t ion  of cor t ica l  f unc t i on  w i t h  3 M 
KC1 app l i ca t ion  resul t s  in a d i s r u p t i o n  of t he  n o r m a l  
f i r ing  p a t t e r n  of gen icu la te  neurons19. These  resu l t s  sug- 
gest  a possible  i n v o l v e m e n t  of t he  super ior  coll iculus in 
s cann ing  processes of t he  eye 2~ wh ich  m e d i a t e  p a t t e r n  
percep t ion .  

is y. HAYASHI, I. SUMITOMO and K. IWAMA, J&p. J. Physiol. 17, 
638 (1967). 

19 S .  M O L O T C H N I K O F F ~  P .  L ' A R C H E V E Q U E ,  P .  L A C H A P E L L E  a n d  J .  

BRUNETTE, Neur. Sci. 2, Abstr., in press (1976). 
2o j .  M. SPRAOUE, in Handbook o] Sensory Physiology (Ed. JUNG; 

Springer-u 1973). 

Vest ibu lar  uni t s  dur ing  d e c o m p e n s a t i o n  1 
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Summary. Typ ica l  mod i f i ca t ions  of the  u n i t a r y  d ischarge  of v e s t i b u l a r  un i t s  h a v e  been  recorded  fol lowing the  t r ansec -  
t i o n  of t h e  sp ina l  cord  of 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  guinea-pigs .  These  resu l t s  s u p p o r t  t he  concep t  
t h a t  t h e  sp ina l  cord  is essen t ia l  in  t he  c o m p e n s a t i o n  of t he  s y m p t o m s  r e su l t i ng  f rom a lesion of one  l a b y r i n t h .  

P r ev ious  r e sea rch  2,3 ha s  d e m o n s t r a t e d  t h a t  t h e  sp inM 
cord  is i nvo lved  in t he  m e c h a n i s m  of c o m p e n s a t i o n  of t he  
m o t o r  defici ts  r e su l t ing  f rom a p rev ious  h e m i l a b y r i n -  
t h e c t o m y .  In  fact ,  i t  h a s  been  obse rved  t h a t  sp ina l  cord  
t r a n s e c t i o n  a t  t h e  mi d - t ho r ac i c  level,  a f t e r  c o m p e n s a t i o n  
of t h e  s y m p t o m s  p roduced  b y  lesion of one l a b y r i n t h ,  will 
be  fol lowed b y  t h e  r e a p p e a r a n c e  of some of these  same 
s y m p t o m s .  Th i s  new s tage  ha s  been  iden t i f i ed  as t he  de-  
c o m p e n s a t i o n  period.  F u r t h e r m o r e ,  c u t t i n g  t he  sp ina l  
a f f e r en t  p a t h w a y s  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  com- 
p e n s a t e d  a n i m a l  p rovokes  c l ea r - cu t  mod i f i ca t ions  of t h e  
field p o t e n t i a l s  g e n e r a t e d  b y  e lect r ica l  s t i m u l a t i o n  of t he  
a m p u l l a r  r ecep to r s  of t h e  i n t a c t  side a n d  recorded  f rom 

t h e  v e s t i b u l a r  nuc l ea r  complexes  of b o t h  sides. T h e  ef- 
fects  i nduced  b y  t he  t r a n s e c t i o n  of t he  cord  cons i s t  of 
f ac i l i t a t ion  of N 1 or N1-N~ waves  4 recorded  f rom the  
v e s t i b u l a r  nucle i  of t he  i n t a c t  side a n d  i n h i b i t i o n  of the  
evoked  p o t e n t i a l s  in  t h e  v e s t i b u l a r  nuc le i  of t h e  de-  
a f f e ren ted  side. Therefore ,  i t  is e v i d e n t  t h a t  t he  compen -  
s a t ion  of t he  v e s t i b u l a r  defici ts  is con t ro l l ed  b y  t he  o u t p u t  
of t h e  v e s t i b u l a r  nuclei ,  w h i c h  in t u r n  is d e p e n d e n t  upon  
t he  inf luence  of t h e  sp ina l  cord. 
The  pu rpose  here  is to  descr ibe  t he  resu l t s  of series 
of e x p e r i m e n t s  ca r r i ed  o u t  w i t h  t h e  a i m  of a n a l y z i n g  
t h e  b e h a v i o r  of  t h e  v e s t i b u l a r  un i t s  d u r i n g  t he  compen -  
s a t e d  a n d  d e c o m p e n s a t e d  s tages.  E t h e r  a n e s t h e s i a  of 75 
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guinea-pigs,  weighing 450-600 g, was followed by  hemi-  
l a b y r i n t h e c t o m y  a t  the  left side using the  m e t h o d  of Si- 
monell i  ~ which  consists  of in jec t ing  of a 50% solut ion of 
oil and  chloroform into  the  middle  ear. Af te r  recovery  f rom 
anesthes ia ,  all the  animals  d isplayed the  typ ica l  symp-  
toms  resul t ing f rom the  lesion of one l a b y r i n t h  2, ~ Wi th -  
in 10-40 days  following the  ves t ibu la r  deaf fe ren ta t ion ,  
the  animals  were anes the t ized  by  i m admin i s t r a t i on  of 

10 mg/kg  of k e t ami n e  (Ketalar ,  Park-Davis)  and  10 mg/  
kg of d i azepam (Valium, Roche) .  Fol lowing t r a c h e o t o m y ,  
each animal  was f ixed in the  s te reotaxic  a p p a r a t u s  (AB 
Transver tex) ,  para lyzed  wi th  Flaxedi l  and  art i f icial ly 
vent i la ted .  Subsequen t  c r an io tomy  and  a l a m i n e c t o m y  
be tween  Ca-C, and  T~-T7 were pe r fo rmed  in order  to  ex- 
pose the  cerebel lum and the  spinal  cord, which  were 
the rea f t e r  p ro t ec t ed  wi th  w a r m  minera l  o i l  The u n i t a ry  
discharges  of ves t ibu la r  uni ts  of b o t h  sides were recorded  
by  t u n g s t en  microe lec t rodes  (tip d i ame te r  3 5 lxm; 
700-900 k~2) i n t roduced  t h r o u g h  the  cerebeUum into  the  
ves t ibu lar  nuclei  b y  means  of an electronic m i c r o d r i v e  
Signals f rom convent iona l  preampl i f iers  were recorded on 
magne t ic  t ape  for later  analysis  of the  discharge fre~ 
quency  wi th  a Sch mi t t  t r igger  and  a 4672 Ortec  in- 
s t an t aneous  f r eq u en cy / t i me r  meter .  Only nega t ive  or 
nega t ive-pos i t ive  spikes of units ,  ident i f ied b y  ant i -  
dromic s t imula t ion  at  the  C3-C ~ level, were recorded.  
Recordings  were pe r fo rmed  before and  af ter  t r ansve r se  
sect ion of spinal  cord a t  the  mid- thorac ic  level. The re- 
corded site was mark ed  for the  subsequen t  his tologies[  
control  by  pass ing  cu r ren t  to produce  a lesion (figure 1). 
The p resen t  r epo r t  is based upon the  analysis  of de i te rs ian  
uni ts  of bo th  sides;  36 were recorded f rom the  r igh t  and  
30 f rom the  left  n u c l e u s  In  the  c o m p e n s a t e d  stage,  the  
uni ts  showed a tonic  discharge ranging  f rom 5 to 35 
impu l ses / sec  In  only  one case was the  p a t t e r n  phasic .  
The t r ansec t ion  of the  spinal  cord induced  a modif ica t ion 

Fig. l. Transverse section of the brain stein of guinea-pig No. 17; the 
arrow points to an electrolytic lesio~ ou tlne left f)eiters micleus. 

1 Supported by a grant of CNR. 
2 G.B. Azzena, Archs ital. Biol. 107, 43 (1969). 
3 G.B. Azzena, O. Mameli and E. Tolu, Archs ital. Biol. 114, 389 

(1976). 
4 H. Shimazu and W. Precht, J. Neurophysiol. 28, 991 (1965). 
.5 G. Simonelli, Arch. Fisiol. 21, 231 (1923). 
6 1,2. P. Schaefer and 1-). L. Meyer, in: Handbook of Sensory 

Plwsio]ogy , ~ol ()/2. Springer Verlag, Berlin 1974. 
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Fig. 2. Electrical activity in the right lateral vestibular nucleus; top 
trace: unitary discharge; bottom trace: instantaneous discharge 
frequency. A: in the compensated stage; B, C and D: 10 see, 7 and 
12 rain after the trailsection of the spinal cord. 
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Fig. 3. Electrical activity in the left lateral vestibular nucleus; top 
trace: unitary discharge; bottom trace: instantaneous frequency. 
A: in the compensated stage. B, C and D: respectively, 10 see, 20 
and 40 rain after the transverse section of the spinal cord. 



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  
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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 .  

7 W. Precht, in: Handbook of Sensory Physiology, vol. 6[2. 
Springer Verlag, Berlin 1974. 

8 W. Precht, H. Shimazu and C. H. Markham, J. Neurophysiol. 
29, 996 (1966). 

S t i m u l a t i o n  of g l u c a g o n  and inhib i t ion  of i n s u l i n  s e c r e t i o n  e v o k e d  f r o m  carot id  b a r o r e c e p t o r s  

J. JArhu l t  and  J. J .  H o l s t  

Department of Physiology and Biophysics, Sdlvegatan 19, 223 62 Lund (Sweden), and Department o/Clinical Chemistry, 
Bispeb]erg Hospital, Copenhagen (Denmark), 12 July 7976 

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- 


